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Functional Selection Guide 

This selection guide includes all Motorola devices characterized in this book. Other devices also used in com
munications applications, but associated· with other product families, appear in the following documents. 

Document No. 

DL 110/D 
DL111/D 
DL118/D 
DL1221D 
DL126/D 
DL128/D 
DL150/D 
SG73/D 
SG96/D 
SG127/D 
SG169/D 
MC ... 
DSP ••• 

Title 
Volume 1 & 2, RF Device Data 
Bipolar Power Transistor Data 
Optoelectronics Device·Data 
MECL Device Data 
Small-Signal Transistors/FETs/Diodes 
Linear and Interface ICs Data 
TVS/Zener Device Data 
Master Selection Guide 
Linear and Interface Integrated Circuits Selector Guide 
Surface Mount Products Selector Guide 
MOS Digital-Analog IC Quarterly Update 
Data Sheets 
Data Sheets 

AMPLIFIERSlCOMPARATORSlREGULATORS 

Device # 
MC33102 
MC33129 
MC33178 
MC33179 
MC34119 
MC34129 

Function Page # 

Dual Sleep-Mode Operational Amplifier. . • . • • • • • • • .. • .. . .. . . .. . . . . . . . . . •• 2-208 
High Performance Current Mode Controller ••••••••••••.........•......•• 2-446 
High Output Current, Low Power, Low Noise Operational Amplifiers •••••••.. 2-292 
High Output Current, Low Power, Low Noise Operational Amplifiers •••••••.. 2-292 
Low Power Audio Amplifier ............................................ 2-437 
High Performance Current Mode Controller .......................•...... 2-446 

ANALOG TELEPHONE 

Device # 
MC34010 
MC34012 
MC34014 
MC34017 
MC34114 
MC145412 
MC145413 
MC145416 
MC145436 
MC145512 
TCA3385 
TCA3388 

Function 

Electronic Telephone Circuit .......................................... . 
Telephone Tone Ringer ............................................... . 
Telephone Speech Network with Dialer Interface ...••..•.•••.•••.••..•...• 
Telephone Tone Ringer ..•...........................••••••.••••.••••••. 
Telephone Speech Network with Dialer Interface ••...•.•••••••••.•..••••.. 
PulselTone Repertory Dialer .......................................... . 
PulselTone Repertory Dialer ......................................... .. 
Tone/Pulse Dialer with 10 Number Memory Plus 3 Emergency Numbers .•.•. 
Dual Tone Multiple Frequency (DTMF) Decoder .•...•.•..........•......• 
PulselTone Repertory Dialer .......................................... . 
Telephone Ring Signal Converter ...................................... . 
Speech Circuit ••............• ' ..•••.........•.•••••••..•.............•• 

Page # 
2-313 
2-337 
2-345 
2-362 
2-384 
2-721 
2-721 
2-730 
2-742 
2-721 
2-935 
2-943 

DATA COMMUNICATION DEVICES 

Device # 
MC145488 
MC68661 
MC68681 

Function 

Dual Data Link Controller (DDLC) (ISDN LAPD/LAPB) .•.•................ 
Enhanced Peripheral Communication Interface ......•.•••.•••••••••••.•.. 
Universal Asynchronous ReceiverlTransmitter .........•...••......... , .•. 

Page # 
2-844 
MC68661/D 
MC68681/D 

DIGITAL SIGNAL PROCESSING 

Device # 
DSP56ADC16 
DSP56000 
DSP56001 
DSP56002 
DSP56116 
DSP56156 
DSP56200 

Function Page # 
Analog-to-Digital Converter ............................................ DSP56ADC16/D 
24-bit Digital Signal Processor ......................................... DSP56000/D 
24-bit Digital Signal Processor •.....••••••........•.•.•.•••••.••••.••.. DSP56001ID 
24-bitDigital Signal Processor .....• ;.................................. DSP56002ID 
16-bit Digital Signal Processor ......................................... DSP561161D 
16-bit Digital Signal Processor ......................................... DSP561561D 
Cascadable Adaptive Finite Impulse Response Digital Filter. • • • • • • • • • . • • • •. DSP56200/D 
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DMA CONTROLLERS 

Device I 
MC68440 
MC68450 

EVALUATION KITS 

Device I 
MC145190EVK 
MC145191EVK 
MC145460EVK 
MC14lC5494EVK 
MC145536EVK 
MC145537EVK 

Function Page I 
Dual DMAC .............•................••.•••..••••••.•........... MC684401D 
DMA Controller (DMAC) . . . • . . . . . . . . . . . .. . . • • . . . • . . • . . . • • • • . . . . . . . . . . .. MC68450/D 

Function 

1.1 GHz Pll Frequency Synthesizer Evaluation Kit .....................•. 
1.1 GHz Pll Frequency Synthesizer Evaluation Kit •••.................... 
Calling Line ID (CLlD) Receiver Evaluation Kit ••.•.•.•.................... 
ISDN U-Interface Transceiver Evaluation Kit .•.•..••• " •••••••••••.••.•..•. 
Codec-Filter/ADPCM Transcoder Evaluation Kit ......................... . 
MC145540 ADPCM Codec Evaluation Kit .....................•.......•.. 

Pagel 

3-3 
3-3 
3-5 
3-7 
3-11 
3-13 

FIBER DISTRIBUTED DATA INTERFACE (FDDI) 

Device I 
MC68834 
MC68836 
MC68837 
MC68838 
MC68839 
MC68840 

Function Pagel 

Stream Cipher Chip ........••••.•••••...•...........•................ 
FOOl Clock Generator ..•..•...•..•••••••••••••••.•••....•.•.••...••.• MC68836UM/AD 
Elasticity Buffer and Link Manager .....................•....•.•......... MC68837UMlAD 
Media Access Controller ..••••••.••••••....••........•................ MC68838UMlAD 
FOOl System Interface .....................•......•................... 
Integrated FOOl ................•...••.....•.•.... : .................. . 

INTEGRATED PROCESSORS 

Device I 
MC68302 

MC68340 
MC68360 

Function Page I 
Integrated Multiprotocol Processor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .• MC68302UM/AD 

MC68302ADUMIAD 
Integrated Processor with DMA ••••.••.•••••.••••••.•.•.•..•.•......... MC68340UM/AD 
Quad Integrated Communication Controller (QUICC) ...... . . . . . . . . . . . . . . .. MC68360UM/AD 

INTEGRATED SERVICES DIGITAL NETWORK (ISDN) 

Device I 
MC145472 
MC1454lC72 
MC145474 
MC145475 
MC145572 
MC145574 

INTERFACE 

Device I 
MC14C88S 
MC14C89B, AS 
MC1488 " 
MC1489, A 
MC26C31 
MC26C32 
MC34C86 
MC34C87 
MC145403 
MC145404 
MC145405 
MC145406 
MC145407 
MC145408 
MC145583 
MC145705 
MC145706 
MC145707 

Function 

ISDN (2B1Q) U-Interface Transceiver ........••....... , ................ . 
ISDN (2B1Q) U-Interface Transceiver •••••••.••••••..•.•................ 
ISDN SIT Interface Transceiver ...•..•..••..••.•....••................• 
ISDN SIT Interface Transceiver •.....••••...........•....•......•.•.•.• 
ISDN U-Interface Transceiver II ......••................................ 
ISDN SIT Interface Transceiver II ............•....... ; •................. 

Pagel 

2-775 
2-775 
2-801 
2-801 
2~922 
2-924 

Function Page I 
Quad low Power Line Driver. . . . . . . . . . • • . . . . . . . . . . . . . . . . . . • . . . . . . . . . . .. 2-3 
Quad low Power Line Receivers •••. . • • • • . . • • . • • • • . . • • • • • . . • . . . • • • • . . .• 2-9 
Quad MDTl Line Driver ...•.•••••••.•.••••••.•••.• ; ...•.•.•...•••...•• 2-14 
Quad MDTl Line Receivers ••.•••••..•.••..•....•.....•.........•...•• 2-20 
Quad EIA-422-A Line Driver •..••••••••••••••.•..••.••••••...••.•...•.• 2-26 
Quad EIA-422-A Line Receiver. • • • • • • . • . . . . . . . • . . • . . . . . . • . . • . . • . . . • . . .. 2-29 
Quad EIA-422-A Line Receiver. • . . . . • . . • . . . . . . . . . • . . . . . . . . . . . . . . . . . . • •. 2-95 
Quad EIA-422-A line Driver ...................••.......•.............. 2-98 
Drivers/Receivers (315) .•..••......••••.•••.••..•.•••••••.••....•.•.... 2-700 
Drivers/Receivers (4/4) .........•.......••..•......................•... 2-700 
Drivers/Receivers (513) . . • • . . . . . . . . . . . . . • . • . • . . . . . . . . . . . . . . . . . . . . . . . . .. 2-700 
EIA-232-ElV.28 Driver/Receiver ..•.•..•.•..••..•••••.••••..••.......... 2-706 
5-Vol! Only Driver/Receiver ..•....•....•.•.••.•...••...••..•........... 2-714 
Drivers/Receivers (5/5) . • • • • • • • • • . . • . . . • •• . . • . . . . . • . . . . . . • • . . . . . . . . . . .. 2-700 
3.3 Volt to 5 Volt EIA-232-E V.28 Driver/Receiver ...•............... c. . . .. 2-926 
5 V Only Driver/Receiver w/lntegrated Standby Mode (2-Driver/3-Receiver) .. 2-929 
5 V Only Driver/Receiver wllntegrated Standby Mode (3-Driverl2-Receiver) ".. 2-929 
5 V Only Driver/Receiver wllntegrated Standby Mode (3-Driver/3-Recelver) •. 2-929 
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MODEMS 

Device # 

MC145442 
MC145443 
MC145444 
MC145447 

NETWORK DEVICES 

Device # 

MC68184 
MC68185 
MC68194 
MC68195 
MC68605 
MC68606 
MC68824 

Function 

Single Chip 300 Baud Modem (CCITT V.21) ............................ . 
Single Chip 300 Baud Modem (Bell 103) ................................ . 
Single Chip 300 Baud Modem with DTMF Generator (CCITT V.21) •.......•• 
Calling Line 10 (CLIO) Receiver with Ring Detector ........•...••••••••.•. 

Function 
Broadband Interface Controller ........................................ . 
Twisted Pair Modem ..........•.••.••••••••.•••..............•......•• 
Carrierband Modem ...•••••••••••.•••••••..••..............••••••••.. 
LocalTalk Adaptor ........... ;: ...................................... . 
X.25 Protocol Controller .............................................. . 
Multi-Link LAPD Controller CCITT 0.920/0.921 .•........................ 
Token Bus Controller .•........•.............•.•.••••••.•.. -..........• 

Page # 

2-748 
2-748 
2-756 
2-765 

Page # 
MC68184UMlAD 
MC68185UM/AD 
MC68194UM/AD 
MC68195UM/AD 
MC68605UM/AD 
MC68606UM/AD 
MC68824UM/AD 

PHASE-LOCKED LOOP (PLL) FREQUENCY SYNTHESIZERS 

Device # 

MC145106 
MC145145-2 
MC145146-2 
MC145149 
MC145151-2 
MC145152-2 
MC145155-2 
MC145156-2 
MC145157-2 
MC145158-2 
MC145159-1 
MC145160 
MC145161 
MC145162 
MC145166 
MC145167 
Mc::~45168 
MCl45169 
MCl45170 
MC145173 
MC145190 
MC145191 
MC145192 
MC145200 
MC145201, 

Function Page # 

PLL Frequency Synthesizer. . . . . . . . . . . . .. . . . . . . • .. .. . .. . . . .. . . . .. . . . ... 2-~95 
4-Bit Data Bus Input PLL Frequency Synthesizer ..•••.••••....•.......... 2-502 
4-Bit Data Bus Input PLL Frequency Synthesizer •........•....•..••...••• 2-513 
Dual PLL Frequency Synthesizer . • • . • . .. . . . .. . • . .. . . . . . • . . . . . • . • • • • • ... 2-524 
Parallel-Input PLL Frequency Synthesizer (Single-Modulus Prescalers) ..•... 2-535 
Parallel-Input PLL Frequency Synthesizer (Dual-Modulus Prescalers) ....... 2-538 
Serial-Input PLL Frequency Synthesizer (Single-Modulus Prescalers) ....••• 2-542 
Serial-Input PLL Frequency Synthesizer (Dual-Modulus Prescalers) ••••• . • •• 2-546 
Serial-Input PLL Frequency Synthesizer (Single-Modulus Prescalers) •••.•.. 2-550 
Serial-Input PLL Frequency Synthesizer (Dual-Modulus Prescalers) .••.. . • .. 2-553 
Serial-Input PLL Frequency Synthesizer with Analog Phase Detector .•. . . . .. 2-565 
4-Bit Parallel Dual PLL for 46/49 MHz Cordless Telephones. • • • . • • • . • • . . ... 2-574 
Dual PLLfor 30/39 MHz Cordless Telephones. . . . . .. • • • • • • • • • . .. . . .. . . ... 2-581 
60 MHz Universal Programmable Dual PLL Frequency Synthesizer •..•..... 2-587 
4-Bit Parallel Dual PLL for 46/49 MHz Cordless Telephones. . . . . . . . . . • . • • •. 2-574-
Serial-Input Dual PLL for 46/49 MHz Cordless Telephones ........•..•.•••• 2-574 
4-Bit Input Dual PLL for 46/49 MHz Cordless Telephones ........•••••.•... 2-606 
Serial-Input Dual PLL for 46149 MHz Cordless Telephones •••••............ 2-606 
PLL Frequency Synthesizer with Serial Interface (160 MHz) .•.....•........ 2-615 
Dual Band PLL Frequency Synthesizer. . . .. . . . . • .. . .. .. . • • • • • • . • .. . . . ... 2-631 
1.1 GHz PLL Frequency Synthesizer (30/130 MHz) .......•..••.•.••••.••. 2-632 
1.1 GHz PLL Frequency Synthesizer. . .. . . • . . • • .. .. • • • .. • • . .. .. • . .. . . ... 2-632 
Low Voltage 1.1 GHz PLL Frequency Synthesizer .........•...•..••••••.• 2-651 
2.0 GHz PLL Frequency Synthesizer. . . .. . . . .. . • . .. . . • . • • • • • • . • • . • . . • ... 2-670 
2.0 GHz PLL Frequency Synthesizer. • • .. . • • .. • • . • . • • . •• • • . . . . . . . . . . . ... 2-670 

REMOTE CONTROL FUNCTIONS 

Device#

MCl4469 
MCl4497 
MC145026 
MC145027 
MC145028 

Function Page # 
Addressable Asynchronous ReceiverlTransmltter •..........••.••••.••••.• 2-194 
PCM Remote Control Transmitter. . . . . . .. . . . .. . .. .. . . . . • • • • .. • • • • • • • • ... 2-202 
Encoder. . • . . . • . . • . . . . . . . . . . . . . • • . . . . • . . . . . . . . . . • . . . . . . • . . . . • . . . . • • .• 2-461 
Decoder ........................•....•.........•.................•.• 2-461 
Decoder .............•...•.••.••••••••••••....•.•••••..•....•....... 2-461 
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RF COMMUNICATIONS 

Device # 
MC2831A 
MC2833 
MC3356 
MC3357 
MC3359 
MC3361B 
MC3362 
MC3363 
MC3367 
MC3371 
MC3372 
MC13055 
MC13135 
MC13136 
MC13155 
MC13156 
MC13175 
MC13176 
MRFIC2001 
MRFIC2002 
MRFIC2003 
MRFIC2004 
MRFIC2006 

SPEAKERPHONES 

Device # 

MC33218 
MC34018 
MC34118 

Function 

Low Power FM Transmitter System ........................................ . 
Low Power FM Transmitter System ........................................ . 
Wideband FSK Receiver ..........•....................................... 
Low Power FM IF ................•...............................•......• 
High Gain Low Power FM IF ...........................................•••• 
Low Power FM IF .....................................•....•••..•.•...... 
Low Power Dual Conversion FM Receiver .•................................. 
Low Power Dual Conversion FM Receiver .................................. . 
Low Voltage Single Conversion FM Receiver ................................ . 
Low Power Narrowband FM IF ..........................................••. 
Low Power Narrowband FM IF ...........................................•. 
Wideband FSK Receiver ................................................. . 
Dual Conversion Narrowband FM Receiver ................................. . 
Dual Conversion Narrowband FM Receiver ................................. . 
Wideband FSK Receiver ...................•••....•....................... 
Wideband FM IF System •••••••••••••...•..••••....••.•••••••••••••••••••• 
UHF FMlAM Transmitter ...........................................•...••• 
UHF FMlAM Transmitter ...................•.••....••••....•.............. 
900 MHz Downconverter LNAlMixer ....................................... . 
900 MHz Transmit Mixer ................................................. . 
900 MHz GaAs Antenna Switch ........................................... . 
900 MHz Driver and Ramp .............................................•.. 
900 MHz Two Stage Power Amplifier ....................................... . 

Function 

Voice Switched ,Speakerphone with Microprocessor Interface .................. . 
Voice Switched Speakerphone Circuit ...................................... . 
Voice Switched Speakerphone Circuit ...................................... . 

SUBSCRIBER LOOP INTERFACE CIRCUITS (SLlCs) 

Device # 
MC3419-1L 
MC33120 
MC33121 

VOICE CODING 

Device # 

MC3417 
MC3418 
MC3517 
MC3518 
MC33110 
MC34115 
MC145402 
MC145480 
MC145500 
MC145501 
MC145502 
MC145503 
MC145505 
MC145532 
MC145540 
MC145542 
MC145554 
MC145557 
MC145564 
MC145567 

Function 

Subscriber Loop Interface Circuit ................................•..•....... 
Subscriber Loop Interface Circuit .......................................... . 
Low Voltage Subscriber Loop Interface Circuit ............................... . 

Function 

CVSD Modulator/Demodulator (3-Bit Algorithm) ............................. . 
CVSD Modulator/Demodulator (4-Bit Algorithm) ........................•.•..• 
CVSD Modulator/Demodulator (3-Bit Algorithm) ...............•.............. 
CVSD Modulator/Demodulator (4-Bit Algorithm) .............•••..•..•.•...•.• 
Low Voltage Compander ...........................•.....•................ 
CVSD Modulator/Demodulators ........................................... . 
Serial 13-Bit Linear Codec (AID and D/A) ................................... . 
5 V PCM Codec-Filter .................................................... . 
Codec-Filter (Mono-Circuit; 16-Pin) ...............•......................•.. 
Codec-Filter (Mono-Circuit; 18-Pin) ........................................ . 
Codec-Filter (Mono-Circuit; 22-Pin) ......................................... ' 
Codec-Filter (Mono-Circuit; 16-Pin) ....................................... .. 
Codec-Filter (Mono-Circuit; 16-Pin) .........•............................... 
ADPCM Transcoder ..................................................... . 
ADPCM Codec .......................................•.................. 
CT2 Speech and Framing IC ....................•.........•................ 
PCM Codec-Filter (16-Pin) •.....................•................••.......• 
PCM Codec-Filter (16-Pin) ................................................ . 
PCM Codec-Filter (20-Pin) ................................................ . 
PCM Codec-Filter (20-Pin) ................................................ . 

Page # 
2-32 
2-35 
2-38 
2-44 
2-48 
2-54 
2-60 
2-65 
2-72 
2-78 
2-78 
2-135 
2-142 
2-142 
2-154 
2-169 
2-170 
2-170 
MRFIC2001/D 
MRFIC2002lD 
MRFIC2003lD 
MRFIC2004lD 
MRFIC20061D 

Page # 
2-302 
2-370 
2-417 

Page # 
2-119 
2-232 
2-262 

Page # 

2-101 
2-101 
2-101 
2-101 
2-220 
2-402 
2-689 
2-822 
2-854 
2-854 
2-854 
2-854 
2-854 
2-875 
2-890 
2-906 
2-907 
2-907 
2-907 
2-907 
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OTHER FUNCTIONS 
Device # 
MJD243 
MJD253 
MJE270 
MJE271 
MPS6717 
4N35/36/37 

Function 

4-A Silicon Power Transistor .............................................. . 
4-A Silicon Power Transistor .............................................. . 
NPN Power Transistor ................................................... . 
PNP Power Transistor ................................................... . 
NPN One Watt Amplifier Transistors ....................................... . 
Optoisolators ........................................................... . 

Page # 
2-947 
2-947 
2-951 
2-951 
2-953 
2-954 

DISCONTINUED/NOT RECOMMENDED FOR NEW DESIGN 

Device # 

MC14400 
MC14401 
MC14402 
MC14403 
MC14405 
MC14408 
MC14409 
MC14410 
MC14411 
MC14412 
MC14413-1, -2 
MC14414-1, -2 
MC14416 
MC14417 
MC14418 
MC14419 
MC142100 
MC142103 
MC143403 
MC143404 
MC145030 
MC145031 
MC145032 
MC145033 
MC145034 
MC145035 
MC145100 
MC145411 
MC145414 
MC145415 
MC145418 
MC145419 
MC145421 
MC145422 
MC145425 
MC145426 
MC145428 
MC145429 
MC145432 
MC145433 
MC145439 
MC145440 
MC145441 
MC145445 
MC145450 
MC145601 
MC145610 
MC145611 

Function 

Single-Chip Codec-Filter (Mono-Circuit) 
Single-Chip Codec-Filter (Mono-Circuit) 
Single-Chip Codec-Filter (Mono-Circuit) 
Single-Chip Codec-Filter (Mono-Circuit) 
Single-Chip Codec-Filter (Mono-Circuit) 
Binary to Pulse Dialer 
Binary to Pulse Dialer 
2-of-8 Tone Encoder/Dialer 
Bit Rate Generator 
Universal Low Speed Modem (0-600 bps) 
PCM Band-PasslLow-Pass Filter 
PCM Dual Low-Pass Filter 
Time Slot Assigner Circuit 
Time Slot Assigner Circuit 
Time Slot Assigner Circuit 
2-of-8 Keypad-to-Binary Encoder 
4 x 4 Crosspoint Switch with Control Memory 
Encoder 
Quad Line Driver 
Quad Line Driver 
Encoder/Decoder 
Encoder 
Decoder 
Encoder/Decoder 
Encoder 
Decoder 
4 x 4 Crosspoint Switch with Control Memory 
Bit Rate Generator 
Dual Tunable Low-Pass Sampled Filter 
Dual Tunable Linear Phase Low-Pass Sampled Data Filter 
80 kbps Digital Loop Transceiver (Master) 
80 kbps Digital Loop Transceiver (Slave) 
Universal Digital Loop Transceiver II (UDLT II) 
Universal Digital Loop Transceiver (UDLT) 
Universal Digital Loop Transceiver II (UDLT II) 
Universal Digital Loop Transceiver (UDLT) 
Data Set Interface 
Teleset Audio Interface Circuit (TAlC) 
2600 Hz Signaling Filter 
Tunable Notch/Band-Pass Filter 
Encoder/Decoder 
300 Baud Modem Filter (Bell 103) 
300 Baud Modem Filter (CCITT V.21) 
300Baud Modem (BeIl103/CCITT V.21) 
1200 Baud Modem (BeIl202lCCITT V.23) 
Time Slot Interchange Circuit (TSIC) 
Pulse Tone Dialer with Last Number Redial 
PCM 8-Channel Conference Circuit 

MOTOROLA COMMUNICATIONS DEVICE DATA Functional Selection Guide 
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Technical Selection Guide 

RF COMMUNICATIONS 
AM and Wideband FM Transmitters 

"t' :)L ", " " MaxRF Max Data I;! 
;;' 

~:~ < Output '," In,~ut , M"d. !'late 
""beVice>" Vce : ,Icc Power Freq. I" Fr~q. jl 

'<Saud) N'l~e'S 
MC13175 2-5 V 40 rnA 8.0 500 MHz 5MHz 10M AM/FM Transmitter; Single Frequency 

d9m PLL, fOUT = 8 x fREF 

MC13176 2-5 V 40 rnA 8.0 1 GHz 5MHz 10M AM/FM Transmitter; Single Frequency 
d9m PLL, fOUT = 32 x fREF 

Wideband Single Conversion Receivers 

":" , 
;/',':"'; " "'''t-~:"; , 

Vc;c' 'i"D,e"i,ce ,Icd 

,,12dB,I,,:, 'np~i:;: ,Co I"'" ,»"", 

'~~t~"" SINAD ""1 
' Datii 

Sensitivity !'IF' " 

, ~i;:j~),: 1'1);' 
(Typ> "F~eq., IF;' Mute ::.!'ISS' 

MC3356 3-9 V 25 rnA 30J.lV 200 10.7 Yes Yes 50k Includes squelch and data 
MHz MHz shaper 

MC13156 2-7 V 3mA 2J.lV 500 21.4 No Yes 1M CT-2 FM demodulator 
MHz MHz split IF 

Wideband IFs 

Narrowband FM Transmitters 

MC2831A 3-8 V 5.0 rnA -30d9m 50 MHz 50 kHz 4.8k FM Transmitter - Includes low 
battery checker, tone oscillator 

MC2833 3-8 V 10 rnA -30 d9m to 150 MHz 50 kHz 
+10d9m 

Narrowband Single Conversion Receivers 

MC3357 4-8 V 5mA 5J.lV 45 MHz 455 kHz 

MC3359 4-9 V 7mA 2J.lV 45 MHz 455 kHz 

MC33619 2-8 V 6mA 2J.lV 60 MHz 455 kHz 

MC3367 1-5V 1 rnA 1 J.lV 75 MHz 455 kHz 

MC3371 2-8 V 6mA 2J.lV 60 MHz 455 kHz 

MC3372 2-8 V 6mA 2J.lV 60 MHz 455 kHz 

4.8k FM Transmitter - Includes two 
frequency multiplier/amplifier 
transistors 

Yes No > 4.8k Ceramic Quad 
Detector/Resonator 

Yes No > 4.8k Scan Output Option 

Yes No >4.8k Lowest Cost Receiver 

Yes No >4.8k 1 Cell Operation 

Yes No >4.8k RSSI 

Yes No > 4.8k RSSI, Ceramic Quad 
Detector/Resonator 

,,<'" 
,SuffiJCi "t 

'Case,! ~iig~ 
P/648 2-170 

D/7519 

P/648 2-170 
D/7519 

" 

Suffix! ,,' 

,~,,2\l~!L > ):'caga,, 

P/738 
DW/751D 

DW/751E 

P/648 
D/7519 

P/648 
D/7519 

P/648 

P/707 
DW/751D 

P/648 
D/7519 

DW/751F 

P/648 
D/7519 

P/648 
D/7519 

2-38 

2-169 

2-32 

2-35 

2-44 

2-48 

2-54 

2-72 

2-78 

2-78 

MOTOROLA COMMUNICATIONS DEVICE DATA Technical Selection Guide 
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RF COMMUNICATIONS (continued) 
Narrowband Dual Conversion Receivers 

0.7J.lV 180 
MHz 

MC3363 2-7 V 4mA O.4J.lV 180 
MHz 

MC13135 2-7 V 4mA IJ.lV 180 
MHz 

MC13136 2-7 V 4mA 1 J.lV 180 
MHz 

LOW-POWER OPERATIONAL AMPLIFIER 

REMOTE CONTROL 

Decoder 

Depends on 
Decoder(1) 

(I)See MC145027, MC145028 

SWITCH MODE CONTROLLER 

Depends on 
Decoder(l) 

10.7 455 
MHz kHz 

10.7 455 
MHz kHz 

10.7 455 
MHz kHz 

10.7 455 
MHz kHz 

Depends on 
Decoder(1) 

1000 4.2 to 12 Current 1.25 ± 2.0% 
(Totem Pole MOSFET 

Driver Output) 

Technical Selection Guide 
1-10 

No 

Yes 

No 

No 

Yes >4.8k Includes buffered 
VCOoutput 

Yes >4.8k Includes RF 
Preamp and Mute 

Yes > 4.8k Voltage buffered 
RSSI, LC Quad 
Detector 

Yes >4.8k Voltage buffered 
RSSI, Ceramic 
Quad Detector 

Simplex MC145026 

300 MC34129 Oto + 70 

MC33129 -40 to + 85 

DWTl51E 

DWTl51F 

DWTl51E 

DWTl51E 

P/648 
D/75 I 8 

P/648 
DWTl51G 

2-60 

2-65 

2-142 

2-142 

2-461 

P/646 2-446 
DTl51A 

P/646 2-446 
DTl51 A 
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EIA-23215621V.28 DRIVERS/RECEIVERS 

4 +5.0 EIA-232/EIA-562 
V.28 

4 +5.0 EIA-2321V.28 

MC14C89B 
MC14C89AB 

MC1489 
MC1489A 

4 ±7.0to±12 EIA-232/EIA-562 MC14C88B 

+5.0 

EIA-422 DRIVERS/RECEIVERS 

4 +5.0 

4 + 5.0 

4 +5.0 

4 +5.0 

V.28 

EIA-2321V.28 

EIA-2321V.28; Onboard ring 
monitor circuit 

EIA-2321V.28; Charge Pump, 
PowerOown 

Pin compatible with AM26LS31. Enable and 
disable common to all four drivers. Typical ESO 
protection of 2 KV. 

Pin compatible wilh AM26LS32. Enable and 
disable common to all four receivers. Typical ESO 
protection of 2 KV. 

Pin compatible with MC3486. Typical ESO 
protection of 2 KV. 

Pin compatible with MC3487. Typical ESO 
protection of 2 KV. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

MC26C31 

MC26C32 

MC34C86 

MC34C87 

P/646,0/751A 2-9 

P/646,0/751A 2-20 

P/646,0/751A 2-3 

2-929 

P/648, 0/751 B 2-26 

P/648, 0/751 B 2-29 

P/648, 0/751 B 2-95 

P/648, 0/751 B 2-98 

Technical Selection Guide 
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PHASE-LOCKED LOOP FREQUENCY SYNTHESIZERS 

15@ 5V 3.0 to 9.0 

7.5@5V 

20@ 5V 3.0 to 9.0 7.5@5V 

60@3V 2.5 to 5.5 3.0 @3V 

100 @ 3 V 2.5 to 6.0 3.0@3V 
160 @ 5 V 7.0 @5V 

30/130 @ 4.5 to 5.5 25@5V 
5V 

1100@5V 4.5 to 5.5 7.0 @5V 

4.5 to 5.5 

Technical Selection Guide 
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Two single-ended three-state 

Analog 

Single-ended three-state, 
double-ended 

Double-ended 

Single-ended three-state, 
double-ended 

Two single-ended three-state 

Single-ended three-state, 
double-ended 

Single-ended three-state, 
Current source/sink 

Current source/sink, 
double-ended 

No 

Yes 

No 

Yes 

Yes 

Serial MC145149 P/738 2-524 
DW/751D 

MC145159-1 P/738 2-565 
DW/751D 
FN/775 

4-Bit MC145145-2 P/707 2-502 
DW/751D 

MC145146-2 P/738 2-513 
DW/751D 

Parallel MC145151-2 P/710 2-535 
DW/751F 
FN1776 

MC145152-2 P/710 2-538 
DW/751F 
FN/776 

Serial MC145155-2 P/707 2-542 
DW/751D 

FN/775 

MC145156-2 P/707 2-546 
DW/751D 

FN/775 

MC145157-2 P/648 2-550 
DW/751G 

FN/775 

MC145158-2 P/648 2-553 
DW/751G 

FN/775 

Parallel MC145160 P/707 2-574 
DW/751D 

Serial MC145161 P/648 2-581 
DW/751G 

MC145162 P/648 2-587 
DW/751G 

Parallel MC145166 P/648 2-574 
DW/751G 
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TELECOM CIRCUITS 

Audio Amplifiers 

~~D 

Complete Telephone Circuit 

POTS circuit + MPU Dialing 

Companders 

Basic Compander 

-Dialers 

·.t •• iE"t,' 

PulselTone Repertory Dialer 

Tone/Pulse Dialer 

Dual Tone Multiple Frequency 
Receiver 

400 mW, 8.0 to 100 n, 2.0 to 16 V, differential outputs, chip
disable input pin. 

Speech network, tone ringer, DC loop current interface, 
DTMF dialer with serial port control 

2.7 to 7 V, no precision externals, 80 dB range, -40 to 
+ 85'C, independent compressor and expander 

10 number memory including LNR. Uses color burst XTAL. 
3 x 4 or 4 x 4 keyboard compatibility. 3216B make break ratio 
(MC145512 ONLY) 

10 number memory including LNR plus 3 emergency num-
bers. Dial mode output pin. Uses color burst XTAL. 

Pin compatible with SS1204. Single +5 V supply. Detects all 
16 tones. Provides guard time controls for improved speech 
immunity. Output in 4-bit hexadecimal code. 

Integrated Services Digital Network (ISDN) 

Line Cards, NT1 s, Pair Gain, 
ISDN Compatible Bridge Rout
ers, ISDN Terminals 

~1lII!I 
ANSI T1.601 compliant, pin selectable LTor NT operation, in
dustry standard IDL interface, slave-slave timing mode, control 
and status provided through four-wire serial control port. 

500 mW die shrink version of the MC145472 

Conforms to CCITT 1.430 and ANSI T1.605, pin selectable NT 

MC34010 

MC33110 

MC145412 

.~ .v ~v'nv 

MC145512 

MC145416 

MC145436 

MC145472 

MC1454LC72 

MC145474 

P/646 
D/751 A 

P1707 

P1738 

P/646 
DW1751G 

FEl847B 

FEl847B 
FU847 

Ll736B 

2-437 

2-313 

2-721 

2-730 

2-742 

2-775 

2-775 

2-801 NetworkTermination (NT1), PC 
Based and Standalone ISDN 
Terminal Adaptors, ISDN Tele
phone, ISDN Video Phones 

and TE modes, Interchip Digital Link (IDL), serial control port 1------+-----+-----1 
(SCP), full multiframing capabilities, NT1 star mode, SIT and 

Line Cards, NT1 s, Pair Gain, 
ISDN Compatible Bridge Rout
ers, ISDN Terminals 

NetworkTermination (NT1), PC 
Based and Standalone ISDN 
Terminal Adaptors, ISDN Tele
phone, ISDN Video Phones, 
PBX Applications, Combination 
Network TerminationlTerminal 
Adaptor (NT1ITA) 

IDL loopbacks. 

Enhanced version of the MC14LC5472, low power; 300 mW, 
ANSI T1.601 compliant, pin selectable LT or NT operation, IDL 
and GCI interfaces, timeslot assigner, parallel or serial control 
ports 

Conforms to CCITT 1.430 and ANSI T1.605, pin selectable NT 
and TEmodes, Interchip Digital Link (IDL), serial control port 
(SCP), full multiframing capabilities, NT1 star mode, SIT and 
IDL loopbacks, backwards software compatible with the 
MC145474175, low power consumption, general circuit inter
face (GCI), timeslot assigner, NT terminal mode, slave/slave 
mode. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

MC145475 DW1751D 2-801 

MC145572 FN1777 2-922 
FEl824A 

MC145574 Not 2-924 
Available 
until2Q94 
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TELECOM CIRCUITS (continued) 

Modems 

Single Chip 300 Baud Modem CCITT V.21 compatible. Capable of driving -9 dBm into MC145442 P1738 2-748 
600 Q. Internal mid-supply generator. Uses color burst XTAL. DW1751D 
Adjustable transmit level and CD delay timing. 

Single Chip 300 Baud Modem Bell 1 03 compatible. Capable of driving -9 dBm into 600 Q. MC145443 P1738 2-748 
Internal mid-supply generator. Uses color burst XTAL. Ad- DW1751D 
justable transmit level and CD delay timing. 

Single Chip 300 Baud Modem CCITT V.21 compatible. Capable of driving 0 dBm into MC145444 H/804 2-756 
600 Q. Uses color burst XTAL. Adjustable transmit level and DW17510 
CD delay timing. On-chip DTMF generator and imprecise call 
progress detection. 3-wire serial interface. 

Adjust Box, Telephones, Fax Low-power mode, 3.5 V to 6.5 V operating range, high-per- MC145447 P/648 2-765 
Machines, Answering Ma- formance Bell 202IV.23 demodulator, on chip ring detector, DW1751G 
chines, Key Systems, Trans- . pin selectable oscillator frequencies: 3.68 MHz, 3.58 MHz, or 
action Terminals 455 kHz 

Subscriber Loop Interface Circuits (SLICs) 

PBX Applications All gains externally programmable, most BORSHT functions, MC3419-1L Ll726 2-119 
current limit adjustable to 100 mA 

Central Office, Remote All gains externally programmable, most BORSHT functions, MC33120 P1738 2-232 
Terminals, PBX Applications current limit adjustable to 50 mA, 58 dB FN1776 

Longitudinal Balance, -42 to -58 V 

Central Office, Remote All gains externally programmable, most BORSHT functions, MC33121 P1738 2-262 
Terminals, PBX Applications current limit adjustable to 50 mA, 58 dB FN1776 

Longitudinal Balance, -21.6 to -42 V 

Speakerphone Circuits 

Complete Speakerphone with All level detection, attenuators, and switching controls, mike MC33218 P1724 2-302 
MPU Interface amp, MPU interface for: volume control, mode selection, DW1751E 

mike mute. 

Complete Speakerphone with All level detection (2 pt.), attenuators, and switching controls, MC34018 PI710 2-370 
Speaker Amplifier mike and speaker amp DW1751F 

Complete Speakerphone with All level detection (4 pt.), attenuators, and switching controls, MC34118 PI710 2-417 
Hybrid, Filter mike amp with mute, hybrid, and filter DW1751F 

Speech Networks 

Basic Phone Line Interface Loop current interface, speech network, line length com- MC34014 P1707 2-345 
pensation, speech/dialing modes, Bell system compliant. D17510 

Basic Phone Line Interface Loop current interface, speech network, line length com- MC34114 P1707 2-384 
pensation, speech/dialing modes, Bell system and foreign D17510 
countries. 

European Speech Network Loop current interface, speech network, line length com- TCA3388 DP1738 2-943 
pensation, speech/dialing modes, programmable masks for FP/751 
French, UK, low voltages, and PABX systems. 

Switching Regulator 

For phone line power applications, soft start, current limiting, 
2% accuracy 

Technical Selection Guide 
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TELECOM CIRCUITS (continued) 

Tone Ringers 

Adjustable Tone Ringer Single ended output, meets FCC requirements, adjustable 
REN, different warble rates 

Adjustable Tone Ringer Differential output, meets FCC requirements, adjustable 
REN, different warble rates 

Adjustable Tone Ringer Differential output, meets FCC requirements, adjustable 
REN, different warble rates 

Ring Signal Converter Switching regulator to convert ringing voltage to regulated 
DC output. Provides ring detect output 

Voice Coding 

ISDN, PABX, DSP Interface, 5 V single power supply PCM codec-filter. Pin selectable 
Cordless Telephone, Radio Mu-Law or A-Law companding with serial PCM interface 

ISDN, Telephone Central Of- PCM codec-filter with pin selectable Mu-Law or A-Law com-
lice, PABX, DSP Interface pandlng and serial PCM Interface 

Digital Cordless Telephone 5 V ADPCM transcoder that Is CCITT G.721 , G.723, and 
Base Station, Tl Multiplexer G.726 compliant lor 24 and 32 kpbs with proprietary 16 kpbs 

mode. Mu-Law and A-Law compatible. 

Digital Cordless Telephone! PCM codee-filter with ADPCM transcoder that operates at 
Base Station, Voice Storage 2.7 V. CCITT G.721, G.723, and G.726 compliant at 16, 24, 

and 32 kpbs. Includes high-gain mic amp, receiver power 
driver, auxiliary driver, sldetone and gain controls. 

CT2 Digital Cordless 2.7 V ADPCM eodec with CT2 burst-mode control logic. This 
Telephone and Base Station device is a complete voice coder with framing and system 

control features for CT2 applications. 

ISDN, Telephone Central 01- Dual power supply PCM codec-filter. Industry standard pin-
fice, PABX, DSP Interface out with serial PCM interface. 

Voice Encoders/Decoders 

MOTOROLA COMMUNICATIONS DEViCE DATA 

MC34012 P/626 2-337 
-1, -2,-3 01751 

MC34017 P/626 2-362 
-1,-2,-3 01751 

MC34217 P/626 2-362 
01751 

TCA3385 P/626 2-935 
FP1751 

MC145480 P1738 2-822 
DW1751 0 

2-954 

MC145502 L/736 
P1708 

FN1776 

U620 
P/648 

DW1751G 

MCI45532 U620 2-875 
DW1751G 

MCI45540 P1710 2-890 
DW1751F 

MC145542 TBD 2-906 

P/648 2-907 
U620 

DW1751G 

P1738 
L/732 

DW1751 0 
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MOTOROLA 
SEMICONDUCTOR-----
TECHNICAL DATA 

Advance Information 
Quad Low Power Line Driver 

The MC14C88S is a low power monolithic quad line driver, using SiMOS 
technology, which conforms to EIA-232-D, EIA-562, and CCITT V.28. The 
inputs feature TTL and CMOS compatibility with minimal loading. The outputs 
feature internally controlled slew rate limiting, eliminating the need for external 
capacitors. Power off output impedance exceeds 300 n, and current limiting 
protects the outputs in the event of short circuits. 

Power supply current is less than 160 ~A over the supply voltage range of 
±4.5 to ±15 V. EIA-232-D performance is guaranteed with a minimum supply 
voltage of ±6.5 V. 

The MC14C88S is pin compatible with the MC1488, SN75188, SN75C188, 
DS1488, and DS14C88. This device is available in 14 pin plastic DIP, and 
surface mount packaging. 
Features: 

• SiMOS Technology for Low Power Operation «5.0 mW) 

• Meets Requirements of EIA-232-D, EIA-562, and CCITT V.28 

• Quiescent Current Less Than 160 ~ 

• TTUCMOS Compatible Inputs 

• Minimum 300 n Output Impedance when Powered Off 

• Supply Voltage Range: ±4.5 to ±15 V 

• Pin Equivalent to MC1488 

• Current Limited Output: 10 mA Minimum 

• Operating Ambient Temperature: -40° to 85°C 

Simplified Block Diagram 
(Each Driver) 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Vee 

Output 

MC14C888 

QUAD LOW POWER 
LINE DRIVER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

o SUFFIX 
PLASTIC PACKAGE 

CASE 751A 
(SO-14) 

PIN CONNECTIONS 

Output A 3 

Input 61 4 

Input 62 5 

Output 6 6 

Gnd 7 

(Top View) 

ORDERING INFORMATION 

Temperature 
Device Range 

MC14C88BP 
-40° to +85°C 

MC14C88BD 

Package 

Plastic DIP 

SO-14 

MC14C88B 
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MAXIMUM RATINGS (TA = +25°C, unless otherwise noted.) 

Rating Symbol Value Unit 

Power Supply Voltage Vdc 

Vee(max) Vee +17 

VEE(mi~ VEE -17 
(Vee- EE)max Vee-VEE 34 

Input Voltage (All Inputs) Vln VEE-{)·3, VEE+39 Vdc 

Applied Output Voltage, when Vee=VEE"Il V Vx VEE-6.0 V, Vee+6.O V Vdc 
Applied Output Voltage, when Vee=VEE=O V ±15 

Output Current 10 Self Limiting rnA 

Operating Junction Temperature TJ -65, +150 ·e 

Devices should not be operated at these limits. The "Recommended Operating Conditions· table provides for actual 
device operation. 

RECOMMENDED OPERATING CONDITIONS 

Characteristic Symbol Min 

Power Supply Voltage Vee +4.5 
VEE -15 

Input Voltage (All Inputs) Yin 0 

Applied Output Voltage (Vee=VEE=O V) Vo -2.0 

Output DC Load RL 3.0 

Operating Ambient Temperature Range TA -40 

All limits are not necessarily functional concurrently. 

ELECTRICAL CHARACTERISTICS (-40°C S TA S +85°C, unless otherwise noted.)" 

Characteristic Symbol Min 

Supply Current (lout = 0, see Figure 2) 
ICC @ 4.75 V S Vee, -VEE S 15 V 

Outputs High ICC (OH) -
Outputs Low ICC (OL) -

lEE 
Outputs High lEE (OH) -160 
Outputs Low lEE (OL) -160 

Output Voltage - High, Yin S O.B V (RL = 3.0 kn, see Figure 3) VOH 
Vee =+4.75 V, VEE =-4.75 V 3.7 
Vee = +5.0 V, VEE = -5.0 V 4.0 
Vee = +6.5 V, VEE = -6.5 V 5.0 
Vee = +12 V, VEE = -12 V 10 
Vee = +13.2 V, VEE =-13.2V (RL= 00) -

Output Voltage - Low, Yin ;;, 2.0 V VOL 
Vee = +4.75 V, VEE = -4.75 V -
Vee = +5.0 V, VEE = -5.0 V -
Vee =+6.5 V, VEE =-6.5 V -
Vee =+12V, VEE =-12 V -
Vee = +13.2 V, VEE = -13.2 V (RL = 00) ~ -13.2 

Output Short Circuit Current'· (see Figure 4) (Vee = IVEEI = 15 V) lOS 
Normally High Output, shorted to ground -35 
Normally Low Output, shorted to ground +10 

Output Source Resistance RO 300 
(Vee = VEE = 0 V, -2.0 V S Vout S +2.0 V) 

Input Voltage 
Low Level VIL 0 
High.Level VIH 2.0 

• Typ,cals reflect performance @ TA = 2S'C 
•• Only one output shorted at a time, for not more than 1 second. 

Typ Max Unit 

- +15 Vdc 

- -4.5 

- Vee Vdc 

0 +2.0 Vdc 

- 7.0 kn 

- +B5 °e 

Typ Max Unit 

IlA 

- 160 
- 160 

- -
- -

Vdc 
3.B -
4.3 -
6.1 -

10.5 -
13.2 13.2 

-3.B -3.7 
-4.2 -4.0 
-6.0 -5.0 
-10.5 -10 
-13.2 -

rnA 
- -10 
- +35 

- - Q 

- O.B Vdc 
- Vee 

MC14C888 
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ELECTRICAL CHARACTERISTICS CONTINUED (-40°C $ TA $ +B5°C, unless otherwise noted.)' 

Characteristic Symbol Min Typ 

Input Current lin 
Vin = 0 V, VCC = IVEEI = 4.75 V -10 -0.1 
Vin = 0 V, VCC = IVEEI = 15 V -10 -0.1 
Vin = 4.5 V, VCC = IVEEI = 4.75 V 0 +0.1 
Vin = 4.5 V, VCC = IVEEI = 15 V 0 +0.1 

TIMING CHARACTERISTICS (-40°C $ TA $ +85°C, unless otherwise noted.)' 

Characteristic Symbol Min Typ 

Output Rise Time 
VCC = 4.75 V, VEE = -4.75 V 

-3.3 V "VO" 3.3 V tRl 
CL=15pF 0.22 0.66 
CL = 1000 pF 0.22 1.52 

-3.0 V "VO" 3.0 V tR2 
CL = 15 pF 0.20 0.51 
CL = 1000 pF 0.20 1.16 

VCC= 12.0 V, VEE=-12.0V 
-3.0 V,,; VO"; 3.0 V 

CL = 15 pF 0.20 0.62 
CL = 2500 pF 0.20 0.82 

10%"VO,,90% tR3 
CL = 15 pF 0.53 1.41 

Output Fall Time 
VCC = 4.75 V, VEE = -4.75 V 

3.3 V" Vo ";-3.3 V tFl 
CL = 15 pF 0.22 0.93 
CL = 1000 pF 0.22 1.28 

3.0 V" Vo ";-3.0 V tF2 
CL= 15 pF 0.20 0.72 
CL = 1000 pF 0.20 1.01 

VCC = 12.0 V, VEE = -12.0 V 
3.0 V" Vo ";-3.0 V 

CL = 15 pF 0.20 0.70 
CL = 2500 pF 0.20 0.94 

90%,,;VO,,;10% tF3 
CL= 15 pF 0.53 1.71 

Output Slew Rate, 3.0 kQ < RL < 7.0 kQ, 15 pF < CL < 2500 pF SR 4.0 -

Propagation Delay A (CL = 15 pF, see Figure 1) 
VCC = 12.0 V, VEE = -12.0 V 

Input to Output - Low to High tpLH - 0.9 
Input to Output - High to Low tpHL - 2.3 

Propagation Delay B (CL = 15 pF, see Figure 1) 
VCC = 4.75 V, VEE = -4.75 V 

Input to Output - Low to High tpLH - 0.4 
Input to Output - High to Low tpHL - 1.5 

• TYPlcals reflect pertormance @ TA = 25'C 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Max 

0 
0 

+10 
+10 

Max 

2.1 
2.1 

1.5 
1.5 

1.5 
1.5 

3.2 

2.1 
2.1 

1.5 
1.5 

1.5 
1.5 

3.2 

30 

3.0 
3.5 

2.0 
2.5 

Unit 

!1A 

Unit 

Ils 

Ils 
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VOUT 

NOTES: S.G. set to: I = 20 kHz lor Propagation Delay 
A 

Figure 1. Timing Diagram 

S.G. 1.5 V J-OV 

!-tPHt 

90% 

'--1--------- 3.3 V ---------1~ 
-.....J------- 3.0V -----+1 

~---VOH 

and I = 64 kHz lor Propagation Delay 6; DU\ 
Cycle = 50%; tR, tF S 5.0 ns out ---~-+~-----------------iYH~~-------OV 

-----VOL 

STANDARDS COMPLIANCE 
The MC14C88 is designed to comply with EIA-232-D 

(formerly RS-232), the newer EIA-562 (which is a higher 
speed version of the EIA-232), and CCITT's V.28. EIA-562 
was written around modern integrated circuit technology, 
whereas EIA-232 retains many of the specs written around 

the electro-mechanical circuitry in use at the time of its 
creation. Yet the user will find enough similarities to allow 
a certain amount of compatibility among equipment built to 
the two standards. Following is a summary of the key 
specifications relating to the systems and the drivers. 

Parameter EIA-232-D EIA-562 

Maximum Data Rate 20 kbaud 38.4 kbaud Asynchronous 
64 kbaud Synchronous 

Maximum Cable Length 50 feet Based on cable capacitance/data rate 

Maximum Slew Rate S 30 ViIlS anywhere on the waveform S 30 V/IlS anywhere on the waveform 
~ 4.0 ViIlS between +3.0 and -3.0 V 

Transition Region -3.0 to +3.0 V -3.3 to +3.3 V 

Transition TIme For UI ~ 25 ms, tR S 1.0 ms For UI ~ SOils, 220 ns <tR S 3.11ls 
For 25 ms > UI > 1251!S, tR S 4% UI For UI < SOilS, 220 ns < tR S2.11ls 
For UI < 1251ls, tR S5.0 Ils (within the transition region) 

MARK (one, off) More negative than -3.0 V More negative than -3.3 V 

Space (zero, on) More positive than +3.0 V More positive than +3.3 V 

Short Circuit Proof? Yes, to any system voltage Yes, to ground 

Short Circuit Current S 500 mA to any system voltage :;; 60 mA to ground 

Open Circuit Voltage IVOCIS25V IVOCI < 13.2 V 

Loaded Output Voltage 5.0V SIVOI S15 V for loads between 3.0 kn IVOI ~ 3.7 V for a load of 3.0 kg 
and 7.0kn 

Power Off Input Source Impedance ~ 300 n for IVOI S 2.0 V ~ 300 n for IVOI :;; 2.0 V 
.. NOTE: UI = Unit Interval, or bit lime. 

V.28 standard has the same specifications as E1A~232, with the exception of transition time which is listed as "less than 1.0 ms, 
or 3% of the UI, whichever is less". 

MC14C88B 
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Figure 3. Typical Output Voltage 
versus Supply Voltage 
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APPLICATIONS INFORMATION 

Description 
The MC14C88 was designed to be a direct replacement 

for the MC1488 in that it meets all EIA-232 specifications. 
However, Use is extended as the MC14C88 also meets the 
faster EIA-562 and CCITT V.28 specifications. Slew rate 
limited outputs conform to the mentioned specifications and 
eliminate the need for external output capacitors. Low power 
consumption is made possible by BiMOS technology. Power 
supply current is limited to less than 160 !lA, plus load 
currents over the supply voltage range of ±4.5 V to ±15 V 
(see Figure 2). 

Outputs 
The output low or high voltage depends on the state of 

the inputs, the load current, and the supply voltage (see 
Table 1 and Figure 3). The graphs apply to each driver re
gardless of how many other drivers within the package are 
supplying load current. 

Table 1. Function Tables 

Driver 1 

Input A Output A 

H L 
L H 

Drivers 2 through 4 

Input "1 Input "2 Output" 

H H L 
L X H 
X L H 

H = High level, L = Low level, X = Don't care. 

Driver Inputs 
The driver inputs determine the state of the outputs in ac

cordance with Table 1. The nominal threshold voltage for the 
inputs is 1.4 Vdc, and for proper operation, the input voltages 
should be restricted to the range Gnd to Vcc. Should the 

MC14C888 
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input voltage drop below VEE by more than 0.3 V or rise 
above VEE by more than 39 V, excessil(e currents will flow 
at the input pin. Open input pins are equivalent to logic high, 
but good design practices dictate that inputs should never 
be left open. 

Operating Temperature Range 
The ambient operating temperature range is listed as -40° 

to +85°C and meets EIA-232-D, EIA-562 and CCITT V.28 
specifications over this temperature range. The maximum 
ambient temperature is listed as +85°C. However, a lower 
ambient may be required depending on system use, i.e. spe
cifically how many drivers within a package are used, and 
at what current levels they are operating. The maximum pow
er which may be dissipated within the package is determined 
by: 

PD - T.lmax - TA 
max - ~ JA 

where: RaJA = the package thermal resistance (typically, 
100°CIW for the DI P package,125°CIW for the 
SOIC package); 

T Jmax = the maximum operating junction 
temperature (150°C); and 

TA = the ambient temperature. 

PD = { [(VCC - VOH) • 1I0HI] or [ (VOL - VEE) • 
1I0LI] leach driver + (VCC • ICC) + (VEE· lEE) 

where: VCC and VEE are the positive and negative 
supply voltages; 

VOH and VOL are measured or estimated from 
Figure 3; 

ICC and lEE are the quiescent supply currents 
measured or estimated from Figure 2. 

As indicated, the first term (in brackets) must be calculated 
and summed for each of the four drivers, while the last terms 
are common to the entire package. 
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MOTOROLA 
SEMICONDUCTOR-----
TECHNICAL DATA 

Advance Information 
Quad Low Power Line Receiver 

The MC14C89B and MC14C89AB are low power monolithic quad line 
receivers, using bipolar technology, which conform tothe EIA-232-E, EIA-562 and 
CCITT V.28 Recommendations. The outputs feature LSTTL and CMOS 
compatibility for easy interface to +5.0 V digital systems. Internal time-domain 
filtering eliminates the need for external filter capacitors in most cases. 

The MC14C89B has an input hysteresis of 0.35 V, while the MC14C89AB 
hysteresis is 0.95 V. The response control pins allow adjustment of the threshold 
level if desired. Additionally, an external capacitor may be added for additional 
noise filtering. 

The MC14C89B and MC14C89AB are each available in a 14 pin dual-in-line 
plastic DIP and SOIC package. 
Features: 

• Low Power Consumption 

• Meets EIA-232-E, EIA-562, and CCITT V.28 Recommendations 

• TTUCMOS Compatible Outputs 

• Standard Power Supply: + 5.0 V ± 10% 

• Pin Equivalent to MC1489, MC1489A, TI's SN75C189/A, SN75189/A and 
National Semiconductor's DS14C89/A 

• External Filtering Not Required in Most Cases 

• Threshold Level Externally Adjustable 

• Hysteresis: 0.35 V for MC14C89B, 0.95 V for MC14C89AB 

• Available in Plastic DIP, and Surface Mount Packaging 

• Operating Ambient Temperature: -40° to +85°C 

Simplified Block Diagram 
(Each Receiver) 

VCC 

Input 0+--._-..., 

Response o-t--_-~ 
Control 

t--f--jI---0 Output 

MOTOROLA COMMUNICATIONS DEVICE DATA 

MC14C89B 
MC14C89AB 

QUAD LOW POWER 
LINE RECEIVER 

-$ 

• 14 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

DSUFFIX 
PLASTIC PACKAGE 

CASE 751A 
(SO-14) 

PIN CONNECTIONS 

Input A 

Response 
Control A 

Output A 

Input B 

Response 
Control B 

Output B 

Ground 

(Top View) 

VCC 

InputD 

Response 
Control D 

OutputD 

Input 
C 
Response 
Control C 

OutputC 

ORDERING INFORMATION 

Device 

MC14C89BP 

MC14C89BD 

MC14C89ABP 

MC14C89ABD 

Temperature 
Range Package 

Plastic DIP 

SO-14 
-40° to +85°C 

Plastic DIP 

SO-14 

MC14C89B.MC14C89AB 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Power Supply Vollage Vdc 
VCC(max) VCC + 7.0 
VCC(min) -0.5 

Input Voltage Yin ±30 Vdc 

Output Load Current 10 Self-Limiting -
Junction Temperature TJ -65, +150 °C 

. . .. Devices should not be operated at these limits. The "Recommended Operating Conditions" table provides lor actual 
device operation. 

RECOMMENDED OPERATING CONDITIONS 

Characteristic Symbol Min 

Power Supply Voltage VCC 4.5 

Input Vollage Yin -25 

Output Current Capability 10 -7.5 

Operating Ambient Temperature TA -40 
All limits are not necessanly luncllonal concurrently. 

ELECTRICAL CHARACTERISTICS (-40°C:;; T A:;; 85°C, unless otherwise noted.)* 

Characteristic Symbol Min 

Supply Current (lout = 0) ICC 
ICC @ +4.5 V" VCC" +5.5 V -
Output Voltage - High, Vin " 0.4 V (See Figures 2 and 3) VOH 

lout = -20 IlA VCC=4.5V 3.5 
VCC=5.5V 3.5 

lout = -3.2 rnA VCC=4.5V 2.5 
VCC=5.5V 2.5 

Output Voltage - Low, Vin ;, 2.4 V VOL 
lout = 3.2 rnA VCC=4.5V -

VCC=5.5V -
Output Short Circuit Current" (VCC = 5.5 V, see Figure 4) lOS 

Normally High Output shorted to ground -35 
Normally Low Output shorted to V cc -

Input Threshold Voltage (V CC = 5.0 V) 
(MC14C89AB, see Figure 5) Low Level VIL 0.75 

High Level VIH 1.6 
(MC14C89B, see Figure 6) Low Level VIL 0.75 

High Level VIH 1.0 

Input Impedance (+4.5 V < VCC < +5.5 V -25 V < Vin < +25 V) 3.0 

Typlcals reflect perlorrnance @ TA = 25°C 
•• Only one output shorted at a time, lor not more than 1.0 seconds. 

TIMING CHARACTERISTICS (T A = +25°C, unless otherwise noted.) 

Characteristic Symbol Min 

OutputTransition Time (10% to 90%) IT 
4.5 V "VCC ,,5.5 V -

Propagation Delay Time 
4.5 V "VCC" 5.5 V 

Output Low-to-High tpLH -
Output High-to-Low tpHL -

Input Noise Rejection (see Figure 9) 1.0 

Typ Max Unit 

5.0 5.5 Vdc 

- 25 Vdc 

- 6.0 rnA 

- 85 °C 

Typ Max Unit 

IlA 
330 700 

Vdc 
3.8 -
4.8 -
3.7 -
4.7 -
0.1 0.4 
0.1 0.4 

rnA 
-13.9 -
+10.3 35 

0.95 1.25 Vdc 
1.90 2.25 
0.95 1.25 
1.3 1.5 

5.5 7.0 kO 

Typ Max Unit 

0.08 0.30 I1S 

3.35 6.0 liS 
2.55 6.0 

1.5 - liS 

MC14C89B.MC14C89AB 
2-10 

MOTOROLA COMMUNICATIONS DEVICE DATA 



VCC 

Nole: S.G. sel 10: 1= 20 kHz; 
Duty Cycle = 50%; 
lA, IF :;; 5.0 ns 

VOUI 

Figure 1. Timing Diagram 

J-S.G. 1.5 V 

OV 

!-IPHL 

~--_+----------- 90% 
____ + ___ r---voH 

Vout 

I'-----------J~--------~--------VOL 

STANDARDS COMPLIANCE 
The MC14C89B and MC14C89AB are designed to comply 

with EIA-232-E (formerly RS-232), the newer EIA-562 (which 
is a higher speed version of the EIA-232), and CCITT V.2B 
Recommendations. EIA-562 was written around modern 
integrated circuit technology, whereas EIA-232 retains many 
of the specifications written around the electro-mechanical 

circuitry in use at the time of its creation. Yet the user will 
find enough similarities to allow a certain amount of 
compatibility among equipment built to the two standards. 
Following is a summary of the key specifications relating to 
the systems and the receivers. 

Parameter EIA-232-E EIA-562 

Max Data Rate 20 kBaud 38.4 kBaud Asynchronous 
64 kBaud Synchronous 

Max Cable Length SO feet Based on cable capacitance/data rate 

Transition Region -3.0 V to +3.0 V -3.0 V to +3.0 V 

MARK (one, off) More negative than -3.0 V More negative than -3.3 V 

SPACE (zero, on) More positive than +3.0 V More positive than +3.3 V 

Fail Sale Output = Binary 1 Output = Binary 1 c 

Open Circuit Input Voltage < 12.01V Not Specified 

Slew Rate (at the driver) :;; 30 V/JlS anywhere on the waveform :;; 30 V/JlS anywhere on the waveform, 
~ 4.0 VlJls between +3.0 V and -3.0 V 

Loaded Output Voltage (at the driver) 5.0 V :>IVOI:> 15 V for loads between IVOI ~ 3.7 V for a load of 3.0 kQ 
3.0 kQ and 7.0 kQ 

Figure 2. Typical Output versus Supply Voltage Figure 3. Typical Output Voltage versus Temperature 
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Figure 5. Typical Threshold Voltage 
versus Temperature 
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APPLICATIONS INFORMATION 

Description 
The MC14CB9AB and MC14CB9B are designed to be 

direct replacements for the MC14B9A and MC14B9. Both 
devices meet all the EIA-232 specifications and also the 
faster EIA-562 and CCITT V.28 specifications. Noise pulse 
rejection circuitry eliminates the need for most response 
control filter capacitors but does not exclude the possibility 
as filtering is still possible at the Response Control (RC) pins. 
Also, the Response Control pins allow for a user defined 
selection of the threshold voltages. The MC14CB9AB and 
MC14CB9B are manufactured with a bipolar technology 
using low power techniques and consume at most 700 /lA, 
plus load currents with a +5.0 V supply. 

Outputs 
The output low or high voltage depends on the state of 

the inputs, the load current, the bias of the Response Control 
pins, and the supply voltage. Table 1 applies to each receiver, 
regardless of how many other receivers within the package 
are supplying load current. 

Table 1. Function Table 
Receivers 

Input· 
H 
L 

Output· 

L 
H 

·The asterisk denotes A, B, C, or D. 

Receiver Inputs and Response Control 
The receiver inputs determine the state of the outputs in 

accordance with Table 1. The nominal VIL and VIH thresholds 
are 0.95 V and 1.90 V respectively for the MC14CB9AB. For 
the MC14C89B, the nominal VIL and VIH thresholds are 0.95 
and 1.30, respectively. The inputs are able to withstand 
± 30 V referenced to ground. Should the input voltage 
exceed ground by more than ± 30 V, excessive currents will 
flow at the input pin. Open input pins will generate a logic 
high output, but good design practices dictate that Inputs 
should never be left open. 

The Response Control (RC) pins are coupled to the inputs 
through a resistor string. The RC pins provide for adjustment 
of the threshold voltages of the IC while preserving the 
amount of hysteresis. Figure 10 shows a typical application 
to adjust the threshold voltages. The RC pins also provide 
access to an internal resistor string which permits low pass 
filtering of the input signal within the IC. Like the input pins, 
the RC pins should not be taken above or below ground by 
more than ± 30 V or excessive currents will flow at these 
pins. The dependence of the low level threshold voltage (VIL) 
upon RRC and Vbat can be described by the following 
equation, 

VIL '" {VO.09 - Vba{ RRC (1 ~~5 +n2.02 kn ]} (1) 

(5.32 kn + 6.67 ~~~6 n 2 ) 

~ 505 n 

VIH can be found by calculating for VIL using equation (1) 
then adding the hystereSiS for each device (0.35 for the 

MOTOROLA COMMUNICATIONS DEVICE DATA 

MC14CB9B or 0.95 V for the MC14CB9AB). Figure 7 plots 
equation (1) for two values of Vbat and a range of RRC. 

If an RC pin is to be used for low pass filtering, the 
capacitor chosen can be calculated by the equation, 

1 
CRC '" 

2.02 kn 2/t L3 dB 

(2) 

where f-3 dB represents the desired-3 dB roll-off frequency of 
the low pass filter. 

Figure 10. Application to Adjust Thresholds 

Input Pin}:esponse Control Pin 

RRC 
+ 

i-Vbat 

Another feature of the MC14CB9AB and MC14CB9B is 
input noise rejection. The inputs have the ability to ignore 
pulses which exceed the VIH and VIL thresholds but are less 
than 1.0 !1S in duration. As the duration of the pulse exceeds 
1.0 Ils, the noise pulse may still be ignored depending on 
its amplitude. Figure 8 is a graph showing typical input noise 
rejection as a function of pulse amplitude and pulse duration. 
Figure B reflects data taken for an input with an unconnected 
RC pin and applied to the MC14C89AB and MC14C89B. 

Operating Temperature Range 
The ambient operating temperature range is listed as 

-40°C to +85°C, and the devices are designed to meet the 
EIA-232-E, EIA-562 and CCITT V.28 specifications over this 
temperature range. The Timing Characteristics are 
guaranteed to meet the specifications at +25°C. The 
maximum ambient operating temperature is listed as +85°C. 
However, a lower ambient may be required depending on 
system use, (i.e."specifically how many receivers within a 
package are used) and at what current levels they are 
operating. The maximum power which may be diSSipated 
within the package is determined by: 

where: RaJA = 

TJ(max) = 

TA = 

TJ(max)-TA 
PD(max) = RaJA 

thermal resistance (typ., 1 OO°CIW for the 
DIP and 125°CIW for the SOIC packages); 
maximum operating junction temperature 
(150°C); and 
ambient temperature. 

PD = {[(VCC - VOH) • ilOHI] or 
[(VoLl • ilOUneach receiver +(VCC • ICC) 

where: VCC = positive supply voltage; 
VOH, VOL = measured or estimated from Figure 2 

and 3; 
ICC = measured quiescent supply current. 

As indicated, the first term (in brackets) must be calculated 
and summed for each of the four receivers, while the last 
term is common to the entire package. 

MC14C89B.MC14C89AB 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

QUAD LINE DRIVER 

The MC1488 is a monolithic quad line driver designed to inter
face data terminal equipment with data communications equipment 
in conformance with the specifications of EIA Standard No. RS·232C. 

Features: 

• Current Limited Output 
±10 rnA typ 

• Power-Off Source Impedance 
300 Ohms min 

• Simple Slew Rate Control with External Capacitor 

• Flexible Operating Supply Range 

• Compatible with All Motorola MDTL and MTTL Logic Families 

LINE DRIVER 
MCI488 

..r--, "
---i "1.. __ " 

TYPICAL APPLICATION 

INTERCONNECTING 
CABLE 

LINE RECEIVER 
MCI489 

I 

~ _'NTERCONNECTING I 
MOlL LOGIC INPUT~"-- CABLE ~MDTl LOGIC OUTPUT 

CIRCUIT SCHEMATIC 
(1/40F CIRCUIT SHOWN) 

MC1488 

QUAD MDTL LINE DRIVER 
R8-232C 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

DSUFFIX # 
PLASTIC PACKAGE 

CASE 751A 14 . 
(SO-14) 1':' 

PIN CONNECTIONS 

VCC 140------..... -------..... ---..... ----,---, 

PINS 4, 9, 12 OR 2 
INPUT 

INPUT 
PINS5, 10, 13 

B.2t 

10k 

70 

lk 70 

300 
OUTPUT 

PINSS,B,l1 OR 3 

VEE 10------~---~----~--4-----4---~ 

MDTL and MTTL are trademarks of Motorola Inc. 

MC1488 
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MAXIMUM RATINGS (T A = + 25"C unless otherwise noted.) 

Rating Symbol Value Unit 

Power Supply Voltage VCC +15 Vdc 
VEE -15 

Input Voltage Range VIR -15'" VIR '" Vdc 
7.0 

Output Signal Voltage Vo ±15 Vdc 

Power Derating (Package Limitation, Ceramic 
and Plastic Dual-ln·Line Package) Po 1000 mW 
Derate above TA = + 25"C 1/R9JA 6.7 mWI"C 

Operating Ambient Temperature Range TA o to +75 "C 

Storage Temperature Range Tstl'l -65 to + 175 "C 

ELECTRICAL CHARACTERISTICS (VCC = +9.0 ± 1% Vdc, VEE = -9.0 ± 1% Vdc, TA = 0 to 75"C unless otherwise noted.) 

Characteristic Figure Symbol Min 

Input Current - Low Logic State (VIL = 0) 1 IlL -
Input Current - High Logic State (VIH = 5.0 V) 1 IIH -
Output Voltage - High Logic State 2 VOH 

(VIL = 0.8 Vdc, RL = 3.0 kn, VCC = + 9.0 Vdc, VEE = - 9.0 Vdc) +6.0 
(VIL = 0.8 Vdc, RL = 3.0 kn, VCC = + 13.2 Vdc, VEE = - 13.2 Vdc) +9.0 

Output Voltage - Low Logic State 2 VOL 
(VIH = 1.9 Vdc, RL = 3.0 k!l, VCC = + 9.0 Vdc, VEE = - 9.0 Vdc) -6.0 
(VIH = 1.9 Vdc, RL = 3.0 kn, VCC = + 13.2 Vdc, VEE = -13.2 Vdc) -9.0 

Positive Output Short-Circuit Current (1) 3 10S+ +6.0 

Negative Output Short-Circuit Current (1) 3 10S- -6.0 

Output Resistance (VCC = VEE = 0, IVol = ±2.0 V) 4 ro 300 

Positive Supply Current (RI = x) 5 ICC 
(VIH = 1.9 Vdc, VCC = + 9.0 Vdc) -
(VIL = 0.8 Vdc, VCC = +9.0 Vdc) -
(VIH = 1.9 Vdc, VCC = + 12 Vdc) -
(VIL = 0.8 Vdc, VCC = + 12 Vdc) -
(VIH = 1.9 Vdc, VCC = + 15 Vdc) -
(VIL = 0.8 Vdc, VCC = + 15 Vdc) -

Negative Supply Current (RL = x) 5 lEE 
(VIH = 1.9 Vdc, VEE = - 9.0 Vdc) -
(VIL = 0.8 Vdc, VEE = - 9.0 Vdc) -
(VIH = 1.9 Vdc, VEE = -12 Vdc) -
(VIL = 0.8 Vdc, VEE = -12 Vdc) -
(VIH = 1.9 Vdc, VEE = -15 Vdc) -
(VIL = 0.8 Vdc, VEE = -15 Vdc) -

Power Consumption Pc 
(VCC = 9.0 Vdc, VEE = - 9.0 Vdc) -
(VCC = 12 Vdc, VEE = -12 Vdc) -

SWITCHING CHARACTERISTICS (VCC = +90 +1% Vdc VEE = -90 +1% Vdc, TA = +25"C.) - -

Propagation Delay Time (ZI = 3.0 k and 15 pF) 6 tpLH -
Fall Time (zi = 3.0 k and 15 pF) 6 tTHL -
Propagation Delay Time (ZI = 3.0 k and 15 pF) 6 tpHL -
Rise Time (ZI = 3.0 k and 15 pF) 6 tTLH -

(1) Maximum Package Power Dissipation may be exceeded if all outputs are shorted simultaneously. 
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-
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-7.0 
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-10 

-

+15 
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-
-

-13 
-
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-
-
-

-
-

275 

45 

110 

55 

Max 

1.6 

10 

-
-

-
-

+12 

-12 

-

+20 
+6.0 
+25 
+7.0 
+34 
+12 

-17 
-500 
-23 
-500 
-34 
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75 
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Unit 

mA 

p.A 

Vdc 

Vdc 

mA 

mA 

Ohms 

mA 

mA 
p.A 
mA 
p.A 
mA 
mA 

mW 

ns 

ns 

ns 

ns 
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CHARACTERISTIC DEFINITIONS 

FIGURE 1 - INPUT CURRENT 
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FIGURE 5 - POWER-SUPPLY CURRENTS 
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FIGURE 2 - OUTPUT VOLTAGE 
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FIGURE 6 - SWITCHING RESPONSE 
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TYPICAL CHARACTERISTICS 

(TA = +250 C unless otherwise noted.) 

FIGURE 7 - TRANSFER CHARACTERISTICS 
versus POWER-SUPPLY VOLTAGE 
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FIGURE 10 - OUTPUT VOLTAGE 
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APPLICATIONS INFORMATION 

The Electronic Industries Association IEIAI RS232C specification 
detail the requirements for the interface between data processing 

FIGURE 13 - POWER-8UPPLV PROTECTION 
TO MEET POWER-OFF FAULT CONDITIONS 

---- -----..... ----
equipment and date communications equipment. This standard VCC 14 914 
specifies not only the number and type of interface leads, but also the 
voltage levels to be used. The MC1488 quad driver and its companion 
circuit, the MC1489 quad receiver, provide a complete interface system 
between DTL or TTL logic levels and the RS232C defined levels. The 
RS232C requirements as applied to drivers are discussed herein. 

The required driver voltages are defined as between 5 and 15· 
volts in magnitude and are positive for 8 logic "0" and negative for 
a logic "I". These voltages are so defined when the drivers are 
terminated with a 3000 to 7000·ohm resistor. The MC1488 meets 
this voltage requirement by converting a DTLlTTL logic level into 
RS232C levels with one stage of inversion. 

The RS232C specification further requires that during transi· 
tions. the driver output slew rate must not exceed 30 volts per 
microsecond. The inherent slew rate of the MC1488 is much too 

10 00 

00 

FIGURE 12 - SLEW RATE versus CAPACITANCE 

FOR ISC = 10 rnA 
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IL 11111 
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10.000 

fast for this requirement. The current limited output of the device 
can be used to control this slew rate by connecting a capacitor to 
each driver output. The required capacitor can be easily determined 
by using the relationship C = lOS x ilT/il V from which Figure 12 is 
derived. Accordingly, a 330·pF capacitor on each output will 
guarantee a worst case slew rate of 30 volts per microsecond. 

The interface driver is also required to withstand an accidental 
short to any other conductor in an interconnecting cable. The worst 
possible signal on any conductor would be another driver using a 
plus or minus 15·volt, 500·mA source. The MC1488 is designed to 
indefinitely withstand such a short to all four outputs in a package 
as long as the power·supply voltages are greater than 9.0 volts (i.e., 
VCC;;;'9.0 V; VEE.,;;-9.0 VI. In some power-supply designs, a loss 
of system power causes a low impedance on the power-supply out
puts. When this occurs. a low impedance to ground would exist at 
the power inputs to the MC1488 effectively shorting the 300-ohm 
output resistors to ground. If all four outputs were then shorted 
to plus or minus 15 volts, the power dissipation in these resistors 

MC1488 
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would be excessive. Therefore, if the system is designed to permit 
low impedances to ground at the power-supplies of the drivers. a 
diode stlould be placed in each power-supply lead to prevent over
heating in this fault condition. These two diodes, as shown in 
Figure 13, could be used to decouple all the driver packages in a 
system. (These same diodes will allow the MC1488 to withstend 
momentary shorts to the ±25-volt limits specified in the earlier 
Standard RS232B.1 The addition of the diodes also permits the 
MC1488 to withstand faults with power-supplies of less than the 
9.0 volts stated above. 

The maximum short-circuit current allowable under fa'ult con
ditions is more than guaranteed by the previously mentioned 
10 mA output current limiting. 

Other Applications 

The MC1488 is an extremely versatile line driver with a myriad 
of possible applications. Several features of the drivers enhance 
this versatility: 

1. Output Current Limiting - this enables the circuit designer 
to define the output voltage levels independent of power-supplies 
and can be accomplished by diode clamping of the output pins. 
Figure 14 shows the MC1488 used as a DTL to MOS translator 
where the high-level voltage output is clamped one diode above 
ground. The resistor divider shown is used to reduce the output 
voltage below the 300 mV above ground MOS onput level limit. 

2. Power-Supply Range - as can be seen from the schematic 
drawing of the drivers, the positive and negative driving elements 
of the device are essentially independent and do not require match
ing power-supplies. I n fact, the positive supply can vary from a 
minimum seven volts (required for driving the negative pulldown 
sectionl to the maximum specified 15 volts. The negative supply 
can vary from approximately -2.5 volts to the minimum specified 
-15 volts. The MCI488 will. drive the output [0 within 2 volts of 
the positive or negative supplies as long as the current output limits 
are not exceeded. The combination of the current-I imiting and 
supply-voltage features allow a wide combination of possible out
puts within the same quad package. Thus if only a portion of the 
four drivers are used for driving RS232C lines, the remainder could 
be used for DTL to MOS or even DTL to DTL translation. Figure 15 

. shows one such combination .. 
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FIGURE 15 - LOGIC TRANSLATOR APPLICATIONS 
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TECHNICAL DATA 

QUAD LINE RECEIVERS 

The MC1489 monolithic quad line receivers are designed to inter· 
face data terminal equipment with data communications equipment 
in conformance with the specifications of EIA Standard No. RS·232C. 

• Input Resistance - 3.0 k to 7.0 kilohms 

• Input Signal Range - ±30 Volts 

• I nput Threshold Hysteresis Built In 

• Response Control 
a) Logic Threshold Shifting 
b) Input Noise Filtering 

LINE DRIVER 
MCI488 

...r--, 
--i -t.. __ ' 

TYPICAL APPLICATION 

I INTERCONNECTING I 
MOTllOGICINPUT~ CABLE .. I. 

I I 

LINE RECEIVER 
MC1489 

MDTL LOGIC OUTPUT 

MCl489 
MCl489A 

QUADMDTL 
LINE RECEIVERS 

RS·232C 

SI LICON MONOLITHIC 
INTEGRATED CIRCUIT 

LSUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

DSUFFIX # 
PLASTIC PACKAGE 

CASE 751A 14 .•.• 
(50·14) 

Input A 1 

c~-::::~: 2 

Response 
Control B 

Ground 7 

12 Response 
Control 0 

EQUIVALENT CIRCUIT SCHEMATIC (1/4 OF CIRCUIT SHOWN) 

RESPONSE CONTROL 1 

3.8 k 
INPUT 1 

I RF 
MC1489 MC1489A 
6.71e{}· 1.6 Ie{} 

MOTL and MTTL are trademarks of Motorola Inc. 
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MAXIMUM RATINGS (T A = + 25"C unless otherwise noted) 

Rating Symbol Value Unit 

Power Supply Voltage VCC 10 Vdc 

Input Voltage Range VIR ±30 Vdc 

Output Load Current IL 20 mA 

Power Dissipation (Package Limitation, Ceramic 
and Plastic Dual In-Line Package) Po 1000 mW 
Derate above T A = + 25"C 1/6JA 6.7 mWf'C 

Operating Ambient Temperature Range TA Oto +75 "C 

Storage Temperature Range Tstg -65to +175 "C 

ELECTRICAL CHARACTERISTICS (Response control pin is open.) (VCC = +5.0 Vdc ± 10%, TA = 0 to +75"C unless 
otherwise noted) 

Characteristics Symbol Min Typ Max 

Positive Input Current (VIH = +25 Vdc) IIH 3.6 - 8.3 
(VIH = +3.0 Vdc) 0.43 - '-

Negative Input Current (VIL = -25 Vdc) IlL -3.6 - -8.3 
(VIL = -3.0 Vdc) -0.43 - -

Input Turn-On Threshold Voltage VIH 
(TA = + 25"C, VOL" 0.45 V) MC1489 1.0 - 1.5 

MC1489A 1.75 1.95 2.25 

Input Turn-Off Threshold Voltage VIL 
(TA = + 25"C, VOH .. 2.5 V, IL = -0.5 mAl MC1489 0.75 - 1.25 

MC1489A 0.75 0.8 1.25 

Output Voltage High (VIH = 0.75 V, IL = -0.5 mAl VOH 2.5 4.0 5.0 
(Input Open Circuit, IL = -0.5 mAl 2.5 4.0 5.0 

Output Voltage Low (VIL = 3.0 V, IL = 10 mAl VOL - 0.2 0.45 

Output Short-Circuit Current lOS - -3.0 -4.0 

Power Supply Current (All Gates "on," lout = 0 mA, VIH = + 5.0 Vdc) ICC - 16 26 

Power Consumption (VIH = + 5.0 Vdc) Pc - 80 130 

SWITCHING CHARACTERISTICS (VCC = 5.0 Vdc +1%, TA = + 25°C, See Figure 1.) -
Propagation Delay Time (RL = 3.9 kG) 

Rise Time (RL = 3.9 kG) 

Propagation Delay Time (RL = 390 kG) 

Fall Time (RL = 390 kG) 

TEST CIRCUITS 

FIGURE 1 - SWITCHING RESPONSE 
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C, capacitor IS tor noise filtermg. 
R, resistor is for threshold shifting. 
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TYPICAL CHARACTERISTICS 
(Vee = 5.0 Vdc, T A = +250 e unless otherwise noted) 

FIGURE 3 - INPUT CURRENT FIGURE 4 - MC1489 INPUT THRESHOLD 
VOLTAGE ADJUSTMENT 
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APPLICATIONS INFORMATION 

General Information 

~ 
'" 2: 
w 

'" :::> 
I-

The Electronic Industries Association (EIA) has released 
the RS-232C specification detailing the requirements for 
the interface between data processing equipment and 
data communications equipment. This standard speci
fies not only the number and type of interface leads, 
but also the voltage levels to be used. The MC1488 quad 
driver and its companion circuit, the MC1489 quad re
ceiver, provide a complete interface system between 
DTL or TTL logic levels and the RS-232C defined levels. 
The RS-232C requirements as applied to receivers are 
discussed herein. 

The required input impedance is defined as between 
3000 ohms and 7000 ohms for input voltages between 
3.0 and 25 volts in magnitude; and any voltage on the 
receiver input in an open circuit condition must be less 
than 2.0 volts in magnitude. The MC1489 circu.its meet 
these requirements with a maximum open circuit volt
age of one VBE. 

The receiver shall detect a voltage between - 3.0 and 
-25 volts as a Logic "1" and inputs between +3.0 and 
+25 volts as a Logic "0." On some interchange leads, 
an open circuit of power "OFF" condition (300 ohms or 
more to ground) shall be decoded as an "OFF" condition 
or Logic "1." For this reason, the input hysteresis 
thresholds of the MC1489 circuits are all above ground. 
Thus an open or grounded input will cause the same 
output as a negative or Logic "1" input. 

Device Characteristics 

The MC1489 interface receivers have internal feedback 
from the second stage to,the input stage providing input 

FIGURE 8 - TYPICAL TURN-ON THRESHOLD versus 
CAPACITANCE FROM RESPONSE CONTROL PIN TO GND 

~ 3t---l"'---t-......l .. -lp.,r--l------...j ... 
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hysteresis for noise rejection. The MC1489 input has 
typical turn-on voltage of 1.25 volts and turn-off of 1.0 
volt for a typical hysteresis of 250 mV. The MC1489A 
has typical turn-on of 1.95 volts and turn-off of 0.8 volt 
for typically 1.15 volts of hysteresis. 

Each receiver section has an external response con
trol node in addition to the input and output pins, 
thereby allowing the designer to vary the input thresh
old voltage levels. A resistor can be connected between 
this node and an external power-supply. Figures 2, 4 
and 5 illustrate the input threshold voltage shift possible 
through this technique. 

This response node can also be used for the filtering 
of high-frequency, high-energy noise pulses. Figures 8 
and 9 show typical noise-pulse rejection for external 
capacitors of various sizes. 

These two operations on the response node can be 
combined or used individually for many combinations 
~f interfacing applications. The MC1489 circuits are par
ticularly useful for interfacing between MOS circuits and 
MDTUMTTL logic systems. In this application, the input 
threshold voltages are adjusted (with the appropriate 
supply and resistor values) to fall in the center of the 
MOS voltage logic levels. (See Figure 10) 

The response node may also be used as the receiver 
input as long as the designer realizes that he may not 
drive this node with a low impedance source to a volt
age greater than one diode above ground or less than 
one diode below ground. This feature is demonstrated 
in Figure 11 where two receivers are slaved to the same 
line that must still meet the RS-232C impedance 
requirement. 

FIGURE 9 - TYPICAL TURN·ON THRESHOLD versus 
CAPACITANCE FROM RESPONSE CONTROL PIN TO GND 
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APPLICATIONS INFORMATION (continued) 

FIGURE 10 - TVPICAL TRANSLATOR APPLICATION -
MOS TO DTL OR'TTL 
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FIGURE 11"": TYPICAL PARALLELING OF TWO MC1489,A RECEIVERS TO MEET RS·232C 
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APPLICATIONS INFORMATION (continued) 

FIGURE 11 - TYPICAL PARALLEUNG OF TWO MC1489,A RECEIVERS TO MEET RS-232C 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
Quad EIA·422·A Line Driver 
CMOS 

The MC26C31 is a quad differential line driver designed for digital data 
transmission over balanced lines. The MC26C31 meets all the requirements of 
standard EIA-422-A while retaining the low-power characteristics of CMOS. 

The MC26C31 accepts TTL or CMOS input levels and translates these to 
EIA-422-A output level. This part uses special output circuitry that enables the 
individual drivers to power down without loading down the bus. The MC26C31 also 
includes special circuitry which will set the outputs to a high impedance mode 
during power up ordown. preventing spurious glitches. This device has enable and 
disable circuitry common for all four drivers. 

The MC26C31 is pin compatible with the AM26LS31. 
All pins are protected against damage due to electrostatic discharges. 

• Maximum Supply Current: 3 mA 
• 2000-V ESD Protection on the Inputs and Outputs 
• TTUCMOS Input Compatible 
• Typical Propagation Delay: 6 ns 
• Typical Output Skew: 1 ns 
• Meets Vo = 6.0 V (and Vo = 0.25 V). VCC = 0 V. 10 < 100 !lA Requirement 
• Meets the Requirements of Standard EIA-422-A 
• Operation from single 5-V Supply 
• High-Impedance Mode for Outputs Connected to System Buses 

BLOCK DIAGRAM 

ENB ENB INPUT 0 INPUTC INPUTB INPUT A 

14 13 10 11 6 5 2 3 

OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 
02 01 C2 C1 B2 81 A2 A1 

MC26C31 

_ PSU~ 
PLASTIC PACKAGE 

CASE 648 

o SUFFIX 
SOGPACKAGE 

CASE 751B 

ORDERING INFORMATION 
MC26C31P 
MC26C31D 

Plastic DIP 
SOG Package 

This document contains Inlonnation on a new product under development. Motorola reserves the rlghl to change or discontinue this product wllhout notice. 
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TRUTH TABLE 

Non-Inverting Inverting 
Control Inputs EJE Input Output Output 

UH 

All other combinations of 
enable inputs 

X=DontCare 
Z = High Impedance 

MAXIMUM RATINGS 

Rating 

Power Supply Voltage 

DC Input Voltage 

DC Output Voltage' 

DC Output Current, per Pin 

X 

H 

L 

H = High Logic State 
L = Low Logic State 

Symbol 

VCC 

Vln 

Vout 

lout 

DC VCC or GND Current, per Pin 100 

Storage Temperature Tstg 

Power Dissipation Po 

ESD (Human Body model) 

• Power-on conditions. 

OPERATING CONDITIONS 

Rating 

Power Supply Voltage 

DC Input Voltage 

Operating Temperature Range 

Input Rise and Fall Time 

Z Z 

H L 

L H 

Value Unit 

7 V 

-1.5toVCC+l.5 V 

-0.5 to VCC +0.5 V 

150 rnA 

150 rnA 

-65 to +150 °c 

500 mW 

2000 V 

DC CHARACTERISTICS (VCC = 4.5 to 5.5 V, TA = - 40 to + 85°C, unless otherwise stated) 

Parameter Symbol 

Input Voltage (Low Logic State) VIL 

Input Voltage (High Logic State) VIH 

Output Voltage (Low Logic State) Isink = 20 rnA VOL 

Output Voltage (High Logic State) Isource = 20 rnA VOH 

Output Differential Voltage RL = 100 n (Note 1) VOD 

Output Differential Voltage Difference RL = 100 n (Note 1) D(VOD) 

Output Offset Voltage RL = 100 n (Note 1) VOS 

Output Offset Voltage Difference RL = 100 n (Note 1) D(VOS) 

Input CurrentVIH = VCC, GND, VIH or VIL lin 

Quiescent Supply Current lout = 0 f.1A ICC 

Output Short Circuit Current (Note 2) lOS 

Output Leakage Current (HI-Z State) Vout = VCC or GND 10(Z) 

Input Leakage Current (Power Off) Vout=6V loxh 
Vout = - 0.25 V loxl 

NOTES: 
1. See EIA specifications EIA-422-A for exact test conditions. 
2. Only one output may be shorted at a time. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Symbol Min 

VCC 4.5 

Vln 0 

TA -40 

tr,tf -

Min Typ 

- -

2.0 -
- 0.3 

2.5 2.8 

2.0 -
- -
- -
- -
- -
- -

-30 -100 

- -
- -
- -

Max 

5.5 

VCC 

+85 

500 

Max 

0.8 

-
0.5 

-
-

±0.4 

3.0 

±0.4 

±1.0 

3.0 

-150 

±1.0 

100 
-100 

Unit 

V 

V 

°c 

ns 

Unit 

V 

V 

V 

V 

V 

V 

V 

V 

I1A 
rnA 

rnA 

I1A 
I1A 

MC26C31 
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AC CHARACTERISTICS (VCC = 4.5 to 5.5 V, TA = - 40 to + 85'C, unless otherwise stated) 

Parameter Symbol Min Typ Max Unit 

Propagation Delay Input to Output (S1 Open) tpLH - 6 12 ns 
tpHL 

Output Skew (S1 Open)' Skew - 1.0 4 ns 

Differential Output t(TLH) - 4 8 ns 
Rise TIme 
Fall Time (S1 Open) 

t(THL) 

Output Enable TIme tpZH - 16 - ns 
(S1 Closed) tpZL - 15 -

Output Disable TIme tpHZ - 6 - ns 
(S1 Closed) tpLZ - 9 -

• Skew: difference in propagation delays between complementary outputs. 

AC TEST CIRCUIT AND SWITCHING TIME WAVEFORMS 

ENABLE INPUT 

OV 

OUTPUT A 

OUTPUTB 

MC26C31 
2"28 

1.5 V 

49.90 J 
4990 
~ 

SI 

49.90 

INPUT 
OV 

OUTPUT A 

OUTPUTB 

3V-
1.5V 

1.5V 

:--..: ~SKEW 

1.5V 

-VOH 
1.5V 

----..: :.-tPHL IpLH -..: 1..-

\

' _'C:.: VOH 
'1.5V To 1.5V 

'-. ---------" - VOL 

Figure 1. AC Test Circuit Figure 2. Propagation Delays and Skew Waveforms 

3V-, 
1.5 V 

-: :~tpLZ tpZL_: 
, 

3V-,-
-1.5V INPUT 

O.BV OV 

VOL , 
:-..lPHZ tPZH-: -, '- 90% ,90% , OUTPUT VOH (DIFFERENTIAL) 10% ' 

, 
10% , 

VOH-0.5V 2.0 V 
-1.5V -: :-trLH tTHL-: :--

Figure 3. Enable and Disable Times Figure 4. Differential Rise and Fall Times 

TYPICAL APPLICATIONS 

"'''E~ / ~"" 
DATA~,-. ---------'rt<' ~OUTPUT 

Figure 5. Two-Wire Balanced Systems (EIA-422-A) 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
Quad EIA·422·A Line Receiver 
CMOS 

The MC26C32 is a quad differential line receiver designed for digital data 
transmission over balanced lines. The MC26C32 meets all the requirements of 
standard EIA-422-A while retaining the low-power characteristics of CMOS. 

The MC26C32 has an input sensitivity of 200 mV over the common mode input 
voltage range of ± 7 V. In addition, each receiver chain has internal hysteresis 
circuitry to improve noise margin and discourage output· instability for slowly 
changing input waveforms. 

The MC26C32 is pin compatible with the AM26LS32. 
All pins are protected against damage due to electrostatic discharges. 

• Typical Power Supply Current: 6 mA 
• 2000-V ESD Protection on the Inputs and Outputs 
• Typical Propagation Delay: 18 ns 
• Typical Input Hysteresis: 75 mV 
• Meets the Requirements of Standard EIA-422-A 
• Operation from single 5-V Supply 
• High-Impedance Mode for Outputs Connected to System Buses 
• TTUCMOS Compatible Outputs 

BLOCK DIAGRAM 

INPUT INPUT INPUT INPUT INPUT INPUT 
ENB ENB 02 01 C2 C1 B2 B1 

11 13 

OUTPUT OUTPUT OUTPUT 
o C B 

INPUT INPUT 
A2 A1 

3 

OUTPUT 
A 

MC26C32 

_ POOFAX 

PLASTIC PACKAGE 
CASE 648 

DSUFFIX 
SOG PACKAGE 

CASE 751B 

ORDERING INFORMATION 
MC26C32P 
MC26C32D 

Plastic DIP 
SOG Package 

This document contains infonnation on a new product under development Motorola reserves the ~ght to change or discontinue this product without notice. 
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TRUTH TABLE 

Control Inputs !:IE Input Output· 

UH X Z 

All olher combinations of VIO <! VTH (max) 1 
emible Inputs 

X = Oon't Care 
Z = High Impedance 

MAXIMUM RATINGS 

Rating 

Power Supply Voltage 

Input Voltage 

Input Oifferential Voltage 

Enable Control Input Voltage 

Storage Temperature 

Maximum Current per Output 

ESO (Human Body model) 

OPERATING CONDITIONS 

Power Supply Voltage 

Operating Temperature Range 

Input Rise and Fall lime 

VIO <! VTH (min) 

Open 

H = High Logic State 
L =.Low Logic State 

Symbol 

VCC 

VI 

VIO 

Vln 

Tstg 

10 

Rating 

Value 

7 

±12 

±14 

VCC+0.5 

-65 to +150 

±25 

2000 

0 

1 

Unit 

V 

V 

V 

V 

·C 

rnA 

V 

Symbol 

VCC 

TA 

Ir, tf 

DC CHARACTERISTICS (VCC = 4.5 to 5.5 V, TA = - 40 to + 8500, unless otherwise stated) (See Note 1) 

Parameter Symbol Min 

Power Supply Current, VCC <! Max ICC -
Enable Input Current, Vln = VCC or GNO LI -
Input Voltage - Low Logic State (Enable Control) VIL -
Input Voltage - High Logic State (Enable Control) VIH 2 

Oifferentlallnput Voltage, - 7 V < VLCM < 7 V Vout=VOH VTH 0.2 
Vout = VOL -

Input Hysteresis, VLCM = 0 V Vhys -
Comparator Input Current Vin=+ 10 V, Other Input=GNO lin -

Vln=-10 V, Other Input=GNO -
Comparator Input Resistance, - 12 V < VLCM < + 12 V Rin 4 

Output Voltage (Low Logic State) VIO = - 1 V, lout = 6 rnA (Note 2) VOL -
Output Voltage (High Logic State) VIO = + 1 V, lout = - 6 rnA (Note 2) VOH 3.8 

Output Leakage Current (High Logic State) Vout = VCC or GNO 10Z -5 

NOTES: 

Min Max Unit 

4.5 5.5 V 

-40 +85 ·C 

- 500 ns 

Typ Max Unit 

6 12 rnA 

- ±1.0 IIA 
- 0.8 V 

- - V 

- - V 
- -0.2 

75 - mV 

1.4 - rnA 
-2.5 -
4.8 - kn 

0.13 0.33 V 

4.8 - V 

- 5 IIA 

1. All currents Into device pins are shown as positive, out of device pins are negative. All voltages referenced to ground unless otherwise noted. 
2. See EIA specifications EIA-422-A for exact test conditions. 

MC26C32 
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AC CHARACTERISTICS (VCC = 4.5 to 5.5 V, TA = - 40 to + 85°C, unless othelWise stated) 

Parameter Symbol Min Typ Max 

Propagation Delay Input to Output, CL = 50 pF, VDIFF = 2.5 V tpLH - 18 30 
tpHL 

Skew = kpHL - tPLH I Skew - 1 -
Propagation Delay Enable to Output tpLZ - 12 -

CL = 50 pF, RL = 1000 n. VDIFF = 2.5 V tpHZ 

Propagation Delay Enable to Output tpZL - 14 -
CL = 50 pF, RL = 1000 n. VDIFF = 2.5 V tpZH 

AC TEST CIRCUIT AND SWITCHING TIME WAVEFORMS 

TEST 
POINT VCC +2.SV 

OUTPUT -.,..-..... ~.-.-..-lM-...... I----o........-,&-wJ 
INPUT OV 

-2.SV 

S1 RL=2kn 

OUTPUT 

SI AND S2 CLOSED 

1 

Figure 6. Test Circuit Figure 7. Propagation Delays 

3V- r--------_, 
ENABLE IN~~T J 1.3 V \.1.3 V 

, -, :-- tpZH tPHZ:-: 
r-~~~----~~~' ~ 

S1 OPEN S1 CLOSED ' 0.5 V 
50% 52 CLOSED S2 CLOSED , T OUTPUT A 

VOL 
tPLZ:-..o , , 

VOH 

Figure 8. Enable and Disable Times 

TYPICAL APPLICATIONS 

ENABLE=« 

D~A ~+ D~A OUTPUT 

'-------------

Figure 9. Two-Wire Balanced Systems (EIA-422-A) 
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Unit 

ns 

ns 

ns 

ns 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

LOW POWER FM TRANSMITTER SYSTEM 

The MC2831A is a one-chip FM transmitter subsystem designed 
for cordless telephone and FM communication equipment. It 
includes a Microphone Amplifier, Pilot Tone Oscillator, Voltage 
Controlled Oscillator and Battery Monitor. 

• Wide Range of Operating Supply Voltage (3.0 V,8.0 V) 

• Low Drain Current (4.0 mA Typ Full Operation at VCC = 4.0 V) 

• Battery Checker (290 /LA Typ at VCC = 4.0 V) 

• Low Number of External Parts Required 

FIGURE 1 - FUNCTIONAL BLOCK DIAGRAM 

VCC 40-__ 

50-__ ..., 

60-...... --.... 

7 

8 

RF 
Osc 

16 

15 

13 

12 

11 

10 

f---¢9 

MAXIMUM RATINGS (TA = 25·C unless otherwise noted) 

Rating 

Power Supply Voltage 

Operating Supply Voltage Range 

Battery Checker Output Sink Current 

Junction Temperature 

Operating Ambient Temperature Range 

Storage Temperature Range 

MC2831 A 
2-32 

Pin 

4, 12 

4,12 

10 

-
-
-

MC2831A 

LOW· POWER 
FM TRANSMITTER SYSTEM 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

". 1 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

16~> 
1 

DSUFFIX 
PLASTIC PACKAGE 

CASE 751B 
50-16 

Variable 
Reactance 

Output 

Decoupling 

Modulator 
Input 

PIN ASSIGNMENTS 

VCC2 4 
MicAmp 

Input 5 

MicAmp 6 
Output 

Tone 7 
Switch 

Tone 
Output 

11 Battery 
Checker 

Symbol Value Unit 

VCC 10 Vdc 

VCC 3.0 to 8.0 Vdc 

ILED 25 mA 

TJ +150 ·C 

TA -30 to +75 ·C 

Tstg -65 to +150 ·C 
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ELECTRICAL CHARACTERISTICS (Vce1 = 4.0 Vdc, VCC2 = 4.0 Vdc, TA = 25'C, unless otherwise noted) 

Characteristic Symbol Pin Min Typ Max 

Drain Current ICC1 12 150 290 420 

Drain Current ICC2 4 2.2 3.6 6.5 

BATTERY CHECKER 

Threshold Voltage (LED Off -> On) VTB 11 1.0 1.2 1.4 

Output Saturation Voltage VOSAT 10 - 0.15 0.5 
(Pin 11 = 0 V, Pin 10 Sink Current = 5.0 mAl 

MIC AMPLIFIER 

Voltage Gain, Closed Loop - 5,6 27 30 33 
(Vin = 1.0 mVrms, fin = 1.0 kHz) 

Output dc Voltage - 6 1.1 1.4 1.7 

Output Swing (Vin = 30 mVrms, fin = 1.0 kHz) - 6 0.8 1.2 1.6 

Total Harmonic Distortion THO 6 - 0.7 -
(VO = 31 mVrms, fin = 1.0 kHz) 

PILOT TONE OSCILLATOR (250 ,(l LOADING) 

Output AF Voltage (fo = 5.0 kHz) - 8 - 50 -

Output dc Voltage - 8 - 1.4 -

Total Harmonic Distortion - 8 - 1.8 5.0 
(fo = 5.0 kHz, VAF = 150 mVrms) 

Tone Switch Threshold - 7 1.1 1.4 1.7 

FM MODULATOR (120 ,(l LOADING) 

Output RF Voltage (fo = 16.6 MHz) VRFO 14 - 40 -
Output dc Voltage - 14 - 1.3 -
Modulation Sensitivity (Note 1) - 3,14 6.0 10 18 

(Vin = 1.0 V ± 0.2 V) 

Maximum Deviation (Note 1) - 3,14 ±2.5 ±5.0 ±12.5 
(Vin = 0 V to +2.0 V) 

RF Frequency Range - 14 - - 60 
00 • 

Note 1. Modulation sensItIVIty and maximum deviation are measured at 49.815 MHz. which IS the third harmonic of the crystal frequency. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Unit 

I'A 

rnA 

Vdc 

Vdc 

dB 

Vdc 

Vp-p 

% 

mVrms 

Vdc 

% 

Vdc 

mVrms 

Vdc 

HzlmVdc 

kHz 

MHz 

MC2831A 
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FIGURE 2 - TEST CIRCUIT 

Mod Out 

0.0047 

r 2 15 

Modln 3 14 RFOut 
(16.605 MHzl 

0.01 
4 13 

MC2831A 

MicAmpln 5 12 VCCI 

MicAmpOut 6 11 
Battery 
Checker In 

Tone Switch 7 10 LED 

0.047 Ll Toko America 
Tone Output 8 9 VCC2 7PA Type 

126AN - 6708X ' 
Ll 

20mH 
Oac Coil 

FIGURE 3 - SINGLE CHIP FM VHF TRANSMITTER AT 49.7 MHz 

4.71'H --+ 16.5667 MHz 
~---J~~~D~----, 

1.0 

Dynamic > rH--+"'~ 
Microphone -= 

NOTES: 

SI is a normally closed push button type switch. 

The crystal used is fundamental mode, calibrated for parallel resonance 
with a 32 pF load. The 49.7 MHz output is generated in the output buffer, 
which generates useful harmonics to 60 MHz. 

The network on the output at Pin 14 provides output tuning and imped
ance matching to 50 n at 49.7 MHz. Harmonics are suppressed by more 
than 25 dB. 

MC2831A 
2.,34 

0.471'H 

Battery checker circuit (Pins 10, 111 is not used in this application. 

All capacitors in microfarads, inductors in Henries and resistors in 
Ohms, unless otherwise specified. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

LOW POWER FM TRANSMITTER SYSTEM 

MC2833 is a one-chip FM transmitter subsystem designed for 
cordless telephone and FM communication equipment. It includes 
a microphone amplifier, voltage controlled oscillator and two aux-
iliary transistors. . 

• Wide Range of Operating Supply Voltage (2.8-9.0 V) 

• Low Drain Current (Icc = 2.9 mA Typ) 

• Low Number of External Parts Required 

• -30 dBm Power Output to 60 MHz Using Direct RF Output 

• + 10 dBm Power Output Attainable Using On-Chip Transistor 
Amplifiers 

FUNCTIONAL BLOCK DIAGRAM 

16 

2 15 

3 14 

Mic 
Amp 

4 13 

5 12 

J, 
6 11 

7 10 

B 9 

MOTOROLA COMMUNICATIONS DEVICE DATA 

MC2833 

LOW POWER 
FM TRANSMITTER 

SYSTEM 

,. 
1 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

DSUFFIX 
PLASTIC PACKAGE 

CASE 751B 
SO-16 

Variable 
Reactance 1 

Output 

Oecoupling 

Modulator 
Input 

MicAmp 
Output 4 

MicAmp 
Input 

Gnd 

Tr 1 
Emitter 

Tr 1 
Base 

PIN ASSIGNMENTS 

RF 
Output 

Tr2 
Base 

Tr2 
Emitter 

Tr2 
Collector 

VCC 

Trl 
Collector 
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MAXIMUM RATINGS 
Ratings Symbol Valua Unit 

Power Supply Voltage VCC 10 (max) V 

Operating Supply Voltage Range VCC 2.8-9.0 V 

Junction Temperature TJ +150 ·C 

Operating Ambient Temperature TA -30to +75 ·C 

Storage Temperature Range Tst9 -65 to +150 ·C 

ELECTRICAL CHARACTERISTICS (VCC = 4.0 V, T A = 25'C, unless otherwise. noted) 

Characteristics 

Drain Current (No inpLit signal) 

FM MODULATOR 

Output RF Voltage (fo = 16.6 MHz) 

Output DC Voltage (No input signal) 

Modulation Sensitivity (fo = 16.6 MHz) 
(Vin = 0.8 V to 1.2 V) 

Maximum Deviation (fo = 16.6 MHz) 
(Vin = 0 V to 2.0 V) 

MIC AMPLIFIER 

Closed Loop Voltage Gain (Vin = 3.0 mVrms) 
(fin = 1.0 kHz) 

Output DC Voltage (No input signal) 

Output Swing Voltage (Vin = 30 mVrms) 
(fin = 1.0 kHz) 

Total Harmonic Distortion (Vin = 3.0 mVrms) 
(fin = 1.0 kHz) 

AUXILIARY TRANSISTOR STATIC CHARACTERISTICS 
Characteristics 

Collector Base Breakdown Voltage (lC = 5.0 !LA) 
Collector Emitter Breakdown Voltage (lC = 200 !LA) 
Collector Substrate Breakdown Voltage (lC = 50 ",A) 

Emitter Base Breakdown Voltage (IE = 50 ",A) 

Collector Base Cut Off Current (VCB = 10 V) 
(IE = 0) 

DC Current Gain (lC = 3.0 mAl 
(VCE = 3.0 V) 

AUXILIARY TRANSISTOR DYNAMIC CHARACTERISTICS 

Current Gain Bandwidth Product (VCE = 3.0 V) 
(lC = 3.0 mAl 

Collector Base Capacitance (VCE = 3.0 V) 
(IC = 0) 

Collector Substrate Capacitance (VCS = 3.0 V) 

MC2833 
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(IC = 0) 

Vout RF 

Vdc 

SEN 

Fdev 

Av 

Vout dc 

Vout pop 

THO 

14 60 90 130 mVrms 

14 2.2 2.5 2.8 V 

3.0 7.0 10 15 HzlmVdc 
14 - - -
3.0 3.0 5.0 10 kHz 
14 - - -

4.0 27 30 33 dB 
5.0 - - -
4.0 1.1 1.4 1.7 V 

4.0 0.8 1.2 1.6 Vp-p 

4.0 - 0.15 2.0 % 

Symbol Min Typ Max Unit 

V(BR)CBO 15 45 - V 

V(BRICEO 10 15 - V 

V(BR)CSO - 70 - V 

V(BR)EBO - 6.2 - V 

ICBO - - 200 nA 

hFE 40 150 - -

fT - 500 - MHz 

CCB - 2.0 - pF 

CCS - 3.3 - pF 
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FIGURE 1 - TEST CIRCUIT -
Mod Out 

0.0047"F 

P 
Mod In 

MicAmp 
4 Out MC2833 

220 k 
MicAmp 

In 6.3 k 
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-=-
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Base 1 8 

Crystal: fa = 16.605 MHz 
CL=30pF 
Co = 6.1 pF 

39 pF RS = 10 n Max 

15 b. 
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13t----oBase 2 
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111----0 Collector 2 
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!~~ ~O.OI"F 

91----0 Collector 1 

FIGURE 2 - SINGLE CHIP FM VHF TRANSMITTER AT 49.7 MHz 

)lIDI'IM,..,--t-II---~ 

390 k 

VCC = 3.0 V to 8.0 V 

NOTES: The crystal used is fundamental mode. calibrated for parallel 
resonance with a 32 pF load. The 49.7 MHz output is 
generated in the output buffer, which is being used as a 
frequency tripler in this application. 
The networks in the output stages provide frequency 
selectivity and impedance matching at 49.7 MHz. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

~470PF 

The RF output is + 10 dBm (10 mW into 50 n load) at 49.7 
MHz, with all harmonics reduced by more than 50 dB. 
All capacitors in microfarads, inductors in Henries and 
resistors in Ohms unless otherwise specified. 
0.22 p.H inductors are Toko B199SN·Tl048Z 
3.3 "H inductor is Toka BI99KN-Tl055Z 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

RF 
vee 

WIDEBAND FSK RECEIVER 

· .. includes Oscillator. Mixer. Limiting IF Amplifier. Quadrature 
Detector. Audio Buffer. Squelch. Meter Drive. Squelch Status out
put. and Data Shaper comparator. The MC3356 is designed for 
use in digital data communications equipment. 

• Data Rates up to 500 kilobaud 

• Excellent Sensitivity: -3 dB Limiting Sensitivity 
30 I1Vrms @ 100 MHz 

• Highly versatile. full-function device. yet few external parts are 
required 

FIGURE 1 - FUNCTIONAL BLOCK DIAGRAM 

RF 
Ground 1 

(------- 19 

I 
I 

: r-;;==::':;:::::---t.:.:..r-.... -oO~~~:t 
I 
I Vee 
I 
J 

Ceramic 
Filter 

--------..;, 
Squelch 

'--~--'---r+---1"""'D Status 

Vee 

MC3356 
2-38 

10 

Quadrature Detector 
r -::.::;:--, Tank 

I I 
1 1 
1 ,I 
I ,I L _____ ..J 

12 

11 

MC3356 

WIDEBAND 
FSK 

RECEIVER 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 

P SUFFIX 
PLASTIC PACKAGE 

CASE 738 

FIGURE 2 - PIN CONNECTIONS 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Power Supply Voltage VCC(max) 15 Vdc 

Operating Power Supply Voltage Range (Pins 6, 10) VCC 3.0 to 9.0 Vdc 

Operating R.F. Supply Voltage Range (Pin 4) R.F. Vec 3.0 to 12.0 Vdc 

Junction Temperature TJ 150 'c 

Operating Ambient Temperature Range TA -40 to +75 'c 

Storage Temperature Range Tst\1 -65to +150 'e 

Power Dissipation, Package Rating PD 1.25 W 

ELECTRICAL CHARACTERISTICS (VCC = 5.0 Vdc, fo = 100 MHz, fosc = 110.7 MHz, <l.f = ±75 kHz, fmod = 1.0 kHz, 50.n 
source TA = 25'C test circuit of Figure 3 unless otherwise noted) , 

Characteristics 

Drain Current Total, RF VCC and VCC 

Input lor - 3 dB limiting 

I d .. (S + N) Input or 50 B qUieting -N-

Mixer Voltage Gain, Pin 20 to Pin 5 

Mixer Input Resistance, 100 MHz 

Mixer Input Capacitance, 100 MHz 

Mixer/Oscillator Frequency Range (Note 1) 

IF/Quadrature Detector Frequency Range (Note 1) 

AM Rejection (30% AM, RF Vin = 1.0 mVrms) 

Demodulator Output, Pin 13 

Meter Drive 

Squelch Threshold 

Note 1: Not taken in Test Circuit of Figure 3; new component values required. 

Data Output 

100 MHz 
10 k 

FIGURE 3 - TEST CIRCUIT 

47 k 
47 k 
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-
-
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18 k 
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-
-
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-
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-
-

~ __ lnpu~t ____ '-____ ~I,~OI 
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3.3 k pF 

-r-
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L1-110.7 MHz, 0.411H 
7T #22, "/,. Form 
w/slug & can 
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20T #30, "/,. Form 
w/slug & can 

T1-Murata 
SFE10.7 MA5-Z 

or KYOCEKA 
KBF10.7MN-MA 
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Unit 

mAdc 

I1Vrms 

I1Vrms 

n 
pF 

MHz 

MHz 

dB 

Vrms 

ILAIdB 

Vdc 
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FIGURE 4 - OUTPUT COMPONENTS OF SIGNAL, NOISE, 
AND DISTORTION 

10 

./ -10 
V 

----50 

-60 
0.01 

S +IN 1 J 
,.,.-

- N + D 

....... 
N 

0.1 1.0 
INPUT ImVrmsl 

General Description 

I 
fa =1100IM~z I 
fm = 1.0 kHz 
~f = ± 75 kHz 

10 

This device is intended for single and double con
version VHF receiver systems, primarily for FSK data 
transmission up to 500 K baud (250 kHz). It contains an 
oscillator, mixer,limiting IF, quadrature detector, signal 
strength meter drive, and data shaping amplifier. 

The oscillator is a common base Colpitts type which 
can be crystal controlled, as shown in Figure 1, or L-C 
controlled as shown in the other figures. At higher VCC, 
it has been operated as high as 400 MHz. A mixer/ 
oscillator voltage gain of 2 up to approximately 200 
MHz, is readily achievable. 

The mixer functions well from an input signal of 10 
!LVrms, below which the squelch is unpredictable, up 
to about 10 mVrms, before any evidence of overload. 
Operation up to 1.0 Vrms input is permitted, but non
linearity of the meter output is incurred, and some os
cillator pulling is suspected. The AM rejection above 10 
mVrms is degraded. 

The limiting IF is a high frequency type, capable of 
being operated up to 50 MHz. It is expected to be used 
at 10.7 MHz in most cases, due to the availability of 
standard ceramic resonators. The quadrature detector 
is internally coupled to the IF, and a 5.0 pF quadrature 
capacitor is internally provided. The - 3dB limiting sen
sitivity of the IF itself is approximately 50 !LV (at Pin 7), 
and the IF can accept signals up to 1.0 Vrms without 
distortion or change of detector quiescent dc level. 

The IF is unusual in that each of the last 5 stages of 
the 6 state limiter contains a signal strength sensitive, 
current sinking device. These are parallel connected and 
buffered to produce a signal strength meter drive which 
is fairly linear for IF input signals of 10 !LV to 100 mVrms. 
(See Figure 5.) 

A simple squelch arrangement is provided whereby 
the meter current flowing through the meter load re
sistance flips a comparator at about 0.8 Vdc above 
ground. The signal strength at which this occurs can be 

MC3356 
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FIGURE 5 - METER CURRENT versus SIGNAL INPUT 
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adjusted by changing the meter load resistor. The com
parator( +) input and outputare available to permit con
trolof hysteresis. Good positive action can be obtained 
for IF input signals of above 30 I1Vrms. The 130 kfl 
resistor shown in the test circuit provides a small 
amount of hysteresis. Its connection between the 3.3 k 
resistor to ground and the 3.0 k pot, permits adjustment 
of squelch level without changing the amount of 
hysteresis. 

The squelch is internally connected to both the quad
rature detector and the data shapero The quadrature 
detector output, when squelched, goes to a dc level 
approximately equal to the zero signal level, un
squelched. The squelch causes the data shaper to pro
duce a high (VCC) output. 

The data shaper is a complete "floating" comparator, 
with back to back diodes across its inputs. The output 
of the quadrature detector can be fed directly to either 
input of this amplifier to produce an output that is either 
at VCC or VEE, depending upon the received frequency. 
The impedance of the biasing can be varied to produce 
an amplifier which "follows" frequency detuning to 
some degree, to prevent data pulse width changes. 

When the data shaper is driven directly from the de
modulator output, Pin 13, there may be distortion at Pin 
13 due to the diodes, but this is not important in the 
data application. A useful note in relating high/low input 
frequency to logic state: low IF frequency corresponds 
to low demodulator output. If the oscillator is above the 
incoming RF frequency, then high RF frequency will 
produce a logic low. (Input to (+ )input of Data Shaper 
as shown in figures 1 and 3.) 

MOTOROLA COMMUNICATIONS DEVICE DATA 



FIGURE 6 - APPLICATION WITH FIXED BIAS ON DATA SHAPER 
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Application Notes 

The MC3356 is a high frequency/high gain receiver 
that requires following certain layout techniques in de
signing a stable circuit configuration. The objective is 
to minimize or eliminate, if possible, any unwanted 
feedback. 

Shielding, which includes the placement of input and 
output components, is important in minimizing electro
static or electromagnetic coupling. The MC3356 has its 
pin connections such that the circuit designer can place 
the critical input and output circuits on opposite ends 
of the chip. Shielding is normally required for inductors 
in tuned circuits. 

The MC3356 has separate VCC's and grounds for the 
RF and IF sections which allows good external circuit 
isolation by minimizing common ground paths. 

Note that the circuits of figures 1 and 3 have RF, os
cillator, and IF circuits predominantly referenced to the 
plus supply rails. Figure 6, on the other hand, shows a 
suitable means of ground referencing. The two methods 
produce identical results when carefully executed. It is 
important to treat Pin 19 as a ground node for either 
approach. The RF input should be "grounded" to 

MOTOROLA COMMUNICATIONS DEVICE DATA 

10 

Bead 1'0.1 

Pin 1 and then the input and the mixer/oscillator 
grounds (or RF VCC bypasses) should be connected by 
a low inductance path to Pin 19.IF and detector sections 
should also have their bypasses returned by a separate 
path to Pin 19. VCC and RF VCC can be decoupled to 
minimize feedback, although the configuration of Figure 
3 shows a successful implementation on a common 5.0 
supply. Once again, the message is: define a supply 
node and a ground node and return each section to 
those nodes by separate, low impedance paths. 

The test circuit of Figure 3 has a 3 db limiting level 
of 30 fLV which can be lowered 6 db by a 1:2 untuned 
transformer at the input as shown in figures 6 and 7. 
For applications that require additional sensitivity, an 
RF amplifier can be added, but with no greater than 20 
db gain. This will give a 2.0 to 2.5 fLV sensitivity and any 
additional gain will reduce receiver dynamic range with
out improving its sensitivity. Although the test circuit 
operates at + 5.0 V, the mixer/oscillator optimum per
formance is at +8.0 V to 12 V. A minimum of +8.0 V 
is recommended in high frequency applications (above 
150 MHz), or in PLL applications where the oscillator 
drives a prescaler. 
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FIGURE 7 - APPLICATION WITH SELF-ADJUSTING BIAS ON DATA SHAPER 
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MC3356 

APPLICATION NOTES. continued 

Depending on the external circuit, inverted or non
inverted data is available at Pin 18. Inverted data makes 
the higher frequency in the FSK signal a 'one' when the 
local oscillator is above the incoming RF. Figure 6 sche
matic shows the comparator with hysteresis. In this cir
cuit the dc reference voltage at Pin 17 is about the same 
as the demodulated output voltage (Pin 13) when no 
signal is present. This type circuit is preferred for sys
tems where the data rates can drop to zero. Some sys
tems have a low frequency limit on the data rate, such 
as systems using the MC3850 ACIA that has a start or 
stop bit. This defines the low frequency limit that can 
appear in the data stream. Figure 6 circuit can then be 

MC3356 
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Filter Input 

f = 10.7 

150 pF 

changed to a circuit configuration as shown in Figure 
7. In Figure 7 the reference voltage for the comparator 
is derived from the demodulator output through a low 
pass circuit where T is much lower than the lowest fre-

. quency data rate. This and similar circuits will compen
sate for small tuning changes (or drift) in the quadrature 
detector. 

Squelch status (Pin 15) goes high (squelch off) when 
the input signal becomes greater than some preset level 
set by the resistance between Pin 14 and ground. Hys
teresis is added to the circuit externally by the resistance 
from Pin 14 to Pin 15. 
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FIGURE 8 - INTERNAL SCHEMATIC 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

LOW POWER NARROW BAND FM IF 

... includes Oscillator, Mixer, Limiting Amplifier,' Quadrature 
Discriminator, Active Filter, Squelch, Scan Control, and Mute 
Switch. The MC3357 is designed for use in FM dual conversion 

. communications equipment. 

• Low Drain Current (3.0 mA (Typ) @ VCC = 6.0 Vdc) 

'. Excellent Sensitivity: Input Limiting Voltage -
(-3.0 dB) = 5.0 /lV (Typ) 

Vee 

MC3357 
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FIGURE 1 - FUNCTIONAL BLOCK DIAGRAM 
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MAXIMUM RATINGS (T A = 250e, unless otherwise noted) 

Rating Pin Svmbol Value Unit 

Power SupplV Voltage 4 Vee(max) 12 Vdc 

Operating SupplV Voltage Range 4 Vee 4 t08 Vdc 

Detector I nput Voltage 8 - 1.0 Vp-p 

Input Voltage (Vee;' 6.0 Volts) 16 V16 1.0 VRMS 
Mute Function 14 V14 -0.5 to 5.0 Vpk 

Junction Temperature - TJ 150 °e 

Operating Ambient Temperature Range - TA -30 to +70 °e 

Storage Temperature Range - T stg -65 to +150 °e 

ELECTRICAL CHARACTERISTICS (Vee =6.0 Vdc, 'a = 10.7 MHz, AI = ± 3.0 kHz, 'mod = 1.0 kHz, T A = 250 e unless otherwise noted.) 

Characteristic 

Drain Current 
Squelch Off 
Squelch On 

Input Limiting Voltage 
(-3 dB Limiting) 

Detector Output Voltage 

Detector Output Impedance 

Recovered Audio Output Voltage 
(Vin = 10 mY) 

Filter Gain (10 kHz) 
(Vin = 5 mY) 

Filter Output Voltage 

Trigger Hysteresis 

Mute Function Low 

Mute Function High 

Scan Function Low (Mute Off) 
(V12 = 2 Vdc) 

Scan Function High (Mute On) 
(V12 = Gnd) 

Mixer Conversion Gain 

Mixer Input Resistance 

Mixer Input Capacitance 

Vee = 6.0 Vdc 

muRata 
CFU 

4550 

2k 
100nF 100nF 
+--If--+----il--i 6 

47 k 

r 1 
I I 
I I 
I Ie L _____ ..J 

Lp"" 1.0 mH 
Cp=100pF 
Rp = 100 kn 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Pin Min TVp Max 

4 

- 2.0 -
- 3.0 5.0 

16 - 5.0 10 

9 - 3.0 -
- - 400 -
9 200 350 -

- 40 46 -

11 1.8 2.0 2.5 

- - 100 -

14 - 15 50 

14 1.0 10 -
13 - 0 0.5 

13 5.0 - -

3 - 20 -
16 - 3.3 -

16 - 2.2 -

FIGURE 2 - TEST CIRCUIT 

14 f-------O 

Input 
10.7 MHz 

f-~-----OOp Amp Output 

390 k 1.0 "F 
1.0 k + {---o FHt., In 
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~ 0.01 "F 

Unit 

mA 

"V 

Vdc 

n 

mVrms 

dB 

Vdc 

mV 

l! 

Mn 

Vdc 

Vdc 

dB 

kn 

pF 
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CI.RCUIT DESCRIPTION 

The MC3357 is a low power FM IF circuit designed 
primarily for use in voice communication scanning 
receivers. 

The mixer-oscillator combination converts the input 
frequency (e.g., 10.7 MHz) down to 455 kHz, where, after 
external bandpass filtering, most of the amplification 
is done. The audio is recovered using a conventional 
quadrature FM detector. The absence of an input signal 
is indicated by the presence of noise above the desired 
audio frequencies. This "noise band" is monitored by 
an active filter and a detector. A squelch trigger circuit 
indicates the presence of noise (or a tone) by an output 
which can be used to control scanning. At the same 
time, an internal switch is operated which can be used 
to mute the audio. 

The oscillator is an internally-biased Colpitts type with 
the collector, base, and emitter connections at Pins 4, 
1, and 2 respectively. A crystal can be used in place of 
the usual coil. 

The mixer is doubly-balanced to reduce spurious re
sponses. The input impedance at Pin 16 is set by a 3.0 
kG internal biasing resistor and has low capacitance, 
allowing the circuit to be preceded by a crystal filter. 
The collector output at Pin 3 must be dc connected to 
B +, below which it can swing 0.5 V. 

After suitable bandpass filtering (ceramic or LC) the 
signal goes to the input of a five-stage limiter at Pin 5. 
The output of the limiter at Pin 7 drives a multiplier, 

both internally directly, and externally through a quad
rature coil, to detect the FM. The output at Pin 7 is also 
used to supply dc feedback to Pin 5. The other side of 
the first limiter stage is decoupled at Pin 6. 

The recovered audio is partially filtered, then buffered 
giving an impedance of around 400 G at Pin 9. The 
signal still requires de-emphasis, volume control and 
further amplification before driving a loudspeaker. 

A simple inverting op amp is provided with an output 
at Pin 11 providing dc bias (externally) to the input at 
Pin 10 which is referred internally to 2.0 V. A filter can 
be made with external impedance elements to discrim
inate between frequencies. With an external AM detec
tor the filtered audio signal can be checked for the pres
ence of noise above the normal audio band, or ~ tone 
signal. This information is applied to Pin 12. 

An external positive bias to Pin 12 sets up the squelch 
trigger circuit such that Pin 13 is low at an impedance 
level of around 60 kG, and the audio mute (Pin 14) is 
open circuit. If Pin 12 is pulled down to 0.7 V by the 
noise or tone detector, Pin 13 will rise to approximately 
0.5 Vdc below supply where it can support a load current 
of around 500}LA and Pin 14 is internally short-circuited 
to ground. There is 100 mV of hysteresis at Pin 12 to 
prevent jitter. Audio muting is accomplished by con
necting Pin 14 to a high-impedance ground-reference 
point in the audio path between Pin 9 and the audio 
amplifier. 

THERMAL INFORMATION 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

TJ(max) -TA 
PD(T A) = ReJA(Typ) 

Where: PD(T A) = Power Dissipation allowable at a given 
operating ambient temperature. This must be greater than 

MC3357 
2-46 

the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

T J(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient 
Temperature 

ROJA(Typ) = Typical Thermal Resistance Junction to 
Ambient 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

LOW POWER NARROWBAND FM IF 

· .. includes oscillator, mixer, limiting amplifier, AFC, quadrature 
discriminator, op/amp, squelch, scan control, and mute switch. 
The MC3359 is designed to detect narrowband FM signals using 
a 455 kHz ceramic filter for use in FM dual conversion commu
nications equipment. The MC3359 is similar to the MC3357 except 
that the MC3359 has an additional limiting IF stage, an AFC output, 
and an opposite polarity Broadcast Detector. The MC3359 also 
requires fewer external parts. 

• Low Drain Current: 3.6 mA (Typ) @ VCC = 6.0 Vdc 

• Excellent Sensitivity: Input Limiting Voltage -
-3.0 dB = 2.0/LV (Typ) 

• Low Number of External Parts Required 

RGURE 1 - TYPICAL APPLICATION IN A SCANNER RECEIVER 
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crvstal { 1 
Csc. 

2 

MilCer 
Output 

limiter 
Input 

Decou piing 6 

Decoupling 7 .... ""'I'o!-<r .. 
Ouadrature 

Input 

Demodulator 
Filter 

NCo:. 

Crystal ~ 
Osc. _ 

o~~~~~-
VCC-

Lirr:!~~~-
Decoupling-

Decoupling -

Quadri~~~~ _ 

Demodulator 
Filter 

• 1 

4 

10 

11 Demod 
Output 

10 Recovered 
Audio 

CASE 707 

20 f-NC 

19 f- r':;'ut 

18 f-Gnd 

17 Audio 
Mute 

~ IS Scan 

~ 
Control 

15 _~~~~ICh 
::;; 

14 -8~~;ut 

13 - r~:~~ 

12 r- g~~~~ 
11 r- Recovered 

Audio 

CASE751D 

MOTOROLA COMMUNICATIONS DEVICE DATA 



MAXIMUM RATINGS (TA = 25·C, unless otherwise noted) 

Rating Pin Symbol Value Unit 

Power Supply Voltage 4 Vcc!max) 12 Vdc 

Operating Supply Voltage Range 4 VCC 4to 9 Vdc 

Input Voltage (VCC'" 6.0 Volts) 18 V18 1.0 Vrms 

Mute Function 16 V16 -0.7 to 12 Vpk 

Junction Temperature - TJ 150 ·C 

Operating Ambient Temperature Range - TA -30 to +70 ·C 

Storage Temperature Range - Tstg -65 to + 150 ·C 

ELECTRICAL CHARACTERISTICS (VCC = 6.0 Vdc, fo = 10.7 MHz, df = ±3.0 kHz, fmod = 1.0 kHz, 50 n source, 
TA = 25·C test circuit of Figure 3, unless otherwise noted) 

Characteristics Min Typ Max 

Drain Current (Pins 4 and 8) Squelch Off - 3.6 6.0 
Squelch On - 5.4 7.0 

Input for 20 dB Quieting - 8.0 -
Input for - 3.0 dB Limiting - 2.0 -
Mixer Voltage Gain (Pin 18 to Pin 3, Open) - 46 -
Mixer Third Order Intercept, 50 n Input - -1.0 -
Mi.xer Input Resistance - 3.6 -
Mixer Input Capacitance - 2.2 -
Recovered Audio, Pin 10 450 700 -

(Input Signal 1.0 mVrms) 

Detector Center Frequency Slope, Pin 10 - 0.3 -
AFC Center Slope, Pin 11, Unloaded - 12 -
Filter Gain (test circuit of Figure 3) 40 51 -
Squelch Threshold, Through 10K to Pin 14 - 0.62 -
Scan Control Current, Pin 15 Pin 14- High - 0.01 1.0 

-Low 2.0 2.4 -
Mute Switch Impedance Pin 14- High - 5.0 10 
Pin 16 to Ground -Low 1.5 -

FIGURE 3 - TEST CIRCUIT 

Ceramic 
Filter 

muRata 
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or 
Kyocera 
KBF455p·ZOA 
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FIGURE 10 - OUTPUT COMPONENTS OF 
SIGNAL, NOISE, AND DISTORTION 
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CIRCUIT DESCRIPTION 
The MC3359 is a low-power FM IF circuit designed primarily 

for use in voice-communication scanning receivers. It is also 
finding a place in narrowband data links. 

In the typical application (Figure 1), the mixer-oscillator com
bination converts the input frequency (10.7 MHz) down to 455 
kHz, where, after external bandpass filtering, most of the am
plification is done. The audio is recovered using a conventional 
quadrature FM detector. The absence of an input signal is in
dicated by the presence of noise above the desired audio fre
quencies. This "noise band" is monitored by an active filter 
and a detector. A squelch-trigger circuit indicates the presence 
of noise (or a tone) by an output which can be used to control 
scanning. At the same time. an internal switch is operated 
which can be used to mute the audio. 

APPLICATION 
The oscillator is an internally biased Colpitts type with the 

collector, base, and emitter connections at Pin 4, 1, and 2, re
spectively. The crystal is used in fundamental mode, calibrated 
for parallel resonance at 32 pF load capacitance. In theory this 
means that the two capacitors in series should be 32 pF, but 
in fact much larger values do not significantly affect the os
cillator frequency, and provide higher oscillator output. 

The oscillator can also be used in the conventional UC Col
pitts configuration without loss of mixer conversion gain. This 
oscillator is, of course, much more sensitive to voltage and 
temperature as shown in Figure 12. Guidelines for choosing L 
and C values are given in Figure 14. 

The mixer is doubly balanced to reduce spurious responses. 
The mixer measurements of Figure 4 and 6 were made using 
an external 50 fl source and the internal 1.8 k at Pin 3. Voltage 
gain curves at several VCC voltages are shown in Figure 4. The 
Third Order Intercept curves of Figure 6 are shown using the 
conventional dBm scales. Measured power gain (with the 50 
fl input) is approximately 18 dB but the useful gain is much 
higher because the mixer input impedance is over 3 kfl. Most 
applications will use a 330 fl 10.7 MHz crystal filter ahead of 
the mixer. For higher frequencies, the relative mixer gain is 
given in Figure 8. 

Following the mixer, a ceramic bandpass filter is recom
mended. The 455 kHz types come in bandwidths from ± 2 kHz 
to ± 15 kHz and have input and output impedances of 1.5 k to 
2.0 k. For this reason, the Pin 5 input to the 6 stage limiting IF 

MOTOROLA COMMUNICATIONS DEVICE DATA 

has an internal 1.8 k resistor. The IF has a 3 dB limiting sen
sitivity of approximately 100 /LV at Pin 5 and a useful frequency 
range of about 5 MHz as shown in Figure 5. The frequency 
limitation is due to the high resistance values in the IF, which 
were necessary to meet the low power requirement. The out
put of the limiter is internally connected to the quadrature de
tector, including the 10 pF quadrature capacitor. Only a parallel 
UC is needed externally from Pin 8 to VCC. A shunt resistance 
can be added to widen the peak separation of the quadrature 
detector. 

The detector output is amplified and buffered to the audio 
output, Pin 10, which has an output impedance of approxi
matley 300 fl. Pin 9 provides a high impedance (50 k) point in 
the output amplifier for application of a filter or de-emphasis 
capacitor. Pin 11 is the AFC output, with high gain and high 
output impedance (1 M). If not needed, it should be grounded, 
or it can be connected to Pin 9 to double the recovered audio. 
The detector and AFC responses are shown in Figure 7. 

Overall performance of the MC3359 from mixer input to au
dio output is shown in Figure 9 and 10. The MC3359 can also 
be operated in "single conversion" equipment; i.e., the mixer 
can be used as a 455 kHz amplifier. The oscillator is disabled 
by connecting Pin 1 to Pin 2. In this mode the overall perfor
mance is identical to the 10.7 MHz results of Figure 9. 

A simple inverting op amp is provided with an output at Pin 
13 providing dc bias (externally) to the input at Pin 12, which 
is referred internally to 2.0 V. A filter can be made with external 
impedance elements to discriminate between frequencies. 
With an external AM detector, the filtered audio signal can be 
checked for the presence of either noise above the normal 
audio, or a tone signal. 

The open loop response of this op amp is given in Figure 
13. Bandpass filter design information is provided in Figure 15. 

A low bias to Pin 14 sets up the squelch-trigger circuit such 
that Pin 15 is high, a source of at least 2.0 mA and the audio 
mute (Pin 16) is open-circuit. If Pin 14 is raised to 0.7 V by the 
noise or tone detector, Pin 15 becomes open circuit and Pin 
16 is internally short circuited to ground. There is no hysteresis. 
Audio muting is accomplished by connecting Pin 16 to a high
impedance ground-reference point in the audio path between 
Pin 10 and the audio amplifier. No dc voltage is needed, in fact 
it is not desirable because audio "thump" would result during 
the muting function. Signal swing greater than 0.7 V below 
ground on Pin 16 should be avoided. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 

LOW POWER NARROWBAND FM IF 

The MC3361 B includes an Oscillator, Mixer, Limiting Amplifier, 
Quadrature Discriminator, Active Filter, Squelch, Scan Control, 
and Mute Switch. This device is designed for use in FM dual 
conversion communications equipment. 

• Operates From 2.0 V to 8.0 V Supply 

• Low Drain Current 3.9 mA Typ (W VCC = 4.0 Vdc 

• Excellent Sensitivity: Input Limiting Voltage -
-3.0 dB = 2.6 /LV Typ 

• Low Number of External Parts Required 

• Operating Frequency Up to 60 MHz 

FIGURE 1 - FUNCTIONAL BLOCK DIAGRAM 

Scan Squelch Filter Filter Recovered 
Gnd Mute Control In Output Input Audio 

Crystal 
Osc 

Decoupling 
Coil 

This document contains information on a new product. Specifications and information herein are 
subject to change without notice. 
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MAXIMUM RATINGS (T A = 25'C unless otherwise noted) 

Rating Pin Symbol Value Unit 

Power Supply Voltage 4 Vcc(max) 10 Vdc 

Operating Supply Voltage Range 4 VCC 2.0 to 8.0 Vdc 

Detector Input Voltage 8 - 1.0 Vp-p 

Input Voltage (VCC '" 4.0 Volts) 16 V16 1.0 VRMS 

Mute Function 14 V14 -0.5 to +5.0 Vpk 

Junction Tomperature - TJ 150 'c 

Operating Ambient Temperature Range - TA -30 to + 70 'c 

Storage Temperature Range - TstQ -65 to + 150 'c 

ELECTRICAL CHARACTERISTICS (VCC = 4.0 Vdc, fo = 10.7 MHz, M = ±3.0 kHz, fmod = 1.0 kHz, TA = 25'C, 
unless otherwise noted.) 

Characteristic Pin Min Typ Max 

Drain Current (No Signal) 4 
Squelch Off 2.9 3.9 4.9 
Squelch On 4.4 5.4 6.4 

Recovered Audio Output Voltage (Vin = 10 mVRMS) 9 130 160 200 

Input Limiting Voltage (-3.0 dB Limiting) 16 - 2.6 6.0 

Total Harmonic Distortion 9 - 0.86 -

Recovered Output Voltage (No Input Signal) 9 60 120 250 

Drop Voltage AF Gain Loss 9 -3.0 -0.6 -

Detector Output Impedance - - 450 -
Filter Gain (10 kHz) (Vin = 0.3 mVRMS) - 40 50 -
Filter Output Voltage 11 1.0 1.3 1.6 

Mute Function Low 14 - 30 50 

Mute Function High 14 1.0 11 -
Scan Function Low (Mute Off) (V12 = 1.0 Vdc) 13 - 0 0.4 

Scan Function High (Mute On) (V12 = Gnd) 13 3.0 3.5 -

Trigger Hysteresis - - 45 100 

Mixer Conversion Gain 3 - 28 -

Mixer Input Resistance 16 - 3.3 -
Mixer Input Capacitance 16 - 2.2 -

MOTOROLA COMMUNICATIONS DEVICE DATA 
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FIGURE 11- TYPICAL APPLICATION 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

LOW POWER NARROWBAND FM RECEIVER 

· .. includes dual FM conversion with oscillators, mixers, quad
rature detector, and meter drive/carrier detect circuitry. The 
MC3362 also has buffered first and second local oscillator outputs 
and a comparator circuit for FSK detection. 

• Wide Input Bandwidth: 
- 200 MHz using Internal Local Oscillator 
- 450 MHz using External Local Oscillator 

• Complete Dual Conversion Circuitry 

• Low Voltage: VCC = 2.0 to 7.0 Vdc 

• Low Drain Current (3.6 mA (Typ) @ Vee = 3.0 Vdc) 

• Excellent Sensitivity: Input 0.7 }LV (Typ) for 12 dB SINAD 

• Data Shaping Comparator 

• Received Signal Strength Indicator (RSSI) with 60 dB 
Dynamic Range 

• Low Number of External Parts Required 

• Manufactured in Motorola's MOSAIC Process Technology 

RF Input FIGURE 1 - TYPICAL APPLICATION IN A PLL FREQUENCY 
to 200 MHz SYNTHESIZED RECEIVER 
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MAXIMUM RATINGS (TA = 25°C, unless otherwise noted) 

Rating Pin Symbol Value Unit 

Power Supply Voltage 6 VCC(max) 8.0 Vdc 

Operating Supply Voltage Range (Recommended) 6 VCC 2.0 to 7.0 Vdc 

Input Voltage (VCC ;;, 5.0 Vdc) 1,24 Vl-24 1.0 Vrms 

Junction Temperature - TJ 150 °c 

Operating Ambient Temperature Range - TA -40 to +85 °c 

Storage Temperature Range - Tst~ -65 to + 150 °c 

ELECTRICAL CHARACTERISTICS (VCC = 5.0 Vdc, fo = 49.7 MHz, Deviation = 3.0 kHz, TA = 25°C, Test Circuit of Figure 3 
unless otherwise noted) 

Characteristic Pin Min Typ Max 

Drain Current (Carrier Detect Low - See Figure 5) 6 - 4.5 7.0 

Input for -3.0 dB Limiting - - 0.7 2.0 

Recovered Audio (RF signal level = 10 mY) 13 - 350 -
Noise Output (RF signal level = 0 mY) 13 - 250 -
Carrier Detect Threshold (below VCe! 10 - 0.64 -
Meter Drive Slope 10 - 100 -

Input for 20 dB (S + N)/N (See Figure 7) - - 0.7 -
First Mixer 3rd Order Intercept (Input) - - -22 -
First Mixer Input Resistance (Rp) - - 690 -
First Mixer Input Capacitance (Cp) - - 7.2 -
First Mixer Conversion Voltage Gain - - 18 -
Second Mixer Conversion Voltage Gain - - 21 -
Detector Output Resistance 13 - 1.4 -

FIGURE 3 - TEST CIRCUIT 
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FIGURE 4 - IMETER versus INPUT 
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FIGURE 5 - DRAIN CURRENT, RECOVERED AUDIO versus SUPPLY 
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CIRCUIT DESCRIPTION 
The MC3362 is a complete FM narrowband receiver 

from antenna input to audio preamp output. The low 
voltage dual conversion design yields low power drain, 
excellent sensitivity and good image rejection in nar
rowband voice and data link applications. 

In the typical application (Figure 1), the first mixer 
amplifies the signal and converts the RF input to 10.7 
MHz. This IF signal is filtered externally and fed into the 
second mixer, which further amplifies the signal and 
converts it to a 455 kHz IF signal. After external band
pass filtering, the low IF is fed into the limiting amplifier 
and detection circuitry. The audio is recovered using a 
conventional quadrature detector. Twice-IF filtering is 
provided internally. 

The input signal level is monitored by meter drive 
circuitry which detects the amount of limiting in the 
limiting amplifier. The voltage at the meter drive pin 
determines the state of the carrier detect output, which 
is active low. 

APPLICATION 
The first local oscillator can be run using a free

running LC tank, as a VCO using PLL synthesis, or 
driven from an external crystal oscillator. It has been 
run to 190 MHz.* A buffered output is available at Pin 
20. The second local oscillator is a common base Col
pitts type which is typically run at 10.245 MHz under 
crystal control. A buffered output is available at Pin 
2. Pins 2 and 3 are interchangeable. 

The mixers are doubly bahinced to reduce spurious 
responses. The first and second mixers have conver
sion gains of 18 dB and 22 dB (typical), respectively, 
as seen in Figure 6. Mixer gain is stable with respect 
to supply voltage. For both conversions, the mixer 
impedances and pin layout are designed to allow the 
user to employ low cost, readily available ceramic fil
ters. Overall sensitivity and AM rejection are shown 
in Figure 7. The input level for 20 dB (5 + N)/N is 0.7 
p.V using the two-pole post-detection filter pictured. 

*If the first local oscillator (Pins 21 andlor 22) is driven from 
a strong external source (100 mVrms), the mixer can be 
used to over 450 MHz. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Following the first mixer, a 10.7 MHz ceramic band
pass filter is recommended. The 10.7 MHz filtered sig
nal is then fed into one second mixer input pin, the 
other input pin being connected to VCC. 

The 455 kHz IF is typically filtered using a ceramic 
bandpass filter then fed into the limiter input pin. The 
limiter has 10 p.V sensitivity for -3.0 dB limiting, flat 
to 1.0 MHz. 

The output of the limiter is internally connected to 
the quadrature detector, including a quadrature 
capacitor. A parallel LC tank is needed externally from 
Pin 12 to VCC. A 68 kG shunt resistance is included 
which determines the peak separation of the quad
rature detector; a smaller value will increase the spac
ing and linearity but decrease recovered audio and 
sensitivity. 

A data shaping circuit is available and can be cou
pled to the recovered audio output of Pin 13. The cir
cuit is a comparator which is designed to detect zero 
crossings of FSK modulation. Data rates of 2000 to 
35000 baud are detectable using the circuit of Figure 
1. Hysteresis is available by connecting a high-valued 
resistor from Pin 15 to Pin 14. Values below 120 kG 
are not recommended as the input signal cannot over
come the hysteresis. 

The meter drive circuitry detects input signal level 
by monitoring the limiting of the limiting amplifier 
stages. Figure 4 shows the unloaded current at Pin 10 
versus input power. The meter drive current can be 
used directly (RSSI) or can be used to trip the carrier 
detect circuit at a specified input power. To do this, 
pick an RF trip level in dBm. Read the corresponding 
current from Figure 4 and pick a resistor such that: 

R10 = 0.64 Vdc 1110 

Hysteresis is available by connecting a high-valued 
resistor RH between Pins 10 and ,11. The formula is: 

Hyst. = VCC/(RH x 10-7) dB 

MC3362 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

LOW POWER DUAL CONVERSION FM RECEIVER 

MC3363 

The MC3363 is a single chip narrowband VHF FM radio receiver. 
It is a dual conversion receiver with RF amplifier transistor, oscil
lators, mixers, quadrature detector, meter drive/carrier detect and 
mute circuitry. The MC3363 also has a buffered first local oscillator 
output for use with frequency synthesizers, and a data slicing 
comparator for FSK detection. 

LOW POWER 
DUAL CONVERSION 

FM RECEIVER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

• Wide Input Bandwidth - 200 MHz Using Internal Local Oscillator 
- 450 MHz Using External Local Oscillator 

• RF Amplifier Transistor 

• Muting Operational Amplifier 

• Complete Dual Conversion 

• Low Voltage: VCC = 2.0 V to 7.0 V 

• Low Drain Current: ICC = 3.6 rnA (Typ) at VCC = 3.0 V, 
Excluding RF Amplifier Transistor 

• Excellent Sensitivity: Input 0.3 /LV (Typ) for 12 dB SINAD 
Using Internal RF Amplifier Transistor 

• Data Shaping Comparator 

• Received Signal Strength Indicator (RSSI) with 60 dB 
Dynamic Range 

• Low Number of External Parts Required 

• Manufactured in Motorola's MOSAIC Process Technology 

• See AN980 For Additional Design Information 

FIGURE 1 - PIN CONNECTIONS AND FUNCTIONAL 
BLOCK DIAGRAM 

1 st Mixer Input 1 

Emitter 3 

Collector 4 

2nd LO Emitter 5 

2nd LO Base 6 

2nd Mixer Output 7 

Limiter Input 9 

Limiter Decoupling 

t-----, ~---fj28 1st Mixer Input 

27 Varicap Control 

1st LO Tank 

1 st LO Output 

1st Mixer Output 

I-I\J.""'_---illl 2nd Mixer Input 

'L-------£2ru1 2nd Mixer Input 

--------"'''' Mute Output 

DWSUFFIX 
PLASTIC PACKAGE 

CASE 751F 
50-28 

Limiter Decoupling 11 Comparator Output 

Meter Drive (RSS!) 17 Comparator Input 

Carrier Detect >+---{j§] Recovered Audio 

Quadrature Coil --'1oW Mute Input 

MOTOROLA COMMUNICATIONS DEVICE DATA MC3363 
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MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Rating Pin Symbol Value Unit 

Power Supply Voltage 8 VCC(max) 8.0 Vdc 

Operating Supply Voltage Range 8 VCC 2.0 to 7.0 Vdc 
(Recommended) 

Input Voltage (VCC = 5.0 Vdc) 1,28 V1-28 1.0 Vrms 

Mute Output Voltage 19 V19 -0.7 to 8.0 Vpk 

Junction Tem'perature - TJ 150 °c 

Operating Ambient Temperature Range - TA -40 to +85 °c 

Storage Temperature Range - Tstg -65to +150 °c 

ELECTRICAL CHARACTERISTICS (VCC = 5.0 Vdc, fo = 49.7 MHz, Deviation = ±3.0 kHz, TA = 25°C, Mod 1.0 kHz, 
Test Circuit of Figure 2 unless otherwise noted) 

Characteristic Pin Min Typ Max 

Drain Current (Carrier Detect Low) 8 - 4.5 8.0 

-3.0 dB Limiting Sensitivity (RF Amplifier Not Used) - - 0.7 2.0 

20 dB SIN Sensitivity (RF Amplifier Not Used) - - 1.0 -
1st Mixer Input Resistance (Parallel - Rp) 1,28 - 690 -
1st Mixer Input Capacitance (Parallel - Cp) 1,28 - 7.2 -
1st Mixer Conversion Voltage Gain (Avc1, Open Circuit) - - 18 -
2nd Mixer Conversion Voltage Gain (Avc2, Open Circuit) - - 21 -
2nd Mixer Input Sensitivity (20 dB SIN) (10.7 MHz i/p) 21 - 10 -
Limiter Input Sensitivity (20 dB SIN) (455 kHz i/p) 9 - 100 -
RF Transistor DC Current Drain 4 1.0 1.5 2.5 

Recovered Audio (RF Signal Level = 1.0 mV) 16 120 200 -
Noise Output Level (RF Signal = 0 mV) 16 - 70 -
THO of Recovered Audio (RF Signal = 1.0 mV) 16 - 2% -
Detector Output Impedance 16 - 400 -
Data (Comparator) Output Voltage - High 18 - - VCC 

-Low 18 0.1 0.1 -
Data' (Comparator) Threshold Voltage Difference 17 70 110 150 

Meter Drive Slope 12 70 100 135 

Carrier Detect Threshold (Below VccI 12 0.53 0.64 0.77 

Mute Output Impedance - High 19 - 10 -
-Low 19 - 25 -

Unit 

rnA 

/LVrms 

/LVrms 

Ohm 

pF 

dB 

dB 

/LVrms 

/LVrms 

mAdc 

mVrms 

mVrms 

% 

Ohm 

Vdc 
Vdc 

mV 

nAidB 

Vdc 

Mohm 
Ohm 
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CRF 1: muRata SFE 10.7 M 
or Equivalent 

CRF 2: muRata CFU 455D 
or Equivalent 

L1: Coilcraft UNI 10/142 lOY, Turns 

LC1: Toko RMC2A6597HM 
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CIRCUIT DESCRIPTION 
The MC3363 is a complete FM narrowband receiver 

from RF amplifier to audio preamp output. The low volt
age dual conversion design yields low power drain, 
excellent sensitivity and good image rejection in nar
rowband voice and data link applications. 

In the typical application, the input RF signal is ampli
fied by the RF transistor and then the first mixer ampli
fies the signal and converts the RF input to 10.7 MHz. 
This IF signal is filtered externally and fed into the sec
ond mixer, which further amplifies the signal and con
verts itto a 455 kHz IF signal. After external bandpass 
filtering, the low IF is fed into the limiting amplifier and 
detection circuitry. The audio is recovered using a con
ventional quadrature detector. Twice-IF filtering is pro
vided internally. 

The input signal level is monitored by meter drive 
circuitry which detects the amount of limiting in the 
limiting amplifier. The voltage at the meter drive pin 
determines the state of the carrier detect output, which 
is active low. 

APPLICATION 
The first local oscillator is designed to serve as the 

VCO in a PLL frequency synthesized receiver. The 
MC3363 can operate together with the MC145166n to 
provide a two-chip ten channel frequency synthesized 
receiver in the 46/49 cordless telephone band. The 
MC3363 can also be used with the MC14515X series of 
CMOS PLL synthesizers and MC120XX series ofECL 
prescalers in VHF frequency synthesized applications to 
200 MHz. 

For single channel applications the. first local oscil
lator can be crystal controlled. The circuit of Figure 4 
has been used successfully up to 60 MHz. For higher 
frequencies an external oscillator signal can be injected 
into Pins 25 and/or 26 - a level of approximately 100 
mVrms is recommended. The first mixer's transfer char
acteristic is essentially flat to 450 MHz when this 
approach is used (keeping a constant 10.7 MHz IF fre
quency). The second local oscillator is a Colpitts type 
which is typically run at 10.245 MHz under crystal 
control. 

The mixers are doubly balanced to reduce spurious 
responses. The first and second mixers have conversion 
gains of 18 dB and 21 dB (typical), respectively. Mixer. 
gain is stable with respect to supply voltage. For both 
conversions, the mixer impedances and pin layout are 
designed to allow the user to employ low cost, readily 
available ceramic filters. 

Following the first mixer, a 10.7 MHz ceramic band
pass filter is recommended. The 10.7 MHz filtered signal 
is then fed into the second mixer input Pin 21, the other 
input Pin 22 being connected to VCC. 

The 455 kHz IF is filtered by a ceramic narrow band
pass filter then fed into the limiter input Pin 9. The limiter 

. has 10 !LV sensitivity for -3.0 dB limiting, flat to 1.0 
MHz. 

MC3363 
2-68 

The output of the limiter is internally connected to 
the quadrature detector, including a quadrature capac
itor. A parallel LC tank is needed externally from Pin 14 
to VCC. A 68 kOhm shunt resistance is included which 
determines the peak separation ofthe quadrature detec
tor; a smaller value will lower the Q and expand the 
deviation range and linearity, but decrease recovered 
audio and sensitivity. 

A data shaping circuit is available and can be coupled 
to the recovered audio output of Pin 16. The circuit is 
a comparator which is designed to detect zero crossings 
of FSK modulation. Data rates of 2000 to 35000 baud 
are detectable using the comparator. Best sensitivity is 
obtained when data rates are limited to 1200 baud max
imum. Hysteresis is available by connecting a high-val
ued resistor from Pin 17 to Pin 18. Values below 120 
kOhm are not recommended as the input signal cannot 
overcome the hysteresis. 

The meter drive circuitry detects input signal level by 
monitoring the limiting of the limiting amplifier stages. 
Figure 5 shows the unloaded current at Pin 12 versus 
input power. The meter drive current can be used 
directly (RSSI) or can be used to trip the carrier detect 
Circuit at a specified input power. 

A muting op amp is provided and can be triggered 
by the carrier detect output (Pin 13). This provides a 
carrier level triggered squelch circuit which is activated 
when the RF input atthe desired input frequency falls 
below a preset level. The level at which this occurs is 
determined by the resistor placed between the meter 
drive output (Pin 12) and VCC. Values between 80-130 
kOhms are recommended. This type of squelch is pic
tured in Figures 3 and 4. 

Hysteresis is available by connecting a high-valued 
resistor Rh between Pins 12 and 13. The formula is: 

Hyst = VCC/ (Rh x 10-7) dB 

The meter drive can also be used directly to drive a 
meter or to provide AGC. A current to voltage converter 
or other linear buffer will be needed for this application. 

A second possible application of the op amp would 
be in a noise triggered squelch circuit, similar to that 
used with the MC3357/MC3359/MC3361 FM 1.F.'s.ln this 
case the op amp would serve as an active noise filter, 
the output of which would be rectified and compared 
to a reference on a squelch gate. The MC3363 does not 
have a dedicated squelch gate, but the NPN RF input 
stage or data shaping comparator might be used to 
provide this function if available. The op amp is a basic 
type with the inverting input and the output available. 
This application frees the meter drive to allow it to be 
used as a linear signal strength monitor. 

The circuit of Figure 4 is a complete 50 MHz receiver 
from antenna input to audio preamp output. It uses few 
components and has good performance. The receiver 
operates on a single channel and has input sensitivity 
of <0.3 !LV for 12 dB SINAD. 
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100 k 

CRF1: muRata SFE 10.7M 
CRF2: muRata CFU 4550 
LC1: Toko RMC2A6597HM 

L-________ -+ _____ From PLL Phase Detector 

'=' 

To 
MC145166n 

Dual PLL 
Frequency 

3.0 k Synthesizer 

Vcc (Regulated) 

I t Pull-Up Resistc 
Pin 27 3.3 k to 20 k 

I Cr I Pin 26 

T 
L I r 

L = 0.08/LH 

i1 ( • Recovered Audio 
1.0 /LH Output 

Pin 25 
fosc: 200 MHz 

Pin 24 

Note: Pull Up resistor is 
used to run the oscillator above 50 MHz_ 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

LOW VOLTAGE FM NARROWBAND RECEIVER 

· .. with single conversion circuitry including oscillator, mixer, IF 
amplifiers, limiting IF circuitry, and quadrature discriminator. The 
MC3367 is perfect for narrowband audio and data applications up 
to 75 MHz which require extremely low power consumption. Bat
tery powered applications down to VCC = 1.1 V are possible. The 
MC3367 also includes an on-board voltage regulator, low battery 
detection circuitry, a receiver enable allowing a power down 
"sleep mode," two undedicated buffer amplifiers to allow simul
taneous audio and data reception, and a comparator for enhanc
ing FSK (Frequency Shift Keyed) data reception. 

• Low Supply Voltage: VCC = 1.1 to 3.0 Vdc 

• Low Power Consumption: PD = 1.5 to 5.0 mW 

• Input Bandwidth 75 MHz 

• Excellent Sensitivity: Input Limiting Voltage (- 3.0 dB) 
= 0.2l'Vrms 

• Volta.ge Regulator Available (Source Capability 3.0 rnA) 

• Receiver Enable to Allow Active/Standby Operation 

• Low Battery Detection Circuitry 

• Self Biasing Audio Buffer with Nominal Gain AV = 4.0 

• Data Buffer with Nominal Gain AV = 3.2 

• Comparator with> 25 kHz (50 kbaud) Capability 

• Standard 2a-Lead Surface Mount (SOIC) Package 

MC3367 
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FIGURE 1 - BLOCK DIAGRAM 

MC3367 

LOW VOLTAGE 
SINGLE CONVERSION 

FM RECEIVER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

OW SUFFIX 
PLASTIC PACKAGE 

CASE 751F 
SO-28 

PIN CONNECTIONS 

Mixer Dcpl. 2nd IF Amp In 
Mixer Out Data Buffer Out 

Mixer In Data Buffer In 
Osc. Dcpl. 1st IF Amp Out 
Osc. Base VCC3 
Osc. Emit. 1st IF Amp In 
Isrc Dcpl. Audio Buffer Out 

IF Gnd Audio Buffer In 
VCC2 Low Battery Det. 

Rec. Audio 1.2 V Select 
Quad Tank VCC 
Quad Tank Vreg 

Demod. Gnd Receiver Enable 
Comparator I/P..".J.;.; __ -,-' Comparator O/P 
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ABSOLUTE MAXIMUM RATINGS (Voltages referred to Pin 12; TA = 25'C) 

Parameter Pin Value Units 

Supply Voltage 18 5.0 Vdc 

RF Input Signal 3 1.0 Vrms 

Audio Buffer Input 21 1.0 Vrms 

Data Buffer Input 26 1.0 Vrms 

Comparator Input 14 1.0 Vrms 

Junction Temperature - 150 'c 
Storage Temperature - -65 to +150 'c 

Devices should not be operated at or outside these values. The "Recommended Operating Limits" 
provide for actual device operation. 

RECOMMENDED OPERATING CONDITIONS 
Parameter Pin 

Supply Voltage 18 

Receiver Enable Voltage 16 

1.2 V Select Voltage 19 

RF Input Signal 3 

RF Input Frequency 3 

Intermediate Frequency (IF) -
Audio Buffer Input 21 

Data Buffer Input 26 

Comparator Input 14 

Ambient Temperature -

FIGURE 2 - TEST CIRCUIT 

Value Units 

1.1 to 3.0 Vdc 

o or VCC Vdc 

VCC Vdc 

0.001 to 100 mVrms 

o to 75 MHz 

455 kHz 

o to 75 mVrms 

o to 75 mVrms 

10 to 300 mVrms 

o to 70 'c 

(All capacitors in p.F unless otherwise stated. Resistors in ohms. Inductors in Henries.) 

28 FLl = FL2 = 
Toko LFC-455FII 

2 27 or 
muRata CFU 455D/E/F 

3 26 

4 25 

5 
330 

24 

6 
~0.1 

23 

7 22 

0.1~ 
8 21 

20 
100 k 

9 
1.0 T 10 19 

Cp = 180 P "::" 

11 18 

56 k + VCC 
12 17 

~1.0 
Toko RMC 
2A 6597HM 13 

14 
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ELECTRICAL CHARACTERISTICS (Vcc ~ 1.3 V, fo ~ 45 MHz, fmod ~ 1.0 kHz, Deviation ~ 3.0 kHz, TA ~ 25°C, 
Test Circuit of Figure 2 unless otherwise noted) 

Characteristic I Pin I Min Typ Max 

OVERALL MC3367 PERFORMANCE 

Drain Current - Pin 15 ~ VCC - - 1.4 3.0 
-Pin 15 ~ OVdc - - 0.5 -

Recovered Audio (RF Input ~ 10 mY) 10 - 13 -
Noise Output (RF Input ~ 0 mY) 10 - 4.5 -
Input for -3.0 dB Limiting 3 - 0.2 -

MIXER 

Mixer Input Resistance (Rp) 

Mixer Input Capacitance (Cp) 

FIRST IF AMPLIFIER 

I First IF Amp Voltage Gain 25 

AUDIO BUFFER 

Voltage Gain - - 4.0 -
Input Resistance 21 - 125 -
Maximum Input for Undistorted Output 21 - 70 -
Maximum Output Swing 22 - 800 -
Output Resistance 22 - 680 -

DATA BUFFER 

Voltage Gain - - 3.2 -
Input Resistance 26 - 8.0 -
Maximum Input for Undistorted Output 26 - 70 -
Maximum Output Swing 27 - 600 -
Output Resistance 27 - 1.5 -

COMPARATOR 

Minimum Input for Triggering 14 - 7.0 -
Maximum Input Frequency (RL ~ 100 k(1) 14 - 25 -
Rise Time (10-90%; RL ~ 100 k!1) 15 - 5.0 -
Fall Time (90-10%; RL ~ 100 k!1) 15 - 0.4 -

LOW BATTERY DETECTOR 

Low Battery Trip Point 18. - 1.09 -
Low Battery Output - VCC ~ 0.9 V 20 - 0.2 -

-VCC ~ 1.3 V 20 - VCC -

VOLTAGE REGULATOR 

Regulated Output (see Figure 6) 

Source Capability 

Units 

mA 
fLA 

mVrms 

mVrms 

fLVrms 

dB 

VN 

k!1 

mVrms 

mVpp 

!1 

VN 

M!1 

mVrms 

mVpp 

k!1 

mVrms 

kHZ 

fLs 

fLS 

Vdc 

Vdc 
Vdc 

MC3367 
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CIRCUIT DESCRIPTION 
The MC3367 is an FM narrowband receiver capable 

of operation to 75 MHz. The low voltage design yields 
low power drain and excellent sensitivity in narrowband 
voice and data link applications. In the typical applica
tion the mixer amplifies the incoming RF or IF signal 
and converts the RF or IF frequency to 455 kHz. This 
signal is then filtered by a 455 ceramic filter and applied 
to the first intermediate frequency (IF) amplifier input. 
This amplifier amplifies the 455 kHz IF before it is filtered 
by a second ceramic filter. The modulated IF signal is 
then applied to the limiting IF amplifier and detector 
circuitry. Audio is recovered by a conventional quad
rature detector. 

Features available include buffers for audio/data 
amplification and active filtering, on board voltage reg
ulator, low battery detection circuitry with program
mable level, and receiver disable circuitry. The MC3367 
is an FM utility receiver to be used for voice and/or 
narrowband data reception, especially suitable where 
extremely low power consumption and high design 
flexibility are required. 
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FIGURE 4 - DRAIN versus SUPPLY 
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APPLICATION 
The MC3367 can be used as a high performance FM 

IF for use in low power dual conversion receivers. 
Because of the MC3367's extremely good sensitivity 
(0.6/LV for 20 dB (S + N)/N, see Figure 5), it can also 
be used as a stand alone single conversion narrow
band receiver to 75 MHz for applications not sensitive 
to image frequency interference. 

The oscillator is a Colpitts type which can be run as 
an LC oscillator or under crystal control. The crystal 
in Figure 2 is a 3rd overtone series mode type, and 
the 1.2 /LH coil (L1) and 1.0 kG resistor are needed to 
ensure proper operation. For fundamental mode crys
tals, the inductor L 1 can be omitted. 

The best adjacent channel and sensitivity response 
occur when two 455 kHz ceramic filters are used, as 
shown in Figure 2. Either can be replaced by a 0.1 /LF 
coupling capacitor to reduce cost, but some degrada
tion in sensitivity and/or stability is suspected. 

The detector is a quadrature type, with the connec
tion from the limiter output to the detector input pro
vided internally as with the MC3359 and the MC3361. 
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A 455 kHz LC tank circuit must be provided externally. 
One of the tank pins (Pin 11) must be decoupled using 
a 0.1 /LF capacitor. The 56 kG damping resistor shown 
in Figure 2 determines the peak separation (and thus 
the detector bandwidth) of the detector. Smaller val
ues will increase the separation and bandwidth but 
decrease recovered audio and sensitivity. 

The data buffer is a non-inverting amplifier with a 
nominal voltage gain of 3.2 VN. This buffer needs its 
dc bias (approx. 250 mV) provided externally or else 
debiasing will occur. A single-pole RC filter as shown 
in Figure 5 connecting the recovered audio output to 
the data buffer input provides the necessary dc bias and 
some post-detection filtering. The buffer can also be 
used as an active filter. 

The audio buffer is a non-inverting amplifier with a 
nominal voltage gain of 4.0 VN. This buffer is self
biasing so its input should be ac coupled. The two 
buffers, when used as active filters, can be used 
together to allow simultaneous audio and very low
speed data reception. Another possible configuration 
is to receive audio only and include a noise-triggered 
squelch. 

The comparator is a non-inverting type with an open 
collector output. Typically the pull-up resistor used 
between Pin 15 and VCC is 100 kG. With RL = 100 kG 

MOTOROLA COMMUNICATIONS DEVICE DATA 

the comparator is capable of operation up to 25 kHz. 
This circuit is self-biasing, so its input should be ac 
coupled. 

The regulator is a 0.95 V reference capable of sourcing 
3.0 mAo This pin (pin 17) needs to be decoupled using 
a 1.0-10 /LF capacitor to maintain stability of the 
MC3367. 

All three VCC's on the MC3367 (Vce. VCC2. VCC3) run 
on the same supply voltage. Vce is typically decoupled 
using capacitors only. VCC2 and VCC3 should be 
bypassed using the RC bypasses shown in Figure 2. 
Eliminating the resistors on the VCC2 and VeC3 
bypasses may be possible in some applications, but a 
reduction in sensitivity and quieting will likely occur. 

The low battery detection circuit gives an NPN open 
collector output at Pin 20 which drops low when the 
MC3367 supply voltage drops below 1.1 V. Typically it 
would be pulled up via a 100 kG resistor to supply. 

The 1.2 V Select pin, when connected to the MC3367 
supply, programs the low battery detector to trip at VCC 
< 1.1 V. Leaving this pin open raises the trip voltage on 
the low battery detector. 

Pin 16 is a receiver enable, which is connected to Vee 
for normal operation. Connecting this pin to ground 
shuts off receiver and reduces current drain to Ice < 
0.5/LA. 

MC3367 
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- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
Low Power 
Narrowband FM IF 

The MC3371 and MC3372 perform single conversion FM reception and 
consist of an oscillator, mixer, limiting IF amplifier, quadrature discrimi
nator, active filter, squelch switch, and meter drive circuitry. These devices 
are designed for use in FM dual conversion communication equipment. 
The MC3371/MC3372 are similar to the MC3361/MC3357 FM IFs, except 
that a signal strength indicator replaces the scan function controlling driver 
which is in the MC3361/MC3357. The MC3371 is designed for the use of 
parallel LC components, while the MC3372 is designed for use with either 
a 455 kHz ceramic discriminator, or parallel LC components. 

These devices also require fewer external parts than earlier products. 
The MC3371 and MC3372 are available in dual-in-line and surface mount 
packaging. 

• Wide Operating Supply Voltage Range: VCC =2.0 to 9.0 V 
• Input Limiting Voltage Sensitivity of -3.0 dB 
• Low Drain Current: ICC = 3.2 mA, @ VCC = 4:0 V, Squelch Off 
• Minimal Drain Current Increase When Squelched 
• Signal Strength Indicator: 60 dB Dynamic Range 
• Mixer Operating Frequency Up to 100 MHz 
• Fewer External Parts Required than Earlier Devices 

MAXIMUM RATINGS 

Rating Pin Symbol Value Unit 

Power Supply Voltage 4 Vcc(max) 10 Vdc 

RF Input Voltage (VCC ;;. 4.0 Vdc) 16 V,6 1.0 Vrms 

Detector Input Voltage a Va 1.0 Vp_p 

Squelch Input Voltage (VCC ;;. 4.0 Vdc) 12 V,2 6.0 Vdc 

Mute Function 14 V,4 -0.7 to 10 Vpk 

Mute Sink Current 14 1,4 50 mA 

Junction Temperature - TJ 150 ·C 

Storage Temperature Range - TstA -65 to +150 ·C 

Devices should not be operated at these values. The "Recommended Operating Conditions" table 
provides conditions for actual device operation. 

RECOMMENDED OPERATING CONDITIONS 

Rating Pin Symbol Value Unit 

Supply Voltage (@TA = 25·C) 4 VCC 2.0 to 9.0 Vdc 
(-30·C .. TA" +75·C) 2.4 to 9.0 

RF Input Voltage 16 Vrf 0.0005 to 10 mVrms 

RF Input Frequency 16 frf 0.1 to 100 MHz 

Oscillator Input Voltage 1 Vlocal 80 to 400 mVrms 

Intermediate Frequency - fif 455 kHz 

Limiter Amp Input Voltage 5 Vif o to 400 mVrms 

Filter Amp Input Voltage 10 Vfa 0.1 to 300 mVrms 

Squelch Input Voltage 12 Vso o or 2 Vdc 

Mute Sink Current 14 Isa 0.1 to 30 mA 

Ambient Temperature Range - TA -30 to +70 ·C 
.. 

ThiS document contains information on a new product. SpeCifications and information herein are 
subject to change without notice. 
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MC3371 
MC3372 

LOW POWER 
FM IF 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

,.# , 

D SUFFIX 
PLASTIC PACKAGE 

CASE 7518 
(SO-16) 

PIN CONNECTIONS 

Cry~al{ 1 
Osc. 

Mixer Output 

limiter Input 

Decouphng . { 6 

Quad Coil 

Meter Drive 

Squelchlnpu! 

Recovered 
Audio 

ORDERING INFORMATION 

Temperature 
Device Range Package 

MC3371D SO-16 

MC3371P Plastic DIP 
- 30· to + 70·C 

MC3372D SO-16 

MC3372P Plastic DIP 
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AC ELECTRICAL CHARACTERISTICS (VCC ~ 4.0 Vdc, fo ~ 5B.1125 MHz, df ~ ±3.0 kHz, fmod ~ 1.0 kHz, 50 n source, flocal 
~ 57.6575 MHz, Vlocal ~ 0 dBm, TA ~ 25'C unless otherwise noted) 

Characteristic Pin Symbol Min 

Input for 12 dB SINAD - VSIN 
Matched Input - (See Figures 10, 11 & 12) -
Unmatched Input - (See Figures 7A & 7B) -

Input for 20 dB NOS - VNOS -
Recovered Audio Output Voltage - AFO 

Vrf ~ -30 dBm 120 

Recovered Audio Drop Voltage Loss - AFloss 
Vrf ~ -30 dBm, VCC ~ 4.0 V to 2.0 V -B.O 

Meter Drive Output Voltage (No Modulation) 13 MDrv 
Vrf ~ -100 dBm MV1 -
Vrf ~ -70 dBm MV2 1.1 
Vrf ~ -40 dBm MV3 2.0 

Filter Amp Gain - AV(Amp) 
Rs ~ 600 n, fs ~ 10 kHz, Vfa ~ 1.0 mVrms 47 

Mixer Conversion Gain - AV(Mix) 
Vrf ~ -40 dBm, RL ~ 1.B kn 14 

Signal to Noise Ratio - sin 
Vrf ~ -30 dBm 36 

Total Harmonic Distortion - THO 
Vrf ~ -30 dBm, BW ~ 400 Hz to 30 kHz -

Detector Output Impedance 9 Zo -
Detector Output Voltage (No Modulation) 9 DVO 

Vrf ~ -30 dBm -
Meter Drive 13 MO 

Vrf ~ -100 to -40 dBm -
Meter Drive Dynamic Range 13 MVD 

RFln -
IFln (455 kHz) -

Mixer Third Order Input Intercept Point - ITOMix 
f1 ~ 58.125 MHz 
f2 ~ 58.1375 MHz -

Mixer Input Resistance 16 Rin -
Mixer Input Capacitance 16 Cin -

DC ELECTRICAL CHARACTERISTICS (VCC ~ 40 Vdc TA ~ 25'C, unless otherwise noted) 

Characteristic Pin Symbol Min 

Drain Current (No Input Signal) 4 
Squelch Off, Vsq ~ 2.0 Vdc Icc1 -
Squelch On, Vsq ~ 0 Vdc Icc2 -
Squelch Off, VCC ~ 2.0 to 9.0 V dlcc1 -

Detector Output (No Input Signal) 9 V9 
DC Voltage, VB ~ VCC 0.9 

Filter Output (No Input Signal) 11 
DC Voltage V11 1.5 
Voltage Change, VCC ~ 2.0 to 9.0 V dV" 2.0 

Trigger Hysteresis - Hys 34 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Typ 

1.0 
5.0 

3.5 

200 

-1.5 

0.3 
1.5 
2.5 

50 

20 

67 

0.6 

450 

1.45 

O.B 

60 
BO 

-22 

3.3 

2.2 

Typ 

3.2 
3.6 
1.0 

1.6 

2.5 
5.0 

57 

Max Unit 

p.Vrms 
-
15 

- p.Vrms 

mVrms 
320 

dB 
-

Vdc 
0.5 
1.9 
3.1 

dB 
-

dB 
-

dB 
-

% 
3.4 

- n 

Vdc 
-

p.AldB 
-

dB 
-
-

dBm 

-

- kn 

- pF 

Max Unit 

mA 
4.2 
4.8 
2.0 

Vdc 
2.3 

Vdc 
3.5 
8.0 

80 mV 
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FIGURE 2 - RSSI versus RF INPUT 
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FIGURE 7A - MC3371 FUNCTIONAL BLOCK DIAGRAM AND TEST FIXTURE SCHEMATIC 
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SQln 

12 

Filter In 

Filter Out 11 

11 470 

510 k 
8.2 k 

51 k 53 k 

7 

0.1 0.1 

20 k 

AFOut 
to Audio 

O.01 J Power Amp 

r-----, 
I Quad Coil TOKO 

I + I 2A6597 HK 110 mml 
I I or 
I I 7MC·8128Z 17 mml L ___ ...J 

Units: 
R:fl,C: IJ.F 
Unless otherwise noted, 
capacitors marked "sm" 
are silver mica. 
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FIGURE 7B - MC3372 FUNCTIONAL BLOCK DIAGRAM AND TEST FIXTURE SCHEMATIC 
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PIN DESCRIPTION 
OPERATING CONDITIONS VCC = 4.0 Vdc, RFln = 100 JLV, fmod = 1.0 kHz, fdev = 3.0 kHz. MC3371 at fRF = 10.7 MHz 
(see re 10). 

OSCI 

2 OSC2 

3 MXOut 

4 VCC 

5 IFln 

6 DECI 
7 DEC2 

Internal Equivalent 
Circuit 

Vcc 

15 k 
OSC1 ..... ~,.....Nv-

05C2 

MixerOut 

IFln 

DECI 

DEC2 

MOTOROLA COMMUNICATIONS DEVICE DATA 

The base of the Colpitts oscillator. Use 
a high impedance and low capacitance 
probe or a "sniffer" to view the wave
form without altering the frequency. 
Typical level is 450 mVp-p. 

The emitter of the Colpitts oscillator. 
Typical signal level is 200 mVp-p. Note 
that the signal is somewhat distorted 
compared to that on pin 1. 

Output of the Mixer. Riding on the 
455 kHz is the RF carrier component. 
The typical level is approximately 
60mVp-p. 

Supply Voltage - 2.0 to 9.0 Vdc is the 
operating range. VCC is decoupled to 
ground. 

Input to the IF amplifier after passing 
through the 455 kHz ceramic filter. The 
signal is attenuated by the filter. The 
typical level is approximately 
50 mVp-p. 

IF Decoupling. External 0.1 JLF capaci-
tors connected to VCC. 

MC3371.MC3372 
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PIN DESCRIPTION 
OPERATING CONDITIONS VCC = 4.0 Vdc, RFln = 100 ,.,V, fmod = 1.0 kHz, fdev = 3.0 kHz. MC3371 at fRF = 10.7 MHz 
(see 10). 

Pin Symbol 

8 

9 

10 

11 

Quad 
Coil 

RA 

Filln 

FilOut 

MC3371.MC3372 
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Internal Equivalent 
Circuit 

Vcc 

Quad Coil 

VCC 

RAOut 

~VCC240"'A FilterOut 
11 

Description 

Quadrature Tuning Coil. Composite 
(not yet demodulated) 455 kHz IF 
signal is present. The typical level is 
500 mVp-p. 

Recovered Audio. This is a composite 
FM demodulated output having signal 
and carrier component. The typical 
level is 1.4 Vp-p. 

The filtered recovered audio has the 
carrier component removed and is 
typically 800 mVp-p. 

Filter Amplifier Input 

Filter Amplifier Output. The typical 
signal level is 400 mVp-p. 

Waveform 
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PIN DESCRIPTION 
OPERATING CONDITIONS VCC = 4.0 Vdc, RFln = 100 /LV, fmod = 1.0 kHz, fdev = 3.0 kHz. MC3371 at fRF = 10.7 MHz 
(see ure 10). 

Pin Symbol 

13 RSSI 

14 MUTE 

15 GND 

16 MIXln 

Internal Equivalent 
Circuit 

Vee 

~ Bias 
13 

RSSIOut 

K"'",::' 
40 k 

':" ":' 

15 GND 

~ ~ 

Vee 

~ Mixerl" 

3.3 k 
10 k 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Description 

Squelch Input. See discussion in 
application text. 

RSSI Output. Referred to as the 
Received Signal Strength Indicator or 

.ASSI. The chip sources up to 60 /LA 
over the linear 60 dB range. This pin 
may be used many ways, such as: 
AGe, meter drive and carrier triggered 
squelch circuit. 

Mute Output. See discussion in 
application text. 

Ground. The ground area should be 
continuous and unbroken. In a two-
sided layout, the component side has 
the ground plane. In a one-sided lay-
out, the ground plane fills around the 
traces on the circuit side of the board 
and is not interrupted. 

Mixer Input-
Series Input Impedance: 

(C, 10 MHz: 309 -j33 n 

«, 45 MHz: 200 - j13 n 
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PIN DESCRIPTION 
OPERATING CONDITIONS VCC = 4.0 Vdc, RFln = 100 }1V, fmod = 1.0 kHz, fdev = 3.0 kHz. MC3372 at fRF = 45 MHz 
(see Figure 121. 

Pin Symbol 

5 

6 DECl 

7 IFOut 

8 Quadl n 

9 RA 

Internal Equivalent 
Circuit 

IFln~ 6 53 k 
DEC 

60 }1A 

~
vee 7IFOU! 

50 }1A 

~ 120l'A 

~
8 Quadln 

Vee 

50l'A 

Vee 

RAOU! 

"Other pins are the same as pins in MC3371. 

MC3371.MC3372 
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Description 

IF Amplifierlnpu! 

IF Decoupling. External 0.1 }1F capaci
tors connected to Vcc. 

IF Amplifier Output Signal level is 
typically 300 mVp-p. 

Quadrature Detector Input. Signal 
level is typically 150 mVp-p. 

Recovered Audio. This is a composite 
FM demodulated output having signal 
and carrier components. Typical level 
is 800 mVp-p. 

The filtered recovered audio has the 
carrier signal removed and is typically 
500 mVp-p. 
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FIGURE 8 - MC3371 CIRCUIT SCHEMATIC 

Vee 

oSe1 ...... -~N\r~ 

ose2 

Vee 

FIGURE 9 - MC3372 CIRCUIT SCHEMATIC 

Mixer Out 
3 

ose1 ...... -~N\r'"' 

ose2 

53 k 6 
DEe+-----~~--------~~----------------~~~--~ 

7 
IFOut+---~r---------------------------------~~r----±~ 

MOTOROLA COMMUNICATIONS DEVICE DATA 

r- 15 
~ GND 

r- 15 
~ GND 

RAOut 

RAOut 

MC3371.MC3372 
2-87 



CIRCUIT DESCRIPTION 

The MC3371 and MC3372 are low power narrowband 
FM receivers with an operating frequency of up to 
60 MHz. Its low voltage design provides low power drain, 
excellent sensitivity, and good image rejection in narrow
band voice and data link applications. 

This part combines a mixer, an IF (intermediate fre
quency) limiter with a logarithmic response signal 
strength indicator, a quadrature detector,.an active filter 
and a squelch trigger circuit. In a typical application, the 
mixer amplifier converts an RF input signal to a 455 kHz 
IF signal. Passing through an external bandpass filter, the 
IF signal is fed into a limiting amplifier and detection 
circuit where the audio signal is recovered. A conven
tional quadrature detector is used. 

The absence of an input signal is indicated by the pres
ence of noise above the desired audio frequencies. This 
"noise band" is monitored by an active filter and a detec
tor. A squelch switch is used to mute the audio when 
noise or a tone is present. The input signal level is mon
itored by a meter drive circuit which detects the amount 
of IF signal in the limiting amplifier. 

APPLICATION 

The oscillator is an internally biased Colpitts type with 
the collector, base, and emitter connections at Pins 4, 1 
and 2 respectively. This oscillator can be run under crystal 
control. For fundamental mode crystals use crystal char
acterized parallel resonant for 32 pF load. For higher fre
quencies, use 3rd overtone series mode type crystals. 
The coil (L2) and resistor RD (R13) are needed to ensure 
proper and stable operation at the LO frequency (see 
Figure 12,45 MHz application circuit). 

The mixer is doubly balanced to reduce spurious radia
tion. Conversion gain stated in the AC Electrical Char
acteristics table is typically 20 dB. This power gain mea
surement was made under stable conditions using a 50!l 
source at the input and an external load provided by a 
455 kHz ceramic filter at the mixer output which is con
nected to the VCC (Pin 4) and IF input (Pin 5). The filter 
impedance closely matches the 1.8 k!l internal load resis
tance at Pin 3 (mixer output). Since the input impedance 
at Pin 16 is strongly influenced by a 3.3 k!l internal biasing 
resistor and has a low capacitance, the useful gain is 
actually much higher than shown by the standard power 
gain measurement. The Smith Chart plot in Figure 16 
shows the measured mixer input impedance versus input 
frequency with the mixer input matched to a 50!l source 
impedance at the given frequencies. In order to assure 
stable operation under matched conditions, it is neces
sary to provide a shunt resistor to ground. Figures 10, 11 
and 12 show the input networks used to derive the mixer 
input impedance data. 

Following the mixer, a ceramic bandpass filter is rec
ommended for IF filtering (i.e. 455 kHz types having a 
bandwidth of ± 2.0 kHz· to ± 15 kHz with an input and 
output impedance from 1.5 k!l to 2.0 kill. The 6 stage 
limiting IF amplifier has approximately 92 dB of gain. The 
MC3371 and MC3372 are different in the limiter and quad
rature detector circuits. The MC3371 has a 1.8 k!l and a 
51 k!l resistor providing internal DC biasing and the out-
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put of the limiter is internally connected, both directly 
and through a 10 pF capacitor to the quadrature detector; 
whereas, in the MC3372 these components are not pro
vided internally. Thus, in the MC3371, no external com
ponents are necessary to match the 455 kHz ceramicfilter, 
while in the MC3372, external 1.8 k!l and 51 k!l biasing 
resistors are needed between Pins 5 and 7, respectively 
(see Figures 11 and 12). 

In the MC3371, a parallel LCR quadrature tank circuit 
is connected externally from Pin 8 to VCC (similar to the 
MC3361). In the MC3372, a quadrature capacitor is 
needed externally from Pin 7 to Pin 8 and a parallel LC 
or a ceramic discriminator with a damping resistor is also 
needed from Pin 8 to VCC (similar to the MC3357). The 
above external quadrature circuitry provides 90° phase 
shift at the IF center frequency and enables recovered 
audio. 

The damping resistor determines the peak separation 
of the detector and is somewhat critical. As the resistor 
is decreased, the separation and the bandwidth is 
increased but the recovered audio is decreased. Receiver 
sensitivity is dependent on the value of this resistor and 
the bandwidth of the 455 kHz ceramic filter. 

On the chip the composite recovered audio, consisting 
of carrier component and modulating signal, is passed 
through a low pass filter amplifier to reduce the carrier 
component and then is fed to Pin 9 which has an output 
impedance of 450 !l. The signal still requires further fil
tering to eliminate the carrier component, deemphasis, 
volume control, and further amplification before driving 
a loudspeaker. The relative level of the composite 
recovered audio signal at Pin 9 should be considered for 
proper interaction with an audio post amplifier and a 
given load element. The MC13060 is recommended as a 
low power audio amplifier. 

The meter output indicates the strength of the IF level 
and the output current is proportional to the logarithm 
of the IF input signal amplitude. A maximum source cur
rent of 60 /LA is available and can be used to drive a 
meter and to detect a carrier presence. This is referred 
to as a Received Strength Signal Indicator (RSSI). The 
output at Pin 13 provides a current source. Thus, a resis
tor to ground yields a voltage proportional to the input 
carrier signal level. The value of this resistor is estimated 
by (VCC(Vdc) - 1.0 V)/60 /LA; so for VCC = 4.0 Vdc, the 
resistor is approximately 50 k!l and provides a maximum 
voltage swing of about 3.0 V. 

A simple inverting op amp has an output at Pin 11 and 
the inverting input at Pin 10. The noninverting input is 
connected to 2.5 V. The op amp may be used as a noise 
triggered squelch or as an active noise filter. The band
pass filter is designed with external impedance elements 
to discriminate between frequencies. With an external 
AM detector, the filtered audio signal is checked for a 
tone signal or for the presence of noise above the normal 
audio band. This information is applied to Pin 12. 

An external positive bias to Pin 12 sets up the squelch 
trigger circuit such that the audio mute (Pin 14) is open 
or connected to ground. If Pin 12 is pulled down to 0.9 V 
or below by the noise ortone detector, Pin 14 is internally 
shorted to ground. There is about 57 mV of hyteresis at 
Pin 12 to prevent jitter. Audio muting is accomplished by 
connecting Pin 14 to the appropriate point in the audio 
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path between Pin 9 and an audio amplifier. The voltage 
at Pin 14 should not be lower than -0.7 V; this can be 
assured by connecting Pin 14 to the point that has no dc 
component. 

Another possible application of the squelch switch may 
be as a carrier level triggered squelch circuit, similar to 

the MC3362/MC3363 FM receivers. In this case the meter 
output can be used directly to trigger the squelch switch 
when the RF input at the input frequency falls below the 
desired level. The level at which this occurs is determined 
by the resistor placed between the meter drive output 
(Pin 13) and ground (Pin 15). 

FIGURE 10 - TYPICAL APPLICATION FOR MC3371 AT 10.7 MHz 

VCC = 4.0 Vdc 

1st IF 10.7 MHz 
from Input 
Front End 

C15Y 
91p 

RSSIOutput 

~r-+!'::";-:::;'''' L 1 
Rll It: TKANS9443HM 
560 L .J 6.B /lH ± 6% 

Cl 
0.Q1 

16 

muRata 
CFU455D2 

or 
equivalent 

MOTOROLA COMMUNICATIONS DEVICE DATA 

R3 
100 k 

R2 
10 k 

Units: 
R: n,C:/lF 
Unless otherwise noted 
capacitors marked "sm" 
are silver mica. 

+-__ ",R5 __ ~ VRl ISquelch Controll 

4.7k R6 10 k 

560 
RB 

C14 

~0.1 

AF Out 
~t--__ -o to Audio 

Power Amp 

MC3371.MC3372 
2-89 



Vcc = 4.0Vdc 

+ C9 

Jl0 

\ 

\ 

MC3371oMC3372 
2-90 

FIGURE 11 - TYPICAL APPLICATION FOR MC3372 AT 10.7 MHz 
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FIGURE 12 - TYPICAL APPLICATION FOR MC3372 AT 45 MHz 
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FIGURE 17 - MC3371P PC BOARD COMPONENT VIEW WITH MATCHED INPUT AT 10.7 MHz 
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FIGURE 18 - MC3371P PC BOARD CIRCUIT OR SOLDER SIDE AS VIEWED THRU COMPONENT SIDE 

Above PC Board is laid out for the circuit in Figure 10. 
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FIGURE 19 - MC3372P PC BOARD COMPONENT VIEW WITH MATCHED INPUT AT 10.7 MHz 
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FIGURE 20 - MC3372P PC BOARD CIRCUIT OR SOLDER SIDE AS VIEWED THRU COMPONENT SIDE 
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Above PC Board is laid out for the circuit in Figure 11. 
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Product Preview 
Quad EIA·422·A Line Receiver 
CMOS 

The MC34C86 is a quad differential line receiver designed for digital data 
transmission over balanced lines. The MC34C86 meets all the requirements of 
standard EIA-422-A while retaining the low-power characteristics of CMOS. 

The MC34C86 has an input sensitivity of 200 mVoverthe common mode input 
voltage range of ± 7 V. In addition, each receiver chain has internal hysteresis 
circuitry to improve noise margin and discourage output instability for slowly 
changing input waveforms. 

The MC34C86 is pin compatible with the MC3486. 
All pins are protected against damage due to electrostatic discharges. 

• Typical Power Supply Current: 6 mA 
• 2000-V ESD Protection on the Inputs and Outputs 
• Typical Propagation Delay: 18 ns 
• Typical Input Hysteresis: 75 mV 
• Meets the Requirements of Standard EIA-422-A 
• Operation from Single 5-V Supply 
• High-Impedance Mode for Outputs Connected to System Buses 
• TTUCMOS Compatible Outputs 

ClO 
CONTROL 

BLOCK DIAGRAM 
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02 01 C2 Cl B2 Bl A2 AI CONTROL 

11 

OUTPUT 
o 
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OUTPUT 
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MC34C86 

_ PSU~ 
PLASTIC PACKAGE 

CASE 648 

o SUFFIX 
SOGPACKAGE 

CASE 751B 

ORDERING INFORMATION 
MC34C86P 
MC34C86D 

Plastic OIP 
SOG Package 

This document contains infonnatlon on a new product under development. Motorola reserves the right to change or discontinue this product without notice. 
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TRUTH TABLE 

Control Input 

L 

H 

H 

H 

X = Don't Care 
Z = High Impedance 

MAXIMUM RATINGS 

Rating 

Power Supply Voltage 

Input Voltage 

Input Differential Voltage 

Enable Control Input Voltage 

Storage Temperature 

Maximum Current per Output 

ESD (Human Body model) 

OPERATING CONDITIONS 

Power Supply Voltage 

Operating Temperature Range 

Input Rise and Fall Time 

Input 

X 

VID " VTH (Max) 

VID ,; VTH (Min) 

Open 

H = High Logic State 
L = Low Logic State 

Symbol 

VCC 

VI 

VID 

Yin 

Tstg 

10 

Rating 

Output 

Z 

1 

0 

1 

Value Unit 

7 V 

±12 V 

±14 V 

VCC+0.5 V 

-65 to +150 °c 

±25 rnA 

2000 V 

Symbol Min Max Unit 

VCC 4.5 5.5 V 

TA -40 +85 °c 

tr, tf - 500 ns 

DC CHARACTERISTICS (VCC = 4.5 to 5.5 V, TA = -40 to + 85°C, unless otherwise stated) (See Note 1) 

Parameter Symbol Min Typ Max Unit 

Power Supply Current, VCC = Max ICC - 6 12 rnA 

Enable Input Current, Yin = VCC or GND IL - - ± 1.0 IlA 

Input Voltage - Low Logic State (Enable Control) VIL - - 0.8 V 

Input Voltage - High Logic State (Enable Control) VIH 2 - - V 

Differential Input Voltage, - 7 V < VLCM < 7 V Vout=VOH VTH 0.2 - - V 
Vout = VOL - - -0.2 

Input Hysteresis, VLCM = 0 V Vhys - 75 - mV 

Comparator Input Current Yin = + 10 V, Other Input = GND lin - 1.4 - rnA 
Yin = -10 V, Other Input = GND - -2.5 -

Comparator Input Resistance, -12 V < VLCM < + 12 V Rin 4 4.8 - kQ 

Output Voltage (Low Logic State) VID = - 1 V, lout = 6 mA (Note 2) VOL - 0.13 0.33 V 

Output Voltage (High Logic State) VID = + 1 V, lout = - 6 mA (Note 2) VOH 3.8 4.8 - V 

Output Leakage Current (High Logic State) Vout = VCC or GND 10Z -5 - 5 IlA 

NOTES: 
1. All currents into device pins are shown as positive, out of device pins are negative. All voltages referenced to ground unless otherwise noted. 
2. See EIA specifications EIA-422-A for exact test conditions. 
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AC CHARACTERISTICS (VCC = 4.5 to 5.5 V. TA = - 40 to + 85°C. unless otherwise stated) 

Parameter Symbol Min Typ Max 

Propagation Delay Input to OUlput. CL = 50 pF. VDIFF = 2.5 V tPLH - 18 30 
tPHL 

Skew = IpHL - tpLH I Skew - 1 -
Propagation Delay Enable to Output tpLZ - 12 -

CL = 50 pF. RL = 1000 n. VDIFF = 2.5 V tpHZ 

Propagation Delay Enable to Output tpZL - 14 -
CL = 50 pF. RL = 1000 n. VDIFF = 2.5 V tpZH 

AC TEST CIRCUIT AND SWITCHING TIME WAVEFORMS 

TEST 
POINT VCC 

OUTPUT--.---..... -.>t-..... -o-'~~ +2.SV 
INPUT OV 

Sl RL=2kn -2.SV 
-+' :-tPLH tPHL-: . 

OUTPUT 1.3 V 

S2~ Sl AND S2 CLOSED 

Figure 1. Test Circuit Figure 2. Propagation Delays 
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Figure 3. Enable and Disable Times 

TYPICAL APPLICATIONS 
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Figure 4. Two-Wire Balanced Systems (EIA-422-A) 
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TECHNICAL DATA 

Product Preview 
Quad EIA·422·A Line Driver 
CMOS 

The MC34C87 is a quad differential line driver designed for digital data 
transmission over balanced lines. The MC34C87 meets all the requirements of 
standard EIA-422-A while retaining the low-power characteristics of CMOS. 

The MC34C87 accepts TTL or CMOS input levels and translates these to 
EIA-422-A output level. This part uses special output circuitry that enables the 
individual drivers to power down without loading down the bus. The MC34C87 also 
includes special circuitry which will set the outputs to a high impedance mode 
during power up or down, preventing spurious glitches. Each enable pin controls 
2 drivers. 

The MC34C87 is pin compatible with the MC3487. 
All pins are protected against damage due to electrostatic discharges. 

• Maximum Power Supply Current: 3 mA 
• 2000-V ESD Protection on the Inputs and the Outputs 
• TTUCMOS Input Compatible 
• Typical Propagation Delay: 6 ns 
• Typical Output Skew: 1 ns 
• Meets Vo = 6.0 V (and Vo = - 0.25 V), VCC = 0 V, 10 < 100 itA Requirement 
• Operation from Single 5-V Supply 
• High-Impedance Mode for Outputs Connected to System Buses 
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This document contains Infonnatlon on a new product under development. Motorola reserves the right to change or discontinue this product without notice. 
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TRUTH TABLE 

Non-Inverting Inverting 
Control Input 

L 

H 

H 

X = Don't Care 
Z = High Impedance 

MAXIMUM RATINGS 

Rating 

Power Supply Voltage 

DC Input Voltage 

DC Output Voltage' 

DC Output Current, per Pin 

Input Output Output 

X 

H 

L 

H = High Logic State 
L = Low Logic State 

Symbol 

VCC 

Vin 

Vout 

lout 

Z Z 

H L 

L H 

Value 

7 

-1.5 to VCC + 1.5 

- 0.5 to VCC + 0.5 

150 

DC VCC or GND Current, per Pin IDD 150 

Storage Temperature Tstg -65 to +150 

Power Dissipation PD 500 

ESD (Human Body model) 2000 

• Power-on conditions. 

OPERATING CONDITIONS 

Rating 

Power Supply Voltage 

DC Input Voltage 

Operating Temperature Range 

Input Rise and Fall1ime 

Unit 

V 

V 

V 

rnA 

rnA 

°c 

mW 

V 

DC CHARACTERISTICS (V CC = 4.5 to 5.5 V, TA = - 40 to + 85°C, unless otherwise stated) 

Parameter Symbol 

Input Voltage (Low Logic State) VIL 

Input Voltage (High Logic State) VIH 

Output Voltage (Low Logic State) Isink = 20 rnA VOL 

Output Voltage (High Logic State) Isource = - 20 rnA VOH 

Output Differential Voltage RL = 100 n (Note 1) VOD 

Output Differential Voltage Difference RL = 100 n (Note 1) D(VOD) 

Output Offset Voltage RL = 100 n (Note 1) VOS 

Output Offset Voltage Difference RL = 100 n (Note 1) D(VOS) 

Input Current Yin = Vcc, GND, VIH or VIL lin 

Quiescent Supply Current lout = 0 JlA ICC 

Output Short Circuit Current (Note 2) lOS 

Output Leakage Current (Hi-Z State) Vout = VCC or GND 10(Z) 

Output Leakage Current (Power Off) Vout= 6 V loxh 
Vout = - 0.25 V loxl 

NOTES: 
1. See EIA specifications EIA-422-A for exact test conditions. 
2. Only one output may be shorted at a time. 
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Symbol Min 

VCC 4.5 

Yin 0 

TA -40 

tr, tf -

Min Typ 

- -
2.0 -

- 0.3 

2.5 2.8 

2.0 -

- -

- -
- -
- -

- -
-30 -100 

- -

- -
- -

Max 

5.5 

VCC 

+ 85 

500 

Max 

0.8 

-
0.5 

-
-

±OA 

3.0 

±0.4 

± 1.0 

3.0 

-150 

±1.0 

100 
-100 

Unit 

V 

V 

°c 

ns 

Unit 

V 

V 

V 

V 

V 

V 

V 

V 

JlA 

rnA 

rnA 

j.LA 

JlA 
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AC CHARACTERISTICS (VCC = 4.5 \0 5.5 V, TA = - 40 \0 + a5·C, unless otherwise stated) 

Parameter Symbol Min Typ Max Unit 

Propagation Delay Input to Output (Sl Open) tpLH - 6 12 ns 
tpHL 

Output Skew (Sl Open)" Skew - 1.0 4 ns 

Differential Output trLH - 4 a ns 
Rise lime trHL 
Fall lime (Sl Open) 

Output Enable lime tpZH - 16 - ns 
(Sl Closed) tpZL - 15 -

Output Disable lime tpHZ - 6 - ns 
(Sl Closed) tpLZ - 9 -

• Skew: difference in propagation delays between complementary outputs. 

AC TEST CIRCUIT AND SWITCHING TIME WAVEFORMS 

•_49",.9,.,.0'\r--o-~ . If 
4990 o...--J 

51 

49.90 

Figure 5. AC Test Circuit 
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Figure 6. Propagation Delays and Skew Waveforms 
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Figure 7. Enable and Disable Times Figure 8. Differential Rise and Fall TImes 

TYPICAL APPLICATIONS 
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Figure 9. Two-Wire Balanced Systems (EIA-422-A) 
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Specifications and Applications 
Information 

CONTINUOUSLY VAR IABLE SLOPE 
DELTA MODULATOR/DEMODULATOR 

Providing a simplified approach to digital speech encoding/ 
decoding, the MC3517/18 series of CVSDs is designed for military 
secure communication and commercial telephone applications. 
A single IC provides both encoding and decoding functions. 

• Encode and Decode Functions on the Same Chip with 
a Digital Input for Selection 

• Utilization of Compatible 12L - Linear Bipolar Technology 

• CMOS Compatible Digital Output 

• Digital Input Threshold Selectable (VCC/2 reference 
provided on chip) 

• MC3417/MC3517 has a 3·Bit Algorithm (General 
Communications) 

• MC3418/MC3518 has a 4·8it Algorithm (Commercial Telephone) 

Analog Input 1 
Analog Feedback 2 

Digital 
Data Input 13 

CVSD BLOCK DIAGRAM 

Encode/ 

Decode Clock 

nIv:':----iff1-Tf-~~ 
f-__ -I-'-II'" Co;nc;dence 

Output 
Digital ~9~ ___ -J~===::::;:::::j __ J 
Output 

Syllabic 

Gain Control 

Analog Ref Filter 

Output Inpllt Input 

(+) (-) 
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MC3417, MC3517 
MC3418, MC3518 

CONTINUOUSLY VARIABLE 
SLOPE DELTA 

MODULATOR/DEMODU LATOR 

LASER-TRIMMED 
INTEGRATED CIRCUIT 

--LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

DWSUFFIX 
PLASTIC PACKAGE 

CASE 751G 
SO-16L 

PIN CONNECTIONS 

Analog 
(-) 

Input 
16 VCC 

Analog 
(+) 15 

Encode! 
Feedback Decode 

Syllabic 
3 14 Filter Clock 

Gain Digital Data 
Control 

4 13 Input (-) 

Ref Digital 
Input (+) 12 Threshold 

Filter Coincidence 
Input (-l 6 11 Output 

Analog 
10 VCC/2 

Output Output 

Vee 8 9 
Digital 
Output 

ORDERING INFORMATION 

Temperature 
Device Package Range 

MC3417L Ceramic DIP O·Cto +70·C 
MC3418DW Plastic SOIC O·Cto +70·C 
MC3418L Ceramic DIP O·Cto +70·C 
MC3418P Plastic DIP O·Cto +70·C 
MC3517L Ceramic DIP -55·Cto +125·C 
MC3518L Ceramic DIP -55·Cto +125·C 
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MAXIMUM RATINGS 
(All voltages referenced to VEE, TA = 250 C unless otherwise noted.) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.4 to +18 Vdc 
Differential Analog Input Voltage VID ±5.0 Vdc 
Digital Threshold Voltage VTH -0.4 to VCC Vdc 
Logic Input Voltage VLogic -0.4 to +18 Vdc 

(Clock, Digital Data, Encode/Decode) 

Coincidence Output Voltage VOICon) -0.4 to +18 Vdc 
Syllabic Filter Input Voltage VI(Syl) -0.4 to VCC Vdc 
Gain Control Input Voltage VI(GC) -0.4 to VCC Vdc 
Reference Input Voltage VI(Ael) VCC/2 - 1.0 to VCC Vdc 
VCC/2 Output Current IAef -25 rnA 

ELECTRICAL CHARACTERISTICS 
(VCC = 12V,VEE = Gnd, TA = O°Cto + 70°C for MC3417/18, TA = -55°C to + 125°C for MC3517/18 unless otherwise noted.) 

MC3417/MC3517 MC34181MC3518 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Power Supply Voltage Range (Figure 1) VCCR 4.75 12 16.5 4.75 12 16.5 Vdc 

Power Supply Current (Figure 1) ICC mA 
(@ Idle Channel) 

(VCC = 5.0 V, All except MC3418P,DW) - 3.7 5.0 - 3.7 5.0 
(VCC = 5.0 V, MC3418P,DW) - - - - 3.7 5.5 
(VCC = 15 V, All except MC3418P,DW) - 6.0 10 - 6.0 10 
(VCC = 15 V, MC3418P,DW) - , - - - 6.0 11 

Gain Control Current Range (Figure 2) IGCR 0.002 - 3.0 0.002 - 3.0 mA 

Analog Comparator Input Range VI 1.3 - VCC-l.3 1.3 - VCC-l.3 Vdc 
(Pins 1 and 2) 

(4.75 V .. VCC .. 16.5 V) 

Analog Output Range (Pin 7) Va 1.3 - VCC-l.3 1.3 - VCC-l.3 Vdc 
(4.75 V .. VCC .. 16.5 V, 10 = ±5.0 mAl 

Input Bias Currents (Figure 3) liB J.LA 
(Comparator in Active Region) 

Analog Input (11) - 0.5 1.5 - 0.25 1.0 
Analog Feedback (12) - 0.5 1.5 - 0.25 1.0 
Syllabic Filter Input (13) - 0.06 0.5 - 0.06 0.3 
Reference Input (15) - -0.06 -0.5 - -0.06 -0.3 

Input Offset Current 110 J.LA 
(Comparator in Active Region) 

Analog Input/Analog Feedback - 0.15 0.6 - 0.05 0.4 
111-121- Figure 3 

Integrator Amplifier - 0.02 0.2 - 0.01 0.1 
115-161- Figure 4 

Input Offset Voltage Via - 2.0 6.0 - 2.0 6.0 mV 
VII Converter (Pins 3 and 4) - Figure 5 

Transconductance gm mA/mV 
VII Converter, 0 to 3.0 mA 0.1 0.3 - 0.1 0.3 -
Integrator Amplifier, 0 to ± 5.0 mA Load 1.0 10 - 1.0 10 -

Propagation Delay Times (Note 1) J.Ls 
Clock Trigger to Digital Output tpLH - 1.0 2.5 - 1.0 2.5 

(CL = 25 pF to Gnd) tpHL - 0.8 2.5 - O.B 2.5 
Clock Trigger to Coincidence Output tpLH - 1.0 3.0 - 1.0 3.0 

(CL = 25 pF to Gnd) tpHL - 0.8 2.0 - 0.8 2.0 
(RL = 4.0 kG to VCe) 

Coincidence Output Voltage - VOL(Con) - 0.12 0.25 - 0.12 0.25 Vdc 
Low Logic State 

(lOL(Con) = 3.0 mAl 

Coincidence Output Leakage Current - IOH(Con) - 0.01 0.5 - 0.01 0.5 J.LA 
High Logic State 

(VOH = 15 V, O°C .. TA" 70°C) 

NOTE 1. All propagation delay times measured 50% to 50% from the negative going (from VCC to +0.4 V) edge of the clock. 
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ELECTRICAL CHARACTERISTICS (continued) 

MC3417/MC3517 MC34181MC3518 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Applied Digital Threshold Voltage Range VTH +1.2 - VCC-2.0 +1.2 - VCC-2.0 Vdc 
(Pin 12) 

Digital Threshold Input Current II(th) /-LA 
(1.2 V .. Vth .. VCC - 2.0 V) 

(VIL applied to Pins 13, 14 and 15) - - 5.0 - - 5.0 
(VIH applied to Pins 13, 14 and 15) - -10 -50 - -10 -50 

Maximum Integr,ator Amplifier 10 ±5.0 - - ±5.0 - - mA 
Output Current 

VCC/2 Generator Maximum Output Current IRef +10 - - +10 - - mA 
(Source only) 

VCC/2 Generator Output Impedance zRef - 3.0 6.0 - 3.0 6.0 0 
(0 to +10 mAl 

VCC/2 Generator Tolerance er - - ±3.5 - - ±3.5 % 
(4.75 V .. VCC .. 16.5 V) 

Logic Input Voltage (Pins 13, 14 and 15) Vdc 
Low Logic State VIL Gnd - Vth- 0.4 Gnd - Vth- 0.4 
High Logic State VIH Vth + 0.4 - lB Vth+ O.4 - lB 

Dynamic Total Loop Offset Voltage IVoffset mV 
(Note 2) - Figures 3, 4 and 5 

IGC = 12/-LA.VCC = 12V 
TA = 25"C (All except 341BP,DW) - - - - ±0.5 ±1.5 

(MC341 BP,DW) - - - - ±0.5 ±3.0 
O"C .. TA" +70"C (MC3417/1BL) - - - - ±0.75 ±2.3 

(MC341BP,DW) - - - - ±0.75 ±3.B 
-55"C .. TA" +125"C (MC3517/1B) - - - - ±1.5 ±4.0 

IGC = 33/-LA.VCC = 12V 
TA = 25"C - ±2.5 ±5.0 - - -
O"C .. TA" +70"C (MC3417/1B) - ±3.0 ±7.5 - - -
-55"C .. TA" + 125"C (MC3517/1B) - ±4.5 ±10 - - -

IGC = 12 /-LA. VCC = 5.0 V 
TA = 25"C (All except MC3418P,DW) - - - - ±1.0 ±2.0 

(MC341 BP,DW) - - - - ±1.0 ±3.5 
O"C .. TA" +70"C (MC3417/18L) - - - - ±1.3 ±2.B 

(MC3418P,DW) - - - - ±1.3 ±4.3 
-55"C .. TA" + 125"C (MC3517/18) - - - - ±2.5 ±5.0 

IGC = 33 /-LA, VCC = 5.0 V 
TA = 25"C - ±4.0 ±6.0 - - -
O"C .. TA" +70"C (MC3417/18) - ±4.5 ±B.O - - -
-55"C .. TA" + 125"C (MC3517/18) - ±5.5 ±10 - - -

Digital Output Voltage Vdc 
(lOL = 3.6 mAl VOL - 0.1 0.4 - 0.1 0.4 
(lOH = - 0.35 mAl VOH VCC-l.0 VCC-0.2 - VCC-l.0 VCC-0.2 -

Syllabic Filter Applied Voltage (Pin 3) VI(Syl) +3.2 - VCC +3.2 - VCC Vdc 
(Figure 2) 

Integrating Current (Figure 2) IIlntl 
(lGC = 12/-LA) 8.0 10 12 B.O 10 12 /-LA 
(lGC = 1.5 mAl (All except 3418P,DW) 1.45 1.5 1.55 1.45 1.5 1.55 mA 

(MC3418P,DW) - - - 1.42 1.5 1.58 mA 
(lGC = 3.0 mAl 2.75 3.0 3.25 2.75 3.0 3.25 mA 

Dynamic Integrating Current Match VO(Ave) mV 
(lGC = 1.5 mAl Figure 6 

(All except MC3418P,DW) - ±100 ±250 - ±100 ±250 
(MC341BP,DW) - - - - ±100 ±280 

Input Current - High Logic State IIH /-LA 
(VIH = 18 V) 

Digital Data Input - - +5.0 - - +5.0 
Clockln~ - - +5.0 - - +5.0 
Encode/Decode Input - - +5.0 - - +5.0 

Input Current - Low Logic State IlL J.LA 
(VIL = 0 V) 

Digital Data Input - - -10 - - -10 
Clockln~ " - - -360 - - -360 
Encode/Decode Input - - -36 - - -36 
Clock Input, VIL = 0.4 V - - -72 - - -72 

NOTE 2. Dynamic total loop offset (IVoffset) equals VIO (comparator) (Figure 3) minus VIOX (Figure 5). The input offset voltages of the analog comparator 
and of the integrator amplifier include the effects of input offset current through the input resistors. The slope polarity switch current mismatch 
appears as an average voltage across the 10 k integrator resistor. For the MC3417/MC3517, the clock frequency is 16 kHz. For the MC3418/ 
MC3518, the clock frequency is 32 kHz. Idle channel performance is guaranteed if this dynamic total loop offset is less than one-half of the 
change in integrator output voltage during one clock cycle (ramp step size). Laser trimming is used to insure good idle channel performance. 
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DEFINITIONS AND FUNCTION OF PINS 

Pin 1 - Analog Input 
This is the analog comparator inverting input where 

the voice signal is applied. It may be ac or dc coupled 
depending on the application. If the voice signal is to 
be level shifted to the internal reference voltage, then 
a bias resistor between Pins 1 and 10 is used. The resis
tor is used to establish the reference as the new dc 
average of the ac coupled signal. The analog compar
ator was designed for low hysteresis (typically less than 
0.1 mV) and high gain (typically 70 dB). 

Pin 2 - Analog Feedback 
This is the non inverting input to the analog signal 

comparator within the IC. In an encoder application it 
should be connected to the analog output ofthe encoder 
circuit. This may be Pin 7 or a low pass filter output 
connected to Pin 7. In a decode circuit Pin 2 is not used 
and may be tied to VCC/2 on Pin 10, ground or left open. 

The analog input comparator has bias currents of 
1.5 p,A max, thus the driving impedances of Pins 1 and 
2 should be equal to avoid disturbing the idle channel 
characteristics of the encoder. 

Pin 3 - Syllabic Filter 
This is the point at which the syllabic filter voltage is 

returned to the IC in order to control the integrator step 
size. It is an NPN input to an op amp. The syllabic filter 
consists of an RC network between Pins 11 and 3, Typ
ical time constant values of 6.0 ms to 50 ms are used 
in voice codecs. 

Pin 4 - Gain Control Input 
The syllabic filter voltage appears across Cs of the 

syllabic filter and is the voltage between VCC and 
Pin 3. The active voltage to current (V -I) converter 
drives Pin 4 to the same voltage at a slew rate of 
typically 0.5 V/p,s. Thus the current injected into Pin 4 
(lGC) is the syllabic filter voltage divided by the Rx 
resistance. Figure 7 shows the relationship between 
IGC (x-axis) and the integrating current, lint (y-axis). 
The discrepancy, which is most significant at very low 
currents, is due to circuitry within the slope polarity 
switch which enables trimming to a low total loop 
offset. The Rx resistor is then varied to adjust the loop 
gain of the codec, but should be no larger than 5.0 kG 
to maintain stability. 

Pin 5 - Reference Input 
This pin is the noninverting input of the integrator 

amplifier. It is used to reference the dc level ofthe output 
signal. In an encoder circuit it must reference the same 
voltage as Pin 1 and is tied to Pin 10. 

Pin 6 - Filter Input 
This inverting op amp input is used to connect the 

integrator external components. The integrating cur
rent (lint) flows into Pin 6 when the analog input (Pin 1) 
is high with respect to the analog feedback (Pin 2) in 
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the encode mode or when the digital data input 
(Pin 13) is high in the decode mode. For the opposite 
states, lint flows out of Pin 6. Single integration sys
tems require a capacitor and resistor between Pins 6 
and 7. Multipole configurations will have different cir
cuitry. The resistance between Pins 6 and 7 should 
always be between 8.0 kG and 13 kG to maintain good 
idle channel characteristics. 

Pin 7 - Analog Output 
This is the integrator op amp output. It is capable 

of driving a 600-ohm load referenced to VCC/2 to 
+ 6.0 dBm and can otherwise be treated as an op amp 
output. Pins 5, 6, and 7 provide full access to the inte
grator op amp for designing integration filter net
works. The slew rate of the internally compensated 
integrator op amp is typically 0.5 V//Ls. Pin 7 output 
is current limited for both polarities of current flow at 
typically 30 mAo 

Pin 8- VEE 
The circuit is designed to work in either single or dual 

power supply applications. Pin 8 is always connected 
to the most negative supply. 

Pin 9 - Digital Output 
The digital output provides the results of the delta 

modulator's conversion. It swings between VCC and 
VEE and is CMOS or TTL compatible. Pin 9 is inverting 
with respect to Pin 1 and non-inverting with respect to 
Pin 2. It is clocked on the falling edge of Pin 14. The 
typical 10% to 90% rise and fall times are 250 ns and 
50 ns respectively for VCC = 12 V and CL = 25 pF to 
ground. 

Pin 10 - Vccl2 Output 
An internal low impedance mid-supply reference is 

provided for use of the MC3417/18 in single supply 
applications. The internal regulator is a current source 
and must be loaded with a resistor to insure its sinking 
capability. If a + 6.0 dBmo signal is expected across 
a 600 ohm input bias resistor, then Pin 10 must sink 
2.2 V/600 G = 3.66 mAo This is only possible if Pin 10 
sources 3.66 mA into a resistor normally and will 
source only the difference under peak load. The ref
erence load resistor is chosen accordingly. A 0.1 p,F 
bypass capacitor from Pin 10 to VEE is also recom
mended. The VCC/2 reference is capable of sourcing 
10 mA and can be used as a reference elsewhere in 
the system circuitry. 

Pin 11 - Coincidence Output 
The duty cycle of this pin is proportional to the voltage 

across CS. The coincidence output will be low whenever 
the content of the internal shift register is all 1s or all 
Os. In the MC3417 the register is 3 bits long while the 
MC3418 contains a 4 bit register. Pin 11 is an open col
lector of an NPN device and requires a pull-up resistor. 
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Ifthe syllabic filter is to have equal charge and discharge 
time constants, the value of Rp should be much less 
than RS. In systems requiring different charge and dis
charge constants, the charging constant is RSCS while 
the decaying constant is (RS + Rp)CS. Thus longer 
decays are easily achievable. The NPN device should 
not be required to sink more than 3.0 rnA in any con
figuration. The typical 10% to 90% rise and fall times 
are 200 ns and 100 ns respectively for RL = 4.0 kG to 
+ 12 V and CL = 25 pF to ground. 

Pin 12 - Digital Threshold 
This input sets the switching threshold for Pins 13, 

14, and 15. It is intended to aid in interfacing different 
logic families without external parts. Often it is con
nected to the VCC/2 reference for CMOS interface or can 
be biased two diode drops above VEE for TTL interface. 

Pin 13 - Digital Data Input 
In a decode application, the digital data stream is 

applied to Pin 13. In an encoder it may be unused or 
may be used to transmit signaling message under the 
control of Pin 15. It is an inverting input with respect to 
Pin 9. When Pins 9 and 13 are connected, a toggle flip
flop is formed and a forced idle channel pattern can be 
transmitted. The digital data input level should be main-

FIGURE 1 - POWER SUPPLY CURRENT 
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tained for 0.5 J-LS before and after the clock trigger for 
proper clocking. 

Pin 14 - Clock Input 
The clock input determines the data rate of the 

codec circuit. A 32K bit rate requires a 32 kHz clock. 
The switching threshold of the clock input is set by 
Pin 12. The shift register circuit toggles on the falling 
edge of the clock input. The minimum width for a 
positive-going pulse on the clock input is 300 ns, 
whereas for a negative-going pulse, it is 900 ns. 

Pin 15 - Encode/Decode 
This pin controls the connection of the analog input 

comparator and the digital input comparator to the 
internal shift register. If high, the result of the analog 
comparison will be clocked into the register on the fail
ing edge at Pin 14. If low, the digital input state will be 
entered. This allows use ofthe Ie as an encoder/decoder 
or simplex codec without external parts. Furthermore, 
it allows non-voice patterns to be forced onto the trans
mission line through Pin 13 in an encoder. 

Pin 16-VCC 
The power supply range is from 4.75 to 16.5 volts 

between Pin VCC and VEE. 

FIGURE 2 - IGCR. GAIN CONTROL RANGE and 
lint - INTEGRATING CURRENT 
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FIGURE 3 - INPUT BIAS CURRENTS, ANALOG 
COMPARATOR OFFSET VOLTAGE AND CURRENT 
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Note: The analog comparator offset voltage Is tested 
under dynamic conditions and therefore must 
be measured with appropriate filtering. 

FIGURE 5 - VII CONVERTER OFFSET VOL TAGE, 

VloandVIOX 

*32 kHz MC3418/MC3518 
16 kHz MC3417iMC3517 

Clock* 

Note: V'OX is the average voltage of the triangular 
waveform observed at the measurement points. 
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FIGURE 4 - INTEGRATOR AMPLIFIER OFFSET 
VOLTAGE AND CURRENT 
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FIGURE 6 - DYNAMIC INTEGRATING CURRENT MATCH 
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Notes: 1. Vo(AV1. Dynamic Integrating Current Match, is the average 
voltage of the triangular waveform observed at the mea
surement points, across 10 kfl resistor with IGC = 1.5 rnA. 

2. See Note 2 of the Electrical Characteristics. Page 3. 
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TYPICAL PERFORMANCE CURVES 
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FIGURE 11 - BLOCK DIAGRAM OF THE CVSD ENCODER 
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FIGURE 12 - CVSD WAVEFORMS 

FIGURE 13 - BLOCK DIAGRAM OF THE CVSD DECODER 
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FIGURE 14 - 16 kHz SIMPLEX VOICE CODEC 
(Using MC3417, Single Pole Companding and Single Integration) 
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CIRCUIT DESCRIPTION 

The continuously variable slope delta modulator 
(CVSD) is a simple alternative to more complex conven
tional conversion techniques in systems requiring digital 
communication of analog signals. The human voice is 
analog, but digital transmission of any signal over great 
distance is attractive. Signal/noise ratios do not vary with 
distance in digital transmission and multiplexing, 
switching and repeating hardware is more economical and 
easier to design. However, instrumentation A to D con
verters do not meet the communications requirements. 
The CVSD A to D is well suited to the requirements of 
digital communications and is an economically efficient 
means of digitizing analog inputs for transmission. 

The Delta Modulator 
The innermost control loop of a CVSD converter is 

a simple delta modulator. A block diagram CVSD Encoder 
is shown in Figure 11. A delta modulator consists of a 
comparator in the forward path and an integrator in 
the feedback path of a simple control loop. The inputs 
to the comparator are the input analog signal and the 
integrator output_ The comparator output reflects the 
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sign of the difference between the input voltage and 
the integrator output. That sign bit is the digital output 
and also controls the direction of ramp in the integrator. 
The comparator is normally clocked so as to produce 
a synchronous and band limited digital bit stream. 

If the clocked serial bit stream is transmitted, 
received, and del ivered to a similar integrator at a remote 
point, the remote integrator output is a copy of the 
transmitting control loop integrator output. To the 
extent that the integrator at the transmitting locations 
tracks the input signal, the remote receiver reproduces 
the input signal. Low pass filtering at the receiver output 
will eliminate most of the quantizing noise, if the clock 
rate of the bit stream is an octave or more above the 
bandwidth of the input signal. Voice bandwidth is 4 kHz 
and clock rates from 8 k and up are possible. Thus the 
delta modulator digitizes and transmits the analog input 
to a remote receiver. The serial, unframed nature of the 
data is ideal for communications networks. With no 
input at the transmitter, a continuous one zero alternation 
is transmitted. If the two integrators are made leaky, then 
during any loss of contact the receiver output decays to 
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CIRCUIT DESCRIPTION (continued) 

zero and receive restart begins without framing when the 
receiver reacquires. Similarly a delta modulator is tolerant 
of sporadic bit errors. Figure 12 shows the delta modu
lator waveforms while Figure 13 shows the corresponding 
CVSD decoder block diagram. 

The Companding Algorithm 
The fundamental advantages of the delta modulator 

are its simplicity and the serial format of its output. 
Its limitations are its ability to accurately convert the 
input within a limited digital bit rate. The analog input 
must be band limited and amplitude limited. The fre
quency limitations are governed by the nyquist rate while 
the amplitude capabilities are set by the gain of the 
integrator. 

The frequency limits are bounded on the upper end; 
that is, for any input bandwidth there exists a clock 
frequency larger than that bandwidth which will trans· 
mit the signal with a specific noise level. However, the 
amplitude' limits are bounded on both upper and fower 
ends. For a signal level, one specific gain will achieve an 
optimum noise level. Unfortunately, the basic delta 
modulator has a small dynamic range over which the 
noise level is constant. 

The continuously variable slope circuitry provides 
increased dynamic range by adjusting the gain of the 
integrator. For a given clock frequency and input 
bandwidth the additional circuitry increases the delta 
modulator's dynamic range. External to the basic 
delta modulator is an algorithm which monit,ors the 
past few outputs of the delta 1)10dul,ator in a simple 
shift register. The register is 3 or 4 bits long depending on 
the appl ication. The accepted CVSD algorithm simply 
monitors the contents of the shift register and indicates 

if it contains all 1 s or Os. This condition is called coinci
dence. When it occurs, it indicates that the gain of the 
integrator is too small. The coincidence output charges 
a single pole low pass filter. The voltage output of this 
syllabic filter control,s the integrator gain through a pulse 
amplitude modulator whose other input is the sign bit 
or up/down control. 

The simplicity of the all ones, all zeros algorithm 
should not be taken lightly. Many other control algo
rithms using the shift register have been, tried. The key to 
the accepted algorithm is that it provides a measure of 
the average power or level of the input signal. Other 

. techniques provide more instantaneous information 
about the shape of the input curve. The purpose of 
the algorithm is to control the gain of the integrator 
and to increase the dynamic range. Thus a measure of 
the average input level is what is needed. 

The algorithm is repeated 'in the receiver and thus 
the level data is recovered in the receiver. Because the 
algorithm only operates on the past serial data, it changes 
the nature of the bit stream without changing the channel 
bit rate. 

The effect of the algorithm is to compand the input 
signal. If a CVSD encoder is played into a basic delta 
modulator, the output of the delta modulator will reflect 
the shape of the input signal but all of the output will 
be at an equal level. Thus the algorithm at the output is 
needed to restore the level variations. The bit stream 
in the channel is as if it were from a standard delta modu
lator .with a constant level input. 

The delta modulator encoder with the CVSD algorithm 
provides an efficient method for digitizing a voice input 
in a manner which is especially convenient for digital 
communciations requirements. 

APPLICATIONS INFORMATION 

CVSD DESIGN CONSIDERATIONS 

Asimple CVSD encoder using the MC3417 or MC3418 
is shown in Figure 14. These ICs are general purpose 
CVSD building blocks which allow the system designer 
to tailor the encoder's transmission characteristics to 
the application. Thus, the achievable transmissioncapa
bilities are constrained by the fundamental limitatio'ns 
of delta modulation and the design of encoder param
eters. The performance is not dictated by the internal 
configuration of the MC3417 and MC3418. There are 
seven design considerations involved in designing 
these basic CVSD building blocks into a specific codec 
application, and they are as follows: 

1. Selection of clock rate 

MC3417.MC3418.MC3517.MC3518 
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2. Required number of shift register bits 
3. Selection of loop gain 
4. Selection of minimum step size 
5. Design of integration filter transfer function 
6. Design of syllabic filter transfer function 
7. Design of low pass filter at the receiver 

The circuit in Figure 14 is the most basic CVSD circuit 
possible. For ma~y applications in secure radio or other 
intelligible voice channel requirements, it is entirely 
sufficient. In this circuit, items 5 and 6 are reduced to 
their simplest form. The syllabic and integration filters 
are both single pole networks. The selection of items 
1 th rough 4 govern the codec performance. 
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CVSD DESIGN CONSIDERATIONS (continued) 

Layout Considerations 

Care should be exercised to isolate all digital signal 
paths (Pins 9, 11, 13, and 14) from analog signal paths 
(Pins 1-7 and 10) in order to achieve proper idle channel 
performance. 

Clock Rate 
With minor modifications the circuit in Figure 14 

may be operated anywhere from 9.6 kHz to 64 kHz 
clock rates. Obviously the higher the clock rate the higher 
the SIN performance. The circuit in Figure 14 typically 
produces the SIN performance shown in Figure 15. 
The selection of clock rate is usually dictated by the 
bandwidth of the transmission medium. Voice band· 
width systems will require no higher than 9600 Hz. 
Some radio systems will allow 12 kHz. Private 4·wire 
telephone systems are often operated at 16 kHz and 
commercial telephone performance can be achieved 
at 32K bits and above. Other codecs may use bit rates 
up to 200K bits/sec. 

FIGURE 15 - SIGNAL·TO·NOISE PERFORMANCE 
OF MC3417 WITH SINGLE INTEGRATION. SINGLE·POLE 

AND COMPANDING AT 16K BITS - TYPICAL 
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The MC3417 has a three-bit algorithm and the MC3418 
has a four-bit algorithm. For clock rates of 16 kHz and 
below, the 3-bit algorithm is well suited. For 32 kHz 
and higher clock rates, the 4-bit system is preferred. 
Since the algorithm records a fixed past history of the 
input signal, a longer shift register is required to obtain 
the same internal hsitory. At 16 bits and below, the 
4-bit algorithm will produce a slightly wider dynamic 
range at the expense of level change response. Basically 
the MC3417 is designed for low bit rate systems and the 
MC3418 is intended for high performance, high bit rate 
system. At bit rates above 64K bits either part will 
work well. 
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Selection of Loop Gain 

The gain of the circuit in Figure 14 is set by resistor 
Rx. Rx must be selected to provide the proper integrator 
step size for high level signals such that the companding 
ratio does not exceed about 25%. The companding ratio 
is the active low duty cycle of the coincidence output on 
Pin 11 ofthe codec circuit. Thus the system gain is depen
dent on: 

1. The maximum level and frequency of the input 
signal. 

2. The transfer function of the integration filter. 

For voice codecs the typical input Signal is taken to be 
a sine wave at 1 kHz of 0 dBmo level. In practice, the 
useful dynamic range extends about 6 dB above the design 
level. In any system the companding ratio should not 
exceed 30%. 

To calculate the required step size current, we must 
describe the transfer characteristics of the integration 
filter. In the basic circuit of Figure 14, a single pole of 
160 Hz is used. 

Rl = 10 kG, Cl = 0.1 /LF 

Vo _ 1 K 
Ii - C(S + l/RC) - -S-+-w-o 

Wo = 21Tf 

103 = Wo = 21Tf 

f=159.2Hz 

Note that the integration _ filter produces a single-pole 
response from 300 to 3 kHz. The current required to 
move the integrator output a specific voltage from zero 
is simply: 

V ( dV ) I' = ---.Q + Cl x---.Q 
I Rl dt 

Now a 0 dBmo sine wave has a peak value of 1.0954 
volts. In 1/8 of a cycle of a sine wave centered around 
the zero crossing, the sine wave changes by approximately 
its peak value. The CVSD step should trace that change. 
The required current for a 0 dBm 1 kHz sine wave is: 

1_= 1.1V +0.1IlF(1.1)=0.935mA 
I *2(10 kG) 0.125 ms 

*The maximum voltage across Rl when maximum 
slew is required is: 

1.1 V 
2 

Now the voltage range of the syllabic filter is the 
power supply voltage, thus: 

Rx = 0.25(VCC) 0.935 mA 

A similar procedure can be followed to establish the 
proper gain for any input level and integration filter type. 
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CVSD DESIGN CONSIDERATIONS (continued) 

Minimum Step Size 
The final parameter to be selected for the simple codec 

in Figure 14 is idle channel step size. With no input signal, 
the digital output becomes a one·zero alternating pattern 
and the analog output becomes a small triangle wave. 
Mismatches of internal currents and offsets limit the 
minimum step size which will produce a perfect idle 
channel pattern. The MC3417 is tested to ensure that 
a 20 mVp·p minimum step size at 16 kHz will attain a 
proper idle channel. The idle channel step size must be 
twice the specified total loop offset if a one-zero idle 
pattern is desired. In some applications a much smaller 
minimum step size (e.g., 0.1 mV) can produce quiet 
performance without providing a 1-0 pattern. 

To set the idle channel step size, the value of Rmin 
must be selected. With no input signal, the slope control 
algorithm is inactive. A long series of ones or zeros never 
occurs. Thus, the voltage across the syllabic filter capaci
tor (CS) would decay to zero. However, the voltage 
divider of RS and Rmin (see Figure 14) sets the minimum 
allowed voltage across the syllabic filter capacitor. That 
voltage must produce the desired ramps at the analog 
output. Again we write the filter input current equation: 

I' = Vo + C dVo 
I Rl dt 

For values of Vo near VCC/2 the VoiR term is negli
gible; thus 

where t. T is the clock period and t. Vo is the desired 
peak-to-peak value of the idle output. For a 16K-bit 
system using the circuit in Figure 14 

1'= O.lJ.LF 20mV = 33J.LA 
I 62.5J.Ls 

The voltage on Cs wh ich produces a 33 J.LA current is 
determined by the value of Rx. 

liRx = Vsmin;for33J.LA, Vsmin =41.6 mV 

In Figure 14 RS is 18 H2. That selection is discussed 
with the syllabic filter considerations. The voltage divider 
of RS and Rmin must produce an output of 41.6 mV. 

VCC RS = VSmin Rmin = 2.4 Mil 
RS + Rmin 

Having established these four parameters - clock rate, 
number of shift register bits, loop gain and minimum 
step size - the encoder circuit in Figure 14 will function 
at near optimum performance for input levels around 
OdBm. 

INCREASING CVSD PERFORMANCE 

Integration Filter Design 

The circuit in Figure 14 uses a single-pole integration 
network formed with a 0.1 J.LF capacitor and a 10 kil 
resistor. It is possible to improve the perform"ance of the 
circuit in Figure 14 by 1 or 2 dB by using a two-pole 
integration network. The improved circuit is shown. 

The first pole is still placed below 300 Hz to provide 
the 1 IS voice content curve and a second pole is placed 
somewhere above the 1 kHz frequency. For -telephony 
circuits, the second pole can be placed above 1.8 kHz 
to exceed the 1633 touchtone frequency. I n other com
munication systems, values as low as 1 kHz may be 
selected. In general, the lower in frequency the second 
pole is placed, the greater the noise improvement. Then, 
to ensure the encqder loop stability, a zero is added to 
keep the phase shift less than 1800 . This zero should 
be placed slightly above the low-pass output filter break 
frequency so as not to reduce the effectiveness of the 
second pole. A network of 235 Hz, 2 kHz and 5.2 kHz 
is typical for telephone applications while 160 Hz, 
1.2 kHz and 2.8 kHz might be used in voice only channels. 
(Voice only channels can use an output low-pass filter 
which breaks at about 2.5 kHz.) The two-pole network 
in Figure 16 has a transfer function of: 

MOTOROLA COMMUNICATIONS DEVICE DATA 

FIGURE 16 - IMPROVEO FILTER CONFIGURATION 

R2 
Analog Output o-.... JVI/\r--<~-+-<. 

600 

R1600 Cl 

0.1 "F 

13 k 

These component values are for the telephone channel circuit poles described in 
the text. The R2, C2 product can be provided with different values of Rand C. R2 
should be chosen to be equal to the termination resistor on Pin 1. 
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INCREASING CVSD PERFORMANCE (continued) 

Thus the two poles and the zero can be selected arbitrarily 
as long as the zero is at a higher frequency than the first 
pole. The values in Figure 16 represent one implementa
tion of the telephony filter requirement. 

The selection of the two-pole filter network effects 
the selection of the loop gain value and the minimum step 
size resistor. The required integrator current for a given 
change in voltage now becomes: 

li= Vo+(R2C2 +R 1C1 +C1\~Vo+ 
RO RO RO ! ~T 

~. R1C1R2C2)~V02 
R2C2Cl + --. 

RO ~T2 

The calculation of desired gain resistor Rx then proceeds 
exactly as previously described. 

Syllabic Filter Design 

The syllabic filter in Figure 14 is a simple single-pole 
network of 18 kit and 0.33 pF. This produces a 6.0 ms 
time constant for the averaging of the coincidence output 
signal. The voltage across the capacitor determines the 
integrator current which in turn establishes the step size. 
The integrator current and the resulting step size deter
mine the companding ratio and the SIN performance. 
The companding ratio is defined as tbe voltage across 

CSIVCC· 
The SIN performance may be improved by modifying 

the voltage to current transformation produced by Rx. 
If different portions ofthe total Rx are shunted by diodes, 
the integrator current can be other than (VCC - VS)/Rx. 
These breakpoint curves must be designed experimen
tally for the particular system application. In general, 
one would wish that the current would double with 
input level. To design the desired curve, supply current 
to Pin 4 of the codec from an external source. Input a 
signal level and adjust the current until the SIN perfor-

mance is optimum. Then record the syllabic filter volt
age and the current. Repeat this for all desired signal 
levels. Then derive the resistor diode network which 
produces that curve on a curve tracer. 

Once the network is designed with the curve tracer, 
it is then inserted in place of Rx in the circuit and the 
forced optimum noise performance will be ach ieved 
from the active syllabic algorithm. 

Diode breakpoint networks may be very simple or 
moderately complex and can improve the usable dynamic 
range of any codec. In the past they have been used in 
high performance telephone codecs. 

Typical resistor-d iode networks are shown in Figure 17. 

FIGURE 17 - RESISTOR-DIODE NETWORKS 

01 02 03 

R1 R2 

~ 
01 

If the performance of more complex diode networks 
is desired, the circuit in Figure 18 should be used. It 
simulates the companding characteristics of nonlinear 
Rx ei.ements in a different manner. 

Output Low Pass Filter 
A low pass filter is required at the receiving circuit 

output to eliminate quantizing noise. In general, the lower 
the bit rate, the better the filter must be. The filter in 
Figure 20 provides excellent performance for 12 kHz 
to 40 kHz systems. 

TELEPHONE CARRIER QUALITY CODEC USING MC3418 

Two specifications of the integrated circuit are speci
fically intended to meet the performance requirements 
of commercial telephone systems. First, slope polarity 
switch current matching is laser trimmed to guarantee 
proper idle channel performance with 5 mV minimum 
step size and a typical 1% current match from 15 pA 
to 3 mAo Thus a 300 to 1 range of step size variation is 
possible. Second, the MC3418 provides the four-bit 
algorithm currently used in subscriber loop telephone 
systems. With these specifications and the circuit of Fig
ure 18, a telephone quality codec can be mass produced. 

MC3417.MC3418.MC3517.MC3518 
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The circuit in Figure 18 provides a 30 dB SINc ratio 
over 50 dB of dynamic range for a 1 kHz test tone at 
a 37.7K bit rate. At 37.7K bits, 40 voice channels may 
be multiplexed on a standard 1.544 megabit Tl facility. 
Th is codec has also been tested for 10-7 error rates with 
asynchronous and synchronous data up to 2400 baud 
and for reliable performance with DTMF signaling. Thus, 
the design is applicable in telephone quality subscriber 
loop carrier systems, subscriber loop concentrators and 
small PABX installations. 
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TELEPHONE CARRIER QUALITY COOEC USING MC3418 (continued) 

The Active Companding Network 

The unique feature of the codec in Figure 18 is the 
step size control circuit which uses a companding ratio 
reference. the present step size. and the present syllabic 
filter output to establish the optimum companding 
ratios and step sizes for any given input level. The com
panding ratio of a CVSO codec is defined as the duty 
cycle of the coincidence output. It is the parameter mea
sured by the syllabic filter and is the voltage across Cs 
divided by the voltage swing of the coincidence output. 
In Figure 18. the voltage swing of Pin 11 is 6.0 volts. 
The operating companding ratio is analoged by the volt
age between Pins 10 and 4 by means ofthe virtual short 
across Pins 3 and 4 of the V to I op amp within the 
integrated circuit. Thus. the instantaneous companding 
ratio of the codec is always available at the negative 
input of Al. 

The diode 01 and the gain of A1 and A2 provide a 
companding ratio reference for any input level. If the 
output of A2 is more than 0.7 volts below VCC/2. then 
the positive input of A 1 is (VCC/2 - 0.7). The on diode 
drop at the input of Al represents a12% companding 
ratio (12% = 0.7 V/6.0 V). 

The present step size ofthe operating codec is directly 
related to the voltage across Rx. which established the 

integrator current. In Figure 18. the voltage across Rx 
is amplified by the differential amplifier A2 whose out
put is single ended with respect to Pin 10 of the IC. 

For large signal inputs. the step size is large and the 
output of A2 is lower than 0.7 volts. Thus 01 is fully on. 
The present step size is not' a factor in the step size 
control. However. the difference between 12% com
panding ratio and the instantaneous companding ratio 
at Pin 4 is amplified by A1. The output of A1 changes 
the voltage across Rx in a direction which reduces the 
difference between the companding reference and the 
operating ratio by changing the step size. The ratio of 
R4 and R3 determines how closely the voltage at Pin 4 
will be forced to 12%. The selection of R3 and R4 is 
initially experimental. However. the resulting compand
ing control is dependent on Rx. R3. R4. and the full diode 
drop 01. These values are easy to reproduce from codec 
to codec. 

For small input levels. the companding ratio reference 
becomes the output of A2 rather than the diode drop. 
The operating companding ratio on Pin 4 is then com
pared to a companding ratio smaller than 12% which is 
determined by the voltage drop across Rx and the gain 
of A2 and A1. The gain of A2 is also experimentally 
determined. but once determined. the circuitry is easily 

FIGURE 18 - TELEPHONE QUALITY DEL TAMOD CODER 
(Both double integration and active companding control are used to obtain improved CVSD performance. 
Laser trimming of the integrated circuit provides reliable idle channel and step size range characteristics.) 
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 (continued) 

FIGURE 19 - SIGNAL·TO·NOISE PERFORMANCE 
AND FREQUENCY RESPONSE 

(Showing the improvement ~ealized with 
the circuit in Figure 18.) 

repeated. 

a. SIGNAL·TO·NOISE PERFORMANCE OF TELEPHONY 
QUALITY DELTAMODULATOR 

With no input signal, the companding ratio at Pin 4 
goes to zero and the voltage across Rx goes to zero. 
The voltage at the output of A2 becomes zero since 
there is no drop across Rx. With no signal input, the 
actively controlled step size vanished. 
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The signar to noise results of the active. companding 
network are shown in Figure 19. A smooth 2 dB drop is 
realized from +12 dBm to -24 under the control of Al. 
At -24 dBm, A2 begins to degenerate the companding 
reference and the resulting step size is reduced so as to 
extend the dynamic range of the codec by 20 dBm. 
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The slope overload characteristic is also shown. The 
active companding network produces improved perfor· 
mance with frequency. The 0 dBm slope overload point is 
raised to 4.8 kHz because of the gain available in control· 
ling the voltage across Rx. The curves demonstrate that 
the level linearity has been maintained or improved. * 

b. FREQUENCY RESPONSE versus INPUT LEVEL 
(SLOPE OVERLOAD CHARACTERISTIC) 

The codec in Figure 18 is designed specifically for 
37.7K bit systems. However, the benefits of the active 
companding network are not limited to high bit rate 
systems. By modifying the crossover region (changing 
the gain of A2), the active technique may be used to 
improve the performance of lower bit rate systems. 
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The performance and repeatability of the codec in 
Figure 18 represents a significant step forward in the art 
and colit of CVSD codec designs. 

* A larger value for C2 is required in the decoder circuit 
than in the encoder to adjust the level linearity with 
frequency. In Figure 18, 0.050 J.lF would work well. 

FIGURE 20 - HIGH PERFORMANCE ELLIPTIC FILTER FOR CVSD OUTPUT 

Rl R2 

87.6k 175k 

C3 C4 
157 pF 78 pF 

(1~~7 k 

C1 

R4 
1.11 M 

R7 

Designed for 0.28 dB ripple In the past band 

wn = 3 kHz 
Ws = ~ 6 kHz 

AdB at Ws and above 29.5 dB 

MC3417.MC3418.MC3517.MC3518 
2-116 

MOTOROLA COMMUNICATIONS DEVICE DATA 



FIGURE 21 - FULL DUPLEX/32K BIT CVSD VOICE CODEC USING MC3517/18 AND MC3503/6 OP AMP 
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COMPARATIVE CODEC PERFORMANCE 
The salient feature of CVSD codecs using the MC3517 

and MC3518 family is versatility. The range of codec 
complexity tradeoffs and bit rate is so wide that one 
cannot grasp the interdependency of parameters for 
voice applications in a few pages. 

Design of a specific codec must be tailored to the 
digital channel bandwidth, the analog bandwidth, the 
quality of signal transmission required and the cost 
objectives. To illustrate the choices available, the data in 
Figure 22 compares the signal-to·noise ratios and dynamic 
range of various codec design options at 32K bits. 
Generally, the relative merits of each design feature will 
remain intact in any appl ication. Lowering the bit rate 
will reduce the dynamic range and noise performance 
of all techniques. As the bit rate is increased, the overall 
performance of each technique will improve and the need 
for more complex designs diminishes. 

Non·voice applications of the MC3517 and MC3518 
are also possible. In those cases, the signal bandwidth 
and ampl itude characteristics must be defined before 
the specification of codec parameters can begin. How
ever, in general, the design can proceed along the lines of 
the voice applications shown here, taking into account the 
different signal bandwidth requirements. 
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FIGURE 22 - COMPARATIVE CODEC PERFORMANCE -
SIGNAL·TO·NOISE RATIO FOR 1 kHz TEST TONE 
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These curves demonstrate the improved performance obtained 
with several codec designs of varying complexity. 

Curve a - Complex companding and double integration 
(Figure 18 - MC3418) 

Curve b - Double integration (Figure 14 using Figure 16-
MC3418) 

Curve c - Single integration (Figure 14 - MC3418) with 
6.0 mV step size 

Curve d - Single integration (Figure 14 - MC3417) with 
25 mV step size 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SUBSCRIBER LOOP INTERFACE CIRCUIT 

· .. designed as the heart of a circuit to provide BORSHT functions 
for telephone service in Central Office, PABX, and Subscriber Car
rier equipment. This circuit provides dc power for the telephone 
(.!!attery), Qvervoltage protection, §.upervision features such as 
hook status and dial pulsing, two-wire differential to four-wire 
single-ended conversions and suppression of longitudinal signals 
at the two-wire input (t!.vbrid), and facilitates ringing insertion, 
Bing trip detection and lesting. 

• Totally Upward Compatible with the MC3419 

• All Key Parameters Externally Programmable 

• Current Sensing Outputs Monitor Status of Both Tip and Ring 
Leads for Auxiliary Functions such as: Ground Key, Ring Trip, 
Message Waiting Lamp, etc. . 

• On-Hook Power Below 5.0 mW 

• Digital Hook Status Output 

• Powerdown Input 

• Ground Fault Protection 

• Operates from Single - 20 V to - 56 V Power Source 

• Size and Weight Reduction Over Conventional Approaches 

• The sale of this product is licensed under Patent No. 4,004,109. 
All royalties related to this patent are included in the unit price. 
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MAXIMUM RATINGS (Voltages Referenced to VCC.) 

Rating Symbol Value Unit 

Voltage VEE -60 Vdc 
VaB VEE -1.0V 

Powerdown Input Voltage Range \Ij5j)j +15to -15 Vdc 

Sense Current ITSI.IRSI mAde 
Steady State 100 
Pulse - Figure 4· 200 

Storage Temperature Range Tsta -65 to + 150 °c 

Operating Junction Temperature TJ 150 °c 
(8JA = 100°CJW Typ) 

OPERATING CONDITIONS (Voltages Referenced to VCC.) 

Rating Symbol Value Unit 

Operating Ambient TA o to +70 °c 
Temperature Range 

Loop Current IL 10 to 120 mA 

Voltage VEE -20 to -56 Vdc 
VaB -20 to VEE 

Analog Ground VAG Vdc 
(lL = 0 to 60 mAl o to -12 
(lL = Oto 120 mAl -2.5to -12 

Supervisory Output Voltage VRSO.VTSO -2.0 to -20 Vdc 
Compliance Range 

Hook Status Output VHSO +15to -20 Vdc 

Loop Resistance RL o to 2500 n 

TRANSMISSION CHARACTERISTICS (RL - 600 n unless otherwise noted) -
Characteristic Figure Symbol 

Transmit and Receive Gain Variation 1 VTXNL. 
(Insertion Loss) VLNRX 
(1.0 kHz @ 0 dBm Input) 

Transhybrid Rejection 1 VTXNRX 
(Input - 1.0 kHz @ 0 dBm) 
·Fixed (1%) Resistor Balance Network 
Trimmed Balance Network All Types 

Level Linearity (- 48 to + 3.0 dBm. referenced to 1 
o dBm @ 1.0 kHz) 
Transmission VTXNL 
Reception VLNRX 

Frequency Response (200-3400 Hz referenced .to 1 
1.0 kHz @ 0 dBm) 
Transmission VTXNL 
Reception VLNRX 

Total Distortion @ 1.0 kHz. 0 dBm 1 VLNRX 
(C-Message Filtered) VTXNL 

Min 

-0.3 

-23 
-

-0.1 
-0.1 

I 

-0.1 
-0.1 

-
-

PIN CONNECTIONS 

VCC 

EP 

BP 

TSI 

CC 

RSI 

BN 

EN 

VEE 

Typ 

0 

-35 
-55 

0 
0 

0 
0 

-60 
-60 

o 

Max Unit 

+0.3 dB 

dB 

-
-

dB 

+0.1 
+0.1 

dB 

+0.1 
+0.1 

- dB 
-
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TRANSMISSION CHARACTERISTICS (continued) (RL = 600 n unless otherwise noted) 

Characteristic Figure Symbol Min Typ Max Unit 

Idle Channel Noise (VRX = 0 V) 1 VTX,VL - 3.0 10 dBrnC 

Return Loss (referenced to 600 ohms) @ 1.0 kHz, 1 IRo- 6oo l 30 - - dB 
o dBm 20 Log RO + 600 

Longitudinal Induction (60 Hz) 2 VTX - 5.0 - dBrnC 
(ILON = 35 mA RMS) 

Longitudinal Balance (200-3000 Hz) 2 VTXNLON, -45 - - dB 
VLNLON 

ELECTRICAL CHARACTERISTICS (VEE = -48 V, VQB = VEE, VAG = 0 V, RL = 600 n, TA = 25°C unless otherwise noted.) 

Characteristic Figure Symbol 

Propagation Delay 1 Tp, VRX to VL 
VRXto ITX 

Supply Current - On-Hook 3 IVCC 
(VEE = VQB = 56 V, RL > 100 Mn) 

On-Hook Power Dissipation 3 Po 
(RL> 100 Mn) 

Power Supply Noise Rejection 3 VTXNee 
(1.0 kHz @ 1.0 VRMS) 

Quiet Battery Noise Rejection 
(1.0 kHz @ 1.0 VRMS) 

3 VTXNqb 

Sense Current 4 
Tip ITSO/ITSI 
Ring IRSO/IRSI 

Fault Currents 1 
Tip to VCC ITip 
Ring to VCC IRing 
Tip to Ring ILoop 
Tip and Ring to VCC ITip and IRin(l 

Analog Ground Current 1 IVAG 

Powerdown Logic Levels IpDI 
VIH 
VIL 

Hook Status Output Current 1 IHSO 
(RL < 2.5 kn, VHSO = +0.4 Vdc) 

VHSO = -0.4 Vdc) 
(RL> 10 kn, VHSO = +12 Vdc) 

VHSO = -12 Vdc) 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Min Typ 

- 750 
- 1.2 

- 40 

- 1.0 

-40 -

- -6.0 

0.15 0.17 
0.15 0.17 

- 0 
- 2.5 
- 120 
- 2.5 

- 0.1 

- -1.0 
-1.2 -
- -

+1.0 +3.0 
-0.4 -1.5 
- 0 
- 0 

Max 

-
-
200 

-

-

-

0.19 
0.19 

-
-
-
-
2.0 

-10 
-

-4.0 

-
-
+50 
-2.0 

Unit 

ns 
/Ls 

/LA 

mW 

dB 

dB 

mA/mA 

mA 

/LA 

/LA 
Vdc 
Vdc 

mA 
mA 
/LA 
/LA 
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FIGURE 1 - AC TEST CIRCUIT 
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FIGURE 2 - LONGITUDINAL BALANCE TEST CIRCUIT 
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(Tip & Ring) AC Termination Impedance, RO = 600 n 
DC Feed Resistance, RF = 400 n 
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FIGURE 4 - TSO AND RSO SUPERVISORY OUTPUT TEST CIRCUIT 
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FIGURE 6 - LONGITUDINAL CAPACITY 

Tvpical 

V 
/ MC3419-1 Minimum 

V 
/ REA 

V 
I 

V" 

20 40 60 80 100 
1[. DC LOOP CURRENT (mA) 

MOTOROLA COMMUNICATIONS DEVICE DATA 



PIN DESCRIPTIONS 

Pin Name Function 

1 VCC The positive supply voltage. This point is ground in typical applications. 

2,8 EP & EN Loop current sensing inputs. These are connected to the emitters of the PNP and NPN Darlington 
transistors. They are tied through 10 n resistors to VCC and VEE, respectively. The maximum 
continuous current through these inputs is 240 mA. 

3, 7 BP & BN Base drive outputs. These pins drive the bases of the PNP and NPN transistors and are able to sink 
or source, respectively, up to 5.0 mAo 

4,6 TSI & RSI Tip and Ring voltage Sensing Inputs. They are low impedance inputs (approximately 600 n each 
i.e., 400 n + 3 diodes) that translate the voltages on Tip and Ring to a current through resistors 
RT and RR. TSI is referenced to VCC and RSI is referenced to VaB. These pins have 6.0 V zener 
diodes (to their respective reference) for protection against overvoltage line surges. 

5 CC Compensation Capacitor pin. This pin is used to stabilize the longitudinal or common mode 
circuitry. 

9 VEE Negative supply voltage. This pin ties to the chip substrate. Its operating voltage range is - 20 V to 
- 56 V. It can withstand - 60 V without damage and can sustain a voltage surge to -75 V for less 
than 4.0 ms without significant degradation of performance. Most of the loop current and bias 
currents flow through this pin. 

10 VaB auiet Battery Voltage reference. This is the voltage reference for the RSI pin. Its voltage must not 
go more negative than VEE. The current through this pin, while powered up, is proportional to 
the loop current, allowing it to be used for loop current limiting. The voltage on this pin, less 4 
volts, is the "effective battery feed voltage for the 2-wire lines even though most of the power 
comes from the VEE supply. 

11 HST Hook Status Threshold programming resistor input. RH determines the value of loop resistance at 
which on-hook and off-hook status is switched. 

12 RSO Ring Sense current Output. This output reflects the voltage status of the Ring terminal for voltages 
more positive than VaB. The current is sourced from this output, it is one-sixth IRSI, its voltage 
range is 0 to - 20 V and its saturation voltage is approximately - 2.0 V. 

13 TSO Tip Sense current Output. This output reflects the voltage status of the Tip terminal for voltages 
more negative than VCC. The current is sourced from this output, it is one-sixth ITSI, its voltage 
range is 0 V to - 20 V and its saturation voltage is approximately - 2.0 V. 

14 HSO/HSO Hook Status Output. This is a digital output that reflects the condition of the loop resistance. If loop 
resistance is less than a predetermined value established by RH, usually RL < 2.5 kn, the HSO 
pin will be active, i.e., with positive voltage logic (a resistor tied from a + 5.0 V or + 12 V supply 
to HSO), this pin will sink current to VCC (VHSO 55 0 V); with negative voltage logic (a resistor 
tied from a -12 V supply to HSO), this pin will source current from VCC (VHSO 55 0 V). If loop 
resistance is greater than a predetermined value again established by the same resistor RH, 
usually RL > 10 kn, the HSO pin is inactive, i.e., VHSO = logic supply Voltage. 

15 POI Powerdown Input pin. This pin is used to deny service to the subscriber. A logic level "0" (VIL < 
-4.0 V) powers down the MC3419-1 except for HSO, TSO and RSO. The voltage range of this 
high impedance input pin is ± 15 V. 

16 TXO Transmit current Output. This output sinks current to VaB and is proportional to ITSI + IRSI by a 
ratio of K1 where: K1 = 0.51. Its saturation voltage is VaB + 2.5 V typo (+ 3.5 V over the 
temperature range). This pin is only active during the off-hook power-up condition. 

17 RXI Receive Input. This input sums ac currents from TXO and the receive voltage input (VRX) and 
sources all the dc current to TXO. It has a low input impedance (15 n) typically biased 4.5 V 
below the VAG pin voltage during off-hook power-up conditions. During powerdown conditions, 
the voltages on RXI and TXO can drift up to VAG. 

18 VAG Analog Ground Voltage reference input. The input impedance of this pin is much greater than 1.0 Mn. 
It should be ac coupled to system ground and could be direct coupled if system ground is 
between 0 V and -12 V. AC coupling requires 300 kn to VCC and 0.1 /LF to system ground. If 
Vec and system ground are common, tie VAG directly to Vcc. If dc loop currents are allowed to 
go higher than 60 mA, VAG should be biased from -2.5 V to -12 V to avoid problems at high 
ambient temperatures. 
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FUNCTIONAL DESCRIPTION 

Referring to the functional block diagram on page 1, 
line sensing resistors (RR and RT) at,the TSI and RSI 
pins convert voltages at the Tip and'Ring terminals into 
currents which are fed into current mirrors· A1 and A2. 
An output of A 1 is mirrored by A3 and summed together 
with an output of A2 at the TXO terminal. Thus, a drf
ferential to single~ended conversion is performed from 
the ac line signals to the TXO output. 

All the dc current at the TXO output is, fed back 
through the RXI terminals to the B1 mirror input. The 
inputs to B1 and B2 are made equal by mirroring the 
B1 input current to the B2 input through a unity gein 
output of the B1 mirror. Both B1 and B2 mirrors have 
high gain outputs (x95) which drive the subscriber lines 
with balanced currents that are equal in amplitude and 
1800 out of phase. The feedback from the TXO output, 
through the B-Circuit mirrors, to the'subscriber line 
produces a dc feed resistance significantly less, but 
proportional to the loop sensing resistors. 

In most line-interface systems, the ac termination 
impedance is desired to be greater than the dc feed 
impedance. A differential ac generator on the subscriber 
loop would be terminated by the dc feed impedance if 
the total ac current at the rxo output were returned to 
the B1 input along with the dc current. Instead, the 
MC3419-1 system diverts part of the ac current from the 
B-Circuit mirrors. This decreases the ac feedback cur~ 
rent, causing the ac termination impedance at the line 
interface to be greater than the dc feed impedance. 

The ac current that is diverted from the B1 mirror 
input is coupled to a current-to-voltage converter circuit 
that has a low input impedance. This circuit consists of 
an op amp (external to the MC3419-1) and a feedback 
resistor which produces the transmit output voltage 
(Vrx) at the 4-wire interface. Transmission gain is pro
grammed by the op amp feedback resistor (RVTX)' 

Rec~ption gain is realized by converting the ac cou
pled receive input voltage (VRX) to a current through 
an external resistor (RRX) at the low impedance RXI 
terminal. This current is slimmed at RXI with the dc and 
ac feedback current from the A-Circuit mirrors and 
drives the B1 mirror input. The B-Circuitmirror outputs 
drive the 2-wire port with balanced ac current propor- ' 
tional to the receive input voltage., Reception gain is 
programmed by the RRX resistor. 

Since receive input signals are transmitted through 
the MC3419-1 to the 2-wire port, and the 2-wire port 
signals are returned to the 4-wire transmit output, a 
means of cancellation must be provided to maintain 
4-wire signal separation (transhybrid rejection). Can
cellation is complicated because the gain from the re
ceive port to the transmit port depends on the impedance 

*A current mirror is a circuit which behaves as a current controlled 
current source. It has a single low-impedance input terminal with re
spect to a reference pOint and one or more high impedance outputs. 

MC3419-1L 
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of the subscriber loop. A passive "balance network" is 
used to achieve transhybrid rejection by cancelling, at 
the low impedance input to the transmit op amp, the 
current reflected by the loop impedance to the 4-wire 
transmit output. For a resistive loop impedance, a single 
resistor provides the cancellation. For reactive loops, 
the balance network should be reactive. 

Longitudinal (common-mode) currents that may be 
present on the subscriber lines are suppressed in the 
MC'3'419-1 by two niethods. The first is inherent in the 
mirror configuration. Positive-going longitudinal cur
ren,ts into Tip and Ring create comnion-mode voltages 
that cause a decreasing current through the Tip Sensing 
resistor and an increasing current through the Ring 
Sensing resistor~ When these equal and opposite signal 
currents are reflected through the A-Circuit mirrors and 
summed together at TXO, the total current at TXO re
mains unchanged. Therefore, the ac currents due to the 
common-mode signal are cancelled before reaching the 
transmit output. 

The second longitudinal suppression method is more 
dominant, since it limits the amplitude of common
mode voltages that appear at the Tip and Ring terminals. 

A common-mode suppression circuit detects com
mon-mode inputs and drives the loop with balanced 
currents to reduce the input amplitude. Subtracting cur
rents from outputs of the A 1 and A2 mirrors produces 
a signal current at the CC terminal in response to the 
common-mode voltage at Tip and Ring. A transcon
ductance amplifier (C-Circuit) generates a current pro
portional to the CC terminal voltage which is summed 
with the current from the RXI terminal at the inputs of 
current mirrors B1 and B2. The weighting and polarity 
of the summing networks produce common-mode B1 
and B2 mirror output currents at the 2-wire port. The 
common-mode input impedance is inversely propor
tional to the gain oftlle longitudinal suppression circuit. 
RC and Cc compensate the common-mode ,feedback 
loop. At 60 Hz with typical component values, the 2-wire 
common-mode impedance is less than 5 n. 

The longitudinal suppression circuit output currents 
are generated by modulating dc current fed to the loop 
by the B1 and B2 current mirrors. This configuration 
avoids the increased power dissipation attributed to 
current mode loop drive because dc and longitudinal 
currents are not cumulatively sourced to the loop. 
However, driving common-mode currents through the 
B-circuit current mirrors in this manner limits the long
itudinalsuppression capability. The suppression circuit 
is unable to reverse 2-wire current polarities to maintain 
a low-impedance termination when longitudinal cur
rents exceed the dc, loop current. At low dc loop cur
rents, the common-mode signal capability, known as 

, longitudinal capacity, is limited by the loop current (Fig
ure 6). At high-loop currents, longitudinal capacity is 
limited by the maximum voltage swing of the CC ter
minal and is therefore independent of dc loop current. 
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FIGURE 7 - BASIC SLiC CIRCUIT 
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The hook status control circuit supplies the bias cur
rents to activate the B-Circuit op amps and other sec
tions of the MC3419-1. To activate the bias currents, the 
control circuit compares the current through the sense 
resistors, RR and RT, and the load resistance RL with 
the current through the hook status threshold program
ming resistor, RH, by using outputs from both A1 and 
A2 mirrors. The A 1 mirror output sources current to the 
RH resistor. (This reduces all internal currents to near 
zero during the on-hook state in order to eliminate un
necessary power consumption.) If this current is large 
enough the voltage on the HST pin will trip an internal 
comparator, then another circuit compares the current 
from the A1 output with that of an A2 output. These 
currents must match within ± 15%. If so, HSO will be 
activated and the bias circuits will turn on provided the 
voltage on PDI is greater than -1.2 V. The HSO pin can 
have either a pull-up resistor or a pull-down resistor 
and when activated it will switch to VCC (0 volts). 

Once the MC3419-1 is powered up, a circuit with a 
gain of 20 feeds current to the RH resistor in order to 
keep the bias circuitry active. (The sense resistors are 
paralleled with the Darlington transistors which reduces 

the sense input currents.) Should the sense input cur
rents drop below one-twentieth of the required power
up current, the bias currents will be removed, forcing 
a power-down condition. 

Current mode analog signal processing is critically 
dependent on voltage to current conversion at the 
2-wire and 4-wire inputs. Precise, low-noise voltage 
sensing through resistors RT, RR and RRX requires 
'quiet, low impedance terminations at terminals TSI, RSI 
and RXI respectively. For 2-wire signals, terminal VaB 
isolates the loop-sensing resistors and current mirrors 
from noise at the high-current VEE terminal. External 
filtering from VCC to VaB ("quiet battery" terminal) 
ensures loop voltages are sensed without interference 
from system supply noise. VEE noise rejection at audio 
frequencies is typically 60 dB or greater. 

Receive input terminal RXI is referenced to the VAG 
terminal which references the 4-wire input to the 
"analog ground" ofthe 4-wire signal source, thus isolat
ing the input from power ground voltage transients. 
This isolation offers 70 dB of noise rejection at audio 
frequencies. 

SYSTEM EQUATIONS 

K1 - The c,urrent gain from ITSI + IRSI to TXO only 
during an off-hook power-up condition. K1 = 0.51 ± 
1%. 

K2 - The current gain from RXI to the collectors of the 
off-chip Darlington transistors only during an off-hook 
power-up condition. K2 = 95 ± 1%. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

For simplicity, the following equations do not use K1 
or K2. Instead the actual numerical value is used, for 
instance (1 + [2]K1K2) = 1 + 1.02 x 95 = 97.9 is ap
proximately 98. 

RL - Loop resistance. This is a load resistance from Tip 
to Ring and can be either ac or dc depending on context. 
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LOOP CURRENT REGULATIONS 
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SYSTEM EQUATIONS (continued) 

ZL - Loop impedance. This is used only to connote a 
complex impedance loading on Tip and Ring. 

IL - Loop current. The dc current flow through RL. 

RF - Dc feed resistance. The synthesized resistance 
from which battery (Vee and VEE) current is fed to RL. 
The battery feed resistance is balanced differential feed. 
See Figure 7. (This assumes VaB = VEE.) The first order 
equation is: 

R _ RR + RT + 1200.11 
F - 98 (1) 

Because of the diode voltage drops on TSI and RSI, the 
actual dc feed resistance is higher. The second order 
equation is: 

R _ IVaal(98 RL + RR + RT + 1200 .11) _ R 
F - 98 (I(Vaal -4.0 V) L 

MC3419-1L 
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(2) 

ignoring the effects of RL 

R _ IVaaliRR + RT + 1200.11) 
F - 9811Vaal -4.0 V) 

(3) 

So: 
~ = R = 49RF (IVaal -4.0 V) _ 600 (41 

R T . IVaal 

The minimum value for RR and RT is 5.0 kil. 

The first order value of RF can not be greater than the 
desired value of the termination impedance (usually 
600 il or 900 0). To achieve dc feed resistances that are 
greater, a resistor can be placed between VaB and VEE 
along with a filter capacitor eaB which restores the 
desired termination impedance and filters power supply 
noise. A diode should also be placed between VaB and 
VEE to prevent damage in case a catastrophic power 
supply failure occurs. 
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IVOB - This is the current that is sourced from the VOB 
pin and is proportional to the currents into and out of 
RSI and TSI. When the SLiC is in the off-hook power-up 
mode, IVOB is also proportional to IL' 

IVOB = 2.151RSI + 0.7 ITSI 

IVOB = 0.029 IL 

(5) 

(6) 

RFO - Dc feed resistance. The synthesized resistance 
from which battery current is fed to RL, see Figure 8. 
(This assumes VOB is tied to VEE through a resistor 
ROB.) ROB synthesizes additional dc feed resistance to 
the RF value previously stated. 

When using ROB, the dc feed is effectively balance fed 
from VCC and VOB instead of VEE. The sense resistors 
(RR and RT) should be selected to make RF (first order) 
less than the termination impedance. 

R _ iVEEi(98RL + RR + RT + 1200 + 2.85ROB) 
FO -98(iVEEi -4.0 V) - RL 

(7) 
Ignoring RL, this simplifies to: 

R _ iVEEi(RR + RT + 1200 + 2.85ROB) 
FQ - 98(iVEEi -4.0 V) 

(8) 

Therefore: 

R _98RFQ(iVEEi -4.0 V) - iVEEi(RR + RT + 1200 U) 
OB - 2.85iVEEi 

(9) 

COB - Power supply noise filter capacitor. 

C _ 2.85 ROB + RR + RT + 1200 U 
OB - 27ff ROB (RR + RT + 1200 U) 

(10) 

Figure 9B shows ROB replaced with a current regulating 
device such as Motoro)a's 1 N5283 family. 

ICROB - The current that is sourced to a current reg
ulating device from the VOB pin. When this current 
reaches the regulated value, the voltage differential be
tween VEE and VOB increases causing the effective bat
tery voltage to decrease which limits IL to a maximum 
value as determined below: 

IL = 34.5ICROB (11 ) 

The graph, Figure 9B, shows loop current versus loop 
resistance using several values of ICROB. The closest 
current regulating diode part number to that value is 
also shown. A typical value for COB in this case is 10 
f.LF, 60 Vdc. 

Figure 10 shows how power can be conserved on 
the shorter loop lengths by utilizing current limiting 
techniques. 

Overvoltage protection on the 2-wire port is achieved 
with the MDA220 diode bridge and the protection re
sistors RpR and RpT' Whenever the voltage on the 
2-wire port exceeds the power supply rails (VCC and 
VEE), the MDA220 diodes will forward bias and "clamp" 
to the rail voltage. The current is limited by the protec-
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tion resistors. These resistors should be as large in value 
as possible. However, if they are too large, they will 
interfere with the performance of the SLiC under worst 
case conditions. 

(12) 

Using the voltage of VOB when IL is at its minimum off
hook value (Typ. 20 mAl: 

RpR < RR/196 + 25iVEE - VOBi -15 (13) 

The tolerance of these resistors is not critical due to 
placement inside a closed loop. Positive temperature 
co-efficient resistors (PTC) may be considered here. 
Consult resistor manufacturers for component selec
tions that will meet the surge current and peak voltage 
requirements. 

Because the MC3419-1 is a broadband device it re
quires compensation components to keep its circuits 
stable. 

CR & CT - Compensates the )ongitudinal gain of the 
A and the B circuit mirrors. Their values range from 
2000 pF to 5000 pF. 

RC & Cc - Compensates the longitudinal "c" circuitry. 
Their values can be ratioed according to: 

(14) 

Two off-chip power Darlington transistors are used 
with the MC3419-1. These transistors reduce any tem
perature gradiant problems with the precision matched 
devices on-chip and they alleviate thermal stress con
ditions that could occur for every on-hook and off-hook 
transition. The power dissipation in these devices is: 

POT = IL 2(RT/98 - RpT - 4) + (2.0 VlIL (15) 

POR = IL [lVEEi - 2 - IL(RT/98 + RL + RpR + 16)) (16) 

where IL = IVEEI/RFO or IL(max) in current limited 
designs. 
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SYSTEM EQUATIONS (continued) 

RH - The resistor that determines the hook status 
threshold values of RL' RH is selected from a graph of 
the following two equations: 

Off-hook threshold 
RH = 6(RL + RR + RT) (17) 

On-hook threshold 

RH = 27.25 [RL + O.01(RR + RT)] (18) 

FIGURE 11 - HOOK STATUS DETECTION 

14t~~~~~~~~~~IIIIII;!~"~~ 
13 
12 
11 >--"",-'UII'rIUU' 

g 10 

~ g,O I-+-+~f-++--== ",~==-j-+--+-t-1--t--+--l 
;:; 8,0 
ffi 7.0 ,: 
0: 6,0 
g 5,0 
~4.0 
0: 3,0 

2,0 
1,0 
o ," 

200 220 240 260 280 300 320 340 
RH, HOOK STATUS THRESHOLD RESISTANCE (k!l) 

Figure 11 shows such a graph using 17.4 kO as the 
values fO,r RR and RT' Note the oscillatory condition to 
the right of the crossing point. Selection of RH in this 
region is usually not a problem since the majority of 
telephone lines do not fall into this resistance range. RH 
always ties to VOB and HST and will give reliable hook 
status information regardless of power supply voltages 
and PDI. 

RO - Termination impedance of the 2-wire port. This 
impedance is greater than the dc feed resistance RF 
because of a current splitting network in the feedback 
loop, RTX1 and RTX2' 

K3 - A constant, formed by RTX1 and RTX2, between 
o and 1, which determines the ratio of the first order 
value of RF to RO' 

R _ RR + RT + 1200 il 
0- 1 + 97K3 (19) 

So: 

K3 = 
RR + RT + 1200 il - RO (20) 

97RO 
and 

K3 = RTX2 + Zin 
RTXl + RTX2 + Zin 

(21) 

Zin - The input impedance of the current to voltage 
converter op amp. This impedance is usually negligible, 
it can be used to sway the selection of a 1 % component 

,value. 

MC3419-1L 
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(RR + RT + 1200 il) GTX RVTX 
Zin = 1020 (1 - K3) = 1000 (22) 

RTX1 - Feeds most of the TXO dc current to the RXI 
pin. To keep TXO from saturation the maximum value 
of RTX1 is as follows: 

R (RR + RT + 1200 il) (IVOBlmin - IVAGlmax - 6.5 V) 
TXl < IVOBlmin - 5.4 V 

(23) 

Where: 

Iv Imin = (RR + RT+ 1200 il) (IVEElmin -4) (24) 
OB (RR + RT + 1200 il + 2.8 ROB) 

or if a current regulator diode is used: 

RTXl < 0.01 IL(max) (RR + RT + 600 il) - IVAGlmax - 3,9 V 
0.01 IL(max) (25) 

It is beneficial to make RTX1 as large as possible. Typical 
values range from 15 k to 24 kO. 

K3 RTXl 
RTX2 = -,--::-i(3 - Zin (26) 

RR + RT + 1200 il . . 
CTX = 7RTX2 The result IS In /LF. (27) 

GTX - The voltage gain from the 2-wire port to VTX 
which is adjustable by RVTX' 

G _ 1.02 (1 - K3) RVTX (28) 
TX - RR + RT + 1200 il 

GTX(RR + RT + 1200 il) 
RVTX = . 1.02 (1 _ K3) (29) 

GRX - The voltage gain from the VRX input to the 2-
wire port which is adjustable by RRX' 

G _ -95 RL (RR + RT + 1200!l) (30) 
RX - RRX [(RR + RT + 1200 il) + RL(l + 97K3)] 

G _ -95 RL RO 
RX - RRX(RL + RO) 

R _ 95 RL RO 
RX - GRX(RL + RO) 

RRX + RB 
CRX > 2", f RRXRB 

(31) 

(32) 

(33) 

Where f is the minimum passband frequency, usually 
200 Hz. 

Transhybrid Rejection - The voltage gain from VRX to 
VTX. It is expressed in dB, the number should be neg
ative and the larger the value the better. Transhybrid 
rejection is achieved by summing a current from the 
VRX input (RB) with the TXO current that flows to the 
current to voltage converter. RB balances a resistive 
load, RL' 

RRX(l + 97K3) (RO + RLl 
RB = 97RL (1-K3) (34) 

MOTOROLA COMMUNICATIONS DEVICE DATA 



FIGURE 12 - BALANCE NETWORK foR CAPACITIVE LINES 
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When the 2-wire port has a parallel Rand C load, then 
(see Figure 12): 

RRX(RR + RT + 12000) 
Rb1 = 97RL (1 - K3) (37) 

R _ RRX(RR + RT + 12000) 
b2 - 97RO(1 - K3) (38) 

C _ RLCL 
b - Rb2 (39) 

When it is desirable to balance complex load imped-

MOTOROLA COMMUNICATIONS DEVICE DATA 

R - R - RRX (1 + 97K3) (35) 
b1 - b2 - 194 (1 - K3) 

Zb = .!!itl.(ZLl (36) 
2RO 

RORRX(1 + 97K3) 
97(1 - K3) 

(40) 

R - RRX(1 + 97K3) _ R 
b2 - 97(1 _ K3) b1 

Zb = ZL 

Rb1 and Rb2 values are interchangeable. 

(41) 

(42) 
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SYSTEM EQUATIONS (continued) 

The Tip and Ring Sense Output currents are propor
tional to the currents out of and into TSI and RSI, 
respectively. 

ITSO = ITSI 
6 

(43) 

IRSO = IRSI (44) 
6 

_ IVTic - vecl -2.0 V . 
ITSO - 6 (RT + 600!l) for VTlp < Vee (45) 

_ IVRing - vaBI -2.0 V . 
IRSO - 6(RR + 600!l) for VR,ng > VaB (46) 

Digital interfacing to the MC3419-1 PDI pin and the 
HSO pin is shown in Figures 14a, 14b and 14c.lfthe PDI 
pin is not used it should be terminated to VCC and if 
HSO is not used, it can be left open. 

Figure 15 is an application circuit showing solid state 
ringing insertion using an MOC3030 zero-crossing de
tector optocoupled triac to replace the conventional 
electromechanical relay. This device inserts the ringing 
signal on a zero voltage crossing which eliminates noise 
in adjacent cable pairs and removes the signal on a zero 
current crossing which eliminates inductive voltage 
spikes that commonly destroy relay contacts. The ring' 
ing generator provides a continuous 40 V to 120 V RMS 
signal from 15 to 66 Hz superimposed upon 
-48 Vdc.Ringing cadencing is inserted with the Ring 
Enable Input. The 2N6558 and MPSA42 replace the 
MJE270 for systems that use ringing generator voltages 
greater than 70 VRMS' The MDA220 diode bridge is 
replaced with a series 1 N4007 on the Tip lead and a 
shunting ,1N4004 to VEE and to allow ringing voltage 

FIGURE 14 -INTERFACE-TO-DIGITAL LOGIC 
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SYSTEM EQUATIONS (continued) 

on the Ring lead to exceed the power supply voltages, 
a 1 N4007 and an MK1V-135 (Sidac) are used for pro
tection. The forward voltage drop across the 1 N4007, 
during normal operation, will not affect the parametric 
characteristics of the MC3419-1 since it is "inside" a 
feedback circuit. If the MJE270 is used, the MK1V-135 
should be replaced with a lower voltage Sidac or 
MO'sorb transient suppressor. 

An optocoupled trans.istor circuit is used for ring trip 
detection on long lines. It samples only the ac and dc 
ringing signal current and uses a simple one pole filter 
to eliminate the low level ac signal. Under worst case 
conditions this circuit will ring trip in 1 V. to 4 cycles. In 

systems serving only short loops «700 0), if RG1 and 
RG2 are 620 0 or greater, the optotransistor circuit is 
not needed, the Hook Status Output will perform ring 
trip on a Zero Crossing. The Ring Enable input and the 
Hook Status Output interface with standard CMOS and 
TTL logic. 

The op arrip in this circuit is an integral part of the 
following codecs, filters or combos: 

MC3417/B - MC145414 
MC14404/6n - MC14413/4 
MC14401/2/3/5 

LONG LINES OFF-PREMISE LINES 

Specifications 

RF - 200n 
IL(maxl -60mA 

RL(maxl - 1900n 

Parts Ust 

MPSA56 RR 
2N3905 RT 
2N6558 RpT 
MPSA42 RpR 
MJE271 Rm 
1N4007 RG2 
MK1V135 RE1 
1N4007 RE2 
1N4007 RRT 
1N5303 RC 
1N4004 .RH 
MC3419-1 RHSO 

Specifications 

RF 
RL(maxl 
Ring Trip 
Ringer Equivalent 
RO 

Parts Ust 

MJE271 
MJE270 
MPSA56 
2N3905 
1N4007 
1N4007 

MC3419~1L 
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RR 
RT 
RG1 
RG2 
RE1 
RE2 

Off-Hook - <2500n VLogic - +5.0V 
RO - 600n On-Hook - >10 kn VEE - -42 to -56 
RX Gain - Ode Volts 

200-3400 Hz Protection - 1000 V VRinging - (40 V to 120 
TX Gain - Ode VRMSI+VEE 

200-3400 Hz Ringer Equivalent.- 5 

9.09 k 1% Matched MOC3030 RTX1 12.1 k 1% 
9.09 k 1% if desired 4N25 RTS2 5.76 k 1% 

47 n 5% RRX 28.7 k 1% 
75n 5% Re 28.0 k 10/0 

620n 5% RVTX 28.S k 1% 
100n 5% CT 0.004 p.F 
91 n 5% CR 0.004 p.F 
3.0 k 5% Cc 0.001 p.F 
20 k 5% CRX 1.0 p.F/20 V 
24 k 5% CTX 2.0 p.F/4O V 

127 k 1-3% CRT 20 p.F/5.0 V 
10 k 5% Cae 10 p.F/60 V 

SHORT LINES ON-PREMISE LINES 

500n RX Gain -5.0 de 
700n TX Gain Ode 
<50 ms VLogic +5.0 Volts 
2.5 VEE -20 to -56 Volts 
600 n VRinging (40 V to 70 VRMSI + VEE 

MOC3030 RHSO 10 k 5% 
19.6 k 1% RTX1 19.6 k 1% 
19.6 k 1% CT 0.004 p.F RTX2 42.2 k 1% 
620 n 5% CR 0.004 p.F RRX 69.8 k 1% 
620n 5% Cc 0.004 p.F Re 301 k 1% 

91 n 5% CRX 0.1 p.F RVTX 127 k 1% 
3.0 k 5% CTX 0.5 p.F RC 56 k 5% 
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MOTOROLA 
SEMICONDUCTOR-----
TECHNICAL DATA 

Advance Information 
Wideband FSK Receiver 

The MC13055 is intended fo RF data link systems using carrier frequencies up 
to 40 MHz and FSK (frequency shift keying) data rates up to 2.0 M Baud 
(1.0 MHz). This design is similar to the MC3356, except that it does not include 
the oscillator/mixer. The IF bandwidth has been increased and the detector output 
has been revised to a balanced configuration. The received signal strength 
metering circuit has been retained, as has the versatile data slicer/comparator. 
• Input Sensitivity 20 IlV @ 40 MHz 
• Signal Strength Indicator Linear Over 3 Decades 

• Available in Surface Mount Package 
• Easy Application, Few Peripheral Components 

Figure 1. Block Diagram and Application Circuit 

L2 

Squelch 
Adjust 
(meter) 

MC13055 

WIDEBAND 
FSK 

RECEIVER 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 

". 1 PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

DSUFFIX 
PLASTIC PACKAGE 

CASE 751B 
(SO-16) 

PIN CONNECTIONS 

Comparator Gnd 1 

Comparator Vcc 2 

IF Ground 3 

IFVCC 4 

LimHer Input 5 

Limiter Bias { : 

QuadBias B 

13 Carrier Detect 

2 Meter Drive 

11 } 
Detector 

o Out 

9 Quad Input 

This document contains Information on a new product. Specifications and Information herein are subject to change without notice. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Power Supply Voltage VCC(max) 15 Vdc 

Operating Supply Voltage Range V2,V4 3.0 to 12 Vdc 

Junction Temperature TJ 150 °C 

Operating Ambient Temperature Range TA -4010+85 °C 

Storage Temperature Range Tstg -65 to +150 °C 

Power Dissipation, Package Rating Po 1.25 W 

ELECTRICAL CHARACTERISTICS (VCC = 5.0 Vdc, 10 = 40 MHz, lmod = 1.0 MHz, .1.1 = ±1.0 MHz, TA = 25°C, test circuit 01 Figure 2.) 

Characteristics 

Total Drain Current 

Data Comparator Pull-Down Current 

Meter Drive Slope versus Input 

Carrier Detect Pull-Down Current 

Carrier Detect Pull-Up Current 

Carrier Detect Threshold Voltage 

DC Output Current 

Recovered Signal 

Sensitivity lor 20 dBS + NIN, BW = 5.0 MHz 

S + NIN atVln= 50 I1V 

Input Impedance @ 40 MHz 

Quadrature Coil Loading 

MC13055 
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Measure Min Typ 

12+14 - 20 

116 - 10 

112 4.5 7.0 

113 -" 1.3 

113 - 500 

V12 700 800 

110,111 - 430 

V10-V11 - 350 

VIN - 20 

V10-V11 - 30 

Rin Pin 5, Ground - 4.2 

Cin - 4.5 

Rin Pln9108 - 7.6 

Cin - 5.2 

Figure 2. Test Circuit 

39pF 

100pF 

H>--+---+---o Carrier 
Detect Output 

H>---f----+---o Meter Drive 

Detector 
K>--_ ....... -+--.() Output 

3.9k 3.9k 

Colis - Shielded 
Coilcrait UNI-10/142 

Max Unit 

25 "mAO 

- mA 

9.0 IlAIdB 

- mA 

- I1A 

900 mV 

- I1A 

- mVrms 

- I1Vrms 

- dB 

- kll 

- pF 

- kQ 

- pF 

L 1 Gray 8·112 Turns, nominal 300 nH 
L2 Black 10-112 Turns, nominal 380 nH 

r ------ ., 
I I 
I I 
L ________ .J 

or 
TOKO Series E526HNA 
L 1 Part No.1 00301 
L2 Part No.1 00079 
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Figure 4. Meter Current versus Signal 
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Figure 9. Recovered Audio versus Temperature 

~ 4.0 

~ 2.0 
::::> 0 a 
Q -2.0 
o 
~ -4.0 
w 
~ -13.0 

::a -13.0 

a: -10 
o 
:; -12 

-" 
~ - -- I--

-130 -40 -20 0 20 40 60 80 100 120 140 
TA. AMBIENT TEMPERATURE (Oe) 

Figure 11. Meter Current versus Temperature 

600 lIiDutO~Bm 
~ 500 
>--

-10 h 
~ - -20 

"""'" 
~ z w 

a: 400 a: 
::::> 
u 

~ ". ~~O- ...... ~~ 
V I--. " ~~ a: w 300 tu 

::;; 

~ -40 .......... ...... .~ - -li0 -....... t ... ' ~~ 
~ 200 

~ ........ ..:, ... r .... ........ 
l..--~ -130 ...... ..... 1'';: .... .,: 

100 
1' .... - ..... 

-130 -40 -20 0 20 40 60 80 100 120 140 
TA. AMBIENTTEMPERATURE (Oe) 

Figure 10. Carrier Detect Threshold versus Temperature 
:[ 1000 

9 900 

~ 
~ 800 

t; 
~ 700 

a: 
w 
ii: 600 

~ 
N 
:; 500 

1' .... 
....... I'-... 

r--...... ...... r-.... 
i"'"'-

...... 
.... 

-130 -40 -20 020406080 

TA. AMBIENTTEMPERATURE (Oe) 
100 120 140 

E 
~ -50 

~ 
> 
5j -130 

m 
en 
~ -70 
E 
::;; 
::::i -80 
~ 
~ 
:Z -90 
:> 

Figure 12. Input Limiting versus Temperature 

.~ 

;' 

,.~ 

r--I'- -,.-

-130 -40 -20 0 20 40 60 80 100 120 140 
TA. AMBIENTTEMPERATURE (Oe) 

Figure 13. Input Impedance, Pin 5 

1.0 

MC13055 
2-138 

1.0 

MOTOROLA COMMUNICATIONS DEVICE DATA 



Figure 14. Test Fixture (Component Layout) 
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GENERAL DESCRIPTION 

The MC13055 Is an extended frequency range FM IF, 
quadrature detector, signal strength detector and data shapero 
It is intended primarily for FSK data systems. The design is 
very similar to MC3356 except that the oscillator/mixer has 
been removed, and the frequency capability ofthe IF has been 
raised about 2:1. The detector output configuration has been 
changed to a balanced, open-collector type to permit 
symmetrical drive of the data shaper (comparator). Meterdrive 
and squelch features have been retained. 

The limiting IF is a high frequency type, capable of being 
operated up to 100 MHz. It is expected to be used at 40 MHz 
in most cases. The quadrature detector is internally coupled 
to the IF, and a 2.0 pF quadrature capacitor is Internally 
provided. The 20 dB quieting sensitivity is approximately 
20 !lV, tuned input, and the IF can accept Signals up to 
220 mVrms without distortion or change of detector quiescent 

, DC level. 
The IF is unusual in that each of the last 5 stages of the 6 

stage limiter contains a signal strength sensitive, current 
sinking device. These are parallel connected and buffered to 

MOTOROLA COMMUNICATIONS DEVICE DATA 

produce a signal strength meter drive which is fairly linear for 
IF input signals of 20!lV to 20 mVrms. (See Figure 4.) 

A simple squelch arrangement is provided whereby the 
meter current flowing through the meter load resistance flips 
a comparator at about 0.8 Vdc above ground. The signal 
strength at which this occurs can be adjusted by changing the 
meter load resistor. The comparator (+) input and output are 
available to permit control of hysteresis. Good positive action 
can be obtained for IF input signals of above 20 !lVrms. A 
resistor (R) from Pin 13 to Pin 12 will provide Vce/R of 
feedback current. This current can be correlated to an amount 
of signal strength hysteresis by using Figure 4. 

The squelch is internally connected to the data shapero 
Squelch causes the data shaper to produce a high (Vec) 
output. 

The data shaper is a complete "floating" comparator, with 
diodes across its inputs. The outputs of the quadrature 
detector can be fed directly to either or preferably both inputs 
of the comparator to produce a squared output swinging from 
Vce to ground in inverted or noninverted form. 

MC13055 
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Advance Information 
FM Communications Receivers 

The MC131351MC13136 are the second generation of single chip, dual 
conversion FM communications receivers developed by Motorola. Major 
improvements in signal handling, RSSI and first oscillator operation have been 
made. In addition, recovered audio distortion and audio drive have improved. 
Using Motorola's MOSAICTM 1.5 process, these. receivers offer low noise, high 
gain and stability over a wide operating voltage range. 

Both the MC13135 and MC13136 include a Colpitts oscillator, VCO tuning 
diode, low noise first and second mixer and LO, high gain limiting IF, and RSSI. 
The MC13135 is designed for use with an LC quadrature detector and has an 
uncommitted op amp that can be used either for an RSSI buffer or as. a data 
comparator. The MC13136 can be used with either a ceramic discriminator or an 
LC quad coil and the op amp Is internally connected for a voltage buffered RSSI 
output. 

These devices can be used as stand-alone VHF receivers or as the lower IF 
of a triple conversion system. Applications include cordless telephones, short 
range data links, walkie-talkies, low cost land mobile, amateur radio receivers, 
baby monitors and scanners. 

• Complete Dual Conversion FM Receiver - Antenna Input to Audio Output 

• Voltage Buffered RSSI with 70 dB of Usable Range 

• Low Voltage Operation - 2.0 to 6.0 Vdc (2 Cell NiCad Supply) 

• Low Current Drain - 3.5 mA Typ 

• Low Impedance Audio Output < 25 n 
• VHF Colpitts First LO for Crystal or VCO Operation 

• Isolated Tuning Diode 

• Buffered First LO Output to Drive CMOS PLL Synthesizer 

MC13135 
PIN CONNECTIONS 

MC13135 
MC13136 

DUAL CONVERSION 
NARROWBAND 
FM RECEIVERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PSUFFIX 
PLASTIC PACKAGE 

CASE 724 

DWSUFFIX 
PLASTIC PACKAGE 

CASE 751E 
(SO·24L) 

ORDERING INFORMATION 

Temperature 
Device Range Package 

MC13135P Plastic DIP 

MC13135DW S0-24L 
- 40· to +85·C 

MC13136P Plastic DIP 

MC13136DW SO-24L 

MC13136 

lsi LO Basa 1 I--,;I-I:>lr--, YaricapC lSi LO Base 1 1-....::;:jL...{~--, VaricapC 

lslLO Emmer 2 

2nd LO Eniuer 5 

2nd LO Base nefl----'::l-l>-' 

2nd Mixer Out 71---0---1 

Decouple 1 

RSSI 

YaricapA 

1st Mixer In 1 

1st MixerOut 

Vcc2 

Audio Out 

OpAmpOul 

OpAmpln

OpAmpln+ 

Quad Coil 

IstLOEmllter 2 

2nd LO Emmer 5 

2nd LO Base eiil---':I-I>--' )(1 

2nd MixerOUI 7l---<:J----I 

Decoupla 1 

Decoupla 2 11 

~--t-t::= 

YaricapA 

lsi Mixer In 1 

lsi MixarOut 

vcc2 

Buffered ASSI Outpul 

UmHerOUtput 

Quadlnpul 

this document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS 

Rating Pin Symbol Value Unit 

Power Supply Voltage 4,19 VCC (max) 6.5 Vdc 

RF Input Voltage 22 RFln 1.0 Vrms 

Junction Temperature - TJ +150 ·C 

Storage Temperature Range - Tstg -65to+150 ·C 

RECOMMENDED OPERATING CONDITIONS 

Rating Pin Symbol Value Unit 

Power Supply Voltage 4,19 VCC 2.0 to 6.0 Vdc 

Maximum 1st IF - flF1 21 MHz 

Maximum 2nd IF - flF2 3.0 MHz 

Ambient Temperature Range - TA -40to+85 ·C 

ELECTRICAL CHARACTERISTICS (TA=25·C, VCC=4.0Vdc, fo=49.7MHz,fMOD= 1.0kHz, Deviation=±3.0kHz, f1stLO=39MHz, f2nd 
LO= 1 0.245 MHz, IF1 = 10.7 MHz, IF2= 455 kHz, unless otherwise noted. All measurements performed in the testcircuitof Figure 1.) 

Characteristic Condition Symbol 

Total Drain Current No Input Signal ICC 

Sensitivity (Input for 12 dB SINAD) Matched Input VSIN 

Recovered Audio VRF= 1.0mV AFO 
MC13135 
MC13136 

limiter Output Level VLlM 
(Pin 14, MC13136) 

1 st Mixer Conversion Gain VRF=-40dBm MXgaln1 

2nd Mixer Conversion Gain VRF=-40dBm MXgain2 

First LO Buffered Output - VLO 

Total Harmonic Distortion VRF=-30dBm THO 

Demodulator Bandwidth - BW 

RSSI Dynamic Range - RSSI 

First Mixer 3rd Order Intercept TOIMix1 
(Input) Matched 

Unmatched 

Second Mixer 3rd Order Matched TOIMix2 
Intercept (RF Input) Input 

First LO Buffer Output Resistance - RLO 

First Mixer Parallel Input Resistance - R 

First Mixer Parallel Input Capacitance - C 

First Mixer Output Impedance - ZO 

Second Mixer Input Impedance - ZI 

Second Mixer Output Impedance - ZO 

Detector Output Impedance - ZO 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Min Typ 

- 4.0 

- 1.0 

170 220 
215 265 

- 130 

- 12 

- 13 

- 100 

- 1.2 

- 50 

- 70 

- -17 
- -11 

- -27 

- -
- 722 

- 3.3 

- 330 

- 40 

- 1.8 

- 25 

Max Unit 

6.0 mAde 

- I1Vrms 

mVrms 
270 
315 

mVrms 
-
- dB 

- dB 

- mVrms 

3.0 % 

- kHz 

- dB 

dBm 
-
-

dBm 
-
- 0 

- 0 

- pF 

- 0 

- kO 

- kO 

- 0 

MC13135.MC13136 
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TEST CIRCUIT INFORMATION 
Although the MC13136 can be operated with a ceramic 

discriminator, the recovered audio measurements for both the 
MC13135 and MC13136 are made with an LC quadrature 
detector. The typical recovered audio will depend on the 
external circuit; either the Q of the quad coil, or the RC 
matching network for the ceramic discriminator. On the 
MC13136, an external capacitor between Pins 13 and 14 can 
be used with a quad coil for slightly higher recovered audio. 

See Figures 10 through 13 for additional information. 
Since adding a matching circuit to the RF input increases the 

signal level to the mixer, the third order intercept (TOI) point is 
better with an unmatched input (50 Q from Pin 21 to Pin 22). 
Typical values for both have been included in the Electrical 
Characterization Table. TOI measurements were taken at the 
pins with a high impedance probe/spectrum analyzer system. 
The first mixer input impedance was measured at the pin with a 
network analyzer. 

Figure 1a. MC13135 Test Circuit 
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Rgure 1b. MC13136 Quad De1ectorTestCircuit 
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Figure 2. Supply Current versus Supply Voltage 
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Figure 3. RSSI Output versus RF Input 
1400 

_1200 
~ 

-
VCC=4.0V V f---- RFin = 49.67 MHz 
'MOD = 1.0 kHz /' 

.1:; 

~ 1000 

i !:; 800 

§ 600 
in 

'OEV = ± 3.0 kHz 

,/ 
/ ~ 400 

~ 

200 
-140 

48.0 

47.5 

¥ 47.0 
;;;. 
>-g 46.5 
w 
::::l 

-120 -100 -88 -60 -40 

RF INPUT (dBm) 

Figure 5. Oscillator Frequency 
versus Varactor Bias 

v~ 

/' 0.61J.lH 

/ -1 ,fs~ 
/ sooJ~~o 24 1 .~ 1.0MQ ~ O.2J.lF 

27p 2 V,neap R.. 

~ 46.0 
"-

45.5 

45.0 
1.0 

10 

-10 m 
~ -20 
~ 
'" -30 
~ 
z-40 

S.Op ~ 

2.0 3.0 4.0 5.0 

VB, VARACTOR BIAS VOLTAGE (Vdc) 

Figure 7. Signal + Noise, Noise, and 
AM Rejection versus Input Power 

S+N 

........... 

'" "-
~ S + N 30% AM 

f-50 

-60 

VCC =4.0 Vdc 
f- RFin = 49.67 MHz '" ~N r- 'MOD = 1.0 kHz 

'OEV = ± 3.0 kHz 
-70 

-130 -110 -90 -70 -50 

RFin, RF INPUT (dBm) 

-20 

VB 

6.0 

-30 

MC13135.MC13136 
2-145 



50 

30 

m 
:2. 10 
z 
~ 
;f -10 

-30 

-50 
10k 

Figure 8. Op Amp Gain and Phase 
versus Frequency 

to- i"""'r-. 

i' Phase 
Gain .... 

\ 
........ \ 

to-
_1\ 

lOOk loOM 10M 

" FREQUENCY (Hz) 

Figure 10. Recovered Audio versus 
Deviation for MC13135 

\ 

~00r-~----~------'--------r-------' 

~ 
.§.1500 
a c 
~ 

R=68kn 

13 

11000 

~ ~~~~~~~---1--------+--------4 

~ 

80 

120 iE 
w 
~ 

'" w 
160 e. 

w 

'" c( 
:I: 

200 a. 

'" '" w 
0 

240 ~ .... 
260 

±3.0 ±5.0 ±7.0 ±9.0 

'DEV, DEVIATION (kHz) 

Figure 12. Recovered Audio versus 
Deviation for MC13136 

1000,..-,----,.,..------,r----,---,------, 

ISOO 
a 
C 
~ 
a 
w 
~ 
w 

~ 
~ 

~ 200 i-=""",-t"'R'-= 1.2 kfI --+---t---~--l 
C=100pF 

O~--~----~--~----~--~--~ 
±U ±U ±M ±M ±n ±M ±M 

'DEV, DEVIATION (kHz) 

MC1313S.MC13136 
2-146 

20 

m 
:2.-20 
I-
:::> a. 
!3-40 
0 
~ 
w 
~-60 
:::;; 

-SO 

-100 

Figure 9. First Mixer Third Order Intermodulation 
(Unmatched Input) 

// 

./ 4 
./ /J t.--

Desired Producy V ~rdOrder -

./ V- I Intermod 
Products _ 

", 
I I 

-100 -SO -60 -4S -20 

~ 
z 

~ 
~ 
'" C 
g 
z a :::;; 
~ 

;§ 

~ 
~ 
6 
:I: 
I-

S.O 

7.0 

6.0 

5.0 

4.0 

3.0 

RF INPUT (dBm) 

Figure 11. Distortion versus 
Deviation for MC13135 

±3.0 ±5.0 ±7.0 

'DEV, DEVIATION (kHz) 

Figure 13. Distortion versus 
Deviation for MC13136 

R=68kn 

±9.0 

O~--~----~--~----~--~--~ 
±U ±U ±M ±M ±n ±M ±M 

'DEV, DEVIATION (kHz) 

MOTOROLA COMMUNICATIONS DEVICE DATA 



CIRCUIT DESCRIPTION 

The MC 13135/13136 are complete dual conversion 
receivers. They include two local oscillators, two mixers, a 
limiting IF amplifier and detector, and an op amp. Both provide 
a voltage buffered RSSI with 70 dB of usable range, isolated 
tuning diode and buffered LO output for PLL operation, and a 
separate VCC pin for the first mixer and LO. Improvements 
have been made in the temperature performance of both the 
recovered audio and the RSSI. 

Vee 
Two separate VCC lines enable the first LO and mixer to 

continue running while the rest of the circuit is powered down. 
They also isolate the RF from the rest of the internal circuit. 

Local Oscillators 
The local oscillators are grounded collector Colpitts, which 

can be easily crystal-controlled or VCO controlled with the 
on-board varactor and external PLL. The first LO transistor is 
internally biased, but the emitter is pinned-out and IQ can be 
increased for high frequency or VCO operation. The collector is 
not pinned out, so for crystal operation, the LO is generally 
limited to 3rd overtone crystal frequencies; typically around 60 
MHz. For higher frequency operation, the LO can be provided 
extemally as shown in Figure 16. 

Buffer 
The buffer on the 1st LO output converts the single-ended 

LO output to a differential signal to drive the mixer. Capacitive 
coupling between the LO and buffer minimizes the effects of 
the change in oscillator current on the mixer. The buffered LO 
output is pinned-out for use with a PLL, with a typical output 
voltage of 320 mVp-p at VCC = 4.0 V and with a 5.1 k resistor 
from Pin 3 to ground. As seen in Figure 14, the buffered LO 
output varies with the supply voltage and a smaller external 
resistor may be needed for low voltage operation. The LO 
buffer operates up to 60 MHz, typically. 

600 
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400 

300 
V 

200 
I-"" 

100 
2.5 

Figure 14. Buffered LO Output Voltage 
versus Supply Voltage 
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Mixers 
The first and second mixer are of similar design. Both are 

double balanced to suppress the LO and input frequencies to 
give only the sum and difference frequencies out. This 
configuration typically provides 40 to 60 dB of LO suppression. 
New design techniques provide improved mixer linearity and 
third order intercept without increased noise. The gain on the 
output of the 1st mixer starts to roll off at about 20 MHz, so this 
receiver could be used with a 21 MHz first IF. It is designed for 
use with a ceramic filter, with an output impedance of 330 Q. A 
series resistor can be used to raise the impedance for use with 
a crystal filter, which typically has an input impedance of 4.0 
kQ. The second mixer input impedance is approximately 4.0 
kQ; it requires an external 360 G parallel resistor for use with a 
standard ceramic filter. 

Limiting IF Amplifier and Detector 
The limiter has approximately 110 dB of gain, which starts 

rolling off at 2.0 MHz. Although not designed for wideband 
operation, the bandwidth of the audio frequency amplifier has 
been widened to 50 kHz, which gives less phase shift and 
enables the receiver to run at higher data rates. However, care 
should be taken not to exceed the bandwidth allowed by local 
regulations. 

The MC13135 is designed for use with an LC quadrature 
detector, and does not have sufficient drive to be used with a 
ceramic discriminator. The MC13136 was designed to use a 
ceramic diSCriminator, but can also be run with an LC quad coil, 
as mentioned in the Test Circuit Information section. The data 
shown in Figures 12 and 13 was taken using a muRata 
FX2577 ceramic discriminator which has been specially 
matched to the MC13136. Both the choice of discriminators 
and the external matching circuit will affect the distortion and 
recovered audio. 

RSSVOpAmp 
The Received Signal Strength Indicator (RSSI) on the 

MC13135/13136 has about 70 dB of range. The resistor 
needed to translate the RSSI current to a voltage output has 
been included on the internal circuit, which gives it a tighter 
tolerance. A temperature compensated reference current also 
improves the RSSI accuracy over temperature. On the 
MC13136, the op amp on board is connected to the output to 
provide a voltage buffered RSSI. On the MC13135, the op amp 
is not connected internally and can be used for the RSSI or as 
a data slicer (see Figures 17c and 20b). 

MC1313S.MC13136 
2-147 



Figure 15. PLL Controlled Narrowband FM Receiver at 46149 MHz 
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Figure 17a. Single Channel Narrowband FM Receiver at 49.7 MHz 
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Figure 18. PC BoardSolder Side View' 

(Cireu" Side Voew) 

Figure 19. PC Board Component View 
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3rd Overtone Crystal 

3. 1.5 ~H tunable (shielded) inductor 
4. 10.245 MHz Fundamental mode crystal. 

32 pF load 
5. 455 kHz ceramic Hltar. muRal. CFU 4558 

or equivalent 
6. Ceramic discriminator. muRata FX2577 

or equivalent 
7. 10.7 MHz ceramic filter. muRata SFE10.7MJ-A 

or equivalent 
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Figure 20a. Single Channel Narrowband FM Receiver at 49.7 MHz 
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Advance Information 
Wideband FM IF 

The MC13155 is a complete wideband FM detector designed for 
satellite TV and other wideband data and analog FM applications. This 
device may be cascaded for higher IF gain and extended Receive 
Signal Strength Indicator (RSSI) range. 

• 12 MHz Video/Baseband Demodulator 

• Ideal for Wideband Data and Analog FM Systems 

• Limiter Output for Cascade Operation 

• Low Drain Current: 7.0 mA 

• Low Supply Voltage: 3.0 to 6.0 V 

• Operates to 300 MHz 

MAXIMUM RATINGS 

Rating Pin Symbol Value 

Power Supply Voltage 11,14 VEE (max) 6.5 

Input Voltage 1,16 Vin 1.0 

Junction Temperature - TJ +150 

Storage Temperature Range - Tstg -65to+150 

Unit 

Vdc 

Vrms 

·C 

·C 

NOTE: Devices should not be operated at or outside these values. The "Recommended Operating 
CondHlons" provide for actual device operation. 

Simplified Block Diagram 
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ORDERING INFORMATION 

Temperature 
Device Range Package 

MC13155D - 40· to + 85·C 50·16 

This document contains Inlonnatlon on a new product. Specifications and Inlonnation herein are subject to change wHhout notice. 
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RECOMMENDED OPERATING CONDITIONS 

Rating Pin Symbol Value Unit 

Power Supply Voltage (TA= 25·C) 11,14 VEE -3.0to-6.0 Vdc 
- 40·C STA S 85·C 3,6 VCC Grounded 

Maximum Input Frequency 1,16 ~n 300 MHz 

Ambient Temperature Range - TJ -40to+85 ·C 

DC ELECTRICAL CHARACTERISTICS (TA = 25·C, no input signai.) 

Characteristic Pin Symbol Min Typ Max 

Drain Current 11 111 2.0 2.8 4.0 
(VEE = - 5.0 Vdc) 14 114 3.0 4.3 6.0 
(VEE = - 5.0 Vdc) 14 114 3.0 4.3 6.0 

Drain Current Total (see Figure 3) 11,14 ITotai 5.0 7.1 10 
(VEE = - 5.0 Vdc) 5.0 7.5 10.5 
(VEE = - 6.0 Vdc) 5.0 7.5 10.5 
(VEE = - 3.0 Vdc) 4.7 6.6 9.5 

AC ELECTRICAL CHARACTERISTICS (TA = 25·C, IIF = 70 MHz, VEE =- 5.0 Vdc Figure 2, unless otherwise noted.) 

Characteristic Pin Min Typ Max 

Input lor - 3 dB Umiting Sensitivity 1,16 - 1.0 2.0 

Differential Detector Output Voltage (Vin = to mVrrns) 4,5 
(Idev = ± 3.0 MHz) (VEE = - 6.0 Vdc) 470 590 700 

(VEE = - 5.0 Vdc) 450 570 680 
(VEE = - 3.0 Vdc) 380 500 620 

Detector DC Offset Voltage 4,5 -250 - 250 

RSSISlope 13 1.4 2.1 2.8 

RSSI Dynamic Range 13 31 35 39 

RSSIOutput 12 
(Vin = 100 IlVrrns) - 2.1 -
(Vin = 1.0 mVrrns) - 2.4 -
(Vin = 10 mVrrns) 16 24 36 
(Vin = 100 rhVrrns) - 65 -
(Vin = 500 mVrrns) - 75 -

RSSI Buffer Maximum Output Current (Vin = 10 mVrms) 13 - 2.3 -
Differential Limiter Output 

(Vin = 1.0 mVrrns) 7,10 100 140 -
(Vin = 10 mVrrns) - 180 -

Demodulator Video 3.0 dB Bandwidth 4,5 - 12 -
Input Impedance (Figure 14) 1,16 
@70MHz Rp (VEE = - 5.0 Vdc) - 450 -

Cp (C2=C15 = 100 p) - 4.8 -
Differential IF Power Gain 1,7,10,16 - 46 -

NOTE: PosHlve currents Bre out of the pins of the device. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Unit 

mA 

mA 

Unit 

mVrrns 

mVp•p 

mVdc 

flA/dB 

dB 

f!A 

mAdc 

mVrrns 

MHz 

(l 

pF 

dB 
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CIRCUIT DESCRIPTION 

The MC13155 consists of a wideband three-stage limiting 
amplifier, a wideband quadrature detector which may be 
operated up to 200 MHz, and a received signal strength 

indicator (RSSI) circuit which provides a current output 
linearly proportional to the I F input signal level for 
approximately 35 dB range of input level, 

Figure 2. Test Circuit 
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APPLICATION INFORMATION 

Evaluation PC Board 
The evaluation PCB shown in Figures 19 and 20 is very 

versatile and is designed to cascade two ICs. The center 
section of the board provides an area for attaching all surface 
mount components to the circuit side and radial leaded 
components to the component ground side of the PCB (see 
Figures 17 and 18). Additionally, the peripheral area 
surrounding the RF core provides pads to add supporting 
and interface circuitry as a particular application dictates. 
This evaluation board will be discussed and referenced in 
this section. 

Limiting Amplifier 
Differential input and output ports interfacing the three 

stage limiting amplifier provide a differential power gain of 
typically 46 dB and useable frequency range of 300 MHz. 

MC13155 
2-156 

The IF gain flatness may be controlled by decoupling of the 
internal feedback network at Pins 2 and 15. 

Scattering parameter (S-parameter) characterization of the 
IF as a two port linear amplifier is useful to implement 
maximum stable power gain, input matching, and stability over 

. a desired bandpass response and to ensure stable operation 
outside the bandpass as well. The MC13155 is unconditionally 
stable over most of its useful operating frequency range; 
however, it can be made unconditionally stable over its entire 
operating range with the proper decoupling of Pins 2 and 15. 
Relatively small decoupling capacitors of about 100 pF have 
a significant effect on the wideband response and stability. 
This is shown in the scattering parameter tables where 
S-parameters are shown for various values of C2 and C15 and 
at VEE of - 3.0 and - 5.0 Vdc. 
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TYPICAL PERFORMANCE AT TEMPERATURE 
(See Figure 2. Test Circuit) 

Figure 3. Drain Current versus Supply Voltage 
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Figure 9. Differential Detector Output Voltage versus 
Ambient Temperature and Supply Voltage 
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IF INPUT, (dBm) 

Figure 10. Differential Limiter Output Voltage versus 
Ambient Temperature (Vin = 1 and 10 mVrms) 
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In the S-parameters measurements, the IF is treated as a 
two-port linear class A amplifier. The IF amplifier is measured 
with a single-ended Input and output configuration in which 
the Pins 16 and 7 are terminated in the series combination of 
a 47 n resistor and a 10 nF capacitor to VCC ground (see 
Figure 11- S-Parameter Test Circuit). 

The S-parameters are in polar form as the magnitude 
(MAG) and angle (ANG). Also listed in the tables are the 
calculated values for the stabiliiy factor (K) and the Maximum 

Available Gain (MAG). These terms are related in the 
following equations: 

K = (1-IS11 12 -I S2212 + I A 12) 1 (21 S12 S21 I) 

where: I A I = I S11 S22 - S12 S21 I. 
MAG = 10 log I S211 /I S121 + 10 log I K- (K2 -1)1/21 

where: K > 1. The necessary and sufficient conditions for 
unconditional stability are given as K > 1: 

81 = 1 + I S11 12 -I S22 12 -I A 12 > 0 

Figure 14. S-Parameter Test Circuit 
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S-Parameters (VEE - - 5 0 Vdc TA - 25°C C2 and C15 - 0 pF) - - -
Frequency InputSll ForwardS21 Rev S12 

MHz MAG ANG MAG ANG MAG ANG 

1.0 0.94 -13 8.2 143 0.001 7.0 

2.0 0.78 -23 23.5 109 0.001 -40 

5.0 0.48 1.0 39.2 51 0.001 -97 

7.0 0.59 15 40.3 34 0.001 -41 

10 0.75 17 40.9 19 0.001 -82 

20 0.95 7.0 42.9 -6.0 0.001 -42 

50 0.98 -10 42.2 -48 0.001 -9.0 

70 0.95 -16 39.8 -68 0.001 112 

100 0.93 -23 44.2 -93 0.001 80 

150 0.91 -34 39.5 ':'139 0.001 106 

200 0.87 -47 34.9 -179 0.002 77 

500 0.89 -103 11.1 -58 0.022 57 

700 0.61 -156 3.5 -164 0.03 0 

900 0.56 162 1.2 92 0.048 -44 

1000 0.54 131 0.8 42 0.072 -48 

S-Parameters (VEE = - 5.0 Vdc, TA '" 25°C, C2 and C15 = 100 pF) 

Frequency 

MHz 

1.0 

2.0 

5.0 

7.0 

10 

20 

50 

70 

100 

150 

200 

500 

700 

900 

1000 
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InputSll 

MAG ANG 

0.98 -15 

0.50 -2.0 

0.87 8.0 

0.90 5.0 

0.92 3.0 

0.92 -2.0 

0.91 -8.0 

0.91 -11 

0.91 -15 

0.90 -22 

0.86 -33 

0.80 -66 

0.62 -96 

0.56 -120 

0.54 -136 

Forward S21 Rev S12 

MAG ANG MAG ANG 

11.7 174 0.001 -14 

39.2 85.5 0.001 -108 

39.9 19 0.001 100 

40.4 9.0 0.001 -40 

41 1.0 0.001 -40 

42.4 -14 0.001 -87 

41.2 -45 0.001 85 

39.1 -63 0.001 76 

43.4 -84 0.001 85 

38.2 -126 0.001 96 

35.5 -160 0.002 78 

8.3 -9.0 0.012 75 

2.9 -95 0.013 50 

1.0 -171 0.020 53 

0.69 154 0.034 65 

OutputS22 K MAG 

MAG ANG MAG dB 

0.87 -22 2.2 32 

0.64 -31 4.2 33.5 

0.34 -17 8.7 33.7 

0.33 -13 10.6 34.6 

0.41 -1.0 5.7 36.7 

0.45 0 1.05 46.4 

0.52 -3.0 0.29 -
0.54 -16 1.05 46.4 

0.53 -22 0.76 -
0.50 -34 0.94 -
0.42 -44 0.97 -
0.40 -117 0.75 -
0.52 179 2.6 13.7 

0.47 112 4.7 4.5 

0.44 76 5.1 0.4 

OutputS22 K MAG 

MAG ANG MAG dB 

0.84 -27 1.2 37.4 

0.62 -35 6.0 35.5 

0.47 -9.0 4.2 39.2 

0.45 -8.0 3.1 40.3 

0.44 -5.0 2.4 41.8 

0.49 -6.0 2.4 41.9 

0.50 -5.0 2.3 42 

0.52 -4.0 2.2 41.6 

0.50 -11 1.3 43.6 

0.43 -22 1.4 41.8 

0.43 -21 1.3 39.4 

0.57 -63 1.7 23.5 

0.49 -111 6.3 12.5 

0.44 -150 13.3 2.8 

0.44 -179 12.5 -0.8 
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S-Parameters (VEE = - 50 Vdc TA = 25°C C2 and C15 = 680 pF) , , 
Frequency Input S11 Forward S21 RevS12 

MHz MAG ANG MAG ANG MAG ANG 
1.0 0.74 4.0 53.6 110 0.001 101 

2.0 0.90 3.0 70.8 55 0.001 60 

5.0 0.91 0 87.1 21 0.001 -121 

7.0 0.91 0 90.3 11 0.001 -18 

10 0.91 -2.0 92.4 2.0 0.001 33 

20 0.91 -4.0 95.5 -16 0.001 63 

50 0.90 -8.0 89.7 -50 0.001 -43 

70 0.90 -10 82.6 -70 0.001 92 

100 0.91 -14 77.12 -93 0.001 23 

150 0.94 -20 62.0 -122 0.001 96 

200 0.95 -33 56.9 -148 0.003 146 

500 0.82 -63 12.3 -12 0.007 79 

700 0.66 -98 3.8 -107 0.014 84 

900 0.56 -122 1.3 177 0.028 78 

1000 0.54 -139 0.87 141 0.048 76 

S-Parameters (VEE = - 3.0 Vdc, TA = 25°C, C2 and C15 = 0 pF) 

Frequency InputS11 Forward S21 RevS12 

MHz MAG ANG MAG ANG MAG ANG 
1.0 0.89 -14 9.3 136 0.001 2.0 

2.0 0.76 -22 24.2 105 0.001 -90 

5.0 0.52 5.0 35.7 46 0.001 -32 

7.0 0.59 12 38.1 34 0.001 -41 

10 0.78 15 37.2 16 0.001 -92 

20 0.95 5.0 38.2 -9.0 0.001 47 

50 0.96 -11 39.1 -50 0.001 -103 

70 0.93 -17 36.8 -71 0.001 -76 

100 0.91 -25 34.7 -99 0.001 -152 

150 0.86 -37 33.8 -143 0.001 53 

200 0.81 -49 27.8 86 0.003 76 

500 0.70 -93 6.2 -41 0.015 93 

700 0.62 -144 1.9 -133 0.049 56 

900 0.39 -176 0.72 125 0.11 -18 

1000 0.44 166 0.49 80 0.10 -52 

MOTOROLA COMMUNICATIONS DEVICE DATA 

OutputS22 

MAG ANG 
0.97 -35 

0.68 -34 

0.33 -60 

0.25 -67 

0.14 -67 

0.12 -15 

0.24 26 

0.33 21 

0.42 -1.0 

0.42 -22 

0.33 -62 

0.44 -67 

0.40 -115 

0.39 -166 

0.41 165 

OutputS22 

MAG ANG 
0.84 -27 

0.67 -37 

0.40 -13 

0.40 -10 

0.40 -1.0 

0.51 -4.0 

0.48 -6.0 

0.52 -13 

0.51 -19 

0.49 -34 

0.55 -56 

0.40 -110 

0.40 -150 

0.25 163 

0.33 127 

K 

MAG 

0.58 

1.4 

1.1 

1.2 

1.5 

1.3 

1.8 

1.4 

1.05 

0.54 

0.75 

1.8 

4.8 

8.0 

7.4 

K 

MAG 

3.2 

3.5 

10.6 
, 

9.1 

5.7 

0.94 

1.4 

2.2 

3.0 

1.7 

2.4 

2.4 

3.0 

5.1 

7.5 

MAG 

dB 

-
45.6 

49 

48.4 

47.5 

48.2 

46.5 

47.4 

49 

-
-

26.9 

14.6 

4.7 

0.96 

MAG 

dB 

30.7 

34.3 

33.3 

34.6 

36.3 

-
43.7 

41.4 

39.0 

39.1 

35.1 

19.5 

8.25 

-1.9 

-4.8 
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S-Parameters (VEE = - 3 0 Vdc TA = 25°C, C2 and C15 = 100 pF) 

Frequency Input 811 Forward 821 Rev 812 

MHz MAG ANG MAG ANG MAG ANG 

1.0 0.97 -15 11.7 171 0.001 -4.0 

2.0 0.53 2.0 37.1 80 0.001 -91 

5.0 0.88 7.0 37.7 18 0.001 -9.0 

7.0 0.90 5.0 37.7 8.0 0.001 -11 

10 0.92 2.0 38.3 1.0 0.001 -59 

20 0.92 -2.0 39.6 -15 0.001 29 

50 0.91 -8.0 38.5 -46 0.001 -21 

70 0.91 -11 36.1 -64 0.001 49 

100 0.91 -15 39.6 -85 0.001 114 

150 0.89 -22 34.4 -128 0.001 120 

200 0.86 -33 32 -163 0.002 86 

500 0.78 -64 7.6 -12 0.013 94 

700 0.64 -98 2.3 -102 0.027 58 

900 0.54 -122 0.78 179 0.040 38.6 

1000 0.53 -136 0.47 144 0.043 23 

S-Parameters (VEE =-3.0Vdc, TA = 25°C, C2 and C15= 680 pF) 

Frequency 

MHz 

1.0 

2.0 

5.0 

7.0 

10 

20 

50 

70 

100 

150 

200 

500 

700 

900 

1000 
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Input 811 

MAG ANG 

0.81 3.0 

0.90 2.0 

0.91 0 

0.90 -1 

0.91 -2.0 

0.91 -4.0 

0.90 -8.0 

0.90 ':'11 

0.91 -14 

0.93 -21 

0.90 -43 

0.79 -65 

0.65 -97 

0.56 -122 

0.55 -139 

Forward 821 Rev 812 

MAG ANG MAG ANG 

37 101 0.001 -19 

47.8 52.7 0.001 -82 

58.9 20 0.001 104 

60.3 11 0.001 -76 

61.8 3.0 0.001 105 

63.8 -15 0.001 59 

60.0 -48 0.001 96 

56.5 -67 0.001 113 

52.7 -91 0.001 177 

44.5 -126 0.001 155 

41.2 -162 0.003 144 

7.3 -13 0.008 80 

2.3 -107 0.016 86 

0.80 174 0.031 73 

0.52 137 0.50 71 

Output 822 K MAG 

MAG ANG MAG dB 

0.84 -27 1.4 36.8 

0.57 -31 6.0 34.8 

0.48 -7.0 3.4 39.7 

0.49 -7.0 2.3 41 

0.51 -9.0 2.0 41.8 

0.48 -3.0 1.9 42.5 

0.51 -7.0 2.3 41.4 

0.50 -8.0 2.3 40.8 

0.52 -13 1.7 37.8 

0.48 -23 1.6 40.1 

0.40 -26 1.7 37.8 

0.46 -71 1.9 22.1 

0.42 -109 4.1 10.1 

0.35 -147 10.0 -0.14 

0.38 -171 15.4 -4.52 

Output 822 K MAG 

MAG ANG MAG dB 

0.90 -32 1.1 43.5 

0.66 -39 0.72 -
0.37 -56 2.3 44 

0.26 -55 2.04 44 

0.18 -52 2.2 43.9 

0.11 -13 2.0 44.1 

0.22 33 2.3 43.7 

0.29 15 2.3 43.2 

0.36 5.0 2.0 43 

0.35 -17 1.8 42.7 

0.17 -31 1.6 34.1 

0.44 -75 3.0 22 

0.38 -124 7.1 10.2 

0.38 -174 12 0.37 

0.41 157 11.3 -3.4 
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DC Biasing Considerations 
The DC biasing scheme utilizes two VCC connections 

(Pins 3 and 6) and two VEE connections (Pins 14 and 11). 
VEE1 (Pin 14) is connected internally to the IF and RSSI 
circuits' negative supply bus while VEE2 (Pin 11) is connected 
internally to the quadrature detector's negative bus. Under 
positive ground operation, this unique configuration offers the 
ability to bias the RSSI and IF separately from the quadrature 
detector. When two ICs are cascaded as shown in the 70 
MHz application circuit and provided by the PCB (see Figures 
17 and 18), the first MC13155 is used without biasing its 
quadrature detector, thereby saving approximately 3.0 mAo A 
total current of 7.0 mA is used to fully bias each IC, thus the 
total current in the application circuit is approximately 11 mAo 
Both VCC pins are biased by the same supply. VCC1 (Pin 3) is 
connected internally to the positive bus of the first half of the 
IF limiting amplifier, while VCC2 is internally connected to the 
positive bus of the RSSI, the quadrature detector circuit, and 
the second half of the IF limiting amplifier (see Figure 15). 
This distribution of the VCC enhances the stability of the IC. 
RSSI Circuitry 

The RSSI circuitry provides typically 35 dB of linear 
dynamic range and its output voltage swing is adjusted by 
selection of the resistor from pin 12 to VEE. The RSSI slope is 

typically 2.1 !lA/dB; thus, for a dynamic range of 35 dB, the 
current output is approxim'ately 74 !lA. A 47 k resistor will 
yield a RSSI output voltage swing of 3.5 Vdc. The RSSI 
buffer output at Pin 13 is an emitter-follower and needs an 
external emitter resistor of 10k to VEE. 

In a cascaded configuration (see circuit application in 
Figure 16), only one of the RSSI Buffer outputs (Pin 13) is 
used; the RSSI outputs (Pin 12 of each IC) are tied together 
and the one closest to the VEE supply trace is decoupled 
to VCC ground. The two pins are connected to VEE through 
a 47 k resistor. This resistor sources a RSSI current which 
is proportional to the signal level at the IF input; typically, 
1.0 mVrms (-47 dBm) is required to place the MC13155 
into limiting. The measured RSSI output voltage response 
of the application circuit is shown in Figure 12. Since the 
RSSI current output is dependent upon the input signal level 
at the IF input, a careful accounting of filter losses, matching 
and other losses and gains must be made in the entire 
receiver system. In the block diagram of the application 
circuit shown below, an accounting of the signal levels at 
points throughout the system shows how the RSSI 
response in Figure 12 is justified. 

Block Diagram of 70 MHz Video Receiver Application Circuit 

Input -57dB 
Level: 31611Vms 

-B2dBm 
lBI1Vms 

-72dBm 
5611Vms 

-32dBm 
5.611Vms 

MC13155 

- 47 dBm - Minimum Inputto Acquire 
1.0 mVms Limhing in MC13155 

10 t-..,....J>N\r-1,........,IH 16 

MC13155 

Inp~ >-tr:l-s fT 16 

J-L:yl:~~ 
:J;: -25dB Transformer '-----:4::"0-::dB:":G:":a":"in--.J -15 dB 40 dB Gain 
- (Insertion Loss) 10 dB (Attenuator) 

Cascading Stages 
The limiting IF output is pinned-out differentially, 

cascading is easily achieved by AC coupling stage to 
stage. In the evaluation PCB, AC coupling is shown, 
however, interstage filtering may be desirable in some 
applications. In which case, the S-parameters provide a 
means to implement a low loss interstage match and better 
receiver sensitivity. 

Where a linear response of the RSSI output is desired 
when cascading the ICs, it is necessary to provide at least 
10 dB of interstage loss. Figure 12 shows the RSSI response 
with and without interstage loss. A 15 dB resistive attenuator 
is an inexpensive way to linearize the RSSI response. This 
has its drawbacks since it is a wideband noise source that is 
dependent upon the source and load impedance and the 
amount of attenuation that it provides. A better, although 
more costly, solution would be a bandpass filter designed to 
the desired center frequency and bandpass response while 

MOTOROLA COMMUNICATIONS DEVICE DATA 

carefully selecting the insertion loss. A network topology 
shown below may be used to provide a bandpass response 
with the desired insertion loss. 

10 

7 

Network Topology 

1.0n 

r 
II I 0.2211 ~ 

L 

1.0n 
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Quadrature Detector 
The quadrature detector Is coupled to the IF with Intemal 

2.0 pF capacitors between Pins 7 and 8 and Pins 9 and 10. 
For wideband data applications, such as FM video and 
satellite receivers, the drive to the detector can be increased 
with additional extemal capacitors between these pins, thus, 
the recovered video signal level output is increased for a 
given bandwidth (see Figure 11 A and Figure 11 B). 

The wideband performance of the detector is controlled by 
the loaded Q of the LC tank circuit. The following equation 
defines the components which set the detector circuit's 
bandwidth: 

Q= RTIXL (1) 
where: RT is the equivalent shunt resistance across the LC 
Tank and XL is the reactance of the quadrature inductor at the 
IF frequency (XL = 27tfL). 

The inductor and capaCitor are chosen to form a resonant 
LC Tank with the PCB and parasitic device capacitance at the 
desired IF center frequency as predicted by: 

fc = (21t ~(LCp» -1 (2) 
where: L is the parallel tank inductor and Cp is the equivalent 
parallel capacitance of the parallel resonant tank circuit. 

The following is a design example for a wideband 
detector at 70 MHz and a loaded Q of 5. The loaded Q of 
the quadrature detector is chosen somewhat less than the 
Q of the IF bandpass. For an IF frequency of 70 MHz and 
an IF bandpass of 10.9 MHz, the IF bandpass Q is 
approximately 6.4. 

Example: 

Let the external Cext = 20 pF. (The minimum value here 
should be greater than 15 pF making it greater than the 
internal device and PCB parasitic capacitance, Cint = 3.0 pF). 

Cp = Cint + Cext = 23 pF 

Rewrite Equation 2 and solve for L: 

L = (0.159)2 /(Cp fc2) 

L = 198 nH, thus, a standard value is chosen. 

L = 0.22 IlH (tunable shielded inductor). 

MC13155 
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The value of the total damping resistor to obtain the 
required loaded Q of 5 can be calculated by rearranging 
Equation 1: 

RT = Q(27tfL) 

RT = 5 (21C)(70)(0.22) = 483.8 n 
The intemal resistance, Rint between the quadrature tank 

Pins 8 and 9 is approximately 3200 n and is considered in 
determining the external resistance, Rext which is 
calculated from: 

Rext = ((RT)(Rint))/ (Rint - RT) 

Rext = 570, thus, choose the standard value. 

Rext=560 n 
SAW Filter 

In wideband video data applications, the IF occupied 
bandwidth may be several MHz wide. A good rule of thumb is 
to choose the IF frequency about 10 or more times greater 
than the IF occupied bandwidth. The IF bandpass filter is a 
SAW filter in video data applications where a very selective 
re~onse is needed (i.e., very sharp bandpass response). 
The evaluation PCB is laid out to accommodate two SAW 
filter package types: 1) A five-leaded plastic SIP package. 
Recommended part numbers are Siemens X6950M which 
operates at 70 MHz; 10.4 MHz 3 dB passband, X6951M 
(X252.8) which operates at 70 MHz; 9.2 MHz 3 dB passband; 
and X6958M which operates at 70 MHz, 6.3 MHz 3 dB 
passband, and 2) A four-leaded TO-39 metal can package. 
Typical insertion loss in a wide bandpass SAW filter is 25 dB. 

The above SAW filters require source and load 
impedances of 50 n to assure stable operation. On the PC 
board layout, space Is provided to add a matching network, 
such as a 1:4 surface mount transformer between the SAW 
filter output and the inputto the MC13155. A 1:4 transformer, 
made by Coilcraft and Mini Circuits, provides a suitable 
interface (see Figures 16, 17 and 18). In the circuit and 
layout, the SAW filter and the MC13155 are differentially 
configured with interconnect traces which are equal in length 
and symmetrical. This balanced feed enhances RF stability, 
phase linearity, and noise performance. 
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Figure 16. 70 MHz Video Receiver Application Circuit 
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Figure 17. Component Placement (Circuit Side) 
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Figure 18. Component Placement (Ground Side) 
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Figure 19. Circuit Side View 
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MOTOROLA 

SEMICONDUCTOR ----
TECHNICAL DATA 

Product Preview 
Wideband FM IF System 

The MC13156 is a wideband FM IF subsystem targeted at high 
performance data and analog applications. Excellent high frequency 
performance is achieved, with low cost, through use of Motorola's 
MOSAIC 1.5™ RF bipolar process. The MC13156 has an onboard 
Colpitts VCO for PLL controlled multichannel operation. The mixer is 
useful to beyond 200 MHz and may be used in a differential, balanced, 
or single-ended configuration. The IF amplifier is split to accommodate 
two low cost cascaded filters. RSSI output is derived by summing the 
output of both IF sections. A precision data shaper has a hold function 
to preset the shaper for fast recovery of new data. 

Applications for the MC13156 include CT -2, wideband data links, and 
other radio systems utilizing GMSK, FSK or FM modulation. 

• 3.0 to 6.0 Vdc Operation 

• Typical Sensitivity at 200 MHz of 6.0 flV for 12 dB SINAD 

• RSSI Range 01>70 dB 

• High Performance Data Shaper for Enhanced CT-2 Operation 

• Internal 330 Q Termination for 10.7 MHz Filters 

• Split IF for Improved Filtering and Extended RSSI Range 

• 3rd Order Intercept (Input) Target of -10 dBm 

MC13156 

WIDE BAND FM IF SYSTEM 
for DIGITAL and 

ANALOG APPLICATIONS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

24 

DWSUFFIX 
PLASTIC PACKAGE 

CASE 751E 
(SO-24L) 

ORDERING INFORMATION 

Temperature 
Device Range Package 

MC13156DW - 40° to + 85°C SO-24L 

Pin Connections and Block Diagram 

OS 
Hold 

5.0pF 

RF 
In2 

Mix 
Out 

IFln IF IF IF Out VCC2 
DEC 1 DEC2 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notlc8. 
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MOTOROLA 

SEMICONDUCTOR -----
TECHNICAL DATA 

Advance Information 
UHF FM/AM Transmitter 

The MC13175 and MC13176 are one chip FM/AM transmitter subsystems 
designed for AM/FM communication systems. They include a Colpitts crystal 
reference oscillator, UHF oscillator, + 8 (MC13175) or + 32 (MC13176) 
prescaler and phase detector forming a versatile PLL system. Targeted 
applications are in the 260 to 470 MHz band and 902 to 928 MHz band covered 
by FCC Title 47; Part 15. Other applications include local oscillator sources in 
UHF and 900 MHz receivers, UHF and 900 MHz video transmitters, RF Local 
Area Networks (LANs), and high frequency clock drivers. The MC13175176 
offer the following features: 

• UHF Current Controlled Oscillator 

• Uses Easily Available 3rd Overtone or Fundamental Crystals for 
Reference 

• Fewer External Parts Required 

• Low Operating Supply Voltage (1.8 to 5.0 Vdc) 

• Low Supply Drain Currents 

• Power Output Adjustable (Up to + 10 dBm) 

• Differential Output for Loop Antenna or Balun Transformer Networks 

• Power Down Feature 

• ASK Modulated by Switching Output On and Off 

• (MC13175) fo = 8 x fref; (MC13176) fo = 32 x fref 

Coi\craft 
1~5J08 

Figure 1. Typical Application as 320 MHz AM Transmitter 

AM Modulator 

1.3k 

5, 

5, 

.L""l00-p -
-r 'T' 30p ~

Oo;;;--I 
... (MC13176) * (MC13175) 

vcc 
MC13175-30p 
MC13176·16Op 

MC13175 
CrystaJ 

3rd Overtone 
40.0000 MHz 

MC13176 I 
022j1 ,(3) Crystal ..L 

Fundamental_ 
10 MHz ...-

1.0k= 'I Vee 

NOTES: 1. 50 n coaxial balun, 1/10 wavelength at 320 MHz equals 1.5 inches. 
2. Pins 5,10 & 15 are ground and connected to VEE which is the component/DC ground plane side of 

PCB. These pins must be decoupled to Vee; decoupling capacitors should be placed as close as 
possible to the pins. 

3. The crystal oscillator circuit may be adjusted for frequency with the variable inductor (MC13175); 
recommended source is Coilcraft "slot seven" 7mm tuneable inductor, Part #7M3-821. 1.0k resistor. 
Shunting the crystal prevents it from oscillating in the fundamental mode. 

Osc1 

NC 

NC 

Osc4 

ICont 

PDout 

Xtale 

MC13175 
MC13176 

UHF FM/AM 
TRANSMITTER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

DSUFFIX 
PLASTIC PACKAGE 

CASE 751B 
(SO-16) 

PIN CONNECTIONS 

Imod 

Out Gnd 

Out 2 

Out 1 

Vee 
Enable 

Reg. Gnd 

Xtalb 

ORDERING INFORMATION 

Temperature 
Device Range Package 

MC13175D 
- 40° to +85°C 

SO-16 

MC13176D SO-16 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS (TA = 25·C, unless otherwise noted.) 

Rating Symbol Value Unit 

Power Supply Voltage VCC 7.0 (max) Vdc 

Operating Supply Voltage Range VCC 1.8 to 5.0 Vdc 

Junction Temperature TJ +150 ·C 

Operating Ambient Temperature TA -40to+85 ·C 

Storage Temperature TstQ -65to +150 ·C 

ELECTRICAL CHARACTERISTICS (Figure 2; VEE = - 3.0 Vdc, TA = 25·C, unless otherwise noted.)" 

Characteristic Pin Symbol 

Supply Current (Power down: 111 & 116 = 0) - IEEI 

Supply Current (Enable [Pin 111 to VCC thru 30 k, 116 = 0) - IEE2 

Total Supply Current (Transmit Mode) - IEE3 
(Imod = 2.0 rnA; 10 = 320 MHz) 

Differential Output Power (10 = 320 MHz; Vrel [Pin 91 13& 14 Pout 
= 500 mVp_p; 10 = N x Irel) 
Imod = 2.0 rnA (see Figure 7, 8) 
Imod=OmA 

Hold-In Range (± dlrel x N) 13& 14 ±diH 
MC13175 (see Figure 7) 
MC13176 (see Figure 8) 

Phase Detector Output Error Current 7 lerror 
MC13175 
MC13176 

Oscillator Enable 'Time (see Figure 22b) 11,8 lenable 

Amplitude Modulation Bandwidth (see Figure 24) 16 BWAM 

Spurious Outputs (Imod = 2.0 rnA) 13& 14 Pson 
Spurious Outputs (Imod = 0 rnA) 13& 14 Psoff 

Maximum Divider Input Frequency - Idiv 
Maximum Output Frequency 13& 14 10 

"Forlestlng purposes, vee Is ground (see Figure 2). 

Figure 2_ 320 MHz Test Circuit 

VEE 
(1) 

Min 

-0.5 

-18 

-39 

2.0 
-

3.5 
4.0 

20 
22 

-
-
-
-
-
-

Typ 

-
-14 

-34 

+4.7 
-45 

6.5 
8.0 

25 
27 

4.0 

25 

-50 
-50 

950 
950 

MC13175-30p 
MCI3176-33p 

0.0111- - - -"1. 

~ 
MC13176 I 

o 82 3 Crystal ':" 
. 11 + () Fundamental Vce 

MC13175 1 Ok _ 10 MHz 
Crystal . I 

3rd OVertone ':" ':" 

NOTES: 1. Vee Is ground; while VEE Is negalive wHh respect 10 ground. 
40 MHz 

2. Pins 5, 10 and 15 are broughllo the circuli side 01 the PCB via plated through holes. They are 
connected together wHh a trace on the PCB and each Pin Is decoupled to Vee (ground). 

3. Recommended source Is Collcral! "slot seven" Inductor, part number7M3-821. 
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Max Unit 

- !lA 
- rnA 

- rnA 

dBm 

-
-

MHz 
-
-

!lA 
-
-
- ms 

- MHz 

- dBc 
-

- MHz 
-
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Pin Symbol 

1&4 Osc 1, 
Osc4 

5 VEE 

6 ICont 

7 PDout 

8 Xtale 

MC13175.MC13176 
2-172 

PIN DESCRIPTIONS 

Internal Equivalent Description/External 
Circuit Circuit Requirements 

CCOlnputs 
~e The oscillator is a current controlled type. An:external oscillator 

J 
coil is connected to Pins 1 and 4 which forms a parallel resonance 

10k 10k LC tank circuit with the internal capacitance of the 
IC and with parasitic capacitance of the PC board. Three 

1 
"" '" 

4 base-emitter capacitances in series configuration form the 
OSc 1 Osc4 capacitance for the parallel tank. These are the base-emitters 

at Pins 1 and 4 and the base-emitter of the differential amplifier. 

~ 
The equivalent series capacitance in the differential amplifier is 
varied by the modulating current from the frequency control circuit 
(see Pin 6, Intemal circuit). A more thorough discussion 

n ~ 
is found In the Applications Information section. 

~ 

VEE Supply Ground (VEE) 

5 

~ 
In the PCB layout, the ground pins (also applies to Pins 10 and 

J-
15) should be connected direcfly to chassis ground. Decoupling 
capacitors to VCC should be placed directly at 
the ground returns. 

VEE ";' 

Vee 
Frequency Control 

T For VCC = 3.0 Vdc, the voltage at Pin 6 is approximately 1.55 Vdc. 
The oscillator is current controlled by the error current from the 

~ 
phase detector. This current is amplified to drive the current 

Reg source in the oscillator section which controls the frequency of the 
6 oscillator. Figures 9 and 10 show the dfosc versus ICont, Figure 5 

IConi >-L< 
shows the Mosc versus ICont at- 40°C, + 25°C and + 85°C for 320 
MHz. The CCO may be FM modulated as shown in Figure 17, - MC13176320 MHz FM Transmitter. A detailed discussion is found 

~~ 
in the Applications Information section. 

Vee Phase Detector Output 
The phase detector provides ± 30 I1A to keep the CCO locked at 

4.Ok 4.0k 
the desired carrier frequency. The output Impedance of the phase 
detector is approximately 53 kn. Under closed loop conditions 

~ there is a DC voltage which Is dependent upon the free running 

~~ 
"-

oscillator and the reference oscillator frequencies. The circuitry 
~~ between Pins 7 and 6 should be selected for adequate loop filter-

POout ing necessary to stabilize and filter the loop response. Low pass 

7 filtering between Pin 7 and 6 is needed so that the corner frequen-

f 
cy Is well below the sum of the divider and the reference oscillator 

~ 
frequencies, but high enough to allow for fast response to keep 

~ the loop locked. Refer to the Applications Information section re-
garding loop filtering and FM modulation. 

'*' Vee Crystal Oscillator Inputs 
The internal reference oscillator is configured as a common 

~~ . l{ emitter Colpitts. It may be operated with either a fundamental 
or overtone crystal depending on the carrier frequency and the 

r a.Ok.1V! 

Internal prescaler. Crystal oscillator circuits and specifications 
Xtalb of crystals are discussed in detail in the applications section. 

9 

* 
With VCC = 3.0 Vdc, the voltage at Pin 8 is approximately 1.8 Vdc 

8Xtale 
and at Pin 9 is approximately 2.3 Vdc. 500 to 1000 mVp-p should 

'I '-I be present at Pin 9. The Colpitts is biased at 200 11A; additional 

.~ t t t drive may be acquired by Increasing the bias to approximately 500 

~ 
I'A. Use 6.2 k from Pin 8 to ground. 
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Pin Symbol 

9 Xtalb 

10 Reg. Gnd 

11 Enable 

12 VCC 

13& 14 Out 1 and 
Out2 

15 OuCGnd 

16 Imod 

PIN DESCRIPTIONS 

Internal Equivalent 
Circuit 

Vee 

Vee 

J 
t2 

Vee 

Vee 

Reg 

DescriptioillExternal 
Circuit Requirements 

Crystal Oscillator Inputs 
The intemal reference oscillator is configured as a common 
emitter Colpitts. It may be operated with either a fundamental 
or overtone crystal depending on the carrier frequency and the 
internal prescaler. Crystal oscillator circuits and specifications 
of crystals are discussed in detail In the applications section. 
With VCC = 3.0 Vdc, the voltage at Pin 8 is approximately 1.B Vdc 
and at Pin 9 Is approximately 2.3 Vdc. 500 to 1000 mVp-p should 
be present at Pin 9. The Colpitts Is biased at 200 11A; additional 
drive may be acquired by increasing the bias to approximately 500 
I1A. Use 6.2 k from Pin 8 to ground. 

Regulator Ground 
An additional ground pin is provided to enhance the stability of the 
system. Decoupling to the VCC (RF ground) Is essential; it should 
be done at the ground return for Pin 10. 

Device Enable 
The potential at Pin 11 is approximately 1.25 Vdc. When Pin 11 
is open, the transmitter is disabled in a power down mode and 
draws less than 1.0 I1A ICC if the MOD at Pin 16 is also open (i.e., 
It has no current driving It). To enable the transmitter a current 
source of 10 I1A to 90 I1A is provided. Figures 3 and 4 show the 
relationship between ICC, VCC and Ireg. enable. NotethatiCC is flat 
at approximately 10 mA for Ireg. enable = 5.0 to 100 I1A (Imod = 0). 

Supply Voltage (VCC) 
The operating supply voltage range is from 1.8 Vdc to 5.0 Vdc. In 
the PCB layout, the V CC trace must be kept as wide as possible to 
minimize inductive reactances along the trace; it is best to have it 
completely fill around the surface mount components and traces 
on the circuit side of the PCB. 

Differential Output 
The output is configured differentially to easily drive a loop 
antenna. By using a transformer or balun, as shown in the 
application schematic, the device may then drive an unbalanced 
low impedance load. Figure 6 shows how much the Output Power 
and Free-Running Oscillator Frequency change with temperature 
at 3.0 Vdc; Imod = 2.0 mAo 

Output Ground 
This additional ground pin provides direct access for the output 
ground to the circuit board VEE. 

AM Modulation/Power Output Level 
The DC voltage at this pin is 0.8 Vdc with the current source ac
tive. An extemal resistor is chosen to provide a source current of 
1.0 to 3.0 mA, depending on the desired output power level at a 
given VCC. Figure 23 shows the relationship of Power Output to 
Modulation Current, Imod. AtVCC = 3.0 Vdc, 3.5 dBm power output 
can be acquired with about 35 mA ICC. 
For FM modulation, Pin 16 is used to set the desired output power 
level as described above. 
For AM modulation, the modulation signal must ride on a positive 
DC bias offset which sets a static (modulation off) modulation 
current. Extemal circuitry for various schemes is further discussed 
in the Applications Information section. 
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APPLICATIONS INFORMATION 

Evaluation PC Board 
The evaluation PCB, shown in Figures 26 and 27, is very 

versatile and is intended to be used across the entire useful 
frequency range of this device. The center section of the 
board provides an area for attaching all SMT components 
to the circuit side and radial leaded components to the 
component ground side of the PCB (see Figures 28 and 29). 
Additionally, the peripheral area surrounding the RF core 
provides pads to add supporting and interface circuitry as 
a particular application dictates. This evaluation board will 
be discussed and referenced in this section. 

Current Controlled Oscillator (Pins 1 to 4) 
It is critical to keep the interconnect leads from the CCO 

(Pins 1 and 4) to the external inductor symmetrical and equal 
in length. With a minimum inductor the maximum free running 
frequency is greater than 1.0 GHz. Since this inductor will 
be small, it may be either a microstrip inductor, an air wound 
inductor or a tuneable RF coil. An air wound inductor may 
be tuned by spreading the windings, whereas, tuneable RF 
coils are tuned by adjusting the position of an aluminum core 
in a threaded coilform. As the aluminum core coupling to the 
windings is increased, the inductance is decreased. The 
temperature coefficient using an aluminum core is better than 
a ferrite core. The UniCoil™ inductors made by Coilcraft may 
be obtained with aluminum cores (Part No. 51-129-169). 

Ground (Pins 5, 10 and 15) 
Ground Returns: It is best to take the grounds to a 

backside ground plane via plated through holes or eyelets 
at the pins. The application PCB layout implements this 
technique. Note that the grounds are located at or less than 
100 mils from the devices pins. 

Decoupllng: Decoupling each ground pin to VCC isolates 
each section of the device by reducing interaction between 
sections and by localizing circulating currents. 

Loop Characteristics (Pins 6 and 7) 
Figure 11 is the component block diagram of the 

MC1317XD PLL system where the loop characteristics are 
described by the gain constants. Access to individual 
components of this PLL system is limited, inasmuch as the 
loop is only pinned out at the phase detector output and the 
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frequency control input for the eco. However, this allows 
for characterization of the gain constants of these loop 
components. The gain constants Kp, Ko and Kn are well 
defined in the MC13175 and MC13176. 

Phase Detector (Pin 7) 
With the loop in lock, the difference frequency output of 

the phase detector is DC voltage that is a function of the 
phase difference. The sinusoidal type detector used in this 
IC has the following transfer characteristic: 

Ie =ASin6e 

The gain factor of the phase detector, Kp (with the loop in lock) 
is specified as the ratio of DC output current, Ie to phase er
ror,6e: 

Kp = le;6e (Ampsiradians) 
Kp = A Sin 6eJ6e 
Sin 6e - 6e for 6e S 0.2 radians; 
thus, Kp = A (Amps/radians) 

Figures 7 and 8 show that the detector DC current is approxi
mately 30 itA where the loop loses lock at 6e = + 1tI2 radians; 
therefore, Kp is 30 !1AIradians. -

Current Controlled Oscillator, CCO (Pin 6) 
Figures 9 and 10 show the non-linear change in frequency 

of the oscillator over an extended range of control current 
for 320 and 450 MHz applications. Ko ranges from 
approximately 6.3xl05 rad/sec/1tA or 100 kHz/ItA (Figure 9) 
to 8.8xl05 rad/sec/1tA or 140 kHz/itA (Figure 10) over a 
relatively linear response of control current (0 to 100 ItA). 
The oscillator gain factor depends on the operating range 
of the control current (Le., the slope is not constant). Included 
in the CCO gain factor is the internal amplifier which can sink 
and source at least 30 ItA of input current from the phase 
detector. The internal circuitry at Pin 6 limits the CCO control 
current to 50 itA of source capability while its sink capability 
exceeds 200 itA as shown in Figures 9 and 10. Further 
information to follow shows how to use the full capabilities 
of the ceo by addition of an external loop amplifier and filter 
(see Figure 15). This additional circuitry yields at Ko = 0.145 
MHz/itA or 9.1 xl 05 rad/sec/ltA. 
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Figure 11. Block Diagram of MC1317XD PLL 
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Loop Filtering 
The fundamental loop characteristics, such as capture 

range, loop bandwidth, lock-up time and transient response 
are controlled extemally by loop filtering. 

The natural frequency (ron) and damping factor (a) are 
important in the transient response to a step input of phase 
or frequency. For a given a and lock time, ron can be 
determined from the plot shown in Figure 12. 
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COnt 

Where: Kp= 

Kf = 
Kn= 

Ko= 
Ko= 

Phase detector gain constant in 
IlA/rad; Kp = 30 IlA/rad 
Filter transfer function 
lIN; N = 8 for the MC13175 and 

N = 32 for the MC13176 
CCO gain constant in radlsec/1lA 
9.1 x 105 radlsec/1lA 

For a = 0.707 and lock time = 1.0 ms; 

then ron = 5.0/t = 5.0 kradlsec. 

The loop filter may take the form of a simple low pass filter 
or a lag-lead filter which creates an additional pole at origin 
in the loop transfer function. This additional pole along with 
that of the CCO provides two pure integrators (1/s2). In the 
lag·lead low pass network shown in Figure 13, the values 
of the low pass filtering parameters Rl, R2 and C determine 
the loop constants ron and a. The equations tl = Rl C and t2 
= R2C are related in the loop filter transfer functions F(s) = 
1 + t2S/1 + (tl + t2)S . 

Figure 13. Lag-Lead Low Pass Filter 

0 """ 
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0 
Vin R1 Vo 
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The closed loop transfer function takes the form of a 2nd order 
low pass filter given by, 

H(s) = KvF(s)/s + KvF(s) 

From control theory, if the loop filter characteristic has F(O) = 1 , 
the DC gain of the closed loop, Kv is defined as, 

Kv= KpKoKn 

and the transfer function has a natural frequency, 

ron = (Kv!l1 + t2)112 

and a damping factor, 

a = (ron/2) (t2 + 1/Kv) 

Rewriting the above equations and solving for the MC13176 
with a = 0.707 and ron = 5.0 k radlsec: 

Kv = KpKoKn = (30) (0.91 0 106) (1/32) = 0.853 0106 

tl + t2 = Kv/ron2 = 0.853 0 106/(25 0 106) = 34.1 ms 

t2 = 2a/ron = (2) (0.707)/(5 0 103) = 0.283 ms 

tl = (Kv/ron2) - t2= (34,1 - 0.283) = 33.8 ms 

MOTOROLA COMMUNICATIONS DEVICE DATA 



For C = 0.4711; 
then, R1 = t1/C = 33.8 • 10-3/0.47. 10-6 = 72 k 
thus, R2 = t2/C = 0.283 • 10-3/0.47 • 10-6 = 0.60 k 

In the above example, the following standard value compo
nents are used, 

C = 0.47 11; R2 = 620 and R'1 = 72 k - 53 k - 18 k 

(R'1 is defined as R1 - 53 k, the output impedance of the 
phase detector.) 

Since the output of the phase detector is high impedance 
(-50 k) and serves as a current source, and the input to the 
frequency control, Pin 6 is low impedance (impedance of the 
two diode to ground is approximately 500 Q), it is imperative 
that the second order low pass filter design above be 
modified. In order to minimize loading of the R2C shunt 
network, a higher impedance must be established to Pin 6. 
A simple solution is achieved by adding a low pass network 
between the passive second order network and the input to 
Pin 6. This helps to minimize the loading effects on the 
second order low pass while further suppressing the 
sideband spurs of the crystal oscillator. A low pass filter with 
R3 = 1.0 k and C2 = 1500 P has a corner frequency (fc) of 
106 kHz; the reference sideband spurs are down greater 
than - 60 dBc. 

Figure 14. Modified Low Pass Loop Filter 
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Hold-In Range 
The hold-in range, also called the lock range, tracking 

range and synchronization range, is the ability of the CCO 
frequency, fo to track the input reference signal, fref • N as 
it gradually shifted away from the free running frequency, ff. 
Assuming that the CCO is capable of sufficient frequency 
deviation and that the internal loop amplifier and filter are not 
overdriven, the CCO will track until the phase error, Se 
approaches ±Jr.I2 radians. Figures 5 through 8 are a direct 
measurement of the hold-in range (i.e . .1.fref • N = ±l>.fH • 27t). 

Since sin Se cannot exceed ±1.0, as Se approaches ±Jr.I2 the 
hold-in range is equal to the DC loop gain, Kv • N. 

±l>.wH 

where, Kv 

In the above example, 

±l>.wH = ± 27.3 Mradlsec 

±l>.fH = ± 4.35 MHz 

Extended Hold-in Range 
The hold-in range of about 3.4% could cause problems 

over temperature in cases where the free-running oscillator 
drifts more than 2 to 3% because of relatively high 
temperature coefficients of the ferrite tuned CCO inductor. 
This problem might worsen for lower frequency applications 
where the external tuning coil is large compared to internal 
capacitance at Pins 1 and 4. To improve hold-in range 
performance, it is apparent thai the gain factors involved 
must be carefully considered. 

Kn = is either 1/8 in the MC13175 or 1/32 in the MC13176. 
Kp = is fixed internally and cannot be altered. 
Ko = Figures 9 and 10 suggest that there is capability of 

greater control range with more current swing. 
However, this swing must be symmetrical about 
the center of the dynamic response. The suggested 
zero current operating point for ±1 00 IlA swing 
of the CCO is at about + 70 IlA offset point. 

Ka = External loop amplification will be necessary since 
the phase detector only supplies ± 30 IlA. 

In the design example in Figure 15, an external resistor 
(R5) of 15 k to VCC (3.0 Vdc) provides approximately 100 
!lA of current boost to supplement the existing 50 IlA 
internal source current. R4 (1.0 k) is selected for 
approximately 0.1 Vdc across it with 100 IlA. R1, R2 and 
R3 are selected to set the potential at Pin 7 and the base 
of 2N4402 at approximately 0.9 Vdc and the emitter at 
1.55 Vdc when error current to Pin 6 is approximately 
zero 1lA. C1 is chosen to reduce the level of the crystal 
sidebands. 

Figure 15. External Loop Amplifier 
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Figure 16 shows the improved hold-in range of the loop. 
The afref is moved 950 kHz with over 200 ).LA swing of control 
current for an improved hold-in range of ±15.2 MHz or ± 95.46 
Mradlsec. 

'N' 
:I: 

Figure 16. MC13176 Reference Oscillator 
Frequency versus Oscillator Control Current 
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100 

If a signal is applied to the loop not equal to free running 
frequency, ff, then the loop will capture or lock-in the signal 
by making fs = fo (i:e. if the initial frequency difference is 
not too great). The lock-in range can be expressed as aWL 
- ± 2ilwn 
FM Modulation 

Noise extemal to the loop (phase detector input) is 
minimized by narrowing the bandwidth. This noise is minimal 
in a PLL system since the reference frequency is usually 
derived from a crystal oscillator. FM can be achieved by 
applying a modulation current superimposed on the control 
current of the CCO. The loop bandwidth must be narrow 
enough to prevent the loop from responding to the 
modulation frequency components, thus, allowing the CCO 
to deviate in frequency. The loop bandwidth is related to the 
natural frequency wn. In the lag-lead design example where 
the natural frequency, wn = 5.0 kradlsec and a damping 
factor, il = 0.707, the loop bandwidth = 1.64 kHz. 
Characterization data of the closed loop responses for both 
the MC13175 and MC13176 at 320 MHz (Figures 7 and 8, 
respectively) show satisfactory performance using only a 
simple lOw-pass loop filter network. The loop filter response 
is strongly influenced by the high output impedance of the 
push-pull current output of the phase detector. 
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fc = 0.159/RC; 

For R = 1.0 k + R7 (R7 = 53k) and C = 390 pF 

fc = 7.55 kHz or Wc = 47 kradlsec 

The application example in Figure 17a of a 320 MHz FM 
transmitter demonstrates the FM capabilities of the IC. A high 
value series resistor (100 k) to Pin 6 sets up the current 
source to drive the modulation section of the chip. Its value is 
dependent on the peak to peak level of the encoding data 
and the maximum desired frequency deviation. The data 
Input is AC'coupled with a large coupling capacitor which is 
selected for the modulating frequency. The component 
placements on the circuit side and ground side of the PC 
board are shown in Figures 28 and 29, respectively. Figure 
18a illustrates the Input data of a 10kHz modulating signal at 
1.6 Vp-p. Figures 18b and lBe depict the deviation and 
resulting modulation spectrum showing the carrier null at - 40 
dBc. Figure 18d shows the unmodulated carrier power output 
at 3.5 dBm for VCC = 3.0 Vdc. 

For voice applications using a dynamic or an electret 
microphone, an op amp is used to amplify the microphone's 
low level output. The microphone amplifier circuit is shown 
in Figure 19. Figure 17b shows an application example for 
NBFM audio or direct FSK in which the reference crystal 
oscillator is modulated. 

Figure 19. Microphone Amplifier 
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Local Oscillator Application 
To reduce intemal loop noise, a relatively wide loop 

bandwidth is needed so that the loop tracks out or cancels 
the noise. This is emphasized to reduce inherent CCO and 
divider noise or noise produced by mechanical shock and 
environmental vibrations. In a local oscillator application the 
CCO and divider noise should be reduced by proper 
selection of the natural frequency of the loop. Additional low 
pass filtering of the output will likely be necessary to reduce 
the crystal sideband spurs to a minimal level. 
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Figure 17a. 320 MHz MC13176D FM Transmitter 
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pins must be decoupled 10 V CC; decoupling capacitors should be placed as close as possible to the pins. 

3. RFClls 180 nH Coilcraft surface mount Inductor or 190 nH Collcraft 146-oSJOB. 
4. Recommended source is a Coilcraft ·slot seven" 7.0 mm luneable Inductor, part #7M3-682. 
5. The cryslalls a parallel resonant, fundamental mode calibraled with 32 pF load capacitance. 

Figure 17b. 320 MHz NBFM Transmitter 
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5. A single varactor like the MV21 05 may be used whereby RFC2 is nol needed. 
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Figure l8a.lnput Data Waveform 

Figure l8c. Modulation Spectrum 

Reference Crystal Oscillator (Pins 8 and 9) 
Selection of Proper Crystal: A crystal can operate in a 

number of mechanical modes. The lowest resonant 
frequency mode is its fundamental while higher order modes 
are called overtones. At each mechanical resonance, a 
crystal behaves like a RLC series·tuned circuit having a large 
inductor and a high Q. The inductor Ls is series resonance 
with a dynamic capacitor, Cs determined by the elasticity of 
the crystal lattice and a series resistance Rs, which accounts 
for the power dissipated in heating the crystal. This series 
RLC circuit is in parallel with a static capacitance, Cp which 
is created by the crystal block and by the metal plates and 
leads that make contact with it. 

Figure 20 is the equivalent circuit for a crystal in a single 
resonant mode. It is assumed that other modes of resonance 
are so far off frequency that their effects are negligible. 

Series resonant frequency, fs is given by; 

fs = 1/21t(LsCs) 1/2 

and parallel resonant frequency, fp is given by; 

fp = fs(1 + Cs/Cp)1/2 
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Figure l8b. Frequency Deviation 

Figure l8d. Unmodulated Carrier 

Figure 20. Crystal Equivalent Circuit 

the frequency separation at resonance is given by; 

.M = fp-fs = fs[1 - (1 + Cs/Cp) 1/2) 

Usuallyfp is less than 1 % higherthanfs, andacrystalexhibitsan 
extremely wide variation of the reactance with frequency be
tween fp and fs- A crystal oscillator circuit is very stable with fre· 
quency. This high rate of change of impedance with frequency 
stabilizes the oscillator, because any significant change in os-
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cillator frequency will cause a large phase shift in the feedback 
loop keeping the oscillator on frequency. 

Manufacturers specify crystal for either series or parallel 
resonant operation. The frequency for the parallel mode is 
calibrated with a specified shunt capacitance called a "load 
capacitance". The most common value is 30 to 32 pF. If the 
load capacitance is placed in series with the crystal, the 
equivalent circuit will be series resonance at the specified 
parallel-resonant frequency. Frequencies up to 20 MHz use 
parallel resonant crystal operating in the fundamental mode, 
while above 20 MHz to about 60 MHz, a series resonant 
crystal specified and calibrated for operation in the overtone 
mode is used. 

Application Examples 
Two types of crystal oscillator circuits are used in the 

applications circuits: 1) Fundamental mode common emitter 
Colpitts (Figures 1, 17a, 17b, and 21). 2) Third overtone 
impedance inversion Colpitts (also Figures 1 and 21). 

The fundamental mode common emitter Colpitts uses a 
parallel resonant crystal calibrated with a 32 pf load 
capacitance. The capacitance values are chosen to provide 
excellent frequency stability and output power of > 500 
mVp-p at Pin 9. In Figures 1 and 21, the fundamental mode 
reference oscillator is fixed tuned relying on the repeatability 
of the crystal and passive network to maintain the frequency, 
while in the circuit shown in Figure 17, the oscillator 
frequency can be adjusted with the variable inductor for the 
precise operating frequency. 

The third overtone impedance inversion Colpitts uses 
a series resonance crystal with a 25 ppm tolerance. In 
the application examples (Figures 1 and 21), the 
reference oscillator operates with the third overtone 
crystal at 40.0000 MHz. Thus, the MC13175 is operated 
at 320 MHz (fd8 = crystal; 320/8 = 40.0000 MHz. The 
resistor across the crystal ensures that the crystal will 
operate in the series resonant mode. A tuneable inductor 
is used to adjust the oscillation frequency; it forms a 
parallel resonant circuit with the series and parallel 
combination of the external capacitors forming the divider 
and feedback network and the base-emitter capacitance 
of the device. If the crystal is shorted, the reference 
oscillator should free-run at the frequency dictated by the 
parallel resonant LC network. 

The reference oscillator can be operated as high as 60 
MHz with a third overtone crystal. Therefore, it is 
possible to use the MC13175 up to at least 480 MHz and 
the MC13176 up to 950 MHz (based on the maximum 
capability of the divider network). 

Enable (Pin 11) 
The enabling resistor at Pin 11 is calculated by: 

Rreg. enable = VCC - 1.0 Vdc/l reg. enable 
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From Figure 4, Ireg. enable is chosen to be 75 1lA. So, for a 
VCC = 3.0 Vdc Rreg. enable = 26.6 kn, a standard value 27 
kn resistor is adequate. 

Layout Considerations 
Supply (Pin 12): In the PCB layout, the VCC trace must 

be kept as wide as possible to minimize inductive reactance 
along the trace; it is best that VCC (RF ground) completely 
fills around the surface mounted components and 
interconnect traces on the circuit side of the board. This 
technique is demonstrated in the evaluation PC board. 

Battery/Selection/Lithium Types 
The device may be operated from a 3.0 V lithium battery. 

Selection of a suitable battery is important. Because one of 
the major problems for long life battery powered equipment 
is oxidation of the battery terminals, a battery mounted in a 
clip-in socket is not advised. The battery leads or contact 
post should be isolated from the air to eliminate oxide 
build-up. The battery should have PC board mounting tabs 
which can be soldered to the PCB. Consideration should be 
given for the peak current capability of the battery. Lithium 
batteries have current handling capabilities based on the 
composition of the lithium compound, construction and the 
battery size. A 1300 mAlhr rating can be achieved in the 
cylindrical cell battery. The Rayovac CR2/3A 
lithium-manganese dioxide battery is a crimp sealed, spiral 
wound 3.0 Vdc, 1300 mAlhr cylindrical cell with PC board 
mounting tabs. It is an excellent choice based on capacity 
and size (1.358" long by 0.665" in diameter). 

Differential Output (Pins 13, 14) 
The availability of micro-coaxial cable and small baluns 

in surface mount and radial-leaded components allows for 
simple interface to the output ports. A loop antenna may be 
directly connected with bias via RFC or 50 n resistors. 
Antenna configuration will vary depending on the space 
available and the frequency of operation. 

AM Modulation (Pin 16) 
Amplitude Shift Key: The MC13175 and MC13176 are 

designed to accommodate Amplitude Shift Keying (ASK). 
ASK modulation is a form of digital modulation corresponding 
to AM. The amplitude of the carrier is switched between two 
or more values in response to the PCM code. For the binary 
case, the usual choice is On-Off Keying (often abbreviated 
OOK). The resultant amplitude modulated waveform consists 
of RF pulses called marks, representing binary 1 and spaces 
representing binary O. 

MC13175.MC13176 
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Figure 21. ASK 320 MHz Application Circuit 

Coilcraft 
150-0SJ08 

(2) 0----+---1 
VEE 

Rmod 
3.3k (4) 

1--'VIrv---o On-Off Keyed Input 
TIL Level 1 0 kHz 

SM 

~RFout 
~L----"'150p ~ 

I---Nv--';:-I (5) 

100p 
(MC13176) J: 

30p ~ 
(MC13175) ~ 

MC13175-30p 
MC13176-180p 0.~2~ t ~~:c~:.~l VCC 

NOTES: 1.50 n coaxial balun, 1/10 wavelength line (1.5") provides the best 
match to a 50 n load. 

2. Pins 5, 10 and 15 are ground and connnected to VEE which is 
the component/DC ground plane side of PCB. These pins must 
be decoupled to VCC; decoupling capaCitors should be placed 
as close as possible to the pins. 

3. The crystal oscillator circuit may be adjusted for frequency with 
the variable indUctor (MCI3175); 1.0 k resistor shunting the 
crystal prevents it from oscillating in the fundamental mode. 
Recommended source is Coilcraft "slot seven" 7.0 mm tuneable 
inductor, part #7M3-821. 

Figure 21 shows a typical application in which the output 
power has been reduced for linearity and current drain. The 
current draw on the device is 16 mA ICC (average) and 
- 22_5 dBm (average power output) using a 10kHz 
modulating rate for the on-off keying. This equates to 20 mA 
and - 2.3 dBm "On", 13 mA and - 41 dBm "Off". In Figure 
22a, the device's modulating waveform and encoded carrier 

MC13175.MC13176 
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Crystal T V CC 
MC13175 Fundamental .I. 

3rd~~~~bne 1.0k I 10MHz 
40.0000 MHz ~ = 

4. The On-Off keyed signal turns the output of the transmitter off and on with 
TTL level pulses through Rmod at Pin 16. The "On" power and ICC is set 
by the resistor which sets Imod = VTTL - 0.8/ Rmod. (see Figure 23). 

5. 51 simulates an enable gate pulse from a microprocessor which will 
enable the transmitter. (see Figure 4 to detennine precise value of the 
enabling resistor based on the potential of the gate pulse and the 
desired enable.) 

are displayed. The crystal oscillator enable time is needed 
to set the acquisition timing. It takes typically 4.0 msec to 
reach full magnitude of the oscillator waveform (see Figure 
22b, Oscillator Waveform, at Pin 8). A square waveform of 
3.0 V peak with a period that is greater than the oscillator 
enable time is applied to the Enable '(Pin 11). 
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Pin 16 
OOK Inpul Modulation 
10kHz TIL Wavefonn 

On·Off Keying En· 
coded 

Carrier Envelope 

PinS 
Oscillator Waveform 

Figure 228. ASK Input Waveform and Modulated Carrier 

Figure 22b. Oscillator Enable Time, Tenable 

Figure 23. Power Output versus Modulation Current Analog AM 

10 

5.0 
;[ 
:& 0 

~ 
8'"5.0 

ffi -10 

~ 
a. -15 
.P 

-20 

-25 
0.1 

./ ,. 

./ l-

/" 
VCC=3.0Vdc 
f=32O MHz 

,/ 

1.0 
lmod, MODULATION CURRENT (mA) 
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In analog AM applications, the output amplifier's linearity 
must be carefully considered. Figure 23 is a plot of Power 
Output versus Modulation Current at 320 MHz, 3.0 Vdc. In 
order to achieve a linear encoding of the modulating 
sinusoidal waveform on the carrier, the modulating signal 
must amplitude modulate the carrier in the linear portion of 
its power output response. When using a sinewave 
modulating signal, the signal rides on a positive DC offset 
called Vmod which sets a static (modulation off) modulation 
current, Imod. Imod controls the power output of the IC. As 
the modulating signal moves around this static bias point the 
modulating current varies causing power output to vary or 
to be AM modulated. When the Ie is operated at modulation 
current levels greater than 2.0 mAdc the differential output 
stage starts to saturate. 
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In the design example, shown in Figure 24, the operating 
point is selected as a tradeoff between average power output 
and quality of the AM. 

ForVcc=3.0Vdc;ICc=18.5mAandlmod=0.5mAdcand 
a static DC offset of 1.04 Vdc, the circuit shown in Figure 24 
completes the design. Figures 25a, 25b and 25cshow ihe re
sults of - 6.9 dBm output power and 100% modulation by the 
10kHz and 1.0 MHz modulating sil'lewave signals. The am
plitude of the input signals is approximately 800 mVp-p. 

Where Rmod = (VCC - 1.04 Vdc)/0.5 mA = 3.92 k, use 
a standard value resistor of 3.9 k. 

Figure 24. Analog AM Transmitter 

3.OVdc Rmod 

Data~ + 
Input~ 

800mVp-p 6.811 

1----

Figure 25a. Power Output of Unmodulated Carrier 

Figure 25b. Input Signal and AM Modulated 
Carrier for fmod = 10 kHz . 

MC1317S.MC13176 
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Figure 25c. Input Signal and AM Modulated 
Carrierfor fmod = 1.0 MHz 

MOTOROLA COMMUNICATIONS DEVICE DATA 



Figure 26. Circuit Side View of MC1317XD 
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Figure 27. Ground Side View 

I- 4" ~-~--------+l_1 
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Figure 28. Surface Mounted Components Placement 
(on Circuit Side) 

Figure 29. Radial Leaded Components Placement 
(on Ground Side) 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Bit Rate Generator 
The MC14411 bit rate generator is constructed with complementary MOS 

enhancement mode devices. It utilizes a frequency divider network to provide a 
wide range of output frequencies. 

A crystal-controlled oscillator is the clock source forthe network. A 2-bit address 
is provided to select one of four multiple output Clock rates. 

Applications include a selectable frequency source for equipment in the data 
communications market, such as teleprinters, printers, CRT terminals, and 
microprocessor systems. 

• Single 5.0 Vdc (±5"10) Power Supply 
• Internal Oscillator Crystal Controlled for Stability (1.8432 MHz) 
• 16 Different Output Clock Rates 
• 50% Output Duty Cycle 
• Programmable Time Bases for One of Four Multiple Output Rates 
• Buffered Outputs Compatible with Low Power TTL 

• Noise Immunity = 45% of VDD Typical 
• Diode Protection on All Inputs 
• External Clock may be Applied to Pin 21 
• Internal Pull-Up'Resistor on Reset Input 

NOT 
RECOMMENDED 

FOR EW DESIGN 
BLOCK DIAGRAM 

RATE SELECT A _____________ -, 
(RSAl 

RATE SELECT B ___________ --, 
(RSB) 

CRYSTAL IN 
(XTALin) 

CRYSTAL OUT" 
(XTALoul) 

DIVIDER 

RESET'" -----~-~_+------~ 

'See Figure 2 for 1ypical cryslal oscillaiOr circuits. 
"When RESET = 0, outputs Fl-FI4 = 0, outputs FI5-FI6 = 1. 
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DIVIDERS 

Fl 
F2 
F3 

F4 
F5 

F6 
F7 
F8 
F9 
FlO 
Fll 

F12 
F13 
F14 

F15 
F16 

MC14411 

LSUFFIX 
CERAMIC 
CASE 623 

PSUFFIX 
PLASTIC 
CASE 709 

DWSUFFIX 
SOG 

CASE 751E 

PIN ASSIGNMENTS 

L, PSUFFIX 

Fl 

F3 

F5 
F7 
Fa 

FlO 
F9 

Fl1 

F14 
RESET 

NOT USED 

VSS 

1_ 24 

2 23 

3 22 
4 21 
5 20 

6 19 
7 18 
8 17 

9 16 
10 15 

11 14 
12 13 

DWSUFFIX 

VDD 
RSA 

RSB 
XTALin 

XTALout 
F16 
F15 

F2 

F4 
F6 

F12 
F13 

Fl VDD 1. 24 
F3 RSA 2 23 

F5 RSB 3 22 
F7 XTALin 4 21 
FaXTALout 5 20 

FlO F16 6 19 
F9 F15 7 18 

Fl1 

F14 
RESET 

VSS 
F13 

8 

9 
10 

11 
12 

17 

16 
15 

14 
13 

F2 

F4 
F6 

F12 
NC 

NC = NO CONNECTION 
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MAXIMUM RATINGS (Voltages referenced to VSS, Pin 12) 

Symbol Rating Value Unit 

VDD D.c Supply Voltage Range 5.25 to-0.5 V 

Yin Input Voltage, All Inputs VDD+0.5to V 
VSS-0.5 

I D.c .current Drain par Pin 10 rnA 

TA Operating Temperature Range -40to+85 D.c 

Tstg Storage Temperature Range -65to+150 D.c 

ELECTRI.cAL CHARACTERISTICS 

-4O"C 

Symbol Characteristic VDO Min Max 

VDD Supply Voltage - 4.75 5.25 

Vout Operating Voltage "0" Level 5.0 - 0.05 
"I" Level 5.0 4.95 -

VIL Input Voltage Vo = 4.5 or 0.5 V 5.0 - 1.5 
VIH Vo = 0.50r4.5 Vdc 5.0 3.5 -

Output Drive .current 
IOH VOH=2.5V Source 5.0 -0.23 -
IOL VOL=0.4V Sink 5.0 +0.23 -
lin Input .current Pins 21 , 22, 23 - - ±0.1 

Pin 10 5.0 - -

.cin Input .capacitance (Vin = 0) - - -
PQ Quiescent Dissipation 5.0 - 2.5 

Power Dissipation "t 
Po (Dynamic plus Quiescent) 5.0 

(.cL = 15 pF) 

trLH Output Rise Time" 5.0 - -
tr = (3.0 nslpF) CL + 25 ns 

trHL Output Fall Time" 5.0 - -
tf = (1.5 ns/pF) CL + 47 ns 

fCL Input Clock Frequency 5.0 - 1.85 

tw(C) Clock Pulse Width - 200 -
twIRl RESET Pulse Width - 500 -

Min 

4.75 

-
4.95 

-
3.5 

-0.20 
+0.20 

-
-1.5 

-
-

-

-

-
200 

500 

This device contains circuitry to protect the in
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-impedance circuit. For proper opera
tion it is recommended that Yin and Vout be con
strained to the range VSS S (Vin orVoutl S VDD. 

Unused Inputs must always be tied to an ap
propriate logic voltage level (e.g., either VSS or 
VDD)· 

+ 25DC + 85DC 

Typ Max Min Max Unit 

5.0 5.25 4.75 5.25 V 

0 0.05 - 0.05 V 
5.0 - 4.95 - V 

2.25 1.5 - 1.5 V 
2.75 - 3.5 - V 

-1.7 - -0.16 - rnA 
+0.78 - +0.16 - rnA 

±O.OOOOI ±0.1 - ±1.0 I1A 
- -7.5 - - I1A 

5.0 - - - pF 

0.015 2.5 - 15 mW 

Po = (7.5 mW/MHZ) f + PQ mW 

70 200 - - ns 

70 200 - - ns 

- 1.85 - 1.85 MHz 

- - 200 - ns 

- - 500 - ns 

t For dissipation at different external capacitance (CL) refer to corresponding formula: 
PT (CL = PD + 2.6 x.l0-3 (CL -15 pF) VDD2f 
where: PT, PD in mW, .cL in pF, VDD in Vdc, and f in MHz . 

•• The formula given Is for the typical characteristics only. 

INPUT 

=t_2o_ns _ 

OUTPUT 
:{[o 

__ ......:..!.L:..:%.::..; 

tnH=:::;j 

Figure 1_ Dynamic Signal Waveforms 

Voo 

VSS 

VOH 

VOL 
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Table 1. Output Clock Rates 

Rate Select 
Output 

Output Rates (Hz) 

B A 

0 0 

0 1 

1 0 

1 1 

Rate 

Xl 

X8 

X16 

X64 

XTALin 
21 

D 

Number X64 X16 

Fl 614.4k 153.6k 

F2 460.8 k 115.2 k 

F3 307.2 k 76.8 k 

F4 230.4 k 57.6 k 

F5 153.6k 38.4 k 

F6 115.2k 28.8 k 

F7 76.8 k 19.2k 

F8 38.4 k 9600 

F9 19.2 k 4800 

FlO 12.8 k 3200 

Fll 9600 2400 

F12 8613.2 2153.3 

F13 7035.5 1758.8 

F14 4800 1200 

F15 921.6k 921.6k 

F16* 1.843M 1.843 M 

*F16 is a buffered oscillator output 

-, 
::;= 5 pF 

+--, 
::!: 12 pF ..L 

'---_-+--.J -= 
20 

XTALaut 

Crystal Specifications 
Parallel 
RS 
Co 
Temperature Range 
Test Level 
Test Set 

Rf=15MO±10% 

Crystal Mode 
Frequency 1.B432 MHzor±0.05% @13pF 
540 0 max 
7.0 pFmax 
o to 70°C 
lmW 
TS - 330fTSM or Equivalent 

'Suggested CIYSIaI Suppliers: TypeD, CTS Knights 

Figure 2. Typical Crystal Oscillator Circuit 
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XB Xl 

76.8k 9600 

57.6k 7200 

38.4 k 4800 

28.8k 3600 

19.2k 2400 

14.4 k 1800 

9600 1200 

4800 600 

2400 300 

1600 200 

1200 150 

1076.6 134.5 

879.4 109.9 

600 75 

921.6k 921.6k 

1.843M 1.843M 

BIT RATE CLOCK OUTPUTS 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

2-01-8 Keypad-to-Binary 
Tone Encoder 
CMOS 

The MCl4419 is designed for phone and dialer system applications, but finds 
many applications as a keypad-to-binary encoder. The device contains a 2-of-8 to 
binary encoder, a strobe generator, and an illegal state detector. The encoder has 
four row inputs and four column inputs and is designed to accept inputs from 16 
keyswitches arranged in a 4 x 4 matrix. For an output on the four data lines, one 
and only one row along with one and only one column input line must be activated. 
All other combinations are,suppressed by the illegal state detector to eliminate 
false data output. 

The strobe generator produces a strobe pulse when any of the 10 keys 
corresponding to numerals 0-9 are depressed. The strobe output can be used to 
eliminate erroneous data entry due to contact bounce. For a strobe outputto occur, 
the key row and column input lines must remain stable for 80 clock pulses after 
activation. When the contact bouncer has settled and 80 clock pulses have 
occurred, the output will be a single strobe pulse equal in width to that of the clock 
low state. The strobe generator will output one and only one pulse each time a 
numerical key is depressed. After the pulse has occurred, noise and bounce due 
to contact break will not cause another strobe pulse. With a 16 kHz clock fre
quency, the pulse occurs 5 ms after the last bounce. 

• Suppressed Output for Illegal Input Codes 
• On-Chip Pull-Up Resistors for Rowand Column Inputs 
• Clock Input Conditioning Circuit 
• Low Current Drain in Standby Mode: 5.0 IIA Typical @ 5.0 Vdc 
• Subsystem Complement to the MCl4408/14409 Phone Pulse Converter 
• Codes for Numbers 0-9 Produce a Strobe Pulse 
• One Key Roll-Over Feature 

BLOCK DIAGRAM 

ROW {2:1 INPUTS 

COLUMN { : 
INPUTS 7 

8 NOT 
RECOMMENDED ~ 

MC14419 

PSUFFIX 
PLASTIC 
CASE64B 

PIN ASSIGNMENTS 

PSUFFIX 

Rll 1. 16 P VDD 

R2 I 2 15 P CLK 

R3 I 3 14 P ST 

R41 4 13 P D4 

Cll 5 12 P D3 

C21 6 11 P D2 

C3 I 7 10 P Dl 

VSS I 8 9 PC4 

Rl CLK 

15j R2 
R3 

R4 
BCD r- STROBE 

DETECTOR GENERATOR 
Cl 
C2 

14 T C3 
C4 

ST 

~ 

13:--+ D4 ""I 
2'()F-8TO 

BINARY 
12 f--+ D3 ENCODER 

AND D 
ILLEGAL 

11~D2 

ATA 
PUTS OUT 

CODE 

FOR NEW 
DESIGN 

DETECTOR 

MC14419 
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VSS= PIN 8 
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MAXIMUM RATINGS (Voltages referenced to VSS, Pin B) 

Rating Symbol 

DC Supply Voltage Range VDD 

Input Voltage, All Inputs Yin 

DC Current Drain per Pin I 

Operating Temperature Range TA 

Storage Temperature Range Tstg 

ELECTRICAL CHARACTERISTICS 

Value 

+6.0 to-0.5 

VDD + 0.5 to 
VSS-0.5 

10 

-40 to + B5 

- 65 to + 150 

Unit 

V 

V 

rnA 

°c 

°C 

This device contains circuitry to protect the in
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-impedance circuil. For proper opera
tion it is recommended that Yin and Vout be con
strained to the range VSS';; (Vin or Vout)';; VDD. 

VOOV 
-40°C + 25°C +B5°C 

Characteristic Symbol dc Min 

Supply Voltage VOO - 3.0 

Operating Voltage "0" Level Vout 5.0 -
"1" Level 5.0 4.99 

Noise Immunity VNL 5.0 1.5 

(AVout'; O.B Vdc) VNH 5.0 1.4 

Output Drive Current 
VOH=2.5V Source IOH 5.0 -0.23 

VOL = 0.4 V Sink IOL 5.0 +0.23 

Input Leakage Current (Vin = VOO) IIH 5.0 -
Pull-Up Resistor Source Current IlL 5.0 265 

(Rowand Column Inputs) 
(Vin= VSS) 

Input Capacitance (Vin = VSS) Cin - -
Standby Supply Current 10DS 

(fclock = 16 kHz, No Keys Depressed) 3.0 -
5.0 -
6.0 -

Function of Clock Frequency* 5.0 
(No Keys Depressed) 

* The formula given is for the typical characteristics only. 

SWITCHING CHARACTERISTICS (CL = 50 pF, TA = 25°C) 

Characteristic 

Output Rise and Fall Times, 01-D4 (Figure 1) 

Propagation Delay Time, Row or Column Input 
to Data Output (Figure 1) 

Clock Pulse Frequency Range 

ROWOR 
COLUMN 

INPUTS 

Dn 
OUTPUT 

20 ns 20 ns 

Symbol 

tr, tf 

tpLH, 
tpHL 

PRF 

Figure 1_ Switching Time Waveforms 
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VOO 

5.0 

5.0 

3.0 to 6.0 

VDD 

VSS 

VOH 

VOL 

Max Min Typ Max Min Max Unit 

6.0 3.0 5.0 6.0 3.0 6.0 V 

0.01 - 0 0.01 - 0.05 V 
- 4.99 5.0 - 4.95 - V 

- 1.5 2.25 - 1.4 - Vdc 

- 1.5 2.25 - 1.5 - Vdc 

- -0.20 -1.7 - -0.16 - mAdc 

- +0.20 +0.7B - +0.16 - mAdc 

- - 10 - - - pAdc 

460 190 250 330 125 215 j.lAdc 

- - 5.0 - - - pF 

j.lAdc 
3.0 - 1.0 3.0 - 6.0 
15 - 5.0 15 - 30 
60 - 20 60 - 120 

10DS = 0.091lA I kHz + 3.0 IlA j.lAdc 

Min Typ Max Unit 

- 300 - ns 

- 1000 - ns 

4.0 16 BO kHz 

PRF Clock tST* 
Frequency (kHz) Strobe Pulse Delay Time (ms) 

4.0 20 

8.0 10 

16 5.0 

32 2.5 

80 1.0 

*tST = (1/PRF) . 80, with PRF in kHz, tST in ms 
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Table 2. Truth Table 

Inputs 

Row Column Outputs 

Key" R4 R3 R2 Rl C4 C3 C2 Cl 04 03 02 01 Strobe 

1 1 1 1 0 1 1 1 0 0 0 0 1 JL 
2 1 1 1 0 1 1 0 1 0 0 1 0 JL 
3 1 1 1 0 1 0 1 1 0 0 1 1 JL 
A 1 1 1 0 0 1 1 1 1 1 0 0 0 

4 1 1 0 1 1 1 1 0 0 1 0 0 JL 
5 1 1 0 1 1 0 0 1 0 1 0 1 JL 
6 1 1 0 1 1 1 1 1 0 1 1 0 JL 
B 1 1 0 1 0 1 1 1 1 1 0 1 0 

7 1 0 1 1 1 0 1 0 0 1 1 1 JL 
B 1 0 1 1 1 1 0 1 1 0 0 0 JL 
9 1 0 1 1 1 1 1 1 1 0 0 1 JL 
c 1 0 1 1 0 0 1 1 1 1 1 0 0 

. 0 1 1 1 1 1 1 0 1 0 1 0 0 

0 0 1 1 1 1 1 0 1 0 0 0 0 JL 
# 0 1 1 1 1 0 1 1 1 0 1 1 0 

0 0 1 1 1 0 1 1 1 1 1 1 1 0 

All Other Combinations 0 0 0 0 0 

"See Figure 3 for keypad designation. 
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CONTACT 
MAKE 

BOUNCE 
ROW OR -----,~IT:l'"7"'T"7-r. 
COLUMN 

INPUT 

NOISE 
SPIKE 

I 
I+- 1sT -+II-- PWST" 

CONTACT 
BREAK 

BOUNCE 

STROBE n 
GENERATOR _______ 80_C_LO_C_K_P_UL_S_ES...I '-________________ _ 

OUTPUT .. 

"PWST = Strobe Pulse Width = Low State Clock Pulse Width (PWLl. 

Figure 2. Strobe Generator Timing Diagram 
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KEYPAD WITH OPST 
N.O. SWITCHES 

4x4KEYPAO 
15 

A, 

COMMON Rl 

R2 

OR 
R3 

KEYPAD WITH SPST 
N.O. SWITCHES 

R4 

COMMON 

Figure 3. Typical Keypad Interface Application 
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VOO 

MC14419 

C4 C3 C2 Cl 

01 

02 

03 

04 

05 

10 

11 

12 

13 

14 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

I MC14469 

Addressable Asynchronous 
Receiver/Transmitter . 
CMOS 

The MC14469 receives one or two 11-bit words in a serial data stream. One of 
the incoming words contains the address and when the address matches, the 
MC14469 then transmits information in two 11-bit word data streams. Each of the 
transmitted words contains 8 data bits, an even parity bit, and start and stop bits. 

The received word contains 7 address bits with the address olthe MC14469 set 
on seven pins. Therefore, 27 or 128 units can be interconnected in simplex or 
full-duplex data transmission. In addition to the address received, seven command 
bits may be received for general-purpose data or control use. 

The MC14469 finds application in transmitting data from remote analog-to
digital converters, remote MPUs, or remote digital transducers to the master 
computer or MPU. 

PSUFFIX 
PLASTIC 
CASE 711 

FN SUFFIX 
PLCC 

CASE 777 

• Supply Voltage Range: 4.5 V to 18 V ORDERING INFORMATION 
• Low Quiescent Current: 75 !LA Maximum @ 5 V, 25°C 
• Guaranteed Data Rates to 4800 Baud @ 5 V, to 9600 Baud @ 12 V 
• Receive - Serial to Parallel 

Transmit - Parallel to Parallel 
• Transmit and Receive Simultaneously in Full Duplex 
• Crystal or Resonator Operation for On-Chip Oscillator 
• See Application Note AN806A 
• Chip Complexity: 1200 FETs or 300 Equivalent Gates 

MC14469P 
MC14469FN 

Plastic DIP 
PLCC 

PIN ASSIGNMENTS 

MC14469 
2-194 

OSCl 

OSC2 

RESET 
AO 
Al 

A2 
A3 

A4 
AS 

A6 

IDO 
IDl 
ID2 

ID3 
ID4 
ID5 
ID6 

ID7 
RI 

Vss 

PSUFFIX 

12 29 
13 28 

14 27 
15 26 
16 25 
17 24 

18 23 
19 22 
20 21 

VDD 

CO 

Cl 
C2 
C3 A2 

C4 A3 

C5 A4 
AS 

C6 
A6 

CS 
NC 

YAP IDO 
SEND IDl 
SO ID2 
Sl ID3 
S2 104 
53 

54 
55 

56 
57 

TRO 

FNSUFFIX 

It;; ~ (3 

~~8o~~ :;: omen rn 
«a:O 0 

6 5 4 3 1 44 43 42 41 40 
7 • 39 C4 
8 C5 
9 C6 
10 CS 
11 YAP 
12 NC 
13 SEND 
14 SO 
15 31 Sl 
16 S2 
17 29 S3 

18 19 20 21 22 23 24 25 26 27 28 

'" b a: ~ () 1° S5 33 18(l1j 9 Q _ :::> z g: 

NC = NO CONNECTION 
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MAXIMUM RATINGS (Voltages referenced to VSS) 

Rating Symbol Value Unit 

DC Supply Voltage VDD -0.5to+18 V 

Input Voltage, All Inputs Yin -0.5 to VDD + 0.5 V 

DC Current Drain per Pin I 10 mA 

Operating Temperature Range TA -40to+85 "C 

Storage Temperature Range Tstg -65to+150 "C 

ELECTRICAL CHARACTERISTICS (Voltages referenced to VSS) 

-40"C 

Characteristic Symbol VDO Min Max 

Output Voltage 
"0" Level VOL 5.0 - 0.05 

Yin =VDD or 0 10 - 0.05 
15 - 0.05 

"I" Level VOH 5.0 4.95 -
Vin=OorVDD 10 9.95 -

15 14.95 -. 

Input Voltage (Except OSC1) 
VIL "0" Level 

Vo = 4.5 or 0.5 V 5.0 - 1.5 
Vo = 9.0 or 1.0 V 10 - 3.0 
Vo = 13.5 or 1.5 V 15 - 4.0 

"I" Level VIH 
Vo = 0.5 or 4.5 V 5.0 3.5 -
Vo = 1.0 or 9.0 V 10 7.0 -
Vo = 1.5 or 13.5 V 15 11 -

Output Drive Current (Except OSC2) 
VOH=2.5V Source IOH 5.0 -1.0 -
VOH=4.6V 5.0 -0.2 -
VOH=9.5V 10 -0.5 -
VOH= 13.5V 15 -1.4 -

VOL=0.4V Sink .iOL 5.0 0.52 -
VOL = 0.5 V 10 1.3 -
VOL=I.5V 15 3.6 -

Output Drive Current (OSC2 Only) 
VOH=2.5V Source IOH 5.0 -0.19 -
VOH=4.6V 5.0 -0.04 -
VOH=9.5V 10 -0.09 -
VOH= 13.5V 15 -0.29 -
VOL = 0.4 V Sink IOL 5.0 0.1 -
VOL=0.5V 10 0.17 -
VOL=I.5V 15 0.5 -

OSC Frequency" fOSC 4.5 0 400 
12 0 800 

Input Current lin 15 - ±0.3 

Pull-Up Current (AO-A6, IDO-I07) IUp 15 12 120 

Input Capacitance (Vln = 0) Cin - - -
Quiescent Current (Per Package) IDD 5.0 - 75 

10 - 150 
15 - 300 

Supply Voltage VDD - +4.5 +18 

"310kHz at 85"C guarantees 4800 baud; 620 kHz at 85°C guarantees 9600 baud. 
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This device contains circuitry to protect the in
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-Impedance circuit. For proper opera
tion It Is recommended that Yin and Vout be cOn
strained to the range VSS ~ (Vin orVoutl ~VDD. 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSS orVDD)· 

+ 25"C + 85"C 

Min Max Min Max Unit 

- 0.05 - 0.05 V 
- 0.05 - 0.05 
- 0.05 - 0.05 

4.95 - 4.95 - V 
9.95 - 9.95 -
14.95 - 14.95 -

- 1.5 - 1.5 V 
- 3.0 - 3.0 
- 4.0 - 4.0 

3.5 - 3.5 - V 
7.0 - 7.0 -
11 - 11 -

-O.B - -0.6 - mA 
-0.16 - -0.12 -
-0.4 - -0.3 -
-1.2 - -1.0 -
0.44 - 0.36 - mA 
1.1 - 0.9 -
3.0 - 2.4 -

-0.16 - -0.13 - mA 
-0.035 - -0.03 -
-0.08 - -0.06 -
-0.27 - -0.2 -
0.085 - 0.07 - mA 
0.14 - 0.1 -
0.42 - 0.3 -

0 365 0 310 kHz 
0 730 0 620 

- ±0.3 - ±1.0 I1A 

10 100 8.0 85 I1A 

- 7.5 - - pF 

- 75 - 565 I1A 
- 150 - 1125 
- 300 - 2250 

+4.5 +18 +4.5 +18 V 
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RECEIVE DATA (RI) 

I- ADDRESS -I 
-'STrTTTTTT I,!!~ 

I- COMMAND "I 
~ J" J" J" J" J" J" ~JSp ~ L L L L L L I ~ ~ SP • 

MCl4469 ADDRESS 
PIN DESIGNATION AO A1 A2 A3 A4 AS A6 IDENTIFIER CO C1 C2 C3 C4 C5 C6 

COMMAND 
IDENTIFIER 

MC6850 (HIGH LOGIC LEVEL) 
PIN DESIGNATION DO 01 02 03 D4 05 06 

(LOW LOGIC LEVEL) 
DO 01 02 03 04 05 06 

TRANSMIT DATA (TRO) 

""�----- INPUT DATA -----< .. ~I·----- STATUS ------~I 
r::::o- r r r r r r r r, ~n r;::;:'1 --, --, --, --, --, --, --, --, :-l 

___ -'1 ST L .L .L .L .L .L .L .L .LP ~ST L .L .L .L .L .L .L .L -Lp ..... I_SP __ _ 

MC14469 
PIN DESIGNATION 100 101 102 103 104 105 106 107 SO Sl S2 S3 54 S5 S6 S7 
MC6850 
PIN DESIGNATION DO 01 02 03 04 05 06 07 DO 01 02 03 04 05 06 07 

ST = START BIT AO - A6 = ADDRESS BITS 100 - 107 = MCl4469 IDENTIFICATION CODE 
P = PARITY BIT CO- C6 = COMMAND BITS SO -S7 = MCl4469 STATUS CODE 

SP = STOP BIT 00- 07 = ACIA BUS BITS 

Figure 1. Data Format and Corresponding Data Position and Pins for MC14469 and MC6850 

M M 
ADDRESS ~ COMMAND ~ 

,-------A-----, S.-------A------ S 
SOl 2 3 4 5 6 7 P SOl 2 3 4 5 6 7 TP:.......--------~=:_=.:~::-==---------III ~ ~ ~ ~ ~ ~ :r"LE.Qill~~~~~~ Lfr J RECEIVER INPUT (RI) 

I 
I 

VALID ADDRESS PULSE--f1 
NAP) ---------------------------------------------------

I 

INTERNAL VALID :1 
ADDRESS LATCH---r 

(VAL) I 

INTERNAL SEND :Ir------.LJ 
ENABLE LATCH ---r I 

(SEL) I 

COMMAND STROBE _________ ..... h ... __ -:-_________________ _ 
OUTPUT (CS) 

SENDINPUT _________ ....:...._----'rT-l ... _______________ __ 
(SEND) I M M 

ISS 
I B S B S 

TRANSMIT OUT fSs °Xox IX Ox Ox Ox Ox Ox T P' P IS'x Ox Ox Ox Ox Ox Ox T)(I P' P ____________ ---1. J.::J..:J.:J.:J.:J.:J.:J.:.L; .L!:.I"L!J.:J.:J.:J.:J.:J.:.L; .LI:..J.!I __ 

(TRO) T01234567 T01234567 
10 STATUS 

Figure 2. Typical Receive/Send Cycle 
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AO-AS 
Address Inputs 

PIN DESCRIPTIONS 

These inputs are the address setting pins which contain the 
address match for the received signal. Pins Ao-AS have 
on-chip pull-up resistors. 

CD-CS 
Command Word 

These pins are the readout of the general-purpose com
mand word which is the second word of the received signal. 

CS 
Command Strobe 

This is the output for the command strobe signifying a valid 
set of command data (CO-CS). The pulse width is one oscilla
tor cycle. For eample, when a 307.2 kHz ceramic resonator is 
usd, the pulse width is approximately 3 1lS. 

100-107 
Input Data Pins 

These pins contain the input data for the first eight bits of 
data to be transmitted. Pins 100-107 have on-chip pull-up 
resistors. 

OSC1,OSC2 
Oscillator Input and Oscillator Output 

These pins are the oscillator input and output (see 
Figure 3). 

RESET 
Reset 

When this pin is pulled low for a minimum of 700 ns, the 
circuit is reset and ready for operation. 

RI 
Receive Input 

This is the receive input pin. 

S0-S7 
Second or Status Input Data 

These pins contain the input data for the second 8 bits of 
data to be transmitted. 

SEND 
Send 

This pin accepts the send command after receipt of an 
address. 

TRO 
Transmit Register Output Signal 

This pin transmits the outgoing signal. Note that it Is Inverted 
from the incoming signal. It must go through one stage of in
version H it is to drive another MC14469. 
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VAP 
Valid Address Pulse 

This is the output for the valid address pulse upon receipt 
of a matched incoming address. 

VOO 
Positive Power Supply 

This pin is the package positive power supply connection. 
This pin may range from + 4.5 V to + 18 V with respectto VSS. 

VSS 
Negative Power Supply 

This pin Is the negative power supply connection. Normally 
this pin is system ground. 

OPERATING CHARACTERISTICS 
The receipt of a start bit on the receive input (RI) line 

causes the receive clock to start at a frequency equal to that 
of the oscillator divided by 64. All received data is strobed in 
at the center of a receive clock period. The start bit is followed 
by 8 data bits. Seven of the bits are compared against states 
of the address of the particular circuit (Ao-AS). Address is 
latched 31 clock cycles after the end of the start bit of the 
incoming address. The eighth bit signifies an address word 
"1" or a command word ·0". Next, a parity bit is received and 
checked by the internal logic for even parity. Finally a stop 
bit is received. At the completion of the cycle if the address 
matches, a valid address pulse (VAP) occurs. Immediately 
following the address word, a command word is received. It 
also contains a start bit, eight data bits, even parity bit, and 
a stop bit. The 8 data bits are composed of a seven-bit com
mand, and a "0" which indicates a command word. At the end 
of the command word a command strobe pulse (CS) occurs. 

A positive transition on the send input initiates the transmit 
sequence. Send must occur within 7 bit times of CS. Again 
the transmitted data is made up of two eleven-bit words, i.e., 
address and command words. The data portion of the first 
word is made up from input data inputs (100-ID7), and the 
data for the second word from second input data (So-S7) In
puts. The data on inputs 100-107 is latched one clock before 
the falling edge of the start bit. The data on inputs S0-S7 
is latched on the rising edge of the start bit. The transmitted 
signal is the inversion of the received signal, which allows the 
use of an inverting amplifier to drive the lines. TRO begins 
either 1/2 or 1-112 bit times after send, depending where send 
occurs. 

The oscillator can be crystal controlled or ceramic resona
tor controlled for required accuracy. OSCl can be driven 
from an external oscillator (see Figure 3). 
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OSCl OSC2 

..... ___ 1 ... 5"'MI\Q~ __ .. Note: for extemally 
generated ctock, 

....-------iDI----. drive OSC1, float OSC2 . 

Xl 

Xl = Ceramic Resonator: 307.2 kHz ± 1 kHz for 4800 baud rale. 
Cl and C2 are sized per the ceramic resonator supplier's recommen· 
dation. 

Ceramic Resonator Suppliers:' 
1. Morgan Matroc, tnc., Bedford, OH, 216/232-8600 
2. Radio Materials Co., Attica, IN, 317n62-2491 

* Motorola cannot recommend one supplier over another and in no way 
suggests that this Is a complete listing of ceramic resonator suppliers. 

Figure 3, Oscillator Circuit 

CO 

Cl 

C2 

CS 

SEND 

MCl4469 
SO 

Sl 

S2 

S3 

54 

S5 

S6 

S7 

VDATA 

1.0kQ 

1...-__ ..... ___ ..... _____ .-__ DATA LINE 

r----.-+----+-----+~~ GROUND LINE 

VDD 

1.0l1F MC14469 

~~--iVSS 

Figure 4. Rectified Power from Data Lines Circuit 
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Figure 5, A-D Converter Interface 
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V+ 

1 k 

10 k 

RI 

1 k 

10 k 

RI 

VSS 1--+--' 

MC68S0 
ACIA 
OR 

UART 

-=-

MASTER 
STATION 

1k 

10 k 

;:t 
mL( 

TRO 
VSS 

-=-

1 
I 
I 

I 
1 

1 

1 

1 

1 

1 

MPS·DOS 

10 k 10 k 

RI TRO 
VDD 

VSS 
ID7 

-=-
S7 MC14469 

AO,IDO 
A1,ID1 
A2,ID2 
A3,ID3 

0 

CS 
A4,ID4 
AS,IDS 
A61D6 SEND 

-=- ~£~~~~S 
REMOTE MC14469 

STATIONS 

10k 10k 10 k 

RI TRO RI TRO 
VDD 

VSS 
VDD 

VSS 
ID7 ID7 -=- -=- -=-
S7 MC14469 S7 MC14469 

-=- 1 -=- 127 

ADDRESS 
A1,ID1 

ADDRESS 
0000001 A2,ID2 1111111 

A3,ID3 
A4,ID4 

CS AS,IDS CS 

A61D6 
SEND SEND 

Note: For simplex operation the 107 must be tied high, 57 must be tied low and the 
7·blt ID must be the same as the 7·bit address (or set to some unused address) 
to prevent erroneous responses. , 

Figure 6. Single Line, Simplex Data Transmission 
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ACIA 
OR 

UART 

MASTER 
STATION 

0000000 0 0000001 1 1111111 127 

1;= 
AO 
A1 - A1 

1 
"-:- A2 I-- A2 
~ A3 I-- A3 

1 
I-- A4 I-- A4 
f-- AS YAP :::::J I-- AS YAP P YAP :::::J 

1 
f-- A6 SEND I-- A6 SEND SEND 

REMOTE MC14469 STATIONS 

Figure 7. Double Line, Full Duplex Data Transmission 
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Figure 8. Flow Chart of MC14469 Operation 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PCM Remote Control 
Transmitter 

The MC14497 is a PCM remote control transmitter realized in CMOS 
technology. Using a dual-single (FSKlAM) frequency bi-phase modulation, the 
transmitter Is designed to work with the MC3373 receiver. Information on the 
MC3373 can be found in the Motorola Linear and Interface Integrated Circuits 
book (DL 12810). 

There is not a decoder device which is compatible with the MC14497. Typically, 
the decoding resides in MCU software. 

• Both FSKIAM Modulation Selectable 
• 62 Channels (Up to 62 Keys) 
• Reference Oscillator Controlled by Inexpensive Ceramic Resonator: 

Maximum Frequency = 500 kHz 
• Very Low Duty Cycle 
• Very Low Standby Current: 50 itA Maximum 
• Infrared Transmission 
• Selectable Start-Bit Polarity (AM only) 
• Shifted Key Mode Available 
• Wide Operating Voltage Range: 4 to 10 V 
• See Application Notes AN1016 and AN1203 

BLOCK DIAGRAM 

MC14497 
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PIN ASSIGNMENTS 
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MAXIMUM RATINGS (Voltages referenced to VSS) 

Rating Symbol 

OC Supply Voltage VOO 

Input Voltage, All Inputs Yin 

OC Current Orain per Pin I 

Operating Temperature Range TA 

Storage Temperature Range Tstg 

Value 

-0.5to+18 

-0.5 to VOO + 0.5 

10 

-40to+85 

-65to+ 150 

Unit 

V 

V 

mA 

·C 

·C 

This device contains circuitry to protect the in
puts against damage due to high static voltages 
or electric fields; however, It Is advised that nor
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-Impedance circuit. For proper opera
tion llis recommended thatVln and Vout be con
strained to the range VSS S (Vin or Voutl s VOO. 

ELECTRICAL CHARACTERISTICS (TA = 0 to 70°C; all Voltages Referenced to VSS) 

Characteristic Symbol Vee 

Supply Voltage VOO -
Supply Current 100 

Idle 10 
Operation 10 

Output Current- Signal 
VOH =3.0V Source IOH 4 
VOL=0.5V Sink IOL 4 

Output Current- Scanner 
VOH=3.0V Source IOH 4 
VQL=0.5V Sink IOL 4 

Output Current- Oscillator 
VOH =3.0V Source IOH 4 
VOL=0.5V Sink IOL 4 

Input Current- Oscillator lin 
Operation 10 
Idle, VIL = 0.5 V 4 

Input Current - Encoder lin 
VIH=9.0V 10 
VIL=0.5V 4 

Input Voltage - Encoder 

VIH 10 
VIL 10 
VIH 4 
VIL 4 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Min 

4.0 

-
-

-900 
120 

-30 
245 

-300 
245 

±2 
30 

-15 
-

9 
-
3 
-

Max 

10.0 

50 
5 

-
-

-
-

-
-

±80 
-

-
-60 

-
1.2 
-
1.0 

Unit 

V 

J1A 
rnA 

J1A 

flA 

J1A 

J1A 

flA 

V 
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CIRCUIT OPERATION 
The transmitter sends a 6-bit, labelled A (LSB to F (MSB), 

binary code giving a total of 64 possible combinations or code 
words. All of these channels are user selectable, except the 
last two (where channel 63 is not sent while channel 62 is auto
matically sent by the transmitter at the end of each 
transmission as an "End of Transmission" code). 

In either mode, FSK or AM, the transmitted signal is in the 
form of a bi-phase pulse code modulation (PCM) signal. The 
AM coding is shown in Figure 1. 

bit·n I.. ..I 
.. ~ r;l 

·O·~·'L-
, , ' 

AM ~! '1"~'1~ 

Figure 1. AM Coding 

In the AM mode, fl is a train of pulses at the modulating fre
quency of 31.25 kHz for a reference frequency of 500 kHz. 

In the FSK mode, two modulating frequencies are used as 
shown in Figure 2. 

bit·n I.. "I 
~YFL 

FSK 

Figure 2. FSK Coding 

In this mode, f3 is 50 kHz and f2 is 41.66 kHz for a reference 
frequency of 500 kHz. 

The keyboard can be a simple switch matrix using no exter
nal diodes, connected to the four scanner inputs (A 1-A4) and 
t~e eight row input (El-E8). Under these coditions, only the 
first 32 code words are avilable since bit-F is always at logical 
O. However, a simple 2-pole changeover switch, in the manner 
of a typewriter "shift" key (switch FK3 in the Block Diagram) 
can be used to change the polarity of bit-F to give access to 
the next full set of 32 instructions. 

An alternative method of acceSSing more than 32 instruc
tions is by the use of external diodes between the address 
inputs (see Figure 3). These have the effect of producing 
"phantom" address inputs by pulling two inputs low at the 
same time, which causes bit-F to go high (I.e., to logical 1 ). By 
interconnecting only certain address inputs it is possible to 
make an intermediate keyboard with between 32 and 64 keys. 

MC14497 
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The othertwo switches in the Block Diagram (FKl and FK2) 
change the modulation mode. Closing FKl changes the mod
ulation from FSK to AM and the start-bit polarity. Closing FK2 
·changes the start-bit to a logical O. 

The full range of options available is illustrated in Table 1. 

Table 1. 

Start 
Bit Modulation Bit-F Channels 

E9= Open 1 FSK 0 0-31 

E9 = A1 (FK1) 1 AM 0 0-31 

E9=A2 (FK2) 0 FSK 0 0-31* 

E9=A3 (FK3) 1 FSK 1 32~1 

E9=A1.A2 0 AM 0 0-31 

E9=A1.A3 1 AM 1 32-61 

E9=A2.A3 0 FSK 1 32~1* 

E9=A1.A2.A3 0 AM 1 32~1 

*Not allowed. 

One of the transmitter's major features is its low power con
sumption (in the order of 10 J.lA in the idle state). For this 
reason, the battery is perpetually in circuit. It has in fact been 
found that a light discharge current is beneficial to battery life. 

In its active state, the transmitter efficiency is increased by 
the use of a low duty cycle which is less than 2.5% forthe mod
ulating pulse trains. 

While no key is pressed, the circuit is in its diel state and the 
reference oscillaotr is stopped. also, the eifht address input 
lines are held high through internal pull-up resistors. 

As soon as a key is pressed, this takes the appropriate ad
dress line low, signaling to the circuit that a key has been 
selected. The oscillator is now enabled. l!.the key is released 
before the code word has been sent, the circuit retums to its 
idle state. to account for accidental activation of the transmit
ter, the circuit has a built-in rective time of approximately 20 
ms, which also overcomes contact bounce. After this delay, 
the code word will be sent and repeated at 90 ms intervals for 
as long as the key is pressed. As soon as the key is released, 
the circuit automatically sends channel 62, the "End of Trans
mission" (EOT) code. The transmitter then returns to its idel 
steate. 

The differences between the two modulation modes are il
lustrated in Figure 4. However, it should be noted that in the 
AM mode, each transmitted word is preceded bya burst of 
pulses lasting 51211S. This is used to set up the AGC loop in 
the receiver's preamp. In the FSK mode, the first frequency of 
the first bit is extended by 1.5 ms and the AGC burst is sup
pressed. In either mode, it is assumed that the normal start-bit 
is present. 
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PIN DESCRIPTIONS 

E1-E8 
Row Inputs (Pins 1, 2, 10, 11, 14, 15, 16, 17) 

Under idle conditions, these inputs are held high by internal 
pull-up resistors. As soon as a key is pressed, a logical 0 on 
that particular line signals to the circuit that a key has been se
lected. After a delay of 20 ms, the internal register is loaded 
with the code word for the key selected. 

E9 
Row Input (Pin 3) 

This is a special programming input and when connected to 
the appropriate scanner output via a diode, it will modify the 
transmitted output according to Table 1. 

In Table 1, the figures in brackets (FK1, etc.) refer to the 
switches shown in the Block Diagram and Figure 3. If only one 
option is required, the diode may be omitted. The connections 
shown in Table 1 may be made in any combination. 

Allhough E9 is a row input, forcing this line low will not acti
vate the circuit. 

A1-A4 
Scanner Outputs (Pins 4-7) 

Under idle conditions, these outputs are held low, logical O. 
when a key is pressed, the circuit is activated and the oscillator 
will start and release the outputs (see Figure 5). 

OSCin, OSCout 
Oscillator Input and Oscillator Output (Pins 12, 13) 

These pins are designed to operate with a 500 kHz ceramic 
resonator or a tune LC circuit. It is importantthat aceramic res
onator and not a filter be used here, as the oscillator 
frequency cannot be guaranteed if a ceramic filter is used. 

SIGNAL OUT 
Signal Output (Pin 8) 

This output provides the modulating signal ready to drive 
the modulation amplifier. If required, the transmitter can be 
used as a keyboard encoder for direct use with a receiver. In 
this case, the AM option is selected, the output inverted, and 
fed directly to the receiver's signal input pin. 

START BIT A B 

INSTRUCTION, ___ -t 

FSK 

AM 

KEY WORD ONE WORD 

.111111 
~o ~o ~d ~d 

Vss VD 
El 17 9 18 

o 

~o ~d ~d ~d Ela 

~o ~o ~o ~d E2 
2 

~o ~d ~d ~d E2a 

~o ~o ~d ~d E3 1 

~o ~o ~d ~d E3a 

~o ~o ~d ~d E4 16 

~o ~o ~o ~d E4a 

~o ~o ~o ~d E5 15 

~o ~o ~o ~d E5a 

~o ~o ~o ~d E6 14 

~o ~o ~o ~d E6a 

~o ~o ~o ~d E7 10 

~d ~o ~o ~d E7a 

~d ~o ~d ~d E8 11 

~d ~o ~d ~d E8a 
AI 

7 
A2 6 
A3 

5 
A4 

4 

FK2;? ;? FKl ~ 12 1~ 

f f E91 ~D~ 
L-_>-------' I Cl I C2 

Note: Maximum key contact resistance = 1 kG 

Figure 3. 64-Key Keyboard 

C o E F 

!t-__ D_EB_OU_NC_E __ ~!~~9~m~s~~! ________ ~~~ ____ ~1 r- 20ms ----1: ~I 99ms _~~I 
Figure 4. Transmitted Waveforms and Timing (not drawn to scale) 
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AI 

A2 ~ LJ LJ 
A3 

A4 ~ LJ 

Figure 5. Scanner Output Timing Diagram 

18 

~ Y Y 

KEYBOARD 

Cl and C2 are sized per lIle ceramic resonator supplier's recommendation. 
Ceramic Resonator Suppliers: 
1. Morgan Matrox, Inc., Bedford, OH, 2161232·8600 
2. Radio Materials Co., Attica, IN, 3171762·2491 

loon 

-= -= 
lN4001 

100n 

lkO 
MC14497 

'Visible Indicator 

-= -= 

~S 

~ 

-= -= 

Motorola cannot recommend one supplier over another and in no way suggests that this is a complete listing of ceramic resonalor suppliers. 

Figure 6. Typical Application Circuit 

0.10 

~ 
~ 
~ 
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AGCBURST Start Bit A B C D E F 

590 590 590 
2.84ms 1.155ms 1.1 ms fls fls fls 1.16ms 

540 540 540 540 540 540 
fls fls fls flS fls fls 

Notes: 
1. 14 = 28.4 kHz. 
2. Indicaled time durations are approximated. 

Figure 7. AM Mode Transmitted Wavetrain with 455 kHz Oscillator 

CodeWord 
Channel F E 0 C B A 

0 0 0 0 0 0 0 

1 0 0 1 

2 0 1 0 

3 0 1 1 

4 1 0 0 

5 1 0 1 

6 1 1 0 

7 1 1 1 

8 0 0 1 0 0 0 

9 0 0 1 

10 0 1 0 

11 0 1 1 

12 1 0 0 

13 1 0 1 

14 1 1 0 

15 1 1 1 

16 0 1 0 0 0 0 

17 0 0 1 

18 0 1 0 

19 0 1 1 

20 1 0 0 

21 1 0 1 

22 1 1 0 

23 1 1 1 

24 0 1 1 0 0 0 

25 0 0 1 

26 0 1 0 

27 0 1 1 

28 1 0 0 

29 1 0 1 

30 1 1 0 

31 0 1 1 1 1 1 
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Table 2. Transmitted Codes 

Keyboard 
In Out 

EB A4 

E1 A4 

E2 A4 

E3 A4 

E4 A4 

E5 A4 

E6 A4 

E7 A4 

E8 A1 

E1 A1 

E2 A1 

E3 A1 

E4 A1 

E5 A1 

E6 A1 

E7 A1 

E8 A3 

E1 A3 

E2 A3 

E3 A3 

E4 A3 

E5 A3 

E6 A3 

E7 A3 

E8 A2 

E1 A2 

E2 A2 

E3 A2 

E4 A2 

E5 A2 

E6 A2 

E7 A2 

CodeWord Keyboard 
Channel F E 0 C B A In Out 

32 1 0 0 0 0 0 EBa A4 

33 0 0 1 E1a A4 

34 0 1 0 E2a A4 

35 0 1 1 E3a A4 

36 1 0 0 E4a A4 

37 1 0 1 E5a A4 

3B 1 1 0 E6a A4 

39 1 1 1 E7a A4 

40 1 0 1 0 0 0 E8a A1 

41 0 0 1 E1a A1 

42 0 1 0 E2a A1 

43 0 1 1 E3a A1 

44 1 0 0 E4a A1 

45 1 0 1 E5a A1 

46 1 1 0 E6a A1 

47 1 1 1 E7a A1 

48 1 1 0 0 0 0 E8a A3 

49 0 0 1 E1a A3 

50 0 1 0 E2a A3 

51 0 1 1 E3a A3 

52 1 0 0 E4a A3 

53 1 0 1 E5a A3 

54 1 1 0 E6a A3 

55 1 1 1 E7a A3 

56 1 1 1 0 0 0 E8a A2 

57 0 0 1 E1a A2 

58 0 1 0 E2a A2 

59 0 1 1 E3a A2 

60 1 0 0 E4a A2 

61 1 0 1 E5a A2 

62 1 1 0 E6a A2 

Not 1 1 1 1 1 1 E7a A2 
Transmitted 

NOTE: Although the "a" suffix applies to a phantom input when 
using a keyboard with up to 64 keys, the coding is identical with 
a 32-key keyboard when switch FK3 is closed. 
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MOTOROLA 
SEMICONDUCTOR-----
TECHNICAL DATA 

Advance Information 
Sleep-Mode™ Two-State, 
Micropower Operational Amplifier 

The MC33102 dual operational amplifier is an innovative design concept 
employing Sleep-Mode™ technology. Sleep-Mode amplifiers have two 
separate states, a sleepmode and an awakemode. In sleep mode, the 
amplifier is active and waiting for an input signal. When a signal is applied 
causing the amplifier to source or sink 160 I1A (typically) to the load, it will 
automatically switch to the awakemode which offers higher slew rate, gain 
bandwidth, and drive capability. 

• Two States: "Sleepmode" (Micropower) and "Awake mode" 
(High Performance) 

• Switches from Sleepmode to Awakemode in 4.0 I1s when Output Current 
Exceeds the Threshold Current (RL = 600 Q) 

• Independent Sleepmode Function for Each Op Amp 

• Standard Pinouts - No Additional Pins or Components Required 

• Sleepmode State - Can Be Used in the Low Current Idle State as a Fully 
Functional Micropower Amplifier 

• Automatic Return to Sleepmode when Output Current Drops Below 
Threshold 

• No Deadband/Crossover Distortion; as Low as 1.0 Hz in the Awakemode 

• Drop-in Replacement for Many Other Dual Op Amps 

• ESD Clamps on Inputs Increase Reliability without Affecting Device 
Operation 

TYPICAL SLEEPMODElAWAKEMODE PERFORMANCE 

Sleepmode Awakemode 
Characteristic (Typical) (Typical) 

Low Current Drain 45 750 

Low Inpul Offset Voltage 0.15 0.15 

High Output Current Capability 0.15 50 

Low T.C. of Input Offset Voltage 1.0 1.0 

High Gain Bandwidth (@20kHz) 0.33 4.6 

High Slew Rate 0.16 1.7 

Low Noise (@ 1.0 kHz) 28 9.0 

MAXIMUM RATINGS 

Ratings Symbol Value 

Supply Voltage (VCC to VEE) Vs +36 

Input Differential Voltage Range VI DR 
(Note 1) Input Voltage Range VIR 

Output Short Circuit Duration (Note 2) tsc (Note 2) 

Maximum Junction Temperature TJ +150 
Storage Temperature Tstg -{l5 to +150 

Maximum Power Dissipation PD (Note 2) 

NOTES: 1. Either or both Input voltages should not exceed vee or VEE. 

Unit 

IlA 

mV 

mA 

IlV/oC 

MHz 

V/IlS 

nVNHz 

Unit 

V 

V 

sec 

°C 

mW 

2. Power dissipation mustbe considered to ensure maximum junction temperature (T J) is not 
exceeded (refer to Figure 1). 

MC33102 

DUAL SLEEP-MODETM 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

o SUFFIX 
PLASTIC PACKAGE 

CASE 751 
(SO-8) 

B~ 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626 

1 

PIN CONNECTIONS 

Output 1 

Inputs 1 { 

VEE 

(Dual Package, 
Top View) 

Vee 
Output 2 

} ~puts 

ORDERING INFORMATION 

Device Temperature Range Package 

MC33102D SO-8 

MC33102P 
-40° to +85°C 

Plastic DIP 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 

MC33102 
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Simplified Block Diagram 

Fractional 
load Current 

Detector 

Sleepmode 
Current 

Regulator 

%otll -
Vout 

Current 
Threshold 
Detector 

Awake to 
Sleepmode 
Delay Circuit i 

"'-.-=:--+--' IHysteresis 

>-+---1----1>--1 

Awakemode 
Current 

Regulator 

CStorage ;h ~ IEnable 

Enable 

DC ELECTRICAL CHARACTERISTICS (VCC = +15 V, VEE =-15 V, TA = 25°C, unless otherwise noted.) 

Characteristics Figure Symbol Min Typ Max 

Input Offset Voltage (RS = 50 n, VCM = 0 V, Va = 0 V) 2 IVlol 
Sleepmode 

TA = +25°C - 0.15 2.0 
TA = -40° to +85°C - - 3.0 

Awakemode 
TA = +25°C - 0.15 2.0 
TA = -40° to +85°C - - 3.0 

Input Offset Voltage Temperature Coefficient 3 tNIOlllT 
(RS = 50 n, VCM = 0 V, Va = 0 V) 
TA = -40° to +85°C (Sleepmode and Awakemode) - 1.0 -

Input Bias Current (VCM = 0 V, Va = 0 V) 4,6 ItB 
Sleepmode 

TA = +25°C - 8.0 50 
TA = -40° to +85°C - - 60 

Awakemode 
TA = +25°C - 100 500 
TA = -40° to +85°C - - 600 

Input Offset Current (VCM = 0 V, Va = 0 V) - IttOI 
Sleepmode 

TA = +25°C - 0.5 5.0 
TA = -40° to +85°C - - 6.0 

Awakemode 
TA = +25°C - 5.0 50 
TA = -40° to +85°C - - 60 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Unit 

mV 

jlV/oC 

nA 

nA 
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DC ELECTRICAL CHARACTERISTICS (VCC = +15 V, VEE = -15 V, TA = 25°C, unless otherwise noted.) 

Characteristics 

Common Mode Input Voltage Range 
(&VIO = 5.0 mV, Vo = 0 V) 

Sleepmode and Awakemode 

Large Signal Voltage Gain 
Sleepmode (RL = 1.0 Ma) 

TA=+25°C 
TA = -40° to +85°C 

Awakemode (VO = ±10 V, RL = 600 a) 
TA=+25°C 
TA = -40° to +85°C 

Output Voltage Swing (VIO = ±1.0 V) 
Sleepmode (VCC = +15 V, VEE = -15 V) 

RL=1.0Ma 
RL= 1.0 Ma 

Awakemode (VCC= +15 V, VEE=-15V) 
RL=600a 
RL= 600 a 
RL=2.0kn 
RL=2.0kn 

Awakemode (VCC = +2.5 V, VEE = -2.5 V) 
RL=600a 
RL=600a 

Common Mode Rejection (VCM = ±13 V) 
Sleepmode and Awakemode 

Power Supply Rejection (VCcNEE = +15 V/-15 V, 
5.0 V/-15 V, +15 V/~.O V) 
Sleepmode and Awakemode 

Output Transition Current 
Sleepmode to Awakemode (Source/Sink) 

(Vs =±15 V) 
(Vs=±2.5V) 

Awakemode to Sleepmode (Source/Sink) 
(Vs =±15 V) 
(Vs=±2.5V) 

Output Short Circuit Current (Awakemode) 
(VIO = ±1.0 V, Output to Ground) 

Source 
Sink 

Power Supply Current (per Amplifier) (ACL = 1, Vo = OV) 
Sleepmode (Vs = ±15 V) . 

TA=+25°C 
TA = -40° to +85°C 

Sleepmode (VS = ±2.5 V) 
TA=+25°C 
TA = -40° to +85°C 

Awakemode (Vs = ±15 V) 
TA=+25°C 
T A = -40° to +85°C 

MC33102 
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Figure 

5 

7 

8,9,10 

11 

12 

13,14 

15,16 

17 

Symbol Min Typ Max Unit 

VICR V 

-13 -14.8 -
- +14.2 +13 

AVOL kVN 

25 200 -
15 - -
50 700 -
25 - -

V 

VO+ +13.5 +14.2 -
Vo- - -14.2 -13.5 

V 
VO+ +12.5 +13.6 -
Vo- - -13.6 -12.5 

Vo+ +13.3 +14 -
Vo- - -14 -13.3 

Vo+ +1.1 +1.6 -
Vo- - -1.6 -1.1 

CMR dB 
80 90 -

PSR dB 

80 100 -

IITH11 
(1A 

200 160 -
250 200 -

IITH21 
- 142 90 
- 180 140 

Iisci mA 

50 110 -
50 110 -

10 (1A 

- 45 65 
- 48 70 

- 38 65 
- 42 -
- 750 800 
- 800 900 
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AC ELECTRICAL CHARACTERISTICS (VCC = +15 V, VEE = -15 V, TA = 25°C, unless otherwise noted.) 

Characteristics Figure Symbol Min Typ 

Slew Rate (Vin = -5.0 V to +5.0 V, CL = 50 pF, AV = 1.0) 18 SR 
Sleepmode (RL = 1.0 Mn) 0.10 0.16 
Awakemode (RL = 600 n) 1.0 1.7 

Gain Bandwidth Product 19 GBW 
Sleepmode (I = 10kHz) 0.25 0.33 
Awakemode (I = 20 kHz) 3.5 4.6 

Sleepmode to Awakemode Transition Time 20,21 ttr1 
(ACL = 0.1, Vin = a V to +5.0 V) 

RL= 600n - 4.0 
RL= 10 kn - 15 

Awakemode to Sleep mode Transition Time 22 ttr2 - 1.5 

Unity Gain Frequency (Open-Loop) IU 
Sleepmode (RL = 100 kn, CL = a pF) - 200 
Awakemode (RL = 600 n, CL = a pF) - 2500 

Gain Margin 23,25 AM 
Sleepmode (RL = 100 kn, CL = a pF) - 13 
Awakemode (RL = 600 n, CL = a pF) - 12 

Phase Margin 24,26 0M 
Sleepmode (RL = 100 kn, CL = a pF) - 60 
Awakemode (RL = 600 n, CL = a pF) - 60 

Channel Separation (I = 100 Hz to 20 kHz) 29 CS 
Sleepmode and Awakemode - 120 

Power Bandwidth (Awakemode) BWp 
(VO = 10 Vp_p, RL = 100 kn, THD $1%) - 20 

Total Harmonic Distortion (VO = 2.0 Vp_p, AV = 1.0) 
Awakemode (RL = 600 n) 

30 THD 

1= 1.0 kHz - 0.005 
1= 10kHz - 0.016 
1= 20 kHz - 0.031 

DC Output Impedence (VO = a V, AV= 10, IQ = 10 IlA) 31 RO 
Sleepmode - 1.0 k 
Awakemode - 96 

Differential Input Resistance (VCM = a V) Rin 
Sleepmode - 1.3 
Awakemode - 0.17 

Differential Input Capacitance (V CM = a V) Cin 
Sleepmode - 0.4 
Awakemode - 4.0 

Equivalent Input Noise Voltage (I = 1.0 kHz, RS = 100 n) 32 en 
Sleepmode - 28 
Awakemode - 9.0 

Equivalent Input Noise Current (I = 1.0 kHz) 33 in 
Sieepmode - 0.01 
Awakemode - 0.05 

MOTOROLA COMMUNICATIONS DEViCE DATA 
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-
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-
-

-
-

-
-

Unit 

V/IlS 

MHz 

Ils 

sec 

kHz 

dB 

Degrees 

dB 

kHz 

% 

n 

Mn 

pF 

nVNHz 

pAf{Hz 
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Figure 8. Output Voltage Swing 
versus Supply Voltage 
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Figure 13. Sleep mode to Awakemode 
Current Threshold versus Supply Voltage 
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versus Output Voltage 
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Figure 14. Awakemode to Sleepmode 
Current Threshold versus Supply Voltage 
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Figure 16. Output Short Ciruit Current 
versus Temperature 
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Transition Time 
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Figure 23. Gain Margin versus 
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Figure 22. Awakemode to Sleepmode Transition Time 
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Figure 29. Channel Separation versus Frequency 
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Figure 26. Phase Margin versus 
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Figure 28. Awakemode Voltage Gain and Phase 
versus Frequency 

70 

m 50 
:s!. 
z « 30 (!J 
w 
(!J 

;:j 
§Z 10 

i 
-10 

-30 

~ 100 

5 
~ 10 

~ 
is 
u 1.0 
Z o 
:::;; 

~ 0.1 
-' 
~ 
~ 0.01 
ci 
j!: 

~ 

I:::::: ~ 
lA 

......... ~ 2A" 

28 ~ 
lA) Phase, Vs = ±18 V 
2A) Phase, Vs = ±2.5 V 
18) Gain,Vs=±18V 

TA-25°C 
RL =60 on 
CL < 10pF 
Awakem ode 

" " 
"'" 

40 
ii) 
w 

80 ll! 
Sl 
e. 

120 m 

~ 
160 gJ 

~ 
200 ~ 

28) Gain, Vs = ±2.5 V 

30 k lOOk 1.0M 
t, FREQUENCY (Hz) 

240 
10M 

Figure 30. Total Harmonic Distortion 
versus Frequency 
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Figure 34. Percent Overshoot 
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Figure 35. Sleepmode Large Signal 
Transient Response 
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Figure 37. Sleepmode Small Signal 
Transient Response 
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Figure 38. Awakemode Small Signal 
Transient Response 
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CIRCUIT INFORMATION 

The MC33102 was designed primarily for applications 
where high performance (which requires higher current drain) 
is required only part of the time. The two-state feature of this 
op amp enables it to conserve power during idle times, yet 
to be powered up and ready for an input signal. Possible 
applications include laptop computers, automotive, cordless 
phones, baby monitors, and battery operated test equipment. 
Although most applications will require low power 
consumption, this device can be used in any application 
where better efficiency and higher performance is needed. 

The Sleep-ModeTM amplifier has two states; a sleepmode 
and an awake mode. In the sleepmode state the amplifier is 
active and functions as a typical micropower op amp. When 
a signal is applied to the amplifier causing it to source or sink 
sufficient current (see Figure 13), the amplifier will 
automatically switch to the awakemode. See Figures 20 and 
21 for transition times with 600 Q and 10 kQ loads. 

The awakemode uses higher drain current to provide a 
high slew rate, gain bandwidth, and output current capability. 
In the awakemode, this amplifier can drive 27 Vp-p into a 
600 Q load with Vs = ±15 V. 

An intemal delay circuit is used to prevent the amplifier 
from returning to the sleepmode at every zero crossing. This 
delay circuit also eliminates the crossover distortion 
commonly found in micropower amplifiers. This amplifier can 
process frequencies as low as 1.0 Hz without the amplifier 
retuming to sleepmode, depending on the load. 

The first stage PNP differential amplifier provides low noise 
performance in both the sleep and awake modes, and an 
all NPN output stage provides symmetrical source and sink 
AC frequency response. 

APPLICATIONS INFORMATION 

The MC33102 will begin to function at power supply 
voltages as low as Vs = ±1.0 V at room temperature. (At this 
voltage, the output voltage swing will be limited to a few 
hundred millivolts). The input voltages must range between 
VCC and VEE supply voltages as shown in the maximum 
rating table. Specifically, allowing the Input to go more 
negative than 0.3 V below VEE may cause product 
damage. Also, exceeding the input common mode voltage 
range on either input may cause phase reversal, even if the 
inputs are between VCC and VEE. 

When power is initially applied, the part may start to 
operate in the awakemode. This is because of the currents 
generated due to charging of internal capacitors. When this 
occurs and the sleepmode state is desired, the user will have 
to wait approximately 1.5 seconds before the device will 
switch back to the sleepmode. To prevent this from occurring, 
ramp the power supplies from 1.0 V to full supply. Notice that 
the device is more prone to switch into the awakemode when 
VEE is adjusted than with a similar change in VCC. 

The amplifier is designed to switch from sleepmode to 
awakemode whenever the output current exceeds a preset 
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current threshold (lTH) of approximately 160 J.lA. As a result, 
the output switching threshold voltage (VST) is controlled by 
the output loading resistance (RL). This loading can be a load 
resistor, feedback resistors, or both. Then: 

VST = (160 J.lA)' RL 

Large valued load resistors require a large output voltage 
to switch, but reduce unwanted transitions to the 
awakemode. For instance, in cases where the amplifier is 
connected with a large closed-loop gain (ACU, the input offset 
voltage (VIO) is multiplied by the gain at the output and could 
produce an output voltage exceeding VST with no input 
signal applied. . 

Small values of RL allow rapid transition to the awakemode 
because most of the transition time is consumed slewing in 
the sleepmode until VST is reached (see Figures 20, 21). 
The output switching threshold voltage VST is higher for 
larger values of RL, requiring the amplifier to slew longer in 
the slower sleepmode state before switching to the 
awakemode. 
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The transition time (ttr1) required to switch from sleep to 
awake mode is: 

ttr1 = to + ITH (RLlSRsleepmode) 

where: to = Amplifier delay «1.0 !1S) 
ITH = Output threshold current for mode 

transition (160 !lA) 
RL = Load resistance 
SRsleepmode = Sleepmode slew rate (0.16 Vll1s) 

Although typically 160 I1A, ITH varies with supply voltage 
and temperature. In general, any current loading on the 
output which causes a current greater than ITH to flow will 
switch the amplifier into the awakemode. This includes 
transition currents such as that generated by charging load 
capacitances. In fact, the maximum capacitance that can be 
driven while attempting to remain in the sleepmode is 
approximately 1000 pF. 

CL(max) = ITH/SRsleepmode 
= 160 11A1(0.16 VI!1S) 
= 1000 pF 

Any electrical noise seen at the output of the MC33102 
may also cause the device to transition to the awakemode. 

To minimize this problem, a resistor may be added in series 
with the output of the device (inserted as close to the device 
as possible) to isolate the op amp from both parasitic and 
load capacitance. 

The awakemode to sleepmode transition time is controlled 
by an internal delay circuit, which is necessary to prevent 
the amplifier from going to sleep during every zero crossing. 
This time is a function of supply voltage and temperature as 
shown in Figure 22. 

Gain bandwidth product (GBW) in both modes is an 
important system design consideration when using a 
sleepmode amplifier. The amplifier has been designed to 
obtain the maximum GBW in both modes. ·Smooth" AC 
transitions between modes with no noticeable change in the 
amplitude of the output voltage waveform will occur as long 
as the closed-loop gains (ACL) in both modes are 
substantially equal at the frequency of operation. For smooth 
AC transitions: 

(ACLsleepmode) (BW) < GBWsleepmo 

where: ACLsleepmode = Closed-loop gain in 
the sleep mode 

BW = The required system bandwidth 
or operating frequency 

TESTING INFORMATION 

To determine if the MC33102 is in the awakemode or the 
sleepmode, the power supply currents (10+ and 10-) must be 
measured. When the magnitude of either power supply 
current exceeds 400 !lA the device is in the awakemode. 
When the magnitudes of both supply currents are less than 
400 !lA, the device is in the sleep mode. Since the total supply 
current is typically ten times higher in the awakemode than 
the sleepmode, the two states are easily distinguishable. 

The measured value of 10+ equals the 10 of both devices 
(for a dual op amp) plus the output source current of device 
A and the output source current of device B. Similarly, the 
measured value of 10- is equal to the 10- of both devices plus 
the output sink current of each device. lout is the sum 

MOTOROLA COMMUNICATIONS OEVICE OATA 

of the currents caused by both the feedback loop and load 
resistance. The total lout needs to be subtracted from the 
measured 10 to obtain the correct 10 of the dual op amp. 

An accurate way to measure the awakemode lout current 
on automatic test equipment is to remove the lout current on 
both Channel A and B.Then measure the 10 values before 
the device goes back to the sleepmode state. The transition 
will take typically 1.5 seconds with ±15 V power supplies. 

The large signal sleepmode testing in the characterization 
was accomplished with a 1.0 MQ load resistor which ensured 
the device would remain in sleepmode despite large 
voltage swings. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

, Low Voltage Compander 
The MC33110 contains two variable gain circuits configured for 

compressing and expanding the dynamic range of an audio sig
nal. One circuit is' configured as an expander, while the other 
circuit can be configured as a compressor or expander. Each cir
cuit has a full wave rectifier to provide average value information 
to a variable gain cell located in either the input stage or the 
feedback path. An internal, temperature stable bandgap reference 
provides the necessary precision voltages and currents required. 

The MC33110 will operate from a supply voltage of 2.1 to 7.0 V, 
over a temperature range of -40° to + 85°C. The device is 
designed to accommodate an 80 dB dynamic 'range from -60 dB 
to +20 dB, referenced to 100 mVrms. 

Applications include cordless telephone, CB, walkie-talkie, most 
voice RF links, and any application where the signal-to-noise ratio 
can be improved by reducing the transmitted dynamic range. 
Other applications include speakerphone and voice activated 
intercom, dictating machine, standard telephone, etc. 

The MC33110 is packaged in a 14 pin DIP for through-the-hole 
applications and an SO-14 surface mount. 

• Operating Supply Voltage: 2.1 to 7.0 V 

• No Precision External Components Required 

• SO dB Dynamic Range Compressed to 40 dB, Re-expandable 
to 80 dB 

• Unity Gain Level: 100 mVrms 

• Adjustable Response Time 

• Ambient Operating Temperature: -40° to +S5°C 

• Temperature Compensated Reference 

• Applications Include Cordless Phone, CB Radio, 
Speakerphone, etc. 

SIMPLIFIED BLOCK DIAGRAM 

------------, 

Exp. 
Output 

VCc-<*---f--::---' 

VS-..<H---\ 

I 
12 

Reference 
Generator 

Gnd--4-<'i--1_==--1 
'-___ -'Vl0I/lk,-_~ ... - Compo 

Input 
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MC33110 

LOW VOLTAGE COMPANDER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

DSUFFIX 
PLASTIC PACKAGE 

CASE 751A 
(50-14) 

PIN CONNECTIONS 
(TOP VIEW) 

Vref VCC 

NC NC 

EXP. FILTER COMPo FIlTER 

EXP. OUTPUT COMPo OUTPUT 

EXP.INPUT COMP.INPUT 

VB 

GND 8 COMPo FEEDBACK 

ORDERING INFORMATION 

Device 

MC33110D 
MC33110P 

Temperature 
Range Package 

_ 400C to + 850C 50-1 4 
Plastic DIP 
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Name 

Vref 

NC 

Expander Filter 

Expander Output 

Expander Input 

VB 

Ground 

Compressor Feedback 

Inverting Input 

Compressor Input 

Compressor Output 

Compressor Filter 

VCC 

COMPRESSOR 

Vout = 
RS x R6 x Iref x Yin 

7.2 x R4 

= 0.3162 x vV;;; 

Pin 

1 

2,13 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

14 

PIN DESCRIPTION 

Description 

Normally this pin is not used and is left open. It can be used to make limited 
adjustments to the 0 dB level. Any noise or leakage at this pin will affect the 0 dB level 
and gain tracking. 

No connection. These pins are not internally connected. 

Connect to an external capacitor to filter the full wave rectifier's output. This capacitor 
affects attack and decay times, as well as low frequency accuracy. 

Output of the expander amplifier. 

The input impedance is nominally 3.2 kn. Nominal signal range is 3.16 mVrms to 
316 mVrms. Must be capacitor coupled to the signal source. 

An internal reference voltage, nominally VCC/2. This is an AC ground and must be well 
filtered to obtain high power supply rejection and low crosstalk. 

Connect to a clean power supply ground. 

Input to the compressor variable gain stage and rectifier. Normally the signal is 
supplied by the compressor's output (Pin 11). Input impedance is nominally 3.2 kil. 

Inverting input to the compressor amplifier. Normally, this is connected to the 
compressor's output through a filtered DC feedback path. 

The input impedance is nominally 10 kil. Nominal signal range is 100 /LVrms to 1.0 
Vrms. Must be capacitor coupled to the signal source. 

Output of the compressor amplifier. 

Connect to an external capacitor to filter the full wave rectifier's output. This capacitor 
affects attack & decay times, and low frequency accuracy. 

Power supply pin. Connect to a power supply providing between 2.1 V and 7.0 V. 
Nominal current consumption is 3.5 rnA. 

TRANSFER FUNCTIONS 

COMPRESSION EXPANSION 

20dB 1.0V 

10dB~ 
o dB 100 mV 

-10 dB __ r_.;;.31;;.;.6",m;;.;V_"" 

-20dB 10mV / 10mV "'-----

~ 3.16mV ~ -30dB- -

-40 dB 1.0 mV 

-SOdB--
_ 60 dB 100/LV 

(VOLTAGES ARE RMS) 

EXPANDER 

V _ 7.2 x R3 x Vin2 
out - Rl x R2 x Iref 

= 10 x Vin2 

Vout 
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ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Value Unit 

VCC Supply Voltage VCC +12, -0.5 Vdc 

High Input Voltage (Pin 5 & 10) VIH VCC + 0.5 Vdc 

Low Input Voltage VIL -0.5 Vdc 

Output Source Current (Pin 4 & 11) 10+ Self-Limiting 

Output Sink Current 10- 20 mA 

Junction Temperature TJ -65, +150 °c 

Devices should not be operated at these values. The "Recommended Operating Conditions" table 
provides conditions for actual device operation. 

RECOMMENDED OPERATING CONDITIONS 

Characteristic Symbol 

VCC Supply Voltage VCC 

Input Voltage Range VIR 
Compressor, 2.1 V < VCC < 7.0 V 
Expander, VCC ~ 2.1 V 
Expander, 3.0 V < VCC < 7.0 V 

Input Frequency Fin 

Output Load RL 
Compressor (Pin 11, Vo ~ 100 mV) 
Expander (Pin 4, Vo ~ 100 mV) 

Ambient Temperature TA 

All limits are not necessarily functional concurrently. 

Min Typ Max 

2.1 - 7.0 

0 - 1.0 
0 - 0.25 
0 - 0.316 

100 - 20 k 

300 - 00 

150 - 00 

-40 - +85 

ELECTRICAL CHARACTERISTICS (VCC ~ 5.0 V, f ~ 1.0 kHz, unless otherwise noted, T A ~ 25°C, see Figure 1) 

Unit 

Vdc 

Vrms 

Hz 

n 

°c 

Characteristic I Symbol I Min I Typ I Max Unit 

POWER SUPPLY 

Power Supply Cu rrent 
VCC ~ +5.0 V 
VCC ~ +2.1 V 

VB Voltage 
VCC ~ +5.0 V 
2.1 V < VCC < 7.0 V 

COMPRESSOR 

o dB Gain 
Vin ~ 100 mVrms, Pin 1 ~ Open 

Gain Tracking 
@ Vin ~ 1.0 Vrms, output relative to G(CO) 
@ Vin ~ 10 mVrms, output relative to G(CO) 
@ Vin ~ 1.0 mVrms, output relative to G(CO) 
@ Vin ~ 100 ILVrms, output relative to G(CO) 

Total Harmonic Distortion 
Vin ~ 100 mVrms, f ~ 1.0 kHz 

Power Supply Rejection 
f ~ 1.0 kHz, CVB ~ 10 ILF, Vin ~ -20 dB 

Attack Time (Capacitor @ Pin 12 ~ 2.2 ILF) 

Decay Time (Capacitor @ Pin 12 ~ 2.2 ILF) 

Input Impedance 

Peak Output Current 

Output Offset 
Pin 11, with respect to Pin 6, NO SIGNAL 
Change from NO SIGNAL to 1.0 Vrms at Input 

MC33110 
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ICC 

VB 

G(CO) 

Gt 

THO 

PSRR 

ta(C) 

td(C) 

Pin 10 Rin 
Pin 8 

Pin 11 Ipk 

VOO 

mA 
- 3.5 5.5 
- 3.3 -

Vdc 
2.4 2.5 2.6 
- VCC/2 -

dB 
-1.5 0 1.5 

dB 
+9.0 +10 + 11 
- -10 -
- -20 -
-31 -30 -29 

% 
0 0.1 1.5 

dB 
- 22 -
- 6.0 - ms 

- 20 - ms 

- 10 - kn 
- 3.2 -
- 0.3 - mA 

mVdc 
-150 0 +150 
- 50 -
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ELECTRICAL CHARACTERISTICS (VCC = 5.0 V, f = 1.0 kHz, unless otherwise noted, TA = 25'C, see Figure 1) 

Characteristic I Symbol I Min I Typ I Max Unit 

EXPANDER 

o dB Gain 
(Vin = 100 mVrms, Pin 1 = open) 

Gain Tracking 
@ Vin = 316 mVrms, output relative to G(EO) 
@ Vin = 31.6 mVrms, output relative to G(EO) 
@ Vin = 10 mVrms, output relative to G(EO) 
@Vin = 3.16 mVrms, output relative to G(EO) 

Total Harmonic Distortion 
Vin = 100 mVrms, f = 1.0 kHz 

Power Supply Rejection (f = 1.0 kHz, CVB = 10 fLF) 

Attack Time (Capacitor @ Pin 3 = 2.2 fLF) 

Decay Time (Capacitor @ Pin 3 = 2.2 fLF) 

Input Impedance Pin 5 

Peak Output Current Pin 4 

Output Offset 
Pin 4, with respect to Pin 6, NO SIGNAL 
Change from NO SIGNAL to 316 mVrms at Input 

MISCELLANEOUS 

Gain (Pin 10 to Pin 4; Pin 11 capacitor coupled to Pin 5) 
VCC = 7.0 V, Vin = 1.0 Vrms 
VCC = 3.0 V, Vin = 1.0 Vrms 
VCC = 2.1 V, Vin = 31.6 mVrms 

Channel Separation 
Expander to Compressor, output measured at Pin 11 
Vin @ Pin 5 = 316 mVrms, f = 1.0 kHz 
Vin @ Pin 5 = 316 mVrms, f = 10 kHz 

Compressor to Expander, output measured at Pin 4 
Vin @ Pin 10 = 1.0 Vrms, f = 1.0 kHz 
Vin @ Pin 10 = 1.0 Vrms, f = 10 kHz 

FIGURE 1 - TEST CIRCUIT 

Expander --...---t-----..... --< 
Output 

3fLF ~ 

L __ 
14 

Reference 
Generator 
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G(EO) 

Gt 

THO 

PSRR 

talE) 

td(E) 

Rin 

Ipk 

VOO 

AV 

CS 

10 k 

-1.5 

+19 
-
-

-61 

a 
-

-
-

-
-

-150 
-

-2.5 
-2.5 
-2.5 

43 
-

65 
-

0 1.5 

+20 +21 
-20 -
-40 -
-60 -59 

0.06 1.5 

37 -
19 -
20 -
3.2 -
1.0 -

a +150 
25 -

0 +2.5 
a +2.5 
a +2.5 

48 -
68 -

107 -
114 -

T2fLF 

~ Compressor 
Input 

dB 

dB 

% 

dB 

ms 

ms 

k!l 

mA 

mVdc 

dB 

dB 

Compressor 
Output 
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COMPRESSOR 

FIGURE 2 - COMPRESSOR TRANSFER CHARACTERISTICS 
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FIGURE 4 - COMPRESSOR TRANSFER CHARACTERISTICS 
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FIGURE 6 - POWER SUPPLY REJECTION (COMPRESSOR) 
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FIGURE 3 - EXPANDER TRANSFER CHARACTERISTICS 
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FIGURE 5 - EXPANDER TRANSFER CHARACTERISTICS 
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FIGURE 7 - POWER SUPPLY REJECTION (EXPANDER) 
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COMPRESSOR 

FIGURE a - POWER SUPPLY REJECTION (COMPRESSOR) 
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FIGURE 10 - FREQUENCY RESPONSE (COMPRESSOR) 
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FIGURE 12 - FREQUENCY RESPONSE (COMPRESSOR) 
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FIGURE 9 - POWER SUPPLY REJECTION (EXPANDER) 
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FIGURE 11 - FREQUENCY RESPONSE (EXPANDER) 
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FIGURE 13 - FREQUENCY RESPONSE (EXPANDER) 
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FIGURE 14 - ATTACK AND DECAY TIMES (COMPRESSOR) 
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FIGURE 16 - ATTACK AND DECAY TIMES (COMPRESSOR) 
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FIGURE 15 - ATTACK AND DECAY TIMES (EXPANDER) 
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FIGURE 17 - ATTACK AND DECAY TIMES (EXPANDER) 
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FIGURE 19 - CHANNEL SEPARATION 
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COMPRESSOR 

FIGURE 20 - COMPRESSOR GAIN TRACKING 
versus TEMPERATURE 
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FIGURE 22 - COMPRESSOR THO versus TEMPERATURE 
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FIGURE 21 - EXPANDER GAIN TRACKING 
versus TEMPERATURE 
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FIGURE 23 - EXPANDER THO versus TEMPERATURE 
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FUNCTIONAL DESCRIPTION 

Introduction 
The MC33110 compander (COMpressor and 

exPANDER) is composed of two variable gain circuits 
which provide compression and expansion of the signal 
dynamic range. The compressor will take a signal with 
an 80 dB dynamic range (100 /LV to 1.0 Vrms), and reduce 
that to a 40 dB dynamic range by attenuating strong sig
nals, while amplifying low level signals. The expander 
does the opposite in that the 40 dB signal range is 
increased to a dynamic range of 80 dB by amplifying 

MOTOROLA COMMUNICATIONS DEVICE DATA 

strong signals and attenuating low level signals. The 0 dB 
level is internally set at 100 mVrms - that is the signal 
level which is neither amplified nor attenuated. Both cir
cuits contain the necessary precision full wave rectifier, 
variable gain cell, and temperature compensated refer
ences required for accurate and stable performance. 

Note: All dB values mentioned in this data sheet, unless 
otherwise noted, are referred to 100 mVrms. 
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Compressor 
The compressor is an operational amplifier with a fixed 

input resistor and a variable gain cell in its feedback path 
as shown in Figure 24. 

FIGURE 24 - COMPRESSOR 

12 

IControl 

A Gain 

Vcc 

10 
Input >--.()..-+--"V\I'v--~-~-------i 

10 k 
VB 

The amplifier output is sampled by the precision rectifier 
which, in turn, supplies a DC signal (lControl). represen
tative of the rectifier's AC signal, to the variable gain cell. 
The reference current (I ref) is an internally generated pre
cision current. The effective impedance of the variable 
gain cell varies with the ratio of the two currents, and 
decreases as IControl increases, thereby providing 
compression. The output is related to the input by the 
following equation: 

Vout = 0.3162 x ~ (Equation 1) 

In terms of dB levels, the relationship is: 

Vout(dB) = 0.5 x Vin(dB) (Equation 2) 

where 0 dB = 100 mVrms (see Figure 2 and 4). 
The inputs and output are internally biased at 

VB (VCC/2), and must therefore be capacitor coupled to 
external circuitry. Pin 10 input impedance is nominally 
10 kfl (±20%), and the maximum functional input signal 
is shown in Figure 18. Bias currents required by the op 
amp and the variable gain cell are internally supplied. 
Due to clamp diodes at the input (to VCC and ground), 
the input signal must be maintained between the supply 
rails .. If the input signal goes more than 0.5 V above VCC 
or below ground, excessive currents will flow and dis
tortion will show up at the output. 
. When no AC signals are present at the input, the var

iable gain cell will attempt to set such a high gain that 
the circuit may become unstable. Forthis reason resistors 
Rl and R2, and capacitor Cl are added to provide DC 
stability. The pole formed by Rl, R2 and Cl should have 
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4.7k 

10 k 

a pole frequency no more than 1110th of the lowest fre
quency of interest. The pole frequency is calculated from: 

f = Rl + R2 
21T x Rl R2Cl 

(Equation 3) 

for the component values shown, the pole frequency is 
=16 Hz. 

Likewise, the capacitor between Pins 11 and 8 should 
be selected such that, in conjunction with the input 
impedance at Pin 8 (=3200 fl, ±20%), the resulting pole 
frequency is no more than 1/10 of the lowest frequency 
of interest. With the components shown, the pole fre
quency is <30 Hz. This pole frequency is calculated from: 

f = 1 
21T x 3.2 k x C 

(Equation 4) 

The output of the rectifier is filtered by the capacitor at 
Pin 12, which, in conjunction with an internal 10 k resistor, 
provides the time constant forthe attack and decay times. 
Figure 14 and 16 indicate how the times vary with the 
capacitor value. The attack time for the compressor is 
always faster than the decay time due to the fact that the 
rectifier is fed from the output rather than the input. Since 
the output is initially larger than expected (immediately 
after the input has increased), the external capacitor is 
charged more quickly during the initial part of the time 
constant. When the input is decreased, the time {;onstant 
is closer to that calculated by t = RC. If the attack and 
decay times are decreased by using a smaller capacitor, 
performance at low frequencies will degrade. 
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Expander 
The expander is an operational amplifier with a fixed 

feedback resistor and a variable gain cell in its input path 
as shown in Figure 25. 

FIGURE 25 - EXPANDER 
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The input signal is sampled by the precision rectifier 
which, in turn, supplies a DC signal (lControl), represen
tative of the AC input signal, to the variable gain cell. The 
reference current (lref) is an internally generated preci
sion current. The effective impedance ofthe variable gain 
cell varies with the ratio of the two currents, and 
decreases as IControl increases, thereby providing 
expansion. The output is related to the input by the fol
lowing equation: 

Vout = 10 x (Vin)2 (Equation 5) 

In terms of dB levels, the relationship is: 

Vout(dB) = 2.0 x Vin(dB) (Equation 6) 

where a dB = 100 mVrms (see Figure 3 and 5). 
The inputs and output are internally biased at VB 

(VCC/2), and must therefore be capacitor coupled to 
external circuitry. The input impedance at Pin 5 is nom
inally 3.2 k!1 (±20%), and the maximum functional input 
signal is shown in Figure 18. Bias currents required by 
the op amp and the variable gain cell are internally sup
plied. Due to clamp diodes at the input (to VCC and 
ground), the input signal must be maintained between 
the supply rails. If the input signal goes more than 0.5 V 
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J 2.2p.F 

10 k 

>-...... -c>--.... Output 

above VCC or below ground, excessive currents will flow, 
and distortion will show up at the output. 

The output of the rectifier is filtered by the capacitor at 
Pin 3, which, in conjunction with an internal 10k resistor, 
provides the time constant for the attack and decay times. 
Figure 15 and 17 indicate how the times vary with the 
capacitor value. If the attack and decay times are 
decreased by using a smaller capacitor, performance at 
low frequencies will degrade. 

Power Supply 
The MC3311 a requires a power supply voltage between 

2.1 V and 7.0 V, and a nominal current of 3.5 rnA. The 
supply voltage should be well filtered and free of ripple. 
A minimum of 4.7 p.F in parallel with a 0.01 JLF capacitor 
is recommended for filtering and RF bypass. 

VB (Pin 6) is an internally generated mid supply ref
erence, and is used internally as an AC ground. The exter
nal capacitor at Pin 6 filters this voltage, and its value 
affects the power supply noise rejection as shown in Fig
ures 6 through 9. This reference voltage may be used to 
bias external circuitry as long as the current draw is lim
ited to <10 pA 
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APPLICATIONS INFORMATION 

Signal-to-Noise Improvement 
Among the basic reasons for the original development 

of compander type circuits was to improve the signal-to
noise ratio of long distance telecom circuits, and of voice 
circuits which are transmitted over RF links (CBs, walkie
talkies, cordless phones, etc.). Since much of the noise 
heard at the receiving end of a transmission is due to 
noise picked up, for example, in the airway portion of the 
RF link, the compressor was developed to increase the 
low-level signals at the transmitting end. Then any noise 
picked in the RF link would be a smaller percentage of 
the transmitted signal level. At the receiving end, the 
signal is then expanded back to its original level, retaining 
the same high signal-to-noise ratio. While the above 
explanation indicates it is not necessary to attenuate 
strong signals (at the transmitting end), a benefit of doing 
this is the reduced dynamic range which must be handled 

by the system transmitter and receiver. The MC3311 0 was 
designed for a two-to-one compression and expansion, 
i.e. an 80 dB dynamic signal is compressed to a 40 dB 
dynamic range, transmitted to the receiving end and then 
expanded back to an 80 dB dynamic range. 

The MC33110 compander is not limited to RF or long 
distance telephony applications. It can be used in any 
system requiring an improved signal-to-noise ratio such 
as telephones, speakerphones, tape recorders, digital 
recording, and many others. 

Second Expander 
Should the application require it, the MC3311 0 can be 

configured as'two expanders by reconfiguring the com
pressor side as shown in Figure 26. 

FIGURE 26 - SECOND EXPANDER 

4.7 k 12 

l2.21-'F 

IControl 10 k 10 

10 k 
Input >----,<)---1f----""""''Vv-------\ 

>-~:>---+-~~ Output 

Iref 

This circuit will provide the same performance as the 
expander at Pins 3 through 5. 

Power Supplies, Grounding 
The PC board layout, the quality of the power supplies 

and the ground system at the IC are very important in 
order to obtain proper operation. Noise, from any source, 
coming into the device on VCC or ground, can cause a 
distorted output, or incorrect gain level. 

VCC must be decoupled to the appropriate ground at 
the IC (within 1" max) with a 4.7 p,F capacitor and a 0.01 p,F 
ceramic. A tantalum capacitor is recommended for the 
larger value if very high frequency noise is present since 
electrolytic capacitors simply have too much inductance 
at those frequencies. The quality of the power supply 
voltage should be checked at the IC with a high frequency 
scope. Noise spikes (always present if digital circuits are 
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near this IC) can easily exceed 400 mV, and if they get 
into the IC, the output can have noise or distortion. Noise 
can be reduced by inserting resistors and/or inductors 
between the supply and the IC. 

If switching power supplies are used, there will usually 
be spikes of 0.5 V or greater at frequencies of 50 kHz to 
1.0 MHz. These spikes are generally more difficult to 
reduce because of their greater energy content. In 
extreme cases, a three terminal regulator (MC78L05ACP), 
with appropriate high frequency filtering, should be used 
and dedicated to the analog portion of the circuit. 

The ripple content of the supply should not allow its 
magnitude to exceed the values in the Recommended 
Operating Conditions table. 
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The PC board tracks supplying VCC and ground to the 
MC33110 should preferably not be at the tail end of the 
bus distribution, after passing through a maze of digital 
circuitry. The analog circuitry containing the MC33110 
should be close to the power supply, or the connector 
where the supply voltages enter the board. If VCC is sup
plying considerable current to other parts of the board, 
then it is preferable to have dedicated lines from the 
supply or connector directly to the MC33110 and asso
ciated circuitry. 

PC Board Layout 
Although this device is intended for use in the audio 

frequency range, the amplifiers have a bandwidth of, 

"'300 kHz, and can therefore oscillate at frequencies out
side the voiceband should there be excessive stray capac
itance or other unintended feedback loops. A solid 
ground plane is strongly recommended to minimize cou
pling of any digital noise into the analog section. Use of 
wire wrapped boards should definitely be avoided. 

Since many applications of the MC33110 compander 
involve voice transmission over RF links, care must be 
taken in the design of the product to keep RF signals out 
of the MC33110 and associated circuitry. This involves 
proper layout of the PC boards, the physical arrangement 
'of the boards, shielding, proper RF ground, etc. 

GLOSSARY 

ATTACK TIME - The settling time for a circuit after its 
input signal has been increased. 

ATTENUATION - A decrease in magnitude of a com
munication signal, usually expressed in dB. 

BANDWIDTH - The range of information carrying fre
quencies of a communication system. 

CHANNEL SEPARATION - The ability of one circuit to 
reject outputting signals which are being processed by 
another circuit. Also referred to as crosstalk, it is usually 
expressed in dB. 

COMPANDER - A contraction of the words compressor 
and expander. A compander is composed of two circuits, 
one of each kind. 

COMPRESSOR - A circuit which compresses or reduces 
the dynamic range of a signal by attenuating strong sig
nals and amplifying low level signals. 

dB - A power or voltage measurement unit, referred to 
another power or voltage. It is generally computed as: 

10 x log (P1/P2) for power measurements, and 
20 x log (V11V2) for voltage measurements. 

dBm - An indication of signal power. 1.0 mW across 
6000 or 0.775 V rms, is typically defined as 0 dBm for 
telecom applications. Any voltage level is converted to 
dBm by: 

dBm = 20 x log (Vrms/0.775), or 
dBm = [20 x log (Vrms)] + 2.22. 
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dBrn -Indicates a dBm measurement relative to 1.0 pW 
power level into 600 O. Generally used for noise mea
surements, 0 dBrn = -90 dBm. 

dBrnC - Indicates a dBrn measurement using a C
message weighting filter. 

DECAY TIME - The settling time for a circuit after its 
input signal has been decreased. 

EXPANDER - A circuit which expands or increases the 
dynamic range of a signal by amplifying strong signals 
and attenuating low level signals. 

GAIN - The change in signal amplitude (increase or 
decrease) after passing through an amplifier, or other 
circuit stage. Usually expressed in dB, an increase is a 
positive number and a decrease is a negative number. 

POWER SUPPLY REJECTION RATIO - The ability of a 
circuit to reject outputting noise, or ripple, which is pres
ent on the power supply lines. PSRR is usually expressed 
in dB. 

SIGNAL-TO-NOISE RATIO - The ratio of the desired sig
nal to unwanted signals (noise) within a defined fre
quency range. The larger the number, the better. 

VOICEBAND- That portion ofthe audio frequency range 
used for transmission across the telephone system. Typ
ically, it is 300 to 3400 Hz. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Subscriber Loop Interface Circuit 
The MC33120 is designed 10 provide the interface between the 4-wire 

side of a central office, or PBX, and the 2-wire subscriber line. Interface 
functions include battery feed, proper loop termination AC impedance, 
hookswitch detection, adjustable transmit, receive, and transhybrid gains, 
and single/double fault indication. Additionally the MC33120 provides a 
minimum of 58 dB of longitudinal balance (4-wire and 2-wire). 

The transmit and receive signals are referenced to analog ground, while 
digital signals are referenced to digital" ground, easing the interface to 
codecs, filters, etc. The 2 status outputs (hookswitch and faults) and the 
Power Down Input are TTUCMOS compatible. The Power Down Input 
permits local shutdown of the circuit. 

Internal drivers allow the external loop current pass transistors to be 
standard bipolar transistors (non-Darlington). 

The MC33120 is available in a 20 pin DIP and a 28 pin PLCC surface 
mount package. 

• 58 dB Longitudinal Balance Guaranteed; 4-wire and 2-wire 

• Transmit, Receive, and Transhybrid Gains Externally Adjustable 

• Return Loss Externally Adjustable 
• Proper Hookswitch Detection With 30 Jill Leakage 

• Single/Double Fault Indication With Shutdown for Thermal Protection 
• Critical Sense Resistors Included Internally 

• Standard Power Supplies: - 42 V to :.. 58 V, and +5.0 V, ±10% 

• On-Hook Transmission 
• Power Down Input (TTL and CMOS Compatible) 

• Operating Ambient Temperature: - 40°C to +85°C 

• Available in a 20 Pin DIP and 28 Pin PLCC Package 

SIMPLIFIED BLOCK DIAGRAM 

MC33120 

SUBSCRIBER lOOP 
INTERFACE CIRCUIT 

(SlIC) 

THIN FILM 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

- PSUFFIX 
PLASTIC PACKAGE 

CASE 738 

1 

FNSUFFIX 
PLCC 

CASE 776 

ORDERING INFORMATION 

Temperature 
Device Range Package 

MC33120P Plastic DIP 
- 40° to +85'C 

MC33120FN PLCC 

c-ri~~==f====~::;~;:~=rT==;::~~::;:~::;;;~~~===?o-- VDD (+5.0 V) 

r----c.._- VDG 
(Dig. Gnd) 

r----1=>--- PDIIST2 

8T1 

4f-+--<:.._- VAG 
(Ana. Gnd) 

'-;:::::::=~~~~- RXI 

>-.---0-- TXO 

1-----.;.;.;...----0....._.- RFO 

1---------0-- CF 

r-~.....---------o_-VQB 

V~EE~t:::::::::::::::~~-~:-~~~~~~!:~:-~~~~~:~::::~----------------.J (Battery) 
* Indicates Trimmed Resistor 
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ABSOLUTE MAXIMUM RATINGS 

Characteristic Symbol Value Unit 

Supply Voltage Vdc 
with respect to VCC VEE -60, +0.5 
with respect to VOG VOO -0.5, +7.0 

Input Voltage Yin Vdc 
@ POI, with respect to VOG -0.5, +7.0 
@Pins1-5, 16-20 VEEtoVCC 

Storage Temperature Range Tstg -65to +150 ·C 

Junction Temperature TJ 150 ·C 

Devices should not be operated at these values. The ~Recommended Operating Conditionsft table provides conditions for 
actual device operation. 

RECOMMENDED OPERATING CONDITIONS 

Characteristic Symbol 

Supply Voltage 
(with respect to Vcc) VEE 
(with respect to VOG) VOO 

(with respect to V cc) VAG 
(with respect to Vcc) VOG 
(with respect to VAG) 

(with respect to VEE) VOO 
(with respect to VCC and VAG) 

Loop Current ILOOP 

POI Input Voltage VpDI 

Sink Current 
ST1 IST1L 
ST2 IST2L 

Transmit Signal Level at TIp & Ring STX 
Receive Signal Level at VRX SRX 

Loop Resistance RL 

. Exterrial Transistor Beta HFE 

Operating Ambient Temperature (See text lor derating) TA 

All limits are not necessarily functional concurrently. 

Min Typ Max Unit 

Vdc 
-58 -48 -42 
+4.5 +5.0 +5.5 

-3.0 0 +10 Vdc 
-3.0 0 +7.0 
-3.0 0 +10 

- - +63.5 Vdc 
+3.5 - -

15 - 50 rnA 

0 - VOO Vdc 

rnA 
0 - 1.0 
0 - 1.0 

-48 - +3.0 dBm 
-48 - +3.0 

0 - 2.0 kn 

40 - 500 AlA 

-40 - +85 ·C 

ELECTRICAL CHARACTERISTICS (VEE = - 48 V, VOO = +5.0 V, unless otherwise noted, VCC = VAG = VOG = 0 V, TA = 25·C, 
see Figure 1, unless otherwised noted.) 

Characteristic Symbol Min Typ Max Unit 

POWER SUPPLIES 

VEE Current 
On Hook (RL > 10 Mil, VEE = - 58 V) IEEN 
Off Hook (RL = 0 il, VEE = - 58 V)" IEEF 

VOO Current 
On Hook (RL > 10 Mil, VDO = +5.5 V) lOON 
Off Hook (RL = 0 il, VOO = +5.5 V) IOOF 

VEE Ripple Rejection PSRR 
1= 1.0 kHz, at VTX (4-wire) 
1= 1.0 kHz, at TIp/Ring (2-wire) 

VOO Ripple Rejection 
1= 1.0 kHz, at VTX (4-wire) 
1= 1.0 kHz, at TIp/Ring (2-wire) 

*Includes loop current. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

-2.7 -1.2 
-75 -58 

- 1.4 
5.5 9.0 

40 62 
40 52 

37 52 
37 48 

-
-45 

2.7 
15 

-
-

-
-

rnA 

dB 
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ELECTRICAL CHARACTERISTICS (VEE =-48 V, VDD = +5.0 V,unlessotherwisenoted, VCC = VAG = VDG,TA = 25'C, see Figure 1) 

I Characteristic I Symbol I Min I Typ I Max I Unit 

LOOP FUNCTIONS 

Loop Current 
Maximum (RRF = 4.7 k, RL = 10 0) 
Nominal (RRF = 4.7 k, RL = 600 0) 
Minimum (RRF = 4.7 k, RL = 1800 0) 

Battery Feed Resistance (RRF = 4.7 k, RL = 1800 Or 

Hookswitch Threshold 
On-to-Off Hook 
Off-to-On Hook 

Fault Detection Threshold 
Ring-to-Ground (RL = 600 0) 
Tip-to-Battery (RL = 600 0) 

·Calculaled from 1(48JILMN) - I BOO) 

GAIN LEVELS 

Transmit Voltage Gain (CP, CN to TXO) 

Transmit Voltage Gain (VTXNL) 
VL = a dBm, I = 1.0 kHz 
VL = a dBm, 1= 3.4 kHz, with respect to GTX2 
VL = +3.0 dBm, I = 1.0 kHz, with respect to GTX2 
VL = - 48 dBm, I = 1.0 kHz, with respect to GTX2 

Transmit Distortion (at Pin 11) 
(I = 300 Hz to 4.0 kHz, - 40 dBm:s VT -R :s +5.0 dBm) 

Receive Current Gain (lEP/IRXI) 

Receive Voltage Gain (VLNRXI) (RL = 600 0) 
VRXI =OdBm, I = 1.0 kHz 
VRXI = a dBm, I = 3.4 kHz, with respect to GRX2 
VRXI = +3.0 dBm, I = 1.0 kHz, with respect to GRX2 
VRXI = - 46 dBm, I = 1.0 kHz, with respect to GRX2 

Receive Distortion 
(I = 300 Hz to 4.0 kHz, - 40 dBm :s VRXI :s +5.0 dBm) 

Return Loss (Relerence = 600 a resistive, I = 1.0 kHz) 

Transhybrid Rejection (RL = 600 0, I = 1.0 kHz, Figure 4) 

LONGITUDINAL SIGNALS (VCM = 5.12 Vrms, see Figures 1 and 2) 

2-Wire Balance, I = 1.0 kHz, Zac = 600 a (@ Tip/Ring) 
4-Wire Balance, I = 1.0 kHz, Zac = 600 a (@ VTX) 

2-Wire Balance; I = 330 Hz, Zac = 600 a (@ Tip/Ring) 
4-Wire Balance, I = 330 Hz, Zac = 600 a (@ VTX) 

2-Wire Balance, I = 3.3 kHz, Zac = 600 a (@ Tip/Ring) 
4-Wlre Balance, I = 3.3 kHz, Zac = 600 a (@ VTX) 

2-Wire Balance, I = 1.0 kHz, Zac = 900 a (@ Tip/Ring) 
4-Wire Balance, I = 1.0 kHz, Zac = 900 a (@ VTX) 

Signal Balance, I = 1,0 kHz (Figure 3) 

Longitudinal Impedance, RS = 9100 a 
Maximum Longitudinal Current per side 

I = 1.0 kHz, ILOOP .; ILMN, CT = 0.1 IlF 

MC33120 
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ILMAX 
ILOOP 
ILMN 

RBF 

RNF 
RFN 

RRG 
RTB 

GTXl 

GTX2 

THDT 

GRXI 

GRX2 

THDR 

RL 

THR 

LB 

ZLONG 

ILM 

mA 
41 43 53 
37 40 48 
19 21 -

475 508 675 a 
kO 

2.0 3.1 -
- 7.0 10 

a 
600 660 -
600 660 -

- 0.328 - VN 

dB 
-0.3 0.0 +0.3 
-0.1 0.0 +0.1 
-0.15 0.0 +0.15 

±0.1 - -
% 

- 0.05 -
94 102 110 mA/mA 

dB 
-0.3 0.0 +0.3 
-0.1 0.0 +0.1 
-0.15 0.0 

±D.l 
+0.15 

- -
- 0.05 - % 

30 >40 - dB 

- 44 - dB 

58 64 - dB 
58 64 -
58 64 -
58 64 -
53 60 -
53 60 -
- 62 -
- 62 -
40 55 -
150 180 210 a 

mA 
8.5 16 -

MOTOROLA COMMUNICATIONS DEVICE DATA 



ELECTRICAL CHARACTERISTICS (VEE=- 48 V, VOO =+5.0 V, unless otherwise noted, VCC = VAG = VOG, T A =25'C, see Figure 1) 

I Characteristic I Symbol I Min I Typ I Max I Unit 

LOGIC INTERFACE 

8T1 Output Voltage 
Low (18T1 = 1.0 rnA, VOO = 5.5 V) VOL 
High (18T1 = - 100 1lA, VOO = 4.5 V) VOH 

8T2 Output Voltage 
Low (18T2 = 1.0 rnA, VOO = 5.5 V) VOL 
High (18T2 = - 100 (.lA, VOO = 4.5 V) VOH 

TIme Oelay 
Hookswitch Closure to 8T1 Change t8T11 
Hookswilch Opening to 8T1 Change 18T12 

Hookswitch Closure to 90% of Loop Current (C;- = 0.1 (.IF) tH8 

POI Taken High-to-Low to 10% of Loop Current t8T21 
POI Taken Low-to-High to 90% of Loop Current t8T22 

POI Input Current IIH 
VpOI = 3.0 V, RL = 600 n, VOO = 5.0 V 
VPOI = 0 V, RL = 600 n, VOO = 5.5 V 

POI Input Voltage 
Low VIL 
High VIH 

MISCELLANEOUS 

Vas Voltage (Vas - VEE) Vas 
@IL=20mA 
@IL=40mA 

TXO Offset Voltage (VTXO - VAG) @ RL = 600 n VTXO 

TXO Output Current ITXO 

RXI Offset Voltage (VRXI- VAG) @ RL = 600 n VRX08 

VAG Input Current @ RL = 600 n IVAG 

Idle Channel Noise (with C-message filter, RL = 600 n) 
@TXO(Pin 11) NIC4 
@TIp/Ring NIC2 

Thermal Resistance - Junction to Ambient °JA 
(Either package, in still air, soldered to a PC board) (@TA=+25'C) 

(@ T A = +85'C) 

MOTOROLA COMMUNICATIONS DEVICE DATA 

VOG 0.17 
2.4 3.2 

VOG 0.17 
2.4 4.3 

- 10 
- 200 

- 19 

- 18 
- 10 

-1250 -800 
- -800 

VOG -
2.0 -

- 0.82 
- 0.95 

-400 +30 

±275 ±800 

- 0.8 

- 0.2 

- -10 
- -5.0 

- 62 
- 36 

0.4 
-

0.4 
-

-
-

-
-
-

-300 
-

0.8 

VOO 

-
-

+400 

-
-
-

-
-

-
-

Vdc 

(.lS 

ms 

ms 
(.lS 

IlA 

V 

Vdc 

mVdc 

IlA pk 

mVdc 

(.lA 

dSrnc 

'CIW 
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IEPtp 

P 
RP RC 

IL 1.0 k 

r - TIP 9.1 k 

VL RL 
RS 

RING RS 

L 9.1 k 
1.0 k 

RP RC 

lOI I 

Componen1s shown for a 600 Q syslem. 
Three grounds are connected directly together. 

-48 V 

Note: Pin numbers reler to DIP package. 

368 
~ 0.01% 

Y5.12vrms 

TIP 

RING 

20 
VCC 

19 
EP 

BP 

17 
CP 

16 
TSI 

RSI 

CN 

BN 

EN 

VEE 

FIGURE 1 - TEST CIRCUIT 

VOO 

ST2IPOI 

STI 

VOG 

... VAG '" M 
8 
::i 

RFO 

TXO 

CF 

VOB 

15 
+5.0 V 

12 
POI/ST2 

CT 
0.1 13 

r--t-------STI 

14 

RRX 

30.9 k 
Receive 

1-.... ----'V'V'v--- ln (VRXI) 

RRO 
20.3 k 

11 

301 

6 

20 

* 
FIGURE 2 - LONGITUDINAL BALANCE TEST 

(Per IEEE·455) 

MC33120 TEST 
CIRCUIT (FIG. 1) 

FIGURE 3 - SIGNAL BALANCE TEST 

TIP 

368 RING 

MC33120 TEST 
CIRCUIT (FIG. 1) 

4·Wire Balance = 20 (log V #VCM) 
2·Wire Balance = 20 (log V2NCM) 

0.01% 

Vin 
OdBm 
1.0 kHz 
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Signal Balance = 20 (log VeNin) 
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FIGURE 4 - APPLICATION CIRCUIT 

:1 VCC , I" o +5.0 V 

-
19 EP STV:: 12 

5.0I'F! CT 

•• STVPDI 

MJD253 18 BP STl1 13 • STl 
...........-] 

RP 1.0 k, 2% 
17 CP VDG 

114 

IL V 100 
RC 

- TIP EE 

:tj~' VAG 

RL~ RS MC3312D 

RXlll0 , '\7 ~I 
• Receive In (VRXI) 

RING 
5 RSI , 600 

9.1 k 

RC 
4 CN RFO 

1.0 k, 2% 

Txolll 

CRO 

MJD243 1.0l'FI RTX1 
BN W 

10 k 
300 

EN CF~ 
CCF (11'F) 

Component values shown 0 1 ' I VEE vaB~~ 
for a 600 n system. -48 V COB (10 I'F) 

~0.1 ~ 
Note: Pin numbers relerto DIP package. 



PIN DESCRIPTION 

Pin 

Name DIP PLCC Description 

VCC 20 28 Connect to noise-free Battery ground_ Carries loop current and some bias currents_ 

EP 19 27 Connect to the emitter of the PNP pass transistor. 

BP 18 26 Connect to the base of the PNP pass transistor. 

CP 17 24 Connect to TIP through a current limiting protection resistor (RC)' CP is the non inverting input to the 
internal transmit amplifier (Figure 28). Input impedance is 31 kf.!. 

TSI 16 23 Sense input. Connect to TIP through a current limiting protection resistor (RS) which also sets the 
longitudinal impedance. Input impedance is ~100 il to VCC. 

VDD 15 22 Connectto a +5.0 V, ±1 0% supply, referenced to digital ground. Powers logic section and provides some 
bias currents for the loop current drivers. 

VDG 14 20 Digital Ground. Reference for ST1, ST2 and VDD. Connect to system digital ground. 

STI 13 18 Status Output (TTUCMOS). Indicates hook switch status - High when on-hook, low when off-hook, 
and pulse dialing information. Used with ST2 to indicate fault conditions. 

ST2IPDI 12 17 Status output and an input (TTUCMOS). As an output, ST2 can indicate hook status - Low when 
on-hook, high when off-hook. Used with STI to indicate fault conditions. As an input, it can be taken 
low (when off-hook) to deny subscriber loop current. 

TXO 11 16 Transmit voltage output. Amplitude is ~1/3 that across CP and CN. Nominally capable of 800 J1A output 
current. DC referenced to VAG. 

RXI 10 14 Receive current input. Current at this pin is multiplied by 102 at EP and EN to generate loop current. 
RXI is a virtual ground at VAG level. Current flow is out of this pin. 

VAG 9 13 Analog ground, reference for TXO and RX!. Connect to system analog ground. 

RFO 8 12 A resistor between this pin and RXI sets the maximum loop current and DC feed resistance. Minimum 
resistor value is 3.3 k (see Figures 5-7). 

CF 7 10 A low leakage capacitor between this pin and VAG provides DC and AC signal separation. A series 
resistor is required for battery supply turn-on/off transient protection (Figure 4). 

VOB 6 8 Ouiet Battery. A capacitor between VOB and VCC filters noise and ripple from VEE, providing a quiet 
battery source for the speech amplifiers. A series resistor is required for battery supply turn-on/off 
transient protection (Figure 4). 

RSI 5 7 Sense input. Connect to RING through a current limiting protection resistor which also sets the 
longitudinal impedance. Input impedance is ~100 il to VOB. 

CN 4 6 Connect to RING through a current limiting protection resistor. CN is the inverting input to the internal 
transmit amplifier (Figure 28). Input impedance is 31 kil. 

BN 3 4 Connect to the base of the NPN pass transistor. 

EN 2 3 Connect to the emitter of the NPN pass transistor. 

VEE 1 2 Connect to battery voltage. Nominally - 48 V, it can range from - 42 to - 58 V. 

(Pins 1, 5, 9. 11, 15. 19, 21, and 25 are not internally connected on the PLCC package). 
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FIGURE 5 - LOOP CURRENT versus LOOP 
RESISTANCE AND RRF 
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FIGURE 9 - ON-HOOK TO OFF-HOOK 
THRESHOLD versus RS 
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FIGURE 6 - LOOP CURRENT versus LOOP 
RESISTANCE AND RRF 

10 0 400 800 1200 1600 2000 

15 k 

§: 
13 k c 

5 
:I: en w 11 k a: 
:I: 
0-
w 
U 
~ 9.0k 
Ii) 
u; 
w 
::: 7.0 k 
0 
9 

5.0 k 

15 

..-
g 
c 

.E? 
>-= :z w 
a: a: 
::J 10 u 
en 
:$ 
Dl 
-' < :z a: 
w 
0-
~ 

LOOP RESISTANCE (0) 

FIGURE 8 - OFF-HOOK TO ON-HOOK 
THRESHOLD versus RRF 
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FIGURE 24 - TRANSISTOR POWER DISSIPATION 
versus LOOP RESISTANCE AND RRF 

I I VEE =-48 V, 
- VEE=-56V 

~RRF=~900 
except as noted -
TA = 25°C 

RRF =3900 
Rp=1000 

~ K+=6doo, 

~ ~"'h. 
~RF=10~ ~ 

I ~ ~ 
o 400 800 1200 1600 

LOOP RESISTANCE (0) 

FIGURE 26 - MAXIMUM LONGITUDINAL CURRENT 
versus CT, RT AND FREQUENCY 
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FUNCTIONAL DESCRIPTION 

Introduction 
The MC33120 is a solid state SLiC (Subscriber Line 

Interface Circuit) which provides the interface between the 
two wire telephone line and the four wire side of a Central 
Office or PBX. Most of the BORSCHT functions are provided, 
specifically: 

- Battery feed of the loop current to the line, with program
mable maximum current for short lines and battery feed re
sistance for long lines. 

- Overvoltage protection through internal clamp diodes and 
external resistors and diodes. 

- Supervision, in that hook status is indicated in the presence 
of ;::30 kn leakage, and regardless of whether or not the cir
cuit is powered down intentionally by the Central Office or 
PBX. Fault conditions are detected and indicated to the 
system. Dialing (pulse and DTMF) information is passed 
through the MC33120 to the 4-wire side. 

- Hybrid function, in thatthe MC33120 is a 2-to-4 wire conver
ter. Transmit, receive, return loss, and transhybrid gains 
are independently adjustable. 

The MC33120 does not provide ring insertion, ring trip, 
digital coding/decoding of the speech signals, nor test func
tions. These must be provided external to this device. 

The MC33120 controls two external transistors (one NPN 
and one PNP) through which the loop current flows. By 
appropriate circuit design, the power dissipation (which can 
exceed 3.0 watts under certain worst case conditions) is 

approximately equally distributed among the two transistors 
and the IC, thereby lowering junction temperatures and 
increasing long term reliability. In most situations, heatsinks 
will not be required. 

The MC33120 incorporates critical sense resistors inter
nally, which are trimmed for optimum performance. With this 
technique, the external resistors on the two wire side, which 
generally must be high wattage for transient protection rea
sons, can be non-precision. 

Longitudinal balance is tested to a minimum of 58 dB @ 
1 .0 kHz (refer to Electrical Characteristics and Figure 1) for 
both the two wire and four wire side, and typically measures 
in the mid-60s. The longitudinal current capability is tested 
to a minimum of 8.5 mArms per side (refer to Electrical 
Characteristics and Figure 1) at a loop current of 20 mA. 

Following is a description of the individual sections. Figure 
4 is the reference schematic. 

DC Loop Current 
The DC loop current is determined by the battery voltage 

(VEE)' the load resistance across lip and Ring, and the 
resistor at RFO. Varying the 4 resistors RS and RC will 
influence the loop current a small amount «5%). The curves 
of Figures 5-7 indicate the loop current versus loop resis
tance, different values of RRF, and for various values of VEE. 
The graphs represent performance at T A = 25°C and after 
the IC had reached a steady state temperature (>5 minutes). 

FIGURE 27 - DC LOOP CURRENT PATH 
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Figure 27 is representative of the DC loop current path 
(bold lines). On a long line (RL > 1.0 kn), the loop current 
can be determined from the following equation: 

I _ (IVEEI-3.6V)o13 
LOOP - RRF + {(RL + 5) 0 13} (Equation 1) 

On short lines (RL < 1.0 kn), the three diodes across the 
12.4 k resistor clamp the voltage at RFO, thereby preventing 
the RXI current from increasing as the load resistance is 
decreased. The maximum loop current is: 

. 1 .85 V 0 102 (T 250C) 
ILOOP (MAX) = RRF A = (Equation 2) 

Due to the temperature dependence of a diode's forward 
voltage, the maximum loop current will change with tempera
ture by = -0.3%/oC. 

The battery feed resistance (aVTIP/aIL) is =400 n, but 
depends on the loop current, VEE, RRF, and is a valid 
parameter only on long lines where the current limit is not 
in effect. On short lines, the feed resistance is high since 
the loop current is clamped at a constant level. The AC 
impedance (Return Loss) however, is not determined nor 
affected by the DC parameters. See the Applications Section 
for Return Loss information. 

Transmit Path 
The transmit path, shown in Figure 28, consists of an 

internal amplifier which has inputs at CP and CN, and its 
output at TXO. The gain is internally fixed at 0.328 V/V 
(-9.7 dB). The output is in phase with the signal at CP 
(normally the same as TIP), and is out of phase with the 
signal at CN. The Signal at TXO is also out of phase with 
that at VRX, the receive signal input, described in another 
section. 

FIGURE 28 - TRANSMIT PATH 
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The TXO output can swing =3.0 Vp-p, with a nominal 
current capability of ±800 ILA peak (±275 ILA minimum). The 
load on TXO is the parallel combination of RTX1 and the 
RRO network (described later). TXO is nominally internally 
biased at the VAG DC level, but has an offset which varies 
with loop current. 

In normal applications, the signal at CP/CN is reduced 
slightly from that at Tip/Ring by the voltage divider composed 
of the external RC resistors, and the internal 31 k resistors. 
The value of the RC resistors depends on the transient 
protection needed, described in another section, with 1.0 kn 
resistors being suitable for most applications. The resulting 
signal at TXO needs to be gained up to obtain 0 dB from 
Tip/Ring to VTX (the 4-wire ou.\put). The common method 
involves an external op amp, as shown in Figure 28, with 
a gain of RTX2/RTX1. The gain from VL to VTX is: 

VTX RTX2 031 k 0 0.328 
VL = RTX1 0 (RC + 31 k) 

(Equation 3) 

If a codee/filter is used, many of which include an internal 
op amp, a separate op amp is not needed. CTX is primarily 
for DC blocking (of the TXO offset), and is usually large (1.0 
ILF) so as to not affect the gain. 

Receive Path 
The receive path, shown in Figure 29, consists of the input 

at RXI, the transistor driver amplifiers, the external transis-
tors, and the load at Tip/Ring. . 

RXI is a virtual ground (DC level = VAG) and is a current 
input. Current flow is out of the pin. The RXI current is 
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mirrored to the two transistor drivers which provide a gain 
of 102. The two external transistors are then two current 
sources, in series, operating at the same value. An additional 
internal circuit (not shown) balances the two current sources 
to maintain operation in their linear region. 

The load current (through RL) is slightly different from the 
transistor current due to the sense resistors RC and RS. The 
sense resistors add to the DC loop current, but subtract from 
the AC load current. 

In normal operation, the current at RXI is composed of a 
DC current (from RFO), an AC current (from VRX) which 
is the receive signal, and an AC current from TXO, which 
is the feedback signal to set the return loss (setting the return 
loss is discussed in the section on AC Terminating Imped
ance). The resulting AC signal at Tip is inverted from that 
at VRX, while the signal at Ring is in phase with VRX. 

The resistors RP are for transient protection, and their 
value (defined in another section) depends on the amount 
of protection required. A·nominal value of 100 n is suitable 
for most applications. 

The system receive gain, from VRX to Tip/Ring, is not 
described in this section since in normal applications, it 
involves the feedback which sets the AC terminating imped
ance. The Applications Section discusses these in detail. 

Logic Interface (Hook status, pulse dialing, faults) 
The logic interface section provides hookswitch status, 

fault information, and pulse dialing information to the 4-wire 
side of the system at the ST1 and ST2 outputs. Figure 30 
is a representative diagram. 
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FIGURE 29 - RECEIVE PATH 

FIGURE 30 - LOGIC INTERFACE 

r--------------------------, 1 VDD 

I BOOIlA + 15 

+5.0 V 

Hook 
Switch 

1 
1 
1 
1 

CPI 17 

To Loop 
Current 
Drivers 

Hook Status 
Detection 

r----,H...-...:.=..i--.-"""" .......... ~ Status 2 

Extemal 
Power Down 
Control 
Input 

L--'.;;~~~---r-fF:;;au~lt-l.r Fault 
Detection 

RS RSI15 

1 
1 ..... ---.:.:.r:..;.;..--.. Status 1 

I 141 VD 
1 MC33120 1 L __________________________ ~ 

The logic outputs operate according to the truth table in 
Table 1: 

TABLE 1 - STATUS OUTPUT TRUTH TABLE 

Hook Fault Outputs 
Status Detection 

ST1 ST2 
Circuit Condition 

On Hook No Fault Hi Lo Internally powered down 
Off Hook No Fault Lo Hi Powered up 
On Hook Fault Lo Lo Internally powered down 
Off Hook Fault Lo Lo Internally powered down 

Referring to Figure 30, STI is configured as an active NPN 
pulldown with a 15 kQ pullup resistor. ST2 has a 800 j.lA 
current source pullup, and a 1.0 mA current source for a 
pulldown. Current limiting this output controls the discharge 
from the external capacitor when ST2 switches low. 

The condition where bothSTI and ST2 are high is not 
valid, but may occur momentarily during an off-hook to 

MOTOROLA COMMUNICATIONS DEVICE DATA 

on-hook transition. The condition where both STI and ST2 
are low may occur momentarily during an on-hook to off-hook 
transition - this should not be interpreted as a fault condition. 
STI and ST2 are nUCMOS compatible and are powered 
by the +5.0 V supply (VDD). Refer to the Applications Section 
for more details. 

Power Supplies, Grounds 
The MC33120 requires 2 power supplies: battery voltage 

between - 42 V and - 58 V (VEE)' and an auxiliary voltage 
between +4.5 V and +5.5 V (VDD)' 

VEE is nominally - 48 V, with a typical range of - 42 V 
to - 58 V, and must be referenced to VCC (battery ground). 
A 0.1 j.lF bypass capacitor should be provided between VCC 
and VEE. The VEE current (lEE) is nominally 1.2 mA when 
on-hook, 10 to 14 mA more than the loop current when 
off-hook, and ~8.0 mA when off-hook but powered down by 
using the PDI pin. Ripple and noise rejection from VEE is 
a minimum of 40 dS (with a 10 j.lF capacitor at Vas), and 
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is dependent on the size and quality of the VOB capacitor 
(COB) since VOB is the actual internal supply voltage for 
the speech amplifiers. The absolute maximum for VEE is 
- 60 V, and should not be exceeded by the combination of 
the battery voltage, its tolerance, and its ripple. 

VOO is normally supplied from the line card's digital +5.0 
V supply, and is referenced to VOG (digital ground). A 0.1 
IlF capacitor should be provided between VOO and VOG. 
The VOO current (100) is nominally 1.7 mA when on-hook 
and between 6.0 and 11 mA when off-hook (see Figure 10). 
When the MC33120 is intentionally powered down using the 
POI pin, 100 changes by <1.0 mA from the normal off-hook 
value. . 

VAG is the analog ground for the MC33120, and is the 
reference for the speech signals (RXI and TXO). Current flow 
is Into the pin, and is typically <0.5 !lAo 

Normally, VCC, VOG and VAG are to be at the same OC 

level. However, if strong transients are expected at Tip and 
Ring, as in a Central Office application, VCC should not be 
connected directly to VOG and VAG in order to prevent 
possible damage to the +5.0 V system. The MC33120 is 
designed to tolerate as much as ±30 V between VCC and 
the other two grounds on a transient basis only. This 
feature permits VCC and the other grounds to be kept 
separate (on an AC basis) on the line card by transient 
suppressors; or to be connected together farther into the 
system (at the power supplies). See the Applications Section 
on ground arrangements and transient protection for further 
information on connecting the MC33120 to the system sup
plies. 

For operation of the MC33120 at supply voltages other 
than - 42 to - 58 V (such as - 24 V or - 28 V), contact your 
local Motorola sales office. 

APPLICATIONS INFORMATION 

This section contains information on the following topics: 

Design Procedure .............................. pg. 15 
Power Dissipation Calculations 

and Considerations .......................... pg. 22 
Selecting the Transistors ....................... pg. 23 

Design Procedure 
This section describes the step-by-step sequence for 

designing in the MC33120 SLiC into a typical line card 
application for either a PBX or Central Office. The sequence 
is important so that each new component value which is 
calculated does not affect components previously deter
mined. Figure 4 (Typical Application Circuit) is the reference 
circuit for most of this discussion. The recommended se
quence (detailed below), consists of establishing the OC 
aspects first, and then the AC aspects: 

1) Oetermine the maximum loop current for the shortest line, 
select RRF. Power dissipation must be considered here. 

2) Select the main protection resistors (RP), and diodes, 
based on the expected transient voltages. Transient protec
tion configuration must also be considered here. 

3) Select RC based on the expected transient voltages. 
4) Select RS based on the desired longitudinal impedance at 

Tip and Ring. Transient voltages are also a factor here. 
5) Calculate RRO based on the desired AC terminating imped

ance (return loss). 
6) Calculate RRX based on the desired receive gain. 
7) Calculate RTX2 and RTXl based on the desired transmit 

gain. 
8) Calculate the balance resistor (RB), or network, as appro

priate for desired transhybrid rejection. 
9) Logic Interface 

Preliminary 
There is a primary AC feedback loop which has its main 

sense points at CP and CN (see Figure 34). The loop extends 
from there to TXO, through RRO to RXI, through the internal 
amplifiers to the transistor drivers, through RP to Tip and 
Ring, and through the RCs to CP and CN. Components within 
this loop, such as RP, RC, the transistors, and the compensa
tion capacitors need not be tightly matched to each other 
in order to maintain good longitudinal balance. The tolerance 
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Longitudinal Current capability ................ pg. 23 
PC Board Layout Considerations ............... pg.24 
Alternate Circuit Configurations. . . . . . . . . . . . . . .. pg. 26 

requirements on these components, and others, are de
scribed in subsequent sections. Any components, however, 
which are placed outside the loop for additional line card 
functions, such as test relay contacts, fuses, resistors in 
series with Tip and Ring, etc. will affect longitudinal balance, 
signal balance, and gains if their values and mismatch is not 
carefully considered. The MC33120 cannot compensate for 
mismatch among components outside the loop. 

The compensation capaCitors (0:01 IlF) shown at the 
transistor collectors (Figure 4) compensate the transistor 
driver amplifiers, providing the required loop stability. The 
required tolerance on these capacitors can be determined 
from the following guidelines: 

AI 0% mismatch (±5% tolerance) will degrade the longitudi
nal balance by =1.0 dB on a 60 dB device, and by =3.0 dB 
on a 70 dB device. 
A 20% mismatch (±1 0% tolerance) will degrade thlliongitu
dinal balance by =3.0 dB on a 60 dB device, and by =6.0 dB 
on a 70 dB device. 

High quality ceramic capaCitors are recommended since they 
serve the secondary function of providing a bleedoff path for 
RF signals picked up on the phone line. These capacitors 
should be connected to a good quality RF ground. 

The capaCitors used at COB and CF must be low leakage 
to obtain proper performance. Leakage at the COB capaCitor 
will affect the DC loop current characteristics, while leakage 
at the CF capacitor will affect the AC gain parameters. 

1) Maximum Loop Current and Battery Feed Resistance 
The maximum loop current (at RL = 0) is determined by 

the RRF resistor between RFO and RXI. The current limit 
is accomplished by three internal series diodes (see Figure 
27) which clamp the voltage across RRF as the loop resis
tance decreases, thereby limiting the current at RXI. Since 
the loop current is 102 x IRXI, thll loop current is therefore 
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clamped. The graphs of Figures 5-7 indicate the maximum 
loop current at an ambient temperature of +25'C, and after 
the IC has reached thermal equilibrium (approx. 10 minutes). 

Although the maximum loop current is primarily a function 
of the RRF resistor, it is also affected by ambient tempera
ture, and slightly by VEE. The ambient temperature effects 
are due to the temperature dependence of the diodes' 
forward voltage drop, causing the maximum loop current to 
change by ~ - 0.3%I'C. Changing VEE affects the maximum 
current in that the power dissipation is changed, thereby 
changing the die temperature, which affects the diodes' 
voltage. 

The maximum loop current is affected slightly «5%) by 
the choice of the RS and RC resistors, since the sense 
currents through those resistors add to the current supplied 
by the transistors. 

The battery feed resistance is determined by RRF, and is 
not adjustable independently of the current limit. Defined as 
L\.VTIP/L\.IL, it is ~400 Q, and is a valid parameter only on long 
lines where the current limit is not in effect. On short lines, 
the feed resistance is high since the loop current is clamped 
at a near constant level. The AC impedance (return loss) 
however, is not determined nor affected by these DC parame
ters. Return loss is discussed in another section. 

If the application requires that the current limit value have 
a low temperature dependence, refer to the section following 
this design sequence which describes an alternate 
configuration. 

2) Main Protection Resistors (RP) and Transient Currents 
The purpose of the protection resistors (RP), along with 

the 4 clamp diodes shown in Figure 4, is to absorb the bulk 
of the transient energy when transient voltages come in from 
the phone line. The resistor value must be selected to limit 
the transient current to a value which can be tolerated by 
the diodes, while dissipating the energy. The recommended 
value shown (100 Q) will limit the current from a 1500 V 
transient to 15 A, which can be carried by 1 N4002 diodes 
under surge conditions. The resistors must be of a type which 
can tolerate the high instantaneous energy associated with 
transients. Resistor manufacturers should be consulted for 
this information. 

Referring to Figure 4, a positive transient on either Tip or 
Ring, or both, will cause the transient current to be delivered 
to Ground. A negative transient will cause the transient 
current to come from the VEE supply line. Therefore, the PC 
board track supplying VCC and VEE to the MC33120 must 
be designed to carry the transient currents as well as the 
normal operating currents. Additionally, since a negative 
transient will cause a current flow out of the power supply's 
negative output, which is opposite to the normal flow of 
current, provisions must be made for this reverse current 
flow. One suggested method is to place a zener transient 
suppressor (1 N5290A) across the battery supply pins (VCC 
to VEE) physically adjacent to the MC33120. The induc
tance associated with PC board tracks and wiring will result 
in insufficient protection for the MC33120 if the suppressor 
is located at the opposite end of the line card, or at the power 
supplies. 

Transient currents can be reduced by increasing the value 
of RP, with an upper limit determined by the DC conditions 
on the longest line (highest loop resistance) and minimum 
VEE supply voltage. These conditions determine the 
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minimum DC voltage across the transistors, which must be 
sufficient to handle the largest AC (transmit and receive) 
signals. If too large a value is selected for RP, the AC signals 
will be clipped. It is recommended that each transistor have 
no less than one volt (DC) across their collector to emitter. 
System AC speCifications may require more than this. 

Since the RP resistors are within the loop, their tolerance 
can be ±5% with no substantial degradation of longitudinal 
balance. A ±10% tolerance (20% mismatch) will degrade 
balance by ~4.0 dB on a 55 dB device. 

FIGURE 32 - RC PROTECTION RESISTORS 
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3) Selecting the RC Resistors 
The primary purpose of the RC resistors is to protect the 

CP and CN pins from transient voltages and destructive 
currents. Internally, these pins have clamp diodes to VCC 
and VEE rated for a maximum of 1.0 A under surge condi
tions only (Figure 32). The 1.0 kQ resistors shown in the 
figures, for example, will provide protection against surges 
up to 1.0 kV. Resistor manufacturers must be consulted for 
the proper type of resistor for this environment. 

The RC resistors are in series with internal 31 kQ resistors, 
and therefore form a voltage divider to the inputs of the 
transmit amplifier, as shown in Figure 32. This will affect the 
transmit gain, receive gain, return loss, and transhybrid 
rejection (described in subsequent sections). The tolerance 
of the RC resistors depends on the value selected for them, 
since any mismatch between them will create a differential 
voltage at CP and CN when longitudinal voltages are present 
on Tip and Ring. To ensure a minimum of 58 dB of longitudi
nal balance, the resistors' absolute value must not differ by 
more than 39 Q. With a nominal value of 1.0 kQ, their 
tolerance must be ±2%, or less. If their nominal value is 390 Q 
or less, their tolerance can be ±5%. 

4) Longitudinal Impedance (ZLONG) - Selecting the RS 
Resistors 
The longitudinal impedance is determined by the RS 

resistors at the TSI and RSI pins according to the following 
equation: 

ZLONG = RS + 100 
51 

(Equation 4) 

ZLONG is defined as VLONG/ILONG as shown in Fig
ure 33; for RS = 9.1 kQ, ZLONG = 180 Q. The calculated 
value of ZLONG includes the fact that the RS resistors are 
in parallel with the synthesized impedance. The tolerance 
of the RS resistors therefore depends on how much mis
match can be tolerated between the longitudinal impedances 
at Tip and at Ring. Calculations indicate the two RS resistors 
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can have a ±5% tolerance, and still comfortably provide a 
minimum of 58 dB longitudinal balance. 

The resistors must be able to withstand transient voltages 
expected at Tip and Ring. The TSI and RSI pins have internal 

clamp diodes rated for a maximum of 1.0 A under surge 
conditions only (Figure 33). Resistor manufacturers must be 
consulted for the proper type of resistor for this environment. 

FIGURE 33 - LONGITUDINAL IMPEDANCE 
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5) AC Terminating Impedance and Source Impedance (ZaGl 
- Return Loss 
The return loss measurement is a measure of how closely 

the AC impedance of the SLiC circuit matches the character
istic impedance of the phone line, or a reference impedance. 
The reference impedance can be, in some cases, a pure 
resistance (commonly 600 Q or 900 Q), a series resistor and 
capacitor (900 Q + 2.16 (IF), or a more complex network. 

To achieve proper return loss with the MC33120, the RRO 
impedance shown in Figure 34 is to have the same configura
tion as the reference impedance, but with values scaled 
according to the equations mentioned below. 

CRO, used primarily for DC blocking, is generally a large 
value (1.0 (IF) so as to not affect the impedance of RRO. 
However, it can be included in the RRO network if a complex 
network is required. 

FIGURE 34 - AC TERMINATING IMPEDANCE 
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Zac is the impedance looking into the circuit from Tip and 
Ring (set by RRO), and is defined as VL/IL. Half of Zac is 
from Tip to VCC, and the other half is from Ring to VaB (an 
AC ground). Each half is made up of a synthesized imped
ance (ZT/2) in parallel with RS and (RC + 31 k). 

Therefore Zac is equal to: 

Zac = [ZT/2 IIRSII(RC + 31 k)] • 2 (Equation 5) 

and ~ = {RSII(RC + 31 k)} • (Zac/2 ) 
2 {RSII(RC + 31 k)} - (Zac/2) 

(Equation 6) 

The synthesized impedance ZT is created as follows: 
An incoming Signal VL produces a differential voltage at 

CP and CN, and therefore at TXO equal to: 

V _ VL' 31 k. 0.328 (Equation 7) 
TXO - (RC + 31 k) 

The signal at TXO creates an AC current IRXI through 
RRO. RXI is a virtual ground, and CRO is insignificant for 
first order calculations. 

IRXI is gained up by a factor of 102 to produce the current 
IT through the transistors. 

ZT is therefore VL/IT. The relationship between ZT and 
RRO is: 

_ ZT' 1.037.106 
RRO - (31 k + RC) (Equation 8) 

While equation 8 gives the exact value for RRO, a first order 
approximation is Zac • 33.5. 

a) Resistive Loads (withRC = 1.0 k, RS = 9.1 k): 
For a 600 n resistive system, ZT calculates to 626 n, 
and RRO calculates to 20.3 kn. 

For a 900 n resistive system, ZT calculates to 961 n, 
and RRO calculates to 31.14 kn. 

b) Complex Loads 
For complex (non-resistive) loads, the MC33120 must be 

made to look like a termination impedance equal to that 
complex load. This is accomplished by configuring RRO the 

same as the complex load, but with all impedance values 
increased according to the scaling factor of Equation 9. 

[(RC + 31 k)IIRS] • 1.037. 106 . 
SF = (RC + 31 k) • [(RC + 31 k)IIRS _ (Zac/2 )] (Equation 9) 

Zac is computed at a nominal frequency of interest. A first 
order approximation of Equation 9 is: 

SF = 1.037 • 1 06/(RC + 31 k) (Equation 9a) 

For example: 

If the AC load is: 

fL-. I ;}~ ~c:J To TIP. 
~ and Ring 

If the AC load is: 

820~J 0,115 To Tip 
~F and Ring 

220 

Then RRO should be: 

31.15k (RRO) R~~l 
From .........:r 62 nF (CRO) 

TXO 

Then RRO should be: 

R~~~ 3.3 nF 28,4 k 

From 7,61 k 

TXO ---l CRO 

CRO must remain in series with the network to provide 
DC blocking, If the load network does not include a series 
capacitor (as in the second example above), CRO should 
be large (1.0 ~F) so its impedance does not affect the RRO 
network. The above procedure will yield a return loss mea
surement which is constant with respect to frequency, The 
RRO resistor, or network, must have a tolerance equal to 
or better than the required system tolerance for return loss 
and receive gain. 

6) Receive Gain (GRX) 
The receive gain involves the same circuit as Figure 34, 

but with the addition of the RRX resistor (or network) which 
sets the receive gain. See Figure 35, 

FIGURE 35 - RECEIVE GAIN 
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The receive gain (GRX), defined as the voltage gain from 
VRX to VL, is calculated as follows: 

RXI is a virtual ground, and Rac is the AC impedance of 
the load (phone line). 

The AC current generated in the transistors is 102 olRXIo 
which is equal to 102 ° (IR - ITXO)' 

IR = VRX/RRX, and 

ITXO = VTXO = VL ° 31 k ° 0.328 
RRO RRO ° (31 k + RC) 

(Equation 10) 

Using equations 5 and 8, involving Zac, RS and RC, and 
the above equations yields: 

VL 102 ° (RacllZad 
--= GRX = (Equation 11) 
VRX RRX 

102 ° (RacllZad 
Therefore, RRX = 

GRX 
(Equation 12) 

Equation 12 applies only for the case where Rac and Zac 
have the same configuration. If they also have the same 
magnitude, then set RRX = 51 ° Rac to set a receive gain 
of 0 dB. The AC source impedance of the above circuit to 
Tip and Ring is Zac. For the case where Rac '* Zac, use 
the following equation: 

VL 102 
VRX = 

(Equation 13) 
R X [1 1 .037 ° 106 ] 

R ° ZL + (31 k + RC) ° RRO 

where ZL = [R~c II RS II (RC + 31 k)] ° 2 (Equation 14) 

a) Resistive Loads 
For a 600 Q resistive system, set RRX = 30.6 kQ, and for 

a 900 Q resistive system, set RRX = 45.9 kQ. 

b) Complex Loads 
For complex (non-resistive) loads, the RRX resistor needs 

to be replaced with a network having the same configuration 
as the complex load, but with all impedance values scaled 
up by a factor of 51 (for 0 dB gain). If a gain other than 0 
dB is desired, the scaling factor is determined from Equation 
12. This methods applies only if the RRO network has been 
made complex comparable to the load according to the 
procedure in the previous section (Equations 5-9a) , such that 
Rac = Zac· Using a scaling factor of 51, and the previous 
examples, yields: 

If the AC load is: Then RRX should be: 

r-I --------
~ L.J TO~~VRX I 2.16 ~~ To TiP. RXI I 45.9 k 42 nF I 
~~ ~R~ _______ _ 

If the AC load is: 

820 Ei·115 ~F 
To Tip 

220 J and Ring 

MC33120 
2-250 

Then RRX should be: 

; ~~25nF ; 

TO~VRX 
RXI I 11.2k 41.8k I 

The preceeding procedure will yield a receive gain which is 
constant with respect to frequency. The RRX resistor, or 
network, must have a tolerance equal to or better than the 
required system tolerance for receive gain. 

7) Transmit Gain (GTX) 
Setting the transmit gain involves selecting RTX1 and 

RTX2 in Figure 28. The voltage gain from VL to VTX is 
calculated from the following: 

RTX2 ° 31 k ° 0.328 
RTX1 ° (RC + 31 k) (Equation 15) 

For 0 dB gain, set RTX2 = 3.15 x RTX1 (for RC = 1.0 k). 
The actual values of RTX2 and RTX1 are not critical- only 
their ratio so as to provide the proper gain at the op amp. 
Once the ratio is established, the two resistors can be 
selected from a set of standard resistor values. The minimum 
value for RTX1 is limited by the drive capability of TXO, which 
is a nominal ±800 IJA peak (±2751JA minimum). As a general 
rule, RTX1 should be between 6.0 kQ and 20 kQ. The load 
on TXO is the parallel combination of RTX1 and RRO. 

CTX is for DC blocking, and is typically a large value 
(1.0 IlF) so as to not be a significant impedance. In general, 
it should not be used for low frequency rolloff as that will 
affect the transhybrid rejection (discussed in the next sec
tion). Low frequency roll off should be done after the op amp. 
High frequency rolloff can be set by placing a capaCitor 
across RTX2. 

For complex loads (at Tip and Ring), if RRO and RRX have 
been made complex comparable to the load as described 
in the previous sections, neither RTX1 nor RTX2 needs to 
be complex since both the transmit and receive signals which 
appear at TXO will be flat with respect to frequency. 

RTX1 and RTX2 must have a tolerance equal to or better 
than the required system tolerance for the transmit gain. 

8) Balance Network (RS) - Transhybrid Rejection 
When a receive signal is applied to VRX to produce a 

signal at Tip and Ring, the two-to-four wire arrangement of 
a hybrid (the MC33120) results in a reflected signal at TXO. 
Transhybrid rejection involves canceling that reflected Signal 
before it appears at VTX. The method used is to insert the 
RB resistor (or network) as shown in Figure 36. The current 
IB' supplied form VRX, cancels the current ITX1 supplied 
from TXO (Node A is a virtual ground). Good transhybrid 
cancellation requires that the currents be equal in magnitude 
and 1800 out of phase at node A. 

Using the equations for transmit and receive gains, the 
current ITX1 is equal to: 

335 ° VRX ° Z ° ZL ° 31 k (Equation 16) I _ . ac 
TX1 - RRX ° [Zac + ZLI ° RTX1 ° (RC + 31 k) 

a) For the case where RRO and RRX are comparable in 
configuration to ZL: 
Since IS = VRX/RB, then RB can be determined from: 

RB= 
RRX ° RTX1 ° (RC + 31 k) 

33.5 ° [ZaclIZLlo 31 k 
(Equation 17) 
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FIGURE 36 - BALANCE RESISTOR 
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Equation 17 provides a value for an RB resistor which will 
provide the correct magnitude for lB' The correct phase 
relationship is provided by the fact that the signal at TXO 
is out of phase with that at V RX. The phase relationship will 
be 1800 only if RRO and RRX are of a configuration identical 
to that of the load. This applies regardless of whether the 
load, ZL, (and RRO and RRX) are purely resistive or of a 
complex nature. Equation 17 reduces to a non-complex 
resistance if RRX, Zac, and ZL are all comparably complex. 

For the case where Zac = ZL, RRX = 51 • Zac, and 
RC = 1.0 k, Equation 17 reduces to: 

RB = 3.15. RTX1 (Equation 18) 

b) For the case where Zac and ZL do not have the same 
frequency characteristics: 
For the case where, for reasons of cost andlor simplicity, 

the load (RL) is considered resistive (whereas in reality it 
is not a pure resistance) and therefore resistors, rather than 
networks, were selected for RRO and RRX, using a simple 
resistor for RB may not provide sufficient transhybrid rejec-

be a phase shift from V RX to the signal across Tip and Ring. 
This phase shift is also present at TXO. The same phase 
shift is generated at node B in the RB network by making 
RB1 equal to Zac, and ZL equal to the load. RB2 is then 
calculated from: 

RRX. RTX1 • (RC + 31 k) 
RB2= 

33.5 • Zac • 31 k (Equation 19) 

For example, for a system where the load is considered a 
600 il resistor (RRO = 20.3 kil, RRX = 30.6 kil, RTX1 = 
10 kil, and RC = 1.0 kil), RB1 would be a 600 il resistor, 
ZL (in the RB network) would be a 600 il resistor in parallel 
with a 0.005 flF capacitor, and RB2 calculates to 15.715 kil. 

The RB resistor, or network, must have a tolerance equal 
to or better than the required system tolerance for trans hybrid 
rejection. 

9} Logic Interface 
The logic circuit (output ST1, and the 1/0 labeled ST2/PDI) 

is depicted in Figure 30, and functions according to the truth 
table in Table 1. 

tion due to a phase angle difference between VRX and TXO. a} Output Characteristics 
The terminating impedance may therefore not necessarily ST1 is a traditional NPN pull-down with a 15 kil pull-up 
be matched exactly to the line impedance, but the resulting resistor. Figures 19 and 20 indicate its output characteristics. 
circuit still provides sufficiently correct performance for re- ST2 is configured with the following items: a} a 1.0 mA 
ceive gain, transmit gain, and return loss. The rejection can current source for a pull-down which is active only when ST2 
be improved in this case by replacing RB with the configura- is internally set low; b) an 800 IJ.A current source pull-up 
tion shown in Figure 37. Even on a very short phone line which is active only when ST2 is internally set high; c) a 
there is a reactive component to the load due to the two positive feedback aspect within this output circuit which 
compensation capacitors (CC, Figure 4) at the transistor provides considerable hysteresis for stability reasons. Its 
collectors. The two capacitors can be considered in series output characteristics are shown in Figures 21 and 22. Due 
with each other, and across the load as shown in Figure 37. to this configuration, any external pull-up resistance which 
To simplify the explanation, the current source and Zac of is applied to this pin must be greater than 15 kil, or the output 
Figure 36 are replaced with the Thevenin voltage source and may not reliably switch from high to low. Any external 
series Zac. Since ZL and Zac are not matched, there will pull-down resistance does not affect this output's ability to 

FIGURE 37 - BALANCE NETWORK 
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switch from low-to-high, but does affect the maximum longi
tudinal currents which can be accepted by the circuit (see 
the section on Longitudinal Current capability). The capacitor 
(CT) is required to provide a time delay, for stability reasons, 
during transitions between off-hook and on-hook. This capac
itor additionally affects maximum longitudinal currents, as 
well as stability during pulse dialing (explained below). 

b) Hook Status 
The MC33120 uses the sense currents at CP and CN to 

activate the hook status circuit. The sensing is configured 
such that the circuit monitors the impedance across Tip/Ring, 
which results in the hookswitch thresholds being virtually 
independent of the battery voltage. The off-hook to on-hook 
threshold is affected by the choice of RRF according to the 
graph of Figure 8, but is not affected by the value of RS. 
The on-hook to off-hook threshold is affected by the value 
of RS according to the graph of Figure 9, but is not affected 
by RRF. Varying the RC resistors does not affect the thresh
olds significantly. 

When the telephone is on-hook (ST1 = Hi, ST2 = Low), 
the MC33120 is internally powered down, the external tran
sistors are shut off, and power consumption is at a minimum. 
Upon closure of the phone's hookswitch, ST1 will switch low 
within 10 Ils. ST2 will then change state slowly due to the 
external capacitor (CT = 5.0 IlF). There is a =8.0 millisecond 
delay for ST2 to reach the threshold necessary to activate 
the internal bias circuit, which in turn activates the external 
drive transistors to supply loop current. This delay is neces
sary to prevent instabilities during the transition to off-hook. 

Upon opening the telephone's hookswitch, ST1 will switch 
high within =200 Ils. ST2 then requires =60 ms to reach the 
threshold to switch off the internal bias circuit, which in turn 
shuts down the external drive transistors. 

c) Pulse Dialing 
During pulse dialing, ST1 will change state concurrent with 

the hookswitch. ST2 is kept from switching during pulse 
dialing by the external capacitor (CT), which keeps the 
MC33120 in a powered up condition and stable. If the CT 
capacitor is too small, the voltage at ST2 could droop to the 
POI threshold (see section e below) during each pulse. This 
could cause the MC33120 to create additional noise on the 

line as it would cycle between a power-up and power-down 
condition with each dialing pulse. 

d) Fault Detection 
Faults are defined as excessive leakage from Tip to VEE 

and/or ground, and from Ring to VEE and/or ground. A single 
fault is anyone of the above conditions, while a double ,fault 
is defined as excessive leakage from Tip to VEE and from 
Ring to VCC, as depicted in Figure 38. Refer to Figures 11-15 
for the resistance, RLK, which will cause the MC33120 to 
switch to a power-down condition. If the leakage resistance 
is less than that indicated in the graphs, the MC33120 will 
power-down itself and the two external transistors, thereby 
protecting them from overheating. Both status outputs (ST1 
and ST2) will be at a logic low, indicating a fault condition. 
A fault condition is detected by monitoring an imbalance in 
the magnitudes of the currents at TSI and RSI, and/or a 
polarity reversal at Tip and Ring. 

The,MC33120 will detect the following conditions: 
1) When on-hook (see Figure 11): 

a) <2.0 kQ between Ring and VCC, with no hysteresis 
at this threshold, or 

b) <2.5 kQ between Tip and VEE, with no hysteresis at 
this threshold, or 

c) Both a and b simultaneously. 
Leakage from Tip to VCC and/or Ring to VEE are not 

detected as faults while the MC33120 is on-hook. 
2) When off-hook (600 Q between Tip and Ring): 

a) <500 Q between Tip and VCC, or 
b) <600 Q between Tip and VEE, or 
c) <500 Q between Ring and VEE, or 
d) <600 Q between Ring and VCC, or 
e) Both band d simultaneously 

A simultaneous occurrence of conditions a) and c) is not 
detected as a fault. See Figures 12-15 for the threshold 
variation with RL. Resetting of the fault detection circuit 
requires that the leakage resistance be increased to a value 
between 10 kQ and 20 kn, depending on VEE, RL, and RS' 
Both ST1 and ST2 should be monitored for hookswitch status 
to preclude not detecting a fault condition. 

Figure 15 indicates the variation in fault thresholds for 
Tip-to-VCC and Ring-to-Battery faults, and is valid only for 
loop resistances of 200 Q to 1 ,0 kQ. On loops larger than 

FIGURE 38 - FAULT DETECTION 
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1.0 kil, the MC33120 does not reliably indicate the fault 
condition at ST1 and ST2, but may indicate on-hook status 
instead. This does not apply to Tip-to-Battery and 
Ring-to-VCC faults which are correctly detected for lines 
beyond 1.0 kil. 

e) POI Input 
The ST2 output can also be used as an input (POI input) 

to power down the circuit, denying loop current to the 
subscriber (by shutting off the external pass transistors), 
regardless of the hookswitch position. Powering down is 
accomplished by pulling POI to a logic low with an open 
collector output, or an NPN transistor as shown in Figure 
30. The switching threshold is ~+ 1.5 V. The current out of 
POI, when pulled low, is ~800 1lA. Releasing POI allows the 
MC33120 to resume normal operation. 

If the external telephone is off-hook while the MC33120 
is powered down, sense currents at CP and TSI will result 
in some loop current flowing through the loop and back into 
CN and RSI. This current is generally on the order of 1.0 
to 3.0 mA, determined primarily by the RS resistors, loop 
resistance, and VEE. ST1 will continue to indicate the tele
phone's actual hook status while POI is held low. The 
on-to-off hook threshold is the same as that during normal 
operation, but the off-to-on hook threshold is >250 kil. 

When powered down with the POI pin, the receive gain 
(VRXI to Tip/Ring) is muted by >90 dB, and the transmit gain 
(Tip/Ring to TXO) is muted by >30 dB. 

Power Dissipation, Calculation and Considerations 

a) Reliability 
The maximum power dissipated by the MC33120 must be 

considered, and managed, so as to not exceed the junction 
temperature listed in the Absolute Maximum Ratings. Ex
ceeding this temperature on a recurring basis will reduce long 
term reliability, and possibly degrade performance. The junc
tion temperature also affects the statistical lifetime of the 
device, due to long term thermal effects within the package. 
Today's plastic integrated circuit packages are as reliable as 
ceramic packages under most environmental conditions. 
However, when the ultimate in system reliability is required, 
thermal managements must be considered as a prime sys
tem design goal. 

Modern plastic package assembly technology utilizes gold 
wire bonded to aluminum bonding pads throughout the 
electronics industry. When exposed to high temperatures for 
protracted periods of time an intermetallic compound can 
form in the bond area resulting in high impedance contacts 
and degradation of device performance. Since the formation 
of intermetallic compounds is directly related to device junc
tion temperature, it is incumbent on the designer to determine 
that the device junction temperature is consistent with system 
reliability goals. 

Based on the results of almost ten years of +125°C 
operating life testing, Table 2 has been derived indicating the 
relationship between junction temperature and time to 0.1 % 
wire bond failure. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

TABLE 2 - STATISTICAL L1FETtME 

Junction Time Time 
Temperature (0C) (Hours) (Years) 

80 1,032,200 117.8 
90 419,300 47.9 
100 178,700 20.4 
110 79,600 9.4 
120 37,000 4.2 
130 17,800 2.0 
140 8,900 1.0 

Motorola MEeL DeVice Data. OL 122 

The "time" in Table 2 refers to the time the device is operating 
at that junction temperature. Since the MC33120 is at a low 
power condition (nominally 68 mW) when on-hook, the duty 
cycle must be considered. For example, if a statistical duty 
cycle of 20% off-hook time is used, operation at 130°C 
junction temperature (when off-hook) would result in a statis
tical lifetime of ~1 0 years. 

b) Power and Junction Temperature Calculation 
The power within the IC is calculated by subtracting the 

power dissipated in the two wire side (the transistors and 
the load) from the power delivered to the IC by the power 
supplies. Refer to Figure 4 and 27. 

Po ~ IVoo • 1001 + IVEE • IEEI- {ILOOP • IVEP - VEND 

(Equation 20) 

The terms VEP and VEN are the OC voltages, with respect 
to ground, at the EP and EN pins. These voltages can be 
measured, or can be approximated by: 

VEP ~ - {3~ il • lLOOP) 
VEN ~ VEE + 2.1 V + (ILOOP' 35 il) 

Refer to Figure 23. The junction temperature is then calcu
lated from: 

(Equation 21) 

where T A is the ambient air temperature at the IC package, 
and 8JA is the junction-to-ambient thermal resistance shown 
in Figure 39. The highest junction temperature will occur at 
maximum VEE and VOO, maximum loop current, and maxi
mum ambient temperature. 

If the above calculations indicate the junction temperature 
will exceed the maximum specified, then it is necessary to 
reduce the maximum loop current, ambient temperature, 
and/or VEE supply voltage. Air flow should not be restricted 
near the IC by tall components or other objects since even 
a small amount of air flow can substantially reduce junction 
temperature. For example, typically an air flow of 300 LFPM 
(3.5 mph) can reduce the effective 8JA by 14 to 20% from 
that which occurs in still air. Additionally, providing as much 
copper area as possible at the IC pins will assist in drawing 
away heat from within the IC package. For additional informa
tion on this subject, refer to the "Thermal Considerations" 
section of Motorola MECL System Design Handbook 
(HB205), and the "System Oesign Considerations" section 
of Motorola MECL Device Data (0L122). 
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Selecting the Transistors 
The specifications for the two loop current pass transistors 

involve their current gain, voltage rating, and power dissipa
tion capabilities at the highest ambient temperatures. Power 
dissipation during both normal operation and faults must be 
considered when determining worst case situations. General
ly, more power is dissipated during a fault condition than 
during normal operation. 

The transistors' minimum beta is recommended to be 40 
at the loop currents involved in the application. A lower beta 
could degrade gain and balance performance. Maximum 
beta should be less than 500 to prevent possible oscillations. 
Darlington type transistors should not be used. The voltage 
rating should be a minimum of 80 V, although the choice of 
protection scheme may require a higher rating. 

Referring to Figure 27, during normal operation the loop 
current and the voltage across the transistors are both at 
a maximum when the load impedance (RU is at a minimum. 
The loop current is determined by RRF and the graphs of 
Figures 5-7. The voltage across each transistor is deter
mined from the following: 

iVEEi- 2.1 - [(65 + 2RP + RL) • ILOOP] VT= --==-______ -=-_=-::..c=.:....: 

2 (Equation 22) 

The power in each transistor is then (VT • ILOOP)' The 
voltage across the two transistors will always be nearly equal 
during normal operation, resulting in equal power dissipation. 
The graph of Figure 24 indicates the power dissipated in each 
transistor where RP = 100 n. 

During a fault condition, depicted in Figure 38, if the 
leakage resistance from Tip to VEE or from Ring to VCC 
is less than that shown in Figures 12-14 (when off-hook), 
the MC33120 will power down the transistors to protect them 
from overheating. Should the leakage resistance be slightly 
higher than that shown in the graphs, however, and the fault 
detection has not been activated, the power in one transistor 
(in a single fault, both transistors in a double fault) will be 
higher than normal. The power will depend on VEE, RL, RP 
and the leakage resistance. Table 3 is a guide of the power 
in the transistor dissipating the higher power level. 

MC33120 
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TABLE 3 - TRANSISTOR POWER DURING A FAULT 

VEE RS RL PPNP PNPN 

-58 9.1 k 200 1.64 1.34 
-48 9.1 k 200 1.05 0.957 
-58 9.1 k 600 1.37 1.11 
-48 9.1 k 600 0.746 0.616 
-58 9.1 k 1.0 k 0.897 0.68 
-48 9.1 k 1.0 k 0.232 0.194 
-58 5.1 k 200 1.8 1.55 
-58 11 k 200 1.53 1.3 

The power (in watts) in the two right columns indicates the 
power dissipated by that transistor if it is carrying the maxi
mum fault current. The system designer should attempt to 
predict possible fault conditions for the system, and then 
measure the conditions on the transistors during the worse 
case fault(s). 

For most applications involving a nominal VEE of - 48 V 
(with a maximum of - 58 V), a maximum loop current of 30 
to 40 mA, and a maximum T A of +85°C, the MJD243 and 
MJD253 DPAK transistors are recommended. When 
mounted as described in their data sheet, they will handle 
both the normal loop current as well as most fault conditions. 
If faults are not expected to occur in a particular application, 
then smaller package transistors, such as MPS6717 and 
MPS6729, may be used. Each application must be evaluated 
individually when selecting the transistors. 

Other possible transistors which can be considered: 

PNP 
MJD253-1 
MJE253 
MJD32 
MJD42 
MJD350 
TIP30A,B,C 

Longitudinal Current Capability 

NPN 
MJD243-1 
MJE243 
MJD31 
MJD41 
MJD340 
TIP29A,B,C 

The maximum longitudinal current which can be handled 
without distortion is a function of loop current. battery feed 
resistance, the longitudinal impedance, and the components 
on ST2. 

Since the pass transistors cannot pass current in the 
reverse direction, the DC loop current provides one upper 
boundary for the peak longitudinal current plus peak speech 
signal current. The battery feed resistance determines, in 
effect, the DC voltage across the transistors, which is a 
measure of the headroom available for the circuit to handle 
the peak longitudinal voltage plus peak speech signal volt
age. The longitudinal impedance, determined by the RS 
resistors (equation 4), determines the longitudinal current for 
a given longitudinal voltage. 

While analysis of the above items may yield one value of 
maximum longitudinal current, a different limit (which may 
be higher or lower) is imposed by the capacitor CT, and any 
pulldown resistance RT, on Pin 12 (ST2). This is due to the 
fact that the sense currents at TSland RSI will be alternately 
mismatched as Tip and Ring move up and down together 
in the presence of longitudinal signals. When the longitudi
nals are strong, the internal fault detect circuit is activated 
with each 1/2 cycle, which attempts to switch ST2 low (see 
the section on Fault Detection). The speed at which ST2 can 

MOTOROLA COMMUNICATIONS DEVICE DATA 



switch low is a function of both the external capacitor, CT 
and any pulldown resistance, RT. 

The graphs of Figures 25 and 26 indicate the maximum 
longitudinal current which can be handled (in Tip and in Ring) 
without distortion or causing ST2 to switch low. 

PC Board Layout Considerations 
PC board considerations include thermal, RFIIEMI, tran

sient conditions, interconnection of the four wire side to the 
codec/filter, and others. Wirewrapped boards should be 
avoided - breadboarding should be done on a (at least) 
reasonably neat PC board. 

a) Thermal 
Power dissipated by the MC33120 and the two transistors 

must be removed to prevent excessively high junction tem
peratures. The equations for calculating junction tempera
tures are mentioned elsewhere in this data sheet. Heat is 
removed by both air flow and copper foil on the PC board. 
Since even a small amount of air flow substantially reduces 
junction temperatures compared to still air, tall components 
or other objects should not be placed such that they block 
air flow across the heat generating devices. Increasing, 
wherever possible, the area of the copper foil at the IC pins 
will provide additional heat removal capability. A ground plane 
can generally help here, while at the same time helping to 
reduces RFI problems. 

b) RFI/EMI 
While the MC33120 is intended for use at audio frequen

cies, the internal amplifiers have bandwidths in excess of 

1.0 MHz, and can therefore respond to externally induced 
RFI and EM!. Interference signals can come in on the phone 
line, or be radiated on to the PC board from nearby radio 
stations or from high frequency circuitry (digital & micropro
cessor circuitry) in the vicinity of the line card. 

Usually RFI entering from the phone line at Tip and Ring 
can be removed by the compensation capacitors (Ccl pro
vided they are connected to a good. quality RF ground 
(generally the same ground which connects to VCC on the 
MC33120). The ground track should be as wide and as direct 
as possible to minimize lead inductance. Generally better 
results can be obtained if an RF bleedoff to earth (or chassis) 
ground can be provided where the twisted pair phone line 
comes into the system. 

To minimize problems due to noise radiating directly onto 
the PC board from nearby high frequency circuitry, all compo
nents associated with the MC33120 should be physically as 
close as possible to the IC. The most sensitive pins in this 
respect are the CP, CN, RSI, TSI, VAG and RXI pins. Keeping 
the tracks short minimizes their "antenna" effect. 

c) Transient Conditions 
When transient voltages come in to Tip and Ring, the 

transient currents, which can be several amperes, must be 
carried by the ground line (Vccl and/or the VEE line. These 
tracks, along with the protection and clamping devices, must 
be designed for these currents at the frequencies involved. 
If the tracks are narrow, not only may they be destroyed by 
the high currents, but their inductance can allow the voltage 
at the IC, and other nearby components, to rise to damaging 
levels. 

FtGURE 40 - PROTECTION DIODES 

All zener diodes are 7.0 V, except 
where noted. 

r---------------------, 
~ ~~V 

MC33120 

CP 
To Digital 
Ground 

TSI 
VAG To Analog 

RSI ~ Ground 

14V 
RXI 

TXO 
eN 

RFO 

BN 

14V 
I 
V B 

VEE 9.0V I L _____________________ J 

MOTOROLA COMMUNICATIONS DEVICE DATA 

------,._------------

MC33120 
2-255 



The protection circuits shown in Figure 4, and in other 
figures in this data sheet, are such that the bulk of the 
transient energy is dissipated by external components (the 
protection resistors and the clamp diodes). The MC33120 
has internal diodes to limit voltage excursions on the pins, 
and to pass a small amount of the transient current -
typically less than 1.0 ampere peak. The arrangement of the 
diodes is shown in Figure 40. 

d) Interconnection of the four-wire side 
The connections on the four-wire side to the codec and 

other digital circuitry involves keeping digital noise out of the 
speech paths, and also ensuring that potentially destructive 
transients on Tip and Ring do not get through to the +5.0 V 
system. 

Basically, digital connections to STI and ST2 should be 
referenced to the VOO and VOG pins, while the transmit and 
receive analog signals should be referenced to the analog 
ground (VAG)' VCC should be connected to a clean battery 
ground, and generally should not be connected directly to 
VOG and/or VAG (on the line card) when strong transients 
are anticipated. Even with a good layout, VCC can move 
several volts when a transient hits, possibly damaging com-

ponents on the +5.0 V line if their grounds have a direct 
connection at the line card. The MC33120 is designed to 
allow VCC to move as much as ±30 V with respect to VOG 
and VAG on a transient basis only. VCC and the other 
grounds should preferably be connected together at the 
power supply rather than at the IC. Internally, the MC33120 
has clamp diodes on the 4-wire side pins as shown in Figure 
40. 

If the codec has a single ground pin, as in Figure 41, it 
will be the reference for both the digital and analog Signals, 
and must be connected to both VAG and VOG on the 
MC33120. If the codec has separate digital and analog 
grounds, as in Figure 42 (the MC145503 internally generates 
the analog ground), then each ground should be connected 
to the appropriate ground on the MC33120. 

e) Other 
A 0.1 ~F capacitor should be provided across V CC to VEE 

on the MC33120 to help keep idle channel noise to a 
minimum. 

The COB capacitor (on the VOB pin) forms a pole with 
an internal 7.5 kQ resistor to filter noise from the VEE pin, 

FIGURE 41 - CONNECTION TO A CO DEC WITH A SINGLE GROUND 
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providing an internal quiet battery supply for the speech 
arnplifiers. Power supply rejection will depend on the value 
and quality of this capacitor at the frequencies of concern. 
Tantalum capacitors generally have better high frequency 
characteristics then electrolytics. See Figure 17 and 18 for 
ripple rejection characteristics (the four-wire data was rnea
sured at pin 11 (TXO)). Figure 16 indicates ripple rejection 
from the +5.0 V supply (VDD). 

In general, PC board tracks carrying analog signals (on 
the four wire side and Tip/Ring) should not be routed through 
the digital section where they could pick up digital noise. Any 
tracks longer than a few inches should be considered an 
antenna and should be checked for potential noise or RFI 
pickup which could affect the circuit operation. 

Alternate Circuit Configurations 

a) Loop Current Limit 
Replacing the RRF resistor with the circuit in Figure 43 

will change the DC loop current characteristics in two ways 
from the graphs of Figures 5-7; a) the maximum loop current 
on a short line can be reduced while increasing the current 
on a long line, and b) the temperature dependence of the 
maximum current is reduced to the TC of the external 
reference diode. 

FIGURE 43 - ALTERNATE CURRENT LIMIT CIRCUIT 

VAG 
RXI 

RFO 

RRFl 

RRF2 

'.4;-/ 

LM385·1.2 

The LM385-1.2 is a precIsion temperature stable zener 
diode. As the load impedance at Tip and Ring is reduced, 
the voltage at RFO goes increasingly negative. When the 
zener diode is turned on, the current into RXI is then clamped 
at a value determined by RRFI and the zener diode. To 
calculate the two resistors, use the following procedure: 

RRFI must be >0.7 • (RRFI + RRF2); 
Determine RRFI to set the current limit on a short line by 

using the following equation: 

RRFI = 102 • 1.23 V 
ILOOP (MAX) - 3.0 mA 

(Equation 23) 

Then using Equation 1 calculate RRF for the long line 
current. RRF2 is then determined by; 

RRF2 = RRF - RRFI (Equation 24) 

Figure 44 illustrates one example using the above circuit. 
Comparing this graph to the 5100 n curve of Figure 6 shows 
a substantial decrease in the current lirnit (at RL = 0), 
resulting in reduced power consumption and dissipation. Use 

MOTOROLA COMMUNICATIONS DEVICE DATA 

of this circuit does not affect the hookswitch or fault thresh
olds. 

FIGURE 44 - LOOP CURRENT versus LOOP RESISTANCE 
ALTERNATE LOOP CURRENT LIMIT CONFIGURATION 
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b) Protection Scheme 
The protection circuit shown in Figure 45 has the advan

tage of drawing z90% of the transient current frorn ground 
(VCe) on a negative transient, rather than from the VEE line 
as the circuit of Figure 4 does. The majority of the transient 
current flows through the RP resistors and the Mosorbs while 
a small arnount (zl 0%) flows through the sense resistors and 
the CP, CN, RSI pins. On a positive transient, all the current 
(except at RSI) is directed to ground. The diode in the NPN's 
collector prevents reverse current through the base-collector 
junction of the transistor during a negative transient. 

0.01 
100V 

FIGURE 45 - ALTERNATE PROTECTION SCHEME 
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CIRCUIT PERFORMANCE 

The following three circuits are presented as typical appli
cation examples, and the accompanying graphs indicate their 
measured performance. The first circuit (Figure 46) has a 
600 n pure resistance as the AC load. The second circuit 
(Figures 47) has as an AC load a 900 n resistor in series 
with a 2.16 I1F capacitor. The third circuit (Figure 48) has 

as an AC load, a complex network composed of an 820 n 
resistor in parallel with 0.115 I1F, and those in series with a 
220 n resistor. In the graphs of Figures 49-51, FiL = Return 
Loss, THR = Transhybrid Rejection, GTX = Transmit Gain, 
GRX = Receive Gain. 

FIGURE 46 - 600 a SYSTEM 
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FIGURE 47 - 900 a + 2.1611F SYSTEM 
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FIGURE 48 - 220 n + 820 ill/0.115 ~F SYSTEM 
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FIGURE 51 - CIRCUIT PERFORMANCE 
820 nt/0.1151'F + 220 n SYSTEM 
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GLOSSARY 

ATTENUATION - A decrease in magnitude of a communica
tion Signal, usually expressed in dB. 

BALANCE NETWORK - That part of the SUC circuit which 
provides transhybrid rejection. 

BANDWIDTH - The range of information carrying frequen
cies of a communication system. 

BATTERY - The voltage which provides the loop current, and 
in some cases powers the SUC circuit. The name derives from 
the fact that COs have always used batteries, in conjunction 
with AC power, to provide this voltage. 

BATTERY FEED RESISTANCE - The equivalent Thevenin 
DC resistance of the SUC circuit for supplying loop current. 
Traditionally it is 400 O. 

C-MESSAGE FILTER - A frequency weighting which 
evaluates the effects of noise on a typical subscriber's system. 

CENTRAL OFFICE - Abbreviated CO, it is a main telephone 
office, usually within a few miles of its subscribers, that houses 
switching gear for interconnection within its exchange area, 
and to the rest of the telephone system. A typical CO can 
handle up to 10,000 subscriber numbers. 

CODEC - Coder!Decoder - Interfacing between the SUC 
and the digital switch, it converts the SUC's transmit signal to 
digital, and converts the digital receive signal to analog. 

dB - A power or voltage measurement unit, referred to 
another power or voltage. It is generally computed as: 

10 -log (PI! P2) 

for power measurements, and 

20 -log (VI! V2) 

for voltage measurements. 

MC33120 
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dBm - An indication of signal power. 1.0 mW across 600 0, 
or 0.775 V rms, is defined as a dBm. Any other voltage level 
is converted to dBm by: 

dBm = 20 -log (Vrms/0.775), or 
dBm = [20 - log (Vrms)] + 2.22. 

dBmp -Indicates dBm measurement using a psophometric 
weighting filter. 

dBrn - Indicates a dBm measurement relative to 1.0 pW 
power level into 600 O. Generally used for noise measure
ments, 0 dBrn = ...gO dBm. 

dBrnC -Indicates a dBrn measurement using a C-message 
weighting filter. 

DTMF - Dual Tone Multifrequency. It is the '10ne dialing" 
system based on outputting two non-harmonic related fre
quencies simultaneously to identify the number dialed. Eight 
frequencies have been assigned to the four rows and four 
columns of a keypad. 

FAULT - An incorrect condition where TIp is accidentally 
connected to the battery voltage, or Ring is connected to 
ground, or both. The most common fault is Ring to ground. 

FOUR WIRE CIRCUIT - The portion of a telephone, or 
central office, which operates on two pairs of wires. One pair 
is for the transmit path, and one pair is for the receive path. 

FULL DUPLEX - A transmission system which permits 
communication in both directions simultaneously. The stan
dard handset telephone system is full duplex. 

GAIN - The change in Signal amplitude (increase or 
decrease) after passing through an amplifier, or other circuit 
stage. Usually expressed in dB, an increase is a positive 
number, and a decrease is a negative number. 
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HALF DUPLEX - A transmission system which permits 
communication in one direction at a time. CB radios, with 
"push-to-talk" switches, and voice activated speakerphones, 
are half duplex. 

HOOKSWITCH - A switch, within the telephone, which 
connects the telephone circuit to the subscriber loop. The 
name derives from old telephones where the switch was 
activated by lifting the receiver off and onto a hook on the side 
of the phone. 

HYBRID - Another name for a two-to-four wire converter. 

IDLE CHANNEL NOISE - Residual background noise when 
transmit and receive signals are absent. 

LINE CARD - The PC board and circuitry in the CO or PBX 
which connects to the subscriber's phone line. A line card may 
hold circuitry for one subscriber, or a number of subscribers. 

LONGITUDINAL BALANCE - The ability of the SUC to 
reject longitudinal signals on Tip and Ring. 

LONGITUDINAL SIGNALS - Common mode signals. 

LOOP - The loop formed by the two subscriber wires (Tip and 
Ring) connected to the telephone at one end, and the central 
office (or PBX) at the other end. Generally, it is a floating 
system not referred to ground, or AC power. 

LOOP CURRENT - The DC current which flows through the 
subscriber loop. It is typically provided by the central office or 
PBX, and ranges from 20 to 120 mAo 

OFF HOOK - The condition when the telephone is connected 
to the phone system, permitting the loop current to flow. The 
central office detects the DC current as an indication that the 
phone is busy. 

ON HOOK - The condition when the telephone is discon
nected from the phone system, and no DC loop current flows. 
The central office regards an on-hook phone as available for 
ringing. 

PABX - Private Automatic Branch Exchange. In effect, a 
miniature central office, it is a customer owned switching 
system servicing the phones within a facility, such as an office 
building. A portion of the PABX connects to the Bell (or other 
local) telephone system. 

PROTECTION, PRIMARY - Usually consisting of carbon 
blocks or gas discharge tubes, it absorbs the bulk of a lightning 
induced transient by clamping the voltages to less than 
±1500V. 

PROTECTION, SECONDARY - Usually located on the line 
card, it protects the SUC and associated circuits from 
transient surges. Typically, it must be capable of clamping a 
±1.5 kV surge of 1.0 ms duration. 

PULSE DIALING - A dialing system whereby the loop 
current is interrupted a number of times in quick succession. 
The number of interruptions corresponds to the number 
dialed, and the interruption rate is typically 10 per second. The 
old rotary phones, and many new pushbutton phones, use 
pulse dialing. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

RECEIVE PATH - Within the CO or PBX it is the speech path 
from the internal switching system towards the phone line (Tip 
& Ring). 

REN - Ringer Equivalence Number. An indication of the 
impedance or loading factor of a telephone bell or ringer 
circuit. An REN of 1.0 equals =8.0 kn. The Bell system 
typically permits a maximum of 5.0 REN (1.6 kQ) on an 
individual subscriber line. A minimum REN of 0.2 (40 kn) is 
required by the Bell system. 

RETURN LOSS - Expressed in dB, it is a measure of how 
well the SUC's AC impedance matches the line's AC 
characteristic impedance. With a perfect match, there is no 
reflected signal, and therefore infinite return loss. It is 
calculated from: 

RL = 20 • log (ZUNE + ZCKT) 

(ZUNE - ZCKT) 

RING - One of the two wires connecting the central office to 
a telephone. The name derives from the ring portion of the 
plugs used by operators (in older eqUipment) to make the 
connection. Ring is traditionally negative with respect to Tip. 

SLIC - Subscriber Line Interface Circuit. It is the circuitry 
within the CO or PBX which connects to the user's phone line. 

SUBSCRIBER - The customer at the telephone end of the 
line. 

SUBSCRIBER LINE - The system consisting of the user's 
telephone, the interconnecting wires, and the central office 
equipment dedicated to that subscriber (also referred to as a 
loop). 

TIP - One of the two wires connecitng the central office to a 
telephone. The name derives from the tip of the plugs used by 
operators (in older equipment) to make the connection. Tip is 
traditionally positive with respect to Ring. 

TRANSHYBRID REJECTION - The rejection (in dB) of the 
reflected signal in the transmit path resulting from a receive 
signal applied to the SUC. 

TRANSMIT PATH - Within the CO or PBX it is the speech 
path from the phone line (Tip & Ring) towards the internal 
switching system. 

TWO WIRE CIRCUIT - Refers to the two wires connecting 
the central office to the subscriber's telephone. Commonly 
referred to as Tip and Ring, the two wires carry both transmit 
and receive signals in a differential manner. 

TWO-TO-FOUR WIRE CONVERTER - A circuit which has 
four wires (on one side) - two (signal & ground) for the 
outgoing signal, and two for the incoming signal. The outgoing 
signal is sent out differentially on the two wire side (the other 
side), and incoming differential signals received on the two 
wire side are directed to the four wire side. Additional circuit 
within cancels the reflected outgoing signal to keep it separate 
from the incoming signal. 

VOICEBAND - That portion of the audio frequency range 
used for transmission across the telephone system. Typically 
it is 300 to 3400 Hz. 
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MOTOROLA 
_ SEMICONDUCTOR 

TECHNICAL DATA 

Low Voltage Subscriber 
Loop Interface Circuit 

The MC33121 is designed to provide the interface between the 4-wire 
side of a central office, or PBX, and the 2-wire subscriber line. Interface 
functions include battery feed, proper loop termination AC impedance, 
hookswitch detection, adjustable transmit, receive, and transhybrid gains, 
and single/double fault indication. Additionally, the MC33121 provides a 
minimum of 58 dB of longitudinal balance (4-wire and 2-wire). 

The transmit and receive signals are referenced to analog ground, while 
digital signals are referenced to digital ground, easing the interface to 
codecs, filters, etc. The 2 status outputs (hookswitch and faults) and the 
Power Down Input are TTUCMOS compatible. The Power Down Input 
permits local shutdown of the circuit. 

Internal drivers allow the external loop current pass transistors to be 
standard bipolar transistors (non-Darlington). 

The MC33121 is available in a 20 pin DIP and a 28 pin PLCC surface 
mount package. 
• 58 dB Longitudinal Balance Guaranteed; 4-wire and 2-wire 
• Transmit, Receive, and Transhybrid Gains Externally Adjustable 
• Return Loss Externally Adjustable 
• Proper Hookswitch Detection With 30 kQ Leakage 
• Single/Double Fault Indication With Shutdown for Thermal Protection 
• Critical Sense Resistors Included Internally 
• Standard Power Supplies: - 21.6 V to - 42 V, and + 5.0 V, ± 10% 
• On-Hook Transmission 
• Power Down Input (TTL and CMOS Compatible) 
• Operating Ambient Temperature: - 40°C to + 85°C 
• Available in a 20 Pin DIP and 28 Pin PLCC Package 
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VCC~ 
~* I Current I I Current 

EP Mirror Mirror 

~ BP >4 ~ ... ~ 
r-a.. 

f Tip CP 

" I 

MC33121 

LOW VOLTAGE SUBSCRIBER 
LOOP INTERFACE CIRCUIT 

(SLIC) 

THIN FILM 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

- PSUFFIX 
PLASTIC PACKAGE 

CASE 738 

1 

FN SUFFIX 
PLCC 

CASE 776 

ORDERING INFORMATION 
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MAXIMUM RATINGS 

Characteristic Symbol Value Unit 

Supply Voltage Vdc 
(with respect to VCC) VEE - 60, +0.5 
(with respect to VOG) VOO - 0.5, +7.0 

Voltage Vin Vdc 
@ POI, (with respect to VOG) -0.5, +7.0 
@ CP,CN VEE - 0.5, VCC +0.5 

EP, TSI VCC -7.0, VCC +0.5 
BP VCC - 14, VCC +0.5 
RSI, EN VEE - 0.5, VEE +14 
BN VEE - 1.0, VEE +21 

Junction Temperature TJ 150 'c 
Storage Temperature Tstg -65to+150 'C 

Devices should not be operated at these limits. The ~Recommended Operating Conditions" tab!e provides for actual device operation. 

RECOMMENDED OPERATING CONDITIONS 

Characteristic Symbol Min 

Supply Voltage 
(with respect to V CC) VEE -42 
(with respect to VOG) VOO +4.5 

(with respect to VCC) VAG -3.0 
(with respect to V CC) VOG -3.0 
(with respect to VAG) -3.0 

(with respect to VEE) VOO -
(with respect to VCC and VAG) 3.5 

Loop Current IL 15 

POt Input Voltage VpOI 0 

Sink Current 
STI IST1L 0 
ST2 tST2L 0 

Transmit Signal Level at Tip & Ring STX -48 
Receive Signal Level at VRX SRX -48 

Loop Resistance VEE=-42V RL 0 
VEE=-24V 0 

External Transistor Beta Hie 40 

Operating Ambient Temperature (See text lor derating) TA -40 

AlIlimils are not necessarily functional concurrently. 

POWER SUPPLIES 

VEE Current 
On Hook (RL > 10 Mn, VEE = -42 V) IEEN -2.7 
Off Hook (RL = 0 n, VEE = - 42 V)' IEEF -72 

VOO Current 
On Hook (RL > 10 Mn, VOO = +5.5 V) lOON -
Off Hook (RL = 0 n, VOO = +5.5 V) IOOF 4.0 

VEE Ripple Rejection PSRR 
1= 1.0 kHz, @ VTX (4-wire) 40 
1= 1.0 kHz, @ Tip/Ring (2-wire) 40 

VOO Ripple Rejection 
1= 1.0 kHz, @ VTX (4-wire) 37 
1= 1.0 kHz, @ Tip/Ring (2-wire) 37 

*Includes loop current. 
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Typ Max 

-24 -21.6 
+5.0 +5.5 
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Characteristic 

LOOP FUNCTIONS 

Loop Current 
Maximum (RRF = 4.7 k, RL = 10 Q) 
Nominal (RRF = 4.7 k, RL = 367 Q) 
Minimum (RRF = 4.7 k, RL = 796 Q) 

Battery Feed Resistance (RRF = 4.7 k, RL = 796 Qr 

Hookswitch Threshold 
On-to-Off Hook 
Off-to-On Hook 

Fault Detection Threshold 
Ring-to-Ground (RL = 367 Q) 
Tip-to-Battery (RL = 367 Q) 

·Calculated from [(24/IL(min)) - 796] 

GAIN LEVELS 

Transmit Voltage Gain (CP, CN to TXO) 

Transmit Voltage Gain (VTXIVU 
VL = 0 dBm, f = 1.0 kHz 
VL = 0 dBm, f = 3.4 kHz, with respect to GTX2 
VL = +3.0 dBm, f = 1.0 kHz, with respect to GTX2 
VI = - 48 dBm, f = 1 .0 kHz, with respect to GTX2 

Transmit Distortion (at Pin 11) 
(f = 300 Hz to 4.0 kHz, - 40 dBm ,; VT -R ,; +5.0 dBm) 

Receive Current Gain (lEP/IRX;) 

Receive Voltage Gain (VUVRXI) (RL = 600 Q) 
VRXI = 0 dBm, f = 1.0 kHz 
VRXI = 0 dBm, f = 3.4 kHz, with respect to GRX2 
VRXI = +3.0 dBm, f = 1.0 kHz, with respect to GRX2 
VRXI = - 48 dBm, f = 1.0 kHz, with respect to GRX2 

Receive Distortion 
(f = 300 Hz to 4.0 kHz, - 40 dBm ,; VRXI ,; +5.0 dBm) 

Return Loss (Reference = 600 Q resistive, f = 1.0 kHz) 

Transhybrid Rejection (RL = 600 Q resistive, f = 1.0 kHz, Figure 4) 

LONGITUDINAL SIGNALS (VCM = 1.0 Vrms, see Figures 1 and 2) 

2-Wire Balance, f = 1.0 kHz, Zac = ,600 Q (@ Tip/Ring) 
4-Wire Balance, f = 1.0 kHz, Zac = 600 Q (@ VTX) 

2-Wire Balance, f = 330 Hz, Zac = 600 Q (@ Tip/Ring) 
4-Wire Balance, f = 330 Hz, Zac = 600 Q (@ VTX) 

2-Wire Balance, f = 3.3 kHz, Zac = 600 Q (@ Tip/Ring) 
4-Wire Balance, f = 3.3 kHz, Zac = 600 Q (@ VTX) 

2-Wire Balance, f = 1.0 kHz, Zac = 900 Q (@ Tip/Ring) 
4-Wire Balance, f = 1.0 kHz, Zac = 900 Q (@ VTX) 

Signal Balance, f = 1.0 kHz (Figure 3) 

Longitudinal Impedance, RS = 9100 Q 

Maximum Longitudinal Current, per side 
f = 1.0 kHz, ILoop = IL(rnin), CT = 0.1 ~F 
VEE =- 42, VCM = 5.12 Vrrns 

MC33121 
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mA 

IL(max) 37 41 51 
IL 21 27 34 

lL(min) 16 17.5 -

RBF 475 575 675 Q 

ill 
RNF 2.0 4.1 -
RFN - 7.7 10 

Q 

RRG 600 1100 -
RTB 600 1100 -

GTX1 - 0.328 - VIV 

dB 

GTX2 -0.3 0 0.3 
-0.1 0 0.1 
-0.15 0 0.15 

- ±0.1 -

THDT % 
- 0.05 -

GRX1 94 102 110 mA/mA 

dB 
GRX2 -0.3 0 0.3 

-0.1 0 0.1 
-0.15 0 0.15 

- ±0.1 -

THOR - 0.05 - % 

RL 30 >40 - dB 

THR - 44 - dB 

LB 58 64 - dB 
58 64 -

58 64 -
58 64 -

53 60 -
53 60 -

- 62 -
- 62 -

40 55 -

ZLong 150 180 210 Q 

ILong(max) rnA 
8.5 16 -
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ELECTRICAL CHARACTERISTICS (VEE= - 24 V, VDD= +5.0 V, unless otherwise noted. VCC=VAG=VDG= 0 V, TA= 25'C, see Figure 1.) 

I Characteristic I Symbol I Min I Typ I Max I Unit I 
LOGIC INTERFACE 

ST1 Output Voltage 
Low (IST1 = 1.0 mA, VDD = 5.5 V) VOL 
High (IST1 = - 1 00 ~A, VDD = 4.5 V) VOH 

ST2 Output Voltage 
Low (IST2 = 1.0 mA, VDD = 5.5 V) VOL 
High (IST2 = - 1 00 ~A, VDD = 4.5 V) VOH 

lime Delay 
Hookswitch Closure to ST1 Change tST11 
Hookswitch Opening to ST1 Change tST12 

Hookswitch Closure to 90% of Loop Current (CT = 0.1 ~F) tHS 

PDI Taken High-to-Low to 10% of Loop Current tST21 
PDI Taken Low-to-High to 90% of Loop Current tST22 

PDllnput Current IIH 
VPDI = 3.0 V, RL = 367 n, VDD = 5.0 V 
VPDI = 0 V, RL = 367 n, VDD = 5.5 V 

PDllnput Voltage 
Low VIL 
High VIH 

MISCELLANEOUS 

Vas Voltage (Vas - VEE) Vas 
@IL=20mA 
@IL=40mA 

TXO Offset Voltage (VTXO - VAG) @ RL = 600 n VTXO 

TXO Output Current ITXO 

RXI Offset Voltage (VRXI- VAG) @ RL = 600 n VRXOS 

VAG Input Current@ RL = 600 n IVAG 

Idle Channel Noise (with C-message filter, RL = 600 n) 
@TXO(Pin 11) NIC4 
@lip/Ring NIC2 

Thermal Resistance - Junction to Ambient 8JA 
(Either package, in still air, soldered to a PC board) (@ TA = +25'C) 

(@TA=+B5'C) 

MOTOROLA COMMUNICATIONS DEVICE DATA 

VDG 0.17 
2.4 3.2 

VDG 0.17 
2.4 4.3 

- 10 
- 200 

- 19 

- 1B 
- 10 

-1250 -BOO 
- -BOO 

VDG -
2.0 -

- 0.B2 
- 0.95 

-400 +30 

±275 ±BOO 

- O.B 

- 0.2 

- -10 
- -5.0 

- 62 
- 36 

0.4 
-

0.4 
-

-
-

-
-
-

-300 
-

O.B 
VDD 

-
-

+400 

-

-
-

-
-

-
-

Vdc 

~s 

ms 

ms 
~s 

~A 

Vdc 

Vdc 

mVdc 

~Apk 

mVdc 

~A 

dSrnc 

'CIW 
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Figure 1. Test Circuit 
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Figure 2. Longitudinal Balance Test 
(Per IEEE·455) 
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PIN FUNCTION DESCRIPTION 

Pin 

Symbol DIP PlCC Description 

VCC 20 28 Connect to noise-free battery ground. Carries loop current and some bias currents. 

EP 19 27 Connect to the emitter of the PNP pass transistor. 

BP 18 26 Connect to the base of the PNP pass transistor. 

CP 17 24 Connect to TIP through a current limiting protection resistor (RC). CP is the noninverting input to the 
internal transmit amplifier (Figure 28). Input impedance is 31 k!.1. 

TSI 16 23 Sense input. Connect to TIP through a current limiting protection resistor (RS) which also sets the 
longitudinal impedance. Input impedance is =100 Q to VCC. 

VDD 15 22 Connect to a +5.0 V, ±10% supply, referenced to digital ground. Powers logic section and provides 
some bias currents for the loop current drivers. 

VDG 14 20 Digital Ground. Reference for ST1, ST2 and VDD. Connect to system digital ground. 

ST1 13 18 Status Output (TTUCMOS). Indicates hook switch status - high when on-hook, low when off-hook, 
and pulse dialing information. Used with ST2 to indicate fault conditions. 

ST2/PDI 12 17 Status output and an input (TIUCMOS). As an output, ST2 can indicate hook status - low when 
on-hook, high when off-hook. Used with ST1 to indicate fault conditions. As an input, it can be taken 
low (when off-hook) to deny subscriber loop current. 

TXO 11 16 Transmit voltage output. Amplitude is =1/3 that across CP and CN. Nominally capable of 800 IlA output 
current. DC referenced to VAG. 

RXI 10 14 Receive current input. Current at this pin is multiplied by 102 at EP and EN to generate loop current. 
RXI is a virtual ground at VAG level. Current flow is out of this pin. 

VAG 9 13 Analog ground, reference for TXO and RXI. Connect to system analog ground. Current flow is into 
this pin. 

RFO 8 12 A resistor from this pin and RXI sets the maximum loop current and DC feed resistance. Minimum 
resistor value is 3.3 k (see Figures 5 to 7). 

CF 7 10 A low leakage capacitor between this pin and VAG provides DC and AC signal separation. A series 
resistor is required for battery supply turn'-on/off transient protection (Figure 4). 

VOB 6 8 Ouiet Battery. A capacitor between VOB and VCC filters noise and ripple from VEE, providing a quiet 
battery source for the speech amplifiers. A series resistor is required for battery supply turn-on/off 
transient protection (Figure 4). 

RSI 5 7 Sense input. Connect to RING through a current limiting protection resistor which also sets the 
longitudinal impedance. Input impedance is =100 Q to VOB' 

CN 4 6 Connect to RING through a current limiting protection resistor. CN is the inverting input to the internal 
transmit amplifier (Figure 28). Input impedance is 31 k!.1. 

BN 3 4 Connect to the base of the NPN pass transistor. 

EN 2 3 Connect to the emitter of the NPN pass transistor. 

VEE 1 2 Connect to battery voltage (- 21.6 V to - 42 V). 

(Pins 1, 5, 9,11,15,19,21, and 25 are not Internally connected on the PLCC package.) 
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FUNCTIONAL DESCRIPTION 

Introduction 
The MC33121 is a solid state SLiC (Subscriber Line 

Interface Circuit) which provides the interface between the 
two wire telephone line and the four wire side of a Central 
Office or PBX. Most of the BORSCHT functions are 
provided, specifically: 

- Battery feed of the loop current to the line, with program
mable maximum current for short lines and battery feed re
sistance for long lines. 

- Overvoltage protection through internal clamp diodes and 
external resistors and diodes. 

- Supervision, in that hook status is indicated in the presence 
of 2:30 kQ leakage, and regardless of whether or not the cir
cuit is powered down intentionally by the Central Office or 
PBX. Fault conditions are detected and indicated to the 
system. Dialing (pulse and DTMF) information is passed 
through the MC33121 to the 4-wire side. 

- Hybrid function, in that the MC33121 is a 2-to-4 wire conver
ter. Transmit, receive, return loss, and transhybrid gains 
are independently adjustable. 

The MC33121 does not provide ring insertion, ring trip, 
digital coding/decoding of the speech Signals, nor test func
tions. These must be provided external to this device. 

The MC33121 controls two external transistors (one NPN 
and one PNP) through which the loop current flows. By 
appropriate circuit design, the power dissipation (which can 
exceed 3.0 W under certain worst case conditions) is 

approximately equally distributed among the two transistors 
and the IC, thereby lowering junction temperatures and 
increasing long term reliability. In most situations, heatsinks 
will not be required. 

The MC33121 incorporates critical sense resistors inter
nally, which are trimmed for optimum performance. With this 
technique, the external resistors on the two wire side, which 
generally must be high wattage for transient protection 
reasons, can be non-precision. 

Longitudinal balance is tested to a minimum of 58 dB @ 
1.0 kHz (refer to Electrical Characteristics and Figure 2) for 
both the two-wire and four-wire side, and typically measures 
in the mid-60s. The longitudinal current capability is tested 
to a minimum of 8.5 mArms per side (refer to Electrical 
Characteristics and Figure 2) at a loop current of 20 mAo 

Following is a description of the individual sections. 
Figure 4 is the reference schematic. 

DC Loop Current 
The DC loop current is determined by the battery 

voltage (VEE), the load resistance across Tip and Ring, 
and the resistor at RFO. Varying the 4 resistors RS and 
RC will influence the loop current a small amount «5%). 
The curves of Figures 5 to 7 indicate the loop current 
versus loop resistance, different values of RRF, and for 
various values of VEE. The graphs represent performance 
at T A = 25°C and after the IC had reached a steady state 
temperature (>5 minutes). 

Figure 27. DC Loop Current Path 
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Figure 27 is representative of the DC loop current path 
(bold lines). On a long line (RL > 400 n), the loop current 
can be determined from the following equation: 

I _ (IV EEI- 3.6 V) • 13 
L - RRF + {(RL + 5) .13} 

(1) 

On short lines (RL < 400 n), the three diodes across the 
12.4 k resistor clamp the voltage at RFO, thereby preventing 
the RXI current from increasing as the load resistance is 
decreased. The maximum loop current is: 

I _ 1.85V.l02 (TA = 25°C) 
L(max) - RRF (2) 

Due to the temperature dependence of a diode's forward 
voltage, the maximum loop current will change with tempera
ture by ~ -0.3%/oC. 

The battery feed resistance (.1.VTIP/.1.ILl is ~400 n, but 
depends on the loop current, VEE, RRF, and is a valid 
parameter only on long lines where the current limit is not 
in effect. On short lines, the feed resistance is high since 
the loop current is clamped at a near constant level. The 
AC impedance (Return Loss) however, is not determined nor 
affected by the DC parameters. See the Applications Section 
for Return Loss information. 

Transmit Path 
The transmit path, shown in Figure 28, consists of an 

internal amplifier which has inputs at CP and CN, and its 
output at TXO. The gain is internally fixed at 0.328 V/V 
(-9.7 dB). The output is in phase with the signal at CP 
(normally the same as TIP), and is out of phase with the 
signal at CN. The signal at TXO is also out of phase 
with that at VRX, the receive signal input, described in 
another section. 

The TXO output can swing ~3.0 Vp-p, with a nominal 
current capability of ±800 ~ peak (±275 IlA minimum). The 
load on TXO is the parallel combination of RTXl and the 
RRO network (described later). TXO is nominally internally 
biased at the VAG DC level, but has an offset which varies 
with loop current. 

In normal applications, the signal at CP/CN is reduced 
slightly from that at Tip/Ring by the voltage divider composed 
of the external RC resistors, and the internal 31 k resistors. 

The value of the RC resistors depends on the transient 
protection needed, described in another section, with 1.0 kn 
resistors being suitable for most applications. The resulting 
signal at TXO needs to be gained up to obtain 0 dB from 
Tip/Ring to VTX (the 4-wire output). The common method 
involves an external op amp, as shown in Figure 28, with 
a gain of RTX2/RTX1. The gain from VL to VTX is: 

VTX RTX2 • 31 k. 0.328 
VL = RTX1. (RC + 31 k) 

(3) 

If a codec/filter is used, many of which include an 
internal op amp, a separate op amp is not needed. CTX is 
primarily for DC blocking (of the TXO offset), and is 
usually large (1.0 IlF) so as to not affect the gain. 

Receive Path 
The receive path, shown in Figure 29, consists of the input 

at RXI, the transistor driver amplifiers, the external transis
tors, and the load at Tip/Ring. 

RXI is a virtual ground (DC level = VAG) and is a current 
input. Current flow is out of the pin. The RXI current is 
mirrored to the two transistor drivers which provide a gain 
of 102. The two external transistors are then two current 
sources, in series, operating at the same value. An additional 
internal circuit (not shown) balances the two current sources 
to maintain operation in their linear region. 

The load current (through RLl is slightly different from the 
transistor current due to the sense resistors RC and RS. The 
sense resistors add to the DC loop current, but subtract from 
the AC load current. 

In normal operation, the current at RXI is composed of 
a DC current (from RFO), an AC current (from VRX) which 
is the receive signal, and an AC current from TXO, which 
is the feedback Signal to set the return loss (setting the return 
loss is discussed in the section on AC Terminating Imped
ance). The resulting AC signal at Tip is inverted from that 
at VRX, while the Signal at Ring is in phase with VRX. 

The resistors RP are for transient protection, and their 
value (defined in another section) depends on the amount 
of protection required. A nominal value of 100 n is suitable 
for most applications. 

The system receive gain, from VRX to Tip/Ring, is not 
described in this section since in normal applications, it 
involves the feedback which sets the AC terminating imped
ance. The Applications Section discusses these in detail. 

Figure 28. Transmit Path 
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Logic Interface (Hook status, pulse dialing, faults) 
The logic interface section provides hookswitch status, 

fault information, and pulse dialing information to the 4-wire 
side of the system at the ST1 and ST2 outputs. Figure 30 
is a representative diagram. 

The logic outputs operate according to the truth table in 
Table 1: 

Table 1. Status Output Truth Table 

Hook Fault Outputs 

Status Detection ST ST2 Circuit Condition 
1 

On-Hook No Fault Hi La Internally powered down 
Off-Hook No Fault La Hi Powered up 
On-Hook Fault La La Internally powered down 
Off-Hook Fault La La Internally powered down 

Referring to Figure 3D, ST1 is configured as an active NPN 
pulldown with a 15 kQ pullup resistor. ST2 has a 800 flA 

current source pull up, and a 1.0 mA current source for a 
pulldown. Current limiting this output controls the discharge 
from the external capacitor when ST2 switches low. 

The condition where both ST1 and ST2 are high is not 
valid, but may occur momentarily during an off-hook to 
on-hook transition. The condition where both ST1 and ST2 
are low may occur momentarily during an on-hook to off-hook 
transition - this should not be interpreted as a fault condi
tion. ST1 and ST2 are TTUCMOS compatible and are 
powered by the +5.0 V supply (VDD). Refer to the Applica
tions Section for more details. 

Power Supplies, Grounds 
The MC33121 requires 2 power supplies: battery voltage 

between - 21.6 V and - 42 V (VEE), and an auxiliary voltage 
between +4.5 V and +5.5 V (VDD). 

VEE is nominally - 24 V, with a typical range of - 21.6 V 
to - 42 V, and must be referenced to VCC (battery ground). 
A 0.1 flF bypass capacitor should be provided between VCC 

Figure 29. Receive Path 

Hook 
Switch 

RS 

Figure 30. Logic Interface 

Fault 
Detection 

sFault 

MOTOROLA COMMUNICATIONS DEVICE DATA 

r--t--'=--o +5.0 V 

r----,'---<~-=-t_ .... -_- Status 2 

External 
Power Down 
Control Input 

....... ----"'-+-'''-'--_ Status 1 

MC33121 
2-275 



and VEE. The VEE current (lEE) is nominally 1.0 mA when 
on-hook, 8.0 to 12 mA more than the loop current when 
off-hook, and =5.0. mA when off-hook but powered down by 
using the PDI pin. Ripple and noise rejection from VEE is 
a minimum of 40 dB (with a 10 JlF capacitor at VaB), and 
is dependent on the size and quality of the VaB capacitor 
(COB) since VaB is the actual internal supply voltage for the 
speech amplifiers. The absolute maximum for VEE is - 60 V, 
and should not be exceeded by the combination of the 
battery voltage, its tolerance, and its ripple. 

VDD is normally supplied from the line card's digital 
+5.0 V supply, and is referenced to VDG (digital ground). 
A 0.1 JlF capacitor should be provided between VDD and 
VDG. The VDD current (IDD) is nominally 1.7 mA when 
on-hook and between 6.0 and 8.0 mA when off-hook (see 
Figure 10). When the MC33121 is intentionally powered 
down using the PDI pin, IDD changes by <1.0 mA from 
the normal off-hook value. 

VAG is the analog ground· for the MC33121, and is the 
reference for the speech signals (RXI and TXO). Current flow 
is Into the pin, and is typically <0.5 JlA. 

Normally, VCC, VDG and VAG are to be at the same DC 
level. However, if strong transients are expected at Tip and 
Ring, as in a Central Office application, or any application 
where the phone line is outdoors, VCC should not be con
nected directly to VDG and VAG in order to prevent possible 
damage to the +5.0 V system. The MC33121 is designed 
to tolerate as much as ±30 V between VCC and the other 
two grounds on a transient basis only. This feature permits 
VCC and the other grounds to be kept separate (on an AC 
basis) on the line card by transient suppressors, or to be 
connected together farther into the system (at the power 
supplies). See the Applications Section on ground arrange
ments and transient protection for further information on 
connecting the MC33121 to the system supplies. 

APPLICATIONS INFORMATION 

This section contains information on the following topics: 

Design Procedure ............................. pg. 15 
Power Dissipation Calculations 

and Considerations ......................... pg. 22 
Selecting the Transistors ...................... pg. 23 
Longitudinal Current Capability ................ pg. 23 
PC Board Layout Considerations ............... pg. 23 
Alternate Circuit Configurations ................ pg. 26 

Design Procedure 
This section describes the step-by-step sequence for 

designing in the MC33121 SLiC into a typical line card 
application for either a PBX or Central Office. The sequence 
is important so that each new component value which is 
calculated does not affect components previously deter
mined. Figure 4 (Typical Application Circuit) is the reference 
circuit for most of this discussion. The recommended se
quence (detailed below), consists of establishing the DC 
aspects first, and then the AC aspects: 

1) Determine the maximum loop current for the shortest line, 
select RRF. Power dissipation must be considered here. 

2) Select the main protection resistors (RP), and diodes, 
based on the expected transient voltages. Transient protec
tion configuration must also be considered here. 

3) Select RC based on the expected transient voltages. 
4) Select RS based on the desired longitudinal impedance at 

Tip and Ring. Transient voltages are also a factor here. 
5) Calculate RRO based on the desired AC terminating im

pedance (return loss). 
6) Calculate RRX based on the desired receive gain. 
7) Calculate RTX2 and RTXl based on the desired transmit 

gain. 
8) Calculate the balance resistor (RB), or network, as appro

priate for desired transhybrid rejection. 
9) Logic Interface 

Preliminary 
There is a primary AC feedback loop which has its main 

sense points at CP and CN (see Figure 34). The loop extends 
from there to TXO, through RRO to RXI, through the internal 
amplifiers to the transistor drivers, through RP to Tip and 
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Ring, and through the RCs to CP and CN. Components 
within this loop, such as RP, RC, the transistors, and the 
compensation capacitors need not be tightly matched to 
each other in order to maintain good longitudinal balance. 
The tolerance requirements on these components, and 
others, are described in subsequent sections. Any compo
nents, however, which are placed outside the loop for 
additional line card functions, such as test relay contacts, 
fuses, resistors in series with Tip and Ring, etc. will affect 
longitudinal balance, signal balance, and gains if their 
values and mismatch is not carefully considered. The 
MC33121 cannot compensate for mismatch among compo
nents outside the loop. 

The compensation capacitors (0.01 JlF) shown at the 
transistor collectors (Figure 4) compensate the transistor 
driver amplifiers, providing the required loop stability. The 
required tolerance on these capacitors can be determined 
from the following guidelines: 

• Al 0% mismatch (±5% tolerance) will degrade the longitudi
nal balance by =1.0 dB on a 60 dB device, and by =3.0 dB 
on a 70 dB device. 

• A 20% mismatch (±1 0% tolerance) will degrade the longitu
dinal balance by =3.0 dB on a 60 dB device, and by =6.0 dB 
on a 70 dB device. 

High quality ceramic capacitors are recommended since they 
serve the secondary function of providing a bleedoll path 
for RF signals picked up on the phone line. These capacitors 
should be connected to a good quality RF ground. 

The capacitors used at COB and CF must be low leakage 
to obtain proper performance. Leakage at the COB capacitor 
will affect the DC loop current characteristics, while leakage 
at the CF capacitor will affect the AC gain parameters, and 
possibly render the IC inoperative. 

1) Maximum Loop Current and Battery Feed Resistance 
The maximum loop current (at RL = 0) is determined by 

the RRF resistor between RFO and RXI. The current limit 
is accomplished by three internal series diodes (see Figure 
27) which clamp the voltage across RRF as the loop resis
tance decreases, thereby limiting the current at RXI. Since 
the loop current is 102 x IRXI, the loop current is therefore 
clamped. The graphs of Figures 5 to 7 indicate the maximum 
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loop current at an ambient temperature of +25°C, and after 
tlie IC has reached thermal equilibrium (approx. to minutes). 

Although the maximum loop current is primarily a func
tion of the RRF resistor, it is also affected by ambient 
temperature, and slightly by VEE. The ambient temperature 
effects are due to the temperature dependence of the 
diodes' forward voltage drop, causing the maximum loop 
current to change by ~ - 0.3%/oC. Changing VEE affects 
the maximum current in that the power dissipation is 
changed, thereby changing the die temperature, which 
affects the diodes' Voltage. 

The maximum loop current is affected slightly «5%) by 
the choice of the RS and RC resistors, since the sense 
currents through those resistors add to the current supplied 
by the transistors. 

The battery feed resistance is determined by RRF, and 
is not adjustable independently of the current limit. Defined 
as Ll.VTIP/Ll.IL, it is ~400 Q, and is a valid parameter only on 
long lines where the current limit is not in effect. On short 
lines, the feed resistance is high since the loop current is 
clamped at a near constant level. The AC impedance (Return 
Loss) however, is not determined nor affected by these DC 
parameters. Return loss is discussed in another section. 

If the application requires that the current limit value 
have a low temperature dependence, refer to the section 
following this design sequence which describes an 
alternate configuration. 

2) Main Protection Resistors (RP) and 
Transient Currents 

The purpose of the protection resistors (RP), along with 
the 4 clamp diodes shown in Figure 4, is to absorb the bulk 
of the transient energy when transient voltages come in from 
the phone line. The resistor value must be selected to limit 
the transient current to a value which can be tolerated by 
the diodes, while dissipating the energy. The recommended 
value shown (100 Q) will limit the current from a 1500 V 
transient to 15 A, which can be carried by 1 N4002 diodes 
under surge conditions. The resistors must be of a type which 
can tolerate the high instantaneous energy associated with 
transients. Resistor manufacturers should be consulted for 
this information. 

Referring to Figure 4, a positive transient on either Tip or 
Ring, or both, will cause the transient current to be delivered 
to Ground. A negative transient will cause the transient 
current to come from the VEE supply line. Therefore, the PC 
board track supplying VCC and VEE to the MC33121 must 
be designed to carry the transient currents as well as the 
normal operating currents. Additionally, since a negative 
transient will cause a current flow out of the power supply's 
negative output, which is opposite to the normal flow of 
current, provisions must be made for this reverse current 
flow. One suggested method is to place a zener transient 
suppressor (1 N6287 for -42 V, 1 N6282 for -28 V and -24 V) 
across the battery supply pins (VCC to VEE) physically 
adjacent to the MC33121. The inductance associated with 
PC board tracks and wiring will result in insufficient protection 
for the MC33121 if the suppressor is located at the opposite 
end of the line card, or at the power supplies. 

Transient currents can be reduced by increasing the value 
of RP, with an upper limit determined by the DC conditions 
on the longest line (highest loop resistance) and minimum 
VEE supply voltage. These conditions determine the 
minimum DC voltage across the transistors, which must be 
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sufficient to handle the largest AC (transmit and receive) 
signals. If too large a value is selected for RP, the AC Signals 
will be clipped. It is recommended that each transistor have 
no less than one volt (DC) across their collector to emitter. 
System AC specifications may require more than this. 

Since the RP resistors are within the loop, their tolerance 
can be ±5% with no substantial degradation of longitudinal 
balance. A ±10% tolerance (20% mismatch) will degrade 
balance by ~4.0 dB on a 65 dB device. 

Figure 32. RC Protection Resistors 

3) Selecting the RC Resistors 
The primary purpose of the RC resistors is to protect the 

CP and CN pins from transient voltages and destructive 
currents. Internally, these pins have clamp diodes to VCC 
and VEE rated for a maximum of 1.0 A under surge conditions 
only (Figure 32). The 1.0 kQ resistors shown in the figures, 
for example, will provide protection against surges up to 
1.0 kV. Resistor manufacturers must be consulted for the 
proper type of resistor for this environment. 

The RC resistors are in series with internal 31 kQ resistors, 
and therefore form a voltage divider to the inputs of the 
transmit amplifier, as shown in Figure 32. This will affect the 
transmit gain, receive gain, return loss, and transhybrid 
rejection (described in subsequent sections). The tolerance 
of the RC resistors depends on the value selected for them, 
since any mismatch between them will create a differential 
voltage at CP and CN when longitudinal voltages are present 
on Tip and Ring. To ensure a minimum of 58 dB of longitudi
nal balance, the resistors' absolute value must not differ by 
more than 39 Q. With a nominal value of 1.0 kQ, their 
tolerance must be ±2%, or less. If their nominal value is 
390 Q or less, their tolerance can be ±5%. 

4) Longitudinal Impedance (ZLong) -
Selecting the RS Resistors 

The longitudinal impedance is determined by the RS 
resistors at the TSI and RSI pins according to the 
following equation: 

ZLong = 
RS + 100 

51 
(4) 

ZLong is defined as VLong/ILong as shown in Figure 33; for 
RS ~ 9.1 kQ, ZLong = 180 Q. The calculated value of ZLong 
includes the fact that the RS resistors are in parallel with the 
synthesized impedance. The tolerance of the RS resistors 
therefore depends on how much mismatch can be tolerated 
between the longitudinal impedances at Tip and at Ring. 
Calculations indicate the two RS resistors can have a ±5% 
tolerance, and still comfortably provide a minimum of 58 dB 
longitudinal balance. 
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The resistors must be able to withstand transient voltages 
expected at Tip and Ring. The T81 and R81 pins have internal 
clamp diodes rated for a maximum of 1.0 A under surge 
conditions only (Figure 33). Resistor manufacturers must be 
consulted for the proper type of resistor for this environment. 

5) AC Terminating Impedance and Source Impedance 
(Zacl- Return Loss 

The return loss measurement is a measure of how closely 
the AC impedance of the SLiC circuit matches the character
istic impedance of the phone line, or a reference impedance. 

The reference impedance can be, in some cases, a pure 
resistance (commonly 600 Q or 900 Q), a series resistor and 
capacitor (900 Q + 2.16 IlF), or a more complex network. 
To achieve proper return loss with the MC33121, the RRO 
impedance shown in Figure 34 is to have the same configura
tion as the reference impedance, but with values scaled 
according to the equations mentioned below. 

CRO, used primarily for DC blocking, is generally a large 
value (1.0 IlF) so as to not affect the impedance of RRO. 
However, it can be included in the RRO network if a complex 
network is required. 

Figure 33. Longitudinal Impedance 
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Zac is the impedance looking into the circuit from Tip and 
Ring (set by RRO), and is defined as VUIL. Half of Zac is 
from Tip to VCC, and the other half is from Ring to VaB (an 
AC ground). Each half is made up of a synthesized imped
ance (ZT/2) in parallel with RS and (RC + 31 k). Therefore, 
Zac is equal to: 

Zac = [ZT/2 IIRSII(RC + 31 k)] • 2 (5) 

and ~ = (RSII(RC + 31 k)] • (Zacl2) 
2 (RSII(RC + 31 k)} - (Zac/2) 

(6) 

The synthesized impedance ZT is created as follows: 
An incoming signal VL produces a differential voltage at 

CP and CN, and therefore at TXO equal to: 

V _ VL· 31 k. 0.328 
TXO - (RC + 31 k) (7) 

The signal at TXO creates an AC current IRXI through 
RRO. RXI is a virtual ground, and CRO is insignificant for 
first order calculations. 

IRXI is gained up by a factor of 102 to produce the current 
IT through the transistors. 

ZT is therefore VLilT. The relationship between ZT and 
RRO is: 

ZT. 1.037.106 
RRO = (31 k + RC) (8) 

While equation 8 gives the exact value for RRO, a first order 
approximation is Zac • 33.5. 

a) Resistive Loads (with RC = 1.0 k, RS = 9.1 k): 
For a 600 n resistive system, ZT calculates to 626 Q, and 

RRO calculates to 20.3 kn. 
For a 900 n resistive system, ZT calculates to 961 n, and 

RRO calculates to 31.14 kn. 

b) Complex Loads 
For complex (nonresistive) loads, the MC33121 must be 

made to look like a termination impedance equal to that 
complex load. This is accomplished by configuring RRO the 

same as the complex load, but with all impedance values 
increased according to the scaling factor of Equation 9. 

[(RC + 31 k)IIRSj. 1.037 • 106 
SF = (RC + 31 k) • [(RC + 31 k)IIRS - (Zacl2)] (9) 

Zac is computed at a nominal frequency of interest. A first 
order approximation of Equation 9 is: 

SF = 1.037 • 1 06/(RC + 31 k) (9a) 

For example: 

If the AC load is: 

5L J~F =J ToTip 
900~- and Ring 

If the AC load is: 

820E:.115 J ~F To Tip 
220 and Ring 

Then RRO should be: 

R~~ i 31.t5k(RRO) 

From ---I 62 nF (CRO) 

TXO 

Then RRO should be: 

R~~ 3.3 nF 28.4 k 

F CRO 7.61 k 

;~--1 
CRO must remain in series with the network to provide 

DC blocking. If the load network does not include a series 
capacitor (as in the second example above), CRO should 
be large (1.0 llF) so its impedance does not affect the RRO 
network. The above procedure will yield a return loss mea
surement which is constant with respect to frequency. The 
RRO resistor, or network, must have a tolerance equal to 
or better than the required system tolerance for return loss 
and receive gain. 

6) Receive Gain (GRX) 
The receive gain involves the same circuit as Figure 34, 

but with the addition of the RRX resistor (or network) which 
sets the receive gain. See Figure 35. 

Figure 35. Receive Gain 
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The receive gain (GRX), defined as the voltage gain from 
VRX to VL, is calculated as follows: 

RXI is a virtual ground, and Rae is the AC impedance of the 
load (phone line), 

The AC current generated in the transistors is 102 • I RXI, 
which is equal to 102 • (IR - ITXO). 

IR = VRX/RRX, and 

ITXO = VTXO = VL • 31 k • 0.328 
RRO RRO • (31 k + RC) 

(10) 

Using equations 5 and 8, involving Zac, RS and RC, and the 
above equations yields: 

VL 102 • (RacllZacl 
--=GRX= (11) 
VRX RRX 

Therefore, RRX = 102. (RacllZacl (12) 
GRX 

Equation 12 applies only for the case where Rac and Zac 
have the same configuration. If they also have the same 
magnitude, then set RRX = 51 • Rac to set a receive gain 
of 0 dB. The AC source impedance of the above circuit to 
Tip and Ring is Zac. For the case where Rae " Zac, use the 
following equation: 

VL 102 

VRX -
RRX.[J....+ 1.037.106 J 

ZL (31k + RC). RRO 

(13) 

where ZL = [ R:c II RS II (RC + 31 k)] .2 (14) 

a) Resistive Loads 
For a 600 n resistive system, set RRX = 30.6 kn, and 

for a 900 n resistive system, set RRX = 45.9 kn. 

b) Complex Loads 
For complex (non resistive) loads, the RRX resistor needs 

to be replaced with a network having the same configuration 
as the complex load, but with all impedance values scaled 
up by a factor of 51 (for 0 dB gain). If a gain other than 0 
dB is desired, the scaling factor is determined from Equation 
12. This method applies only if the RRO network has been 
made complex comparable to the load according to the 
procedure in the previous section (Equations 5-9a), such that 
Rac = Zac. Using a scaling factor of 51, and the previous 
examples, yields: 

If the AC load is: 

~ J ~F =J Tolip 
900 ~ - _ and Ring 

If the AC load is: 

820 r;:.115 ~F 
J To lip 

220 and Ring 
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Then RRX should be: 

-------, 
TO~~V 

RXI I 45.9 k 42 inF- i' RX 
L _____ ~ 

Then RRX should be: 
r--------, 
! r-1 ~.25 nF i 
TO~ 

RXI I 11.2 k 41.8 k VRX 
L.. ______ J 

The preceeding procedure will yield a receive gain which is 
constant with respect to frequency. The RRX resistor, or 
network, must have a tolerance equal to or better than the 
required system tolerance for receive gain. 

7) Transmit Gain (GTX) 
Setting the transmit gain involves selecting RTX1 and RTX2 
in Figure 28. The voltage gain from VL to VTX is calculated 
from the following: 

RTX2 • 31 k. 0.328 

RTXl • (RC + 31 k) 
(15) 

For 0 dB gain, set RTX2 = 3.15 x RTXl (for RC = 1.0 k). 
The actual values of RTX2 and RTXl are not critical - only 
their ratio so as to provide the proper gain at the op amp. 
Once the ratio is established, the two resistors can be 
selected from a set of standard resistor values. The minimum 
value for RTXl is limited by the drive capability of TXO, which 
is a nominal ±800!iA peak (±275!iA minimum). As a general 
rule, RTX1 should be between 5.0 kn and 20 kn. The load 
on TXO is the parallel combination of RTXl and RRO. 

CTX is for DC blocking, and is typically a large value 
(1.0 !iF) so as to not be a significant impedance. In general, 
it should not be used for low frequency rolloff as that will 
affect the transhybrid rejection (discussed in the next sec
tion). Low frequency rolloff should be done after the op amp. 
High frequency roll-off can be set by placing a capacitor 
across RTX2. 

For complex loads (at 1ip and Ring), if RRO and RRX have 
been made complex comparable to the load as described 
in the previous sections, neither RTXl nor RTX2 needs to 
be complex since both the transmit and receive signals which 
appear at TXO will be flat with respect to frequency. 
. RTXl and RTX2 must have a tolerance equal to or better 

than the required system tolerance for the transmit gain. 

8) Balance Network (RB) - Transhybrid Rejection 
When a receive signal is applied to VRX to produce a signal 

at Tip and Ring, the two-to-four wire arrangement of a hybrid 
(the MC33121) results in a reflected signal at TXO. Transhy
brid rejection involves canceling that reflected signal before 
it appears at VTX. The method used is to insert the RB 
resistor (or network) as shown in Figure 36. The current IB, 
supplied from VRX, cancels the current ITXl supplied from 
TXO (Node A is a virtual ground). Good transhybrid cancella
tion requires that the currents be equal in magnitude and 
1800 out of phase at Node A. 

Using the equations for transmit and receive gains, the 
current ITXl is equal to: 

33.5. VRX. Zac. ZL. 31 k (16) 
ITXl = RRX. [Zac + ZU. RTX1 • (RC + 31 k) 

a) For the case where RRO and RRX are comparable in 
configuration to ZL: 
Since IB = VRX/RB, then RB can be determined from: 

RB= 
RRX • RTXl • (RC + 31 k) 

33.5 • [ZacllZLl • 31 k 
(17) 
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Figure 36. Balance Resistor 
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Equation 17 provides a value for an RB resistor which will 
provide the correct magnitude for lB. The correct phase 
relationship is provided by the fact that the signal at TXO 
is out of phase with that at VRX. The phase relationship will 
be 1800 only if RRO and RRX are of a configuration identical 
to that of the load. This applies regardless of whether the 
load, ZL, (and RRO and RRX) are purely resistive or of a 
complex nature. Equation 17 reduces to a non-complex 
resistance if RRX, Zac, and ZL are all comparably complex. 

For the case where Zac = ZL, RRX = 51 • Zac, and 
RC = 1.0 k, Equation 17 reduces to: 

RB = 3.15. RTXl 

b) For the case where Zac and ZL do not have the same 
frequency characteristics: 

(18) 

For the case where, for reasons of cost an!:l/or simplicity, 
the load (RU is considered resistive (whereas in reality it 
is not a pure resistance) and therefore resistors, rather than 
networks, were selected for RRO and RRX, using a simple 
resistor for RB may not provide sufficient transhybrid rejec
tion due to a phase angle difference between VRX and TXO. 
The terminating impedance may therefore not necessarily 
be matched exactly to the line impedance, but the resulting 
circuit still provides sufficiently correct performance for re
ceive gain, transmit gain, and return loss. The rejection can 
be improved in this case by replacing RB with the configura
tion shown in Figure 37. Even on a very short phone line 
there is a reactive component to the load due to the two 
compensation capacitors (CC, Figure 4) at the transistor 
collectors. The two capacitors can be considered in series 
with each other, and across the load as shown in Figure 37. 

To simplify the explanation, the current source and Zac of 
Figure 36 are replaced with the Thevenin voltage source and 
series Zac. Since ZL and Zac are not matched, there will be 
a phase shift from VRX to the signal across Tip and Ring. 
This phase shift is also present at TXO. The same phase 
shift is generated at node B in the RB network by making 
RBI equal to Zac, and ZL equal to the load. RB2 is then 
calculated from: 

RRX. RTXl • (RC + 31 k) 
RB2 = -----'----

33.5 • Zac • 31 k 
(19) 

For example, for a system where the load is considered a 
600 Q resistor (RRO = 20.3 kQ, RRX = 30.6 kQ, RTXl = 
10 kQ, and RC = 1.0 kQ), RBI would be a 600 Q resistor, 
ZL (in the RB network) would be a 600 Q resistor in parallel 
with a 0.005 ~F capacitor, and RB2 calculates to 15.715 kQ. 

The RB resistor, or network, must have a tolerance 
equal to or better than the required system tolerance for 
transhybrid rejection. 

9) Logic Interface 
The logic circuit (output ST1, and the 1/0 labeled ST2/PDI) 

is depicted in Figure 30, and functions according to the 
Status Output Truth Table (Table 1). 

a) Output Characteristics 
STI is a traditional NPN pull-down with a 15 kQ pull-up 

resistor. Figures 19 and 20 indicate its output characteristics. 
ST2 is configured with the following items: a) a 1.0 mA 

current source for a pull-down which is active only when ST2 
is internally set low; b) an 800 ~A current source pull-up 
which is active only when ST2 is internally set high; c) a 
positive feedback aspect within this output circuit which 

Figure 37. Balance Network 
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provides considerable hysteresis for stability reasons. Its 
output characteristics are shown in Figures 21 and 22. Due 
to this configuration, any external pull-up resistance which 
is applied to this pin must be greater than 15 kO, or the output 
may not reliably switch from high to low. Any external 
pull-down resistance does not affect this output's ability to 
switch from low-to-high, but does affect the maximum longitu
dinal currents which can be accepted by the circuit (see the 
section on Longitudinal Current Capability). The capacitor 
(CT) is required to provide a time delay, for stability reasons, 
during transitions between off-hook and on-hook. This ca
pacitor additionally affects maximum longitudinal currents, 
as well as stability during pulse dialing (explained below). 

b) Hook Status 
The MC33121 uses the sense currents at CP and CN to 

activate the hook status circuit. The senSing is configured 
such that the circuit monitors the impedance across Tip/Ring, 
which results in the hookswitch thresholds are minimally 
affected by the battery voltage. The off-hook to on-hook 
threshold is affected by the choice of RRF according to the 
graph of Figure 8, but is not affected by the value of RS. 
The on-hook to off-hook threshold is affected by the value 
of RS according to the graph of Figure 9, but is not affected 
by RRF. Varying the RC resistors does not affect the thresh
olds significantly. 

When the telephone is on-hook (STI = High, ST2 = Low), 
the MC33121 is internally powered down, the externaltran
sistors are shut off, and power consumption is at a minimum. 
Upon closure of the phone's hookswitch, STI will switch low 
within 10 !ls. ST2 will then change state slowly due to the 
external capacitor (CT = 5.0 !IF). There is a =8.0 ms delay 
for ST2 to reach the threshold necessary to activate the 
internal bias circuit, which in turn activates the external drive 
transistors to supply loop current. This delay is necessary 
to prevent instabilities during the transition to off-hook. 

Upon opening the telephone's hookswitch, STI will switch 
high within =200 !ls. ST2 then requires =60 ms to reach the 
threshold to switch off the internal bias circuit, which in turn 
shuts down the external drive transistors. 

c) Pulse Dialing 
During pulse dialing, STI will change state concurrent with 

the hookswitch. ST2 is kept from switching during pulse 
dialing by the external capacitor (CT), which keeps the 
MC33121 in a powered up condition and stable. If the CT 
capacitor is too small, the voltage at ST2 could drop to the 
PDlthreshold (see section e below) during each pulse. This 
could cause the MC33121 to create additional noise on the 
line as it would cycle between a power-up and power-down 
condition with each dialing pulse. 

d) Fault Detection 
Faults are defined as excessive leakage from Tip to VEE 

and/or ground, and from Ring to VEE and/or ground. A single 
fault is anyone of the above conditions, while a double fault 
is defined as excessive leakage from Tip to VEE and from 
Ring to VCC, as depicted in Figure 38. Refer to Figures 11-15 
for the resistance, RLK, which will cause the MC33121 to 
switch to a power-down condition. If the leakage resistance 
is less than that indicated in the graphs, the MC33121 will 
power-down itself and the two external transistors, thereby 
protecting them from overheating. Both status outputs (STI 
and ST2) will be at a logic low, indicating a fault condition. 
A fault condition is detected by monitoring an imbalance in 
the magnitudes of the currents at TSI and RSI, and/or a 
polarity reversal at Tip and Ring. 

The MC33121 will detect the following conditions: 
1) When on-hook (see Figure 11): 

a) <2.6 kO between Ring and VCC (depending on RS 
and VEE), with no hysteresis at this threshold, or 

b) <3.7 kn between Tip and VEE (depending on RS and 
VEE), with no hysteresis at this threshold, or 

c) Both a and b simultaneously. 
Leakage from Tip to VCC and/or Ring to VEE are not 

detected as faults while the MC33121 is on-hook. 
2) When off-hook (367 0 between Tip and Ring): 

a) <400 0 between Tip and VCC (RS = 6.2 kO), or 
b) <1800 0 between Tip and VEE, or 
c) <4000 between Ring and VEE (RS = 6.2 kO), or 
d) <1800 0 between Ring and VCC, or 
e) Both band d simultaneously 

Figure 38. Fault Detection 
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A simultaneous occurrence of conditions a) and c) is not 
detected as a fault. See Figures 12 to 15 for the threshold 
variation with RL and VEE. Resetting of the fault detection 
circuit requires that the leakage resistance be increased to 
a value between 10 kQ and 20 kQ, depending on VEE, RL, 
and RS. Both STI and ST2 should be monitored for 
hookswitch status to preclude not detecting a fault condition. 

Figure 15 indicates the variation in fault thresholds for 
Tip-to-VCC and Ring-to-Battery faults, and is valid only for 
loop resistances of 200 Q to BOO Q. On loops larger than 
BOO Q, the MC33121 does not reliably indicate the fault 
condition at STI and ST2, but may indicate on-hook status 
instead. This does not apply to Tip-to-Battery and 
Ring-to-VCC faults which are correctly detected for lines 
beyond BOO Q. 

e) POI Input 
The ST2 output can also be used as an input (POI Input) 

to power down the circuit, denying loop current to the 
subscriber (by shutting off the external pass transistors), 
regardless of the hookswitch position. Powering down is 
accomplished by pulling POI to a logic low with an open 
collector output, or an NPN transistor as shown in Figure 
30. The switching threshold is ~1.5 V. The current out of POI, 
when pulled low, is ~BOO flA. Releasing POI allows the 
MC33121 to resume normal operation. 

If the external telephone is off-hook while the MC33121 
is powered down, sense currents at CP and TSI will result 
in some loop current flowing through the loop and back into 
CN and RSI. This current is generally on the order of 1.0 
to 3.0 mA, determined primarily by the RS resistors, loop 
resistance, and VEE. STI will continue to indicate the tele
phone's actual hook status while POI is held low. The 
on-to-off hook threshold is the same as that during normal 
operation, but the off-to-on hook threshold is >250 kQ. 

When powered down with the POI pin, the receive gain 
(VRXI to Tip/Ring) is muted by >90 dB, and the transmit gain 
(Tip/Ring to TXO) is muted by >30 dB. 

Power Dissipation, Calculation and Considerations 
a) Reliability 

The maximum power dissipated by the MC33121 must be 
considered, and managed, so as to not exceed the junction 
temperature listed in the Maximum Ratings Table. Exceed
ing this temperature on a recurring basis will reduce long 
term reliability, and possibly degrade performance. The 
junction. temperature also affects the statistical lifetime of 
the device, due to long term thermal effects within the 
package. Today's plastiC integrated circuit packages are as 
reliable as ceramic packages under most environmental 
conditions. However, when the ultimate in system reliability 
is required, thermal managements must be considered as 
a prime system design goal. 

Modern plastic package assembly technology utilizes gold 
wire bonded to aluminum bonding pads throughout the 
electronics industry. When exposed to high temperatures for 
protracted periods of time an intermetallic compound can 
form in the bond area resulting in high impedance contacts 
and degradation of device performance. Since the formation 
of intermetallic compounds is directly related to device junc
tion temperature, it is incumbent on the designer to determine 
that the device junction temperature is consistent with sys
tem reliability goals. 
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Based on the results of almost ten years of + 125°C 
operating life testing, Table 2 has been derived indicating 
the relationship between junction temperature and time to 
0.1 % wire bond failure. 

Table 2. Statistical Lifetime 

Junction Time Time 
Temperature (0C) (Hours) (Years) 

80 1,032,200 117.8 
90 419,300 47.9 
100 178,700 20.4 
110 79,600 9.4 
120 37,000 4.2 
130 17,800 2.0 
140 8,900 1.0 

Motorola MECL DeVice Data, DL 122 

The "Time" in Table 2 refers to the time the device is 
operating at that junction temperature. Since the MC33121 
is at a low power condition (nominally 40 mW) when on-hook, 
the duty cycle must be considered. For example, if a statisti
cal duty cycle of 20% off-hook time is used, operation at 
130°C junction temperature (when off-hook) would result in 
a statistical lifetime of ~1 a years. 

b) Power and Junction Temperature Calculation 
The P9wer within the IC is calculated by subtracting the 

power dissipated in the two-wire side (the transistors and 
the load) from the power delivered to the IC by the power 
supplies. Refer to Figure 4 and 27. 

Po = IVoo 0 1001 + IVEE 0 IEEI- (lL 0 IVEP - VEN!) (20) 

The terms VEP and VEN are the OC voltages, with respect 
to ground, at the EP and EN pins. These voltages can be 
measured, or can be approximated by: 

VEP ~- (30 Q o III 
VEN ~ IVEEI + 2.1 V + (IL 0 35 Q) 

Refer to Figure 23. The junction temperature is then calcu
lated from: 

TJ = TA + (PO o9JA) (21 ) 

where TA is the ambient air temperature at the IC package, 
and 9JA is the junction-to-ambient thermal resistance shown 
in Figure 39. The highest junction temperature will occur at 
maximum VEE and VOO, maximum loop current, and maxi
mum ambient temperature. 

If the above calculations indicate the junction temperature 
will exceed the maximum specified, then it is necessary to 
reduce the maximum loop current, ambient temperature, 
and/or VEE supply voltage. Air flow should not be restricted 
near the IC by tall components or other objects since even 
a small amount of air flow can substantially reduce junction 
temperature. For example, typically an air flow of 300 LFPM 
(3.5 mph) can reduce the effective 9JA by 14 to 20% from 
that which occurs in still air. Additionally, providing as much 
copper area as possible at the IC pins will assist in drawing 
away heat from within the IC package. For additional informa
tion on this subject, refer to the "Thermal Considerations" 
section of Motorola MECL System Design Handbook, and 
the "System Oesign Considerations" section of Motorola 
MECL Device Data. 
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Selecting the Transistors 
The specifications for the two loop current pass transistors 

involve their current gain, voltage rating, and power dissipa
tion capabilities at the highest ambient temperatures. Power 
dissipation during both normal operation and faults must be 
considered when determining worst case situations. Gener
ally, more power is dissipated during a fault condition than 
during normal operation. 

The transistors' minimum beta is recommended to be 40 
at the loop currents involved in the application. A lower beta 
could degrade gain and balance performance. Maximum 
beta should be less than 500 to prevent possible oscillations. 
Darlington type transistors should not be used. The voltage 
rating should be consistent with the maximum VEE, expected 
transients, and the protection scheme used. 

Referring to Figure 27, during normal operation the loop 
current and the voltage across the transistors are both at 
a maximum when the load impedance (RLl is at a minimum. 
The loop current is determined by RRF and the graphs of 
Figures 5-7. The voltage across each transistor is deter
mined from the following: 

IVEEI- 2.1 - [(65 + 2RP + RLl • III 
VT= (22) 

2 

The power in each transistor is then (VT • Ill. The voltage 
across the two transistors will always be nearly equal during 
normal operation, resulting in equal power dissipation. The 
graph of Figure 24 indicates the power dissipated in each 
transistor where RP = 100 n. 

During a fault condition, depicted in Figure 38, if the 
leakage resistance from Tip to VEE or from Ring to VCC is 
less than that shown in Figures 12-14 (when off-hook), the 
MC33121 will power down the transistors to protect them 
from overheating. Should the leakage resistance be slightly 
higher than that shown in the graphs, however, and the fault 
detection has not been activated, the power in one transistor 
(in a single fault, both transistors in a double fault) will be 
higher than normal. The power will depend on VEE, RL, RP 
and the leakage resistance. Table 3 is a guide of the power 
in the transistor dissipating the higher power level. 
The power (in watts) in the two right columns indicates the 
power dissipated by that transistor if it is carrying the maxi
mum fault current. The system designer should attempt to 
predict possible fault conditions for the system, and then 

MC33121 
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measure the conditions on the transistors during the worse 
case fault(s). 

Table 3. Transistor Power During a Fault 

VEE RL PPNP PNPN 
--42 150 0.835 0.615 
-24 150 0.257 0.176 
--42 600 0.601 0.185 
-24 600 0.109 0.057 

For most applications involving a maximum loop current 
of 30-40 mA, and a maximum TA of +85°C, and where faults 
may occur, the MJD243 and MJD253 DPAK transistors are 
recommended. When mounted as described in their data 
sheet, they will handle both the normal loop current as well 
as most fault conditions. If faults are not expected to occur 
in a particular application, then smaller package transistors, 
such as MPS6717 and MPS6729, may be used. Each 
application must be evaluated individually when selecting 
the transistors. 

Other possible transistors which can be considered: 

PNP NPN 
MJD253-1 MJD243-1 
MJE253 MJE243 
MJD32 MJD31 
MJD42 MJD41 
MJD350 MJD340 
TIP30A,B,C TIP29A,B,C 

Longitudinal Current Capability 
The maximum longitudinal current which can be handled 

without distortion is a function of loop current, battery feed 
resistance, the longitudinal impedance, and the components 
on ST2. 

Since the pass transistors cannot pass current in the 
reverse direction, the DC loop current provides one upper 
boundary for the peak longitudinal current plus peak speech 
signal current. The battery feed resistance determines, in 
effect, the DC voltage across the transistors, which is a 
measure of the headroom available for the circuit to handle 
the peak longitudinal voltage plus peak speech signal volt
age. The longitudinal impedance, determined by the RS 
resistors (equation 4), determines the longitudinal current for 
a given longitudinal voltage. 

While analysis of the above items may yield one value 
of maximum longitudinal current, a different limit (which may 
be higher or lower) is imposed by the capacitor CT, and any 
pulldown resistance RT, on Pin 12 (ST2). This is due to the 
fact that the sense currents at TSI and RSI will be alternately 
mismatched as Tip and Ring move up and down together 
in the presence of longitudinal signals. When the longitudi
nals are strong, the internal fault detect circuit is activated 
with each 1/2 cycle, which attempts to switch ST2 low (see 
the section on Fault Detection). The speed at which ST2 can 
switch low is a function of both the external capacitor, CT 
and any pulldown resistance, Ry. 

The graphs of Figures 25 and 26 indicate the maximum 
longitudinal current which can be handled (in Tip and in Ring) 
without distortion or causing ST2 to switch low. 

PC Board Layout Considerations 
PC board considerations include thermal, RFI/EMI, tran

sient conditions, interconnection of the four wire side to the 
codec/filter, and others. Wirewrapped boards should be 
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avoided - breadboarding should be done on a (at least) 
reasonably neat PC board. 

a) Thermal 
Power dissipated by the MC33121 and the two transistors 

must be removed to prevent excessively high junction tem
peratures. The equations for calculating junction tempera
tures are mentioned elsewhere in this data sheet. Heat is 
removed by both air flow and copper foil on the PC board. 
Since even a small amount of air flow substantially reduces 
junction temperatures compared to still air, tall components 
or other objects should not be placed such that they block 
air flow across the heat generating devices. Increasing, 
wherever possible, the area of the copper foil at the IC pins 
will provide additional heat removal capability. A ground 
plane can generally help here, while at the same time helping 
to reduces RFI problems. 

b) RFI/EMI 
While the MC33121 is intended for use at audio frequen

cies, the internal amplifiers have bandwidths in excess of 
1.0 MHz, and can therefore respond to externally induced 
RFI and EM!. Interference signals can come in on the phone 
line, or be radiated on to the PC board from nearby radio, 
stations or from high frequency circuitry (digital & micropro
cessor circuitry) in the vicinity of the line card. 

Usually RFI entering from the phone line at Tip and Ring 
can be removed by the compensation capacitors (CC) pro
vided they are connected to a good quality RF ground 
(generally the same ground which connects to VCC on the 
MC33121). The ground track should be as wide and as direct 
as possible to minimize lead inductance. Generally better 
results can be obtained if an RF bleedoff to earth (or chassis) 

ground can be provided where the twisted pair phone line 
comes into the system. 

To minimize problems due to noise radiating directly onto 
the PC board from nearby high frequency circuitry, all compo
nents associated with the MC33121 should be physically as 
close as possible to the IC. The most sensitive pins in this 
respect are the CP, CN, RSI, TSI, VAG and RXI pins. 
Keeping the tracks short minimizes their "antenna" effect. 

c) Transient Conditions 
When transient voltages come in to Tip and Ring, the 

transient currents, which can be several amperes, must be 
carried by the ground line (VCC) and/or the VEE line. These 
tracks, along with the protection and clamping devices, 
must be designed for these currents at the frequencies 
involved. If the tracks are narrow, not only may they be 
destroyed by the high currents, but their inductance can 
allow the voltage at the IC, and other nearby components, 
to rise to damaging levels. 

The protection circuits shown in Figure 4, and in other 
figures in this data sheet, are such that the bulk of the 
transient energy is dissipated by external components (the 
protection resistors and the clamp diodes). The MC33121 
has internal diodes to limit voltage excursions on the pins, 
and to pass a small amount of the transient current -
typically less than 1.0 A peak. The arrangement of the diodes 
is shown in Figure 40. 

d) Interconnection of the four-wire side 
The connections on the four-wire side to the codec and 

other digital circuitry involves keeping digital noise out of 
the speech paths, and also ensuring that potentially 
destructive transients on Tip and Ring do not get through 
to the +5.0 V system. 

Figure 40. Protection Diodes 
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Basically, digital connections to STI and ST2 should be 
referenced to the VDD and VDG pins, while the transmit and 
receive analog signals should be referenced to the analog 
ground (VAG). VCC should be connected to a clean battery 
ground, and generally should not be connected directly to 
VDG and/or VAG (on the line card) when strong transients 
are anticipated. Even with a good layout, VCC can move 
several volts when a transient hits, possibly damaging 
components on the +5.0 V line if their grounds have a 
direct connection at the line card. The MC33121 is de
signed to allow VCC to move as much as ±30 V with 
respect to VDG and VAG on a transient basis only. VCC and 
the other grounds should preferably be connected together 
at the power supply rather than at the IC. Internally, the 
MC33121 has clamp diodes on the 4-wire side pins as 
indicated in Figure 40. 

If the codec has a single ground pin, as in Figure 41, it 
will be the reference for both the digital and analog signals, 
and must be connected to both VAG and VDG on the 
MC33121. If the codec has separate digital and analog 
grounds, as in Figure 42 (the MC145503 internally generates 

the analog ground), then each ground should be connected 
to the appropriate ground on the MC33121. 

e) Other 
A 0.1 I!F capacitor should be provided across VCC to 

VEE on the MC33121 to help keep idle channel noise to 
a minimum. 

The CaB capacitor (on the VaB pin) forms a pole with an 
internal 7.5 kQ resistor to filter noise from the VEE pin, 
providing an internal quiet battery supply for the speech 
amplifiers. Power supply rejection will depend on the value 
and quality of this capacitor at the frequencies of concern. 
Tantalum capacitors generally have better high frequency 
characteristics then electrolytics. See Figure 17 and 18 for 
ripple rejection characteristics (the four-wire data was mea
sured at pin 11 (TXO)). Figure 16 indicates ripple rejection 
from the +5.0 V supply (VDD). 

In general, pc board tracks carrying analog signals (on the 
four-wire side and TIp/Ring) should not be routed through 
the digital section where they could pick up digital noise. Any 
tracks longer than a few inches should be considered an 

Figure 41. Connection to a CODEC With a Single Ground 
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antenna and should be checked for potential noise or RFI 
pickup which could affect the circuit operation. 

Alternate Circuit Configurations 

a) Loop Current Limit 
Replacing the RRF resistor with the circuit in Figure 43 

will change the DC loop current characteristics in two ways 
from the graphs of Figures 5-7; a) the maximum loop current 
on a short line can be reduced while increasing the current 
on a long line, and b) the temperature dependence of the 
maximum current is reduced to the TC of the external 
reference diode. 

Figure 43. Alternate Current Limit Circuit 
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The LM385-1.2 is a precIsion temperature stable zener 
diode. As the load impedance at Tip and Ring is reduced, 
the voltage at RFO goes increasingly negative. When the 
zener diode is turned on, the current into RXI is then clamped 
at a value determined by RRFI and the zener diode. To 
calculate the two resistors, use the following procedure: 

RRFI must be >0.7 • (RRFI + RRF2); 
Determine RRFI to set the current limit on a short line 

by using the following equation: 

RRFI = 102 • 1.23 V 
IL(max) - 3.0 mA 

(23) 

Then using Equation 1 calculate RRF for the long line 
current. RRF2 is then determined by; 

RRF2 = RRF - RRFI (24) 

Figure 44 illustrates one example using the above 
circuit. Comparing this graph to the 5100 Q curve of 
Figure 7 shows a substantial decrease in the current limit 
(at RL = 0), resulting in reduced power consumption and 
dissipation. Use of this circuit does not affect the 
hookswitch or fault thresholds. 

b) Protection Scheme 
The protection circuit shown in Figure 45 has the advan

tage of drawing =90% of the transient current from ground 
(VCC) on a negative transient, rather than from the VEE line 
as the circuit of Figure 4 does. The majority of the transient 
current flows through the RP resistors and the Mosorbs while 
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a small amount (=10%) flows through the sense resistors 
and the CP, CN, RSI pins. On a positive transient, all the 
current is directed to ground. The diode in the NPN's collector 
prevents reverse current through the base-collector junction 
of the transistor during a negative transient. 

Figure 44. Loop Current versus Loop Resistance 
Alternate Loop Current Limit Configuration 
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Figure 45_ Alternate Protection Scheme 
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All zener diodes are 7.0 V except as noted. 
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CIRCUIT PERFORMANCE 

The following three circuits are presented as typical appli
cation examples, and the accompanying graphs indicate 
their measured performance. The first circuit (Figure 46) has 
a 600 Q pure resistance as the AC load. The second circuit 
(Figures 47) has as an AC load a 900 Q resistor in series 
with a 2.16 IlF capacitor. The third circuit (Figure 48) has 

as an AC load, a complex network composed of an 820 Q 

resistor in parallel with 0.115 IlF, and those in series with 
a 220 Q resistor. In the graphs of Figures 49-51, RL = Return 
Loss, THR = Transhybrid Rejection, GTX = Transmit Gain, 
GRX = Receive Gain. 

Figure 46. 600 Q System 
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Figure 48.2200 and 820 0110.115 ~F System 
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GLOSSARY 

ATTENUATION - A decrease in magnitude of a communica
tion signal, usually expressed in dB. 

BALANCE NETWORK - That part of the SUC circuit which 
provides transhybrid rejection. 

BANDWIDTH - The range of information carrying frequen
cies of a communication system. 

BATTERY - The voltage which provides the loop current, 
and in some cases powers the SUC circuit. The name derives 
from the fact that COs have always used batteries, in 
conjunction with AC power, to provide this voltage. 

BATTERY FEED RESISTANCE - The equivalent Thevenin 
DC resistance of the SUC circuit for supplying loop current. 
Traditionally it is 400 Q. 

C-MESSAGE FILTER - A frequency weighting which 
evaluates the effects of noise on a typical subscriber's system. 

CENTRAL OFFICE - Abbreviated CO, it is a main telephone 
office, usually within a few miles of its subscribers, that houses 
switching gear for interconnection within its exchange area, 
and to the rest of the telephone system. A typical CO can 
handle up to 10,000 subscriber numbers. 

CODEC - Coder/Decoder - Interfacing between the SUC 
and the digital switch, it converts the SUC's transmit signal to 
digital, and converts the digital receive signal to analog. 

dB - A power or voltage measurement unit, referred to 
another power or voltage. It is generally computed as: 

10 • log (P1 / P2) for power measurements, and 
20. log (V1 / V2) for voltage measurements. 

dBm - An indication of signal power. 1.0 mW across 600 Q, 

or 0.775 Vrms, is defined as a dBm. Any other voltage level is 
converted to dBm by: 

dBm = 20. log (Vrms/0.775), or 
dBm = [20 • log (Vrms)] + 2.22. 
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dBmp - Indicates dBm measurement using a psophometric 
weighting filter. 

dBrn - Indicates a dBm measurement relative to 1.0 pW 
power level into 600 Q. Generally used for noise measure
ments, a dBrn = -90 dBm. 

dBrnC -Indicates a dBrn measurement using a C-message 
weighting filter. 

DTMF - Dual Tone Multifrequency. It is the "tone dialing" 
system based on outputting two non-harmonic related fre
quencies simultaneously to identify the number dialed. Eight 
frequencies have been assigned to the four rows and four 
columns of a keypad. 

FAULT - An incorrect condition where Tip is accidentally 
connected to the battery voltage, or Ring is connected to 
ground, or both. The most common fault is Ring to ground. 

FOUR WIRE CIRCUIT - The portion of a telephone, or 
central office, which operates on two pairs of wires. One pair 
is for the transmit path, and one pair is for the receive path. 

FULL DUPLEX - A transmission system which permits 
communication in both directions simultaneously. The stan
dard handset telephone system is full duplex. 

GAIN - The change in signal amplitude (increase or 
decrease) after passing through an amplifier, or other circuit 
stage. Usually expressed in dB, an increase is a positive 
number, and a decrease is a negative number. 
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HALF DUPLEX - A transmission system which permits 
communication in one direction at a time. CB radios, with 
"push-to-talk" switches, and voice activated speakerphones, 
are half duplex. 

HOOKSWITCH - A switch, within the telephone, which 
connects the telephone circuit to the subscriber loop. The 
name derives from old telephones where the switch was 
activated by lifting the receiver off and onto a hook on the side 
of the phone. 

HYBRID - Another name for a two-to-four wire converter. 

IDLE CHANNEL NOISE - Residual background noise when 
transmit and receive Signals are absent. 

LINE CARD - The PC board and circuitry in the CO or PBX 
which connects to the subscriber's phone line. A line card may 
hold circuitry for one subscriber, or a number of subscribers. 

LONGITUDINAL BALANCE - The ability of the SLiC to 
reject longitudinal signals on Tip and Ring. 

LONGITUDINAL SIGNALS - Common mode signals. 

LOOP - The loop formed by the two subscriber wires (Tip 
and Ring) connected to the telephone at one end, and the 
central office (or PBX) at the other end. Generally, it is a 
floating system not referred to ground, or AC power. 

LOOP CURRENT - The DC current which flows through the 
subscriber loop. It is typically provided by the central office or 
PBX, and ranges from 20 to 120 mA. 

OFF-HOOK - The condition when the telephone is con
nected to the phone system, permitting the loop current to 
flow. The central office detects the DC current as an indication 
that the phone is busy. 

ON-HOOK - The condition when the telephone is discon
nected from the phone system, and no DC loop current flows. 
The central office regards an on-hook phone as available for 
ringing. 

PABX - Private Automatic Branch Exchange. In effect, a 
miniature central office, it is a customer owned switching 
system servicing the phones within a facility, such as an office 
building. A portion of the PABX connects to the Bell (or other 
local) telephone system. 

PROTECTION, PRIMARY - Usually conSisting of carbon 
blocks or gas discharge tubes, it absorbs the bulk of a lightning 
induced transient by clamping the voltages to less than 
±1500 V. 

PROTECTION, SECONDARY - Usually located on the line 
card, it protects the SUC and associated circuits from 
transient surges. Typically, it must be capable of clamping a 
±1.5 kV surge of 1.0 ms duration. 

PULSE DIALING - A dialing system whereby the loop 
current is interrupted a number of times in quick succession. 
The number of interruptions corresponds to the number 
dialed, and the interruption rate is typically 10 per second. The 
old rotary phones, and many new pushbutton phones, use 
pulse dialing. 

RECEIVE PATH - Within the CO or PBX it is the speech 
path from the internal switching system towards the phone 
line (Tip & Ring). 
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REN - Ringer Equivalence Number. An indication of the 
impedance or loading factor of a telephone bell or ringer 
circuit. An REN of 1.0 equals ~8.0 kQ. The Bell system 
typically permits a maxirnum of 5.0 REN (1.6 kQ) on an 
individual subscriber line. A minimum REN of 0.2 (40 kQ) is 
required by the Bell system. 

RETURN LOSS - Expressed in dB, it is a measure of how 
well the SUC's AC impedance matches the line's AC 
characteristic impedance. With a perfect match, there is no 
reflected signal, and therefore infinite return loss. It is 
calculated from: 

RL = 20 • log (lUne + lCKT) 
(lUne - lCKT) 

RING - One of the two wires connecting the central office to 
a telephone. The name derives from the ring portion of the 
plugs used by operators (in older equipment) to make the 
connection. Ring is traditionally negative with respect to Tip. 

SLIC - Subscriber Une Interface Circuit. It is the circuitry 
within the CO or PBX which connects to the user's phone line. 

SUBSCRIBER - The customer at the telephone end of the 
line. 

SUBSCRIBER LINE - The system consisting of the user's 
telephone, the interconnecting wires, and the central office 
equipment dedicated to that subscriber (also referred to as a 
loop). 

TIP - One of the two wires connecting the central office to a 
telephone. The name derives from the tip of the plugs used by 
operators (in older equipment) to make the connection. Tip is 
traditionally positive with respect to Ring. 

TRANSHYBRID REJECTION - The rejection (in dB) of the 
reflected signal in the transmit path resulting from a receive 
signal applied to the SUC. 

TRANSMIT PATH - Within the CO or PBX it is the speech 
path from the phone line (Tip & Ring) towards the internal 
switching system. 

TWO WIRE CIRCUIT - Refers to the two wires connecting 
the central office to the subscriber's telephone. Commonly 
referred to as Tip and Ring, the two wires carry both transmit 
and receive signals in a differential manner. 

TWO-TO-FOUR WIRE CONVERTER - A circuit which has 
four wires (on one side) - two (signal & ground) for the 
outgoing signal, and two for the incoming signal. The outgoing 
signal is sent out differentially on the two wire side (the other 
side), and incoming differential signals received on the two 
wire side are directed to the four wire side. Additional circuit 
within cancels the reflected outgoing signal to keep it separate 
from the incoming signal. 

VOICEBAND - That portion of the audio frequency range 
used for transmission across the telephone systern. Typically, 
it is 300 to 3400 Hz. 
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High Output Current Low Power, 
Low Noise Bipolar Operational 
Amplifiers 

The MC33178/9 series is a family of high quality monolithic amplifiers 
employing Bipolar technology with innovative high performance concepts for 
quality audio and data signal processing applications. This device family 
incorporates the use of high frequency PNP input transistors to produce 
amplifiers exhibiting low input offset voltage, noise and distortion. In addition, the 
amplifier provides high output current drive capability while consuming only 
420 J.lA of drain current per amplifier. The NPN output stage used, exhibits no 
deadband crossover distortion, large output voltage swing, excellent phase and 
gain margins, low open-lOOp high frequency output impedance, symmetrical 
source and sink AC frequency performance. 

The MC33178/9 family offers both dual and quad amplifier versions, tested 
over the vehicular temperature range. These devices are available in DIP and 
SOIC packages. 

• 600 Q Output Drive Capability 
o Large Output Voltage Swing 

• Low Offset Voltage: 0.15 mV (Mean) 
• Low T.C. of Input Offset Voltage: 2.0 J.lvrC 

• Low Total Harmonic Distortion: 0.0024% 
(@ 1.0 kHz w/600 Q Load) 

• High Gain Bandwidth: 5.0 MHz 

• High Slew Rate: 2.0 V/J.lS 
• Dual Supply Operation: ±2.0 V to ±18 V 
• ESD Clamps on the Inputs Increase Ruggedness 

without Affecting Device Performance 

Equivalent Circuit Schematic (Each Amplifier) 

ORDERING INFORMATION 

OpAmp Fully Temperature 
Function Compensated Range 

Dual MC33178D 
MC33178P 

-40° to +85°C 
Quad MC33179D 

MC33179P 

MC33178·MC33179 
2·292 

Package 

SO-8 
Plastic DIP 

SO-14 
Plastic DIP 

MC33178 
MC33179 

HIGH OUTPUT CURRENT 
LOW POWER, LOW NOISE 

OPERATIONAL AMPLIFIERS 

.~ 
1 

8~ 
1 

DUAL 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626 

DSUFFIX 
PLASTIC PACKAGE 

CASE 751 
(SO-8) 

PIN CONNECTIONS 

Outpull 1 

Inpuls I { : 

VEE 4 

, Vee 
7 Output 2 

: } Inputs 2 

(Top View) 

QUAD 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

DSUFFIX 
PLASTIC PACKAGE 

CASE 751A 
(SO-I 4) 

PIN CONNECTIONS 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Supply Voltage (VCC to VEE) Vs +36 V 

Input Differential Voltage Range VIDR (Note 1) V 

Input Voltage Range VIR (Note 1) V 

Output Short Circuit Duration (Note 2) tsc Indefinite sec 

Maximum Junction Temperature TJ +150 °c 

Storage Temperature Range Tstg -60 to +150 °C 

Maximum Power Dissipation PD (Note 2) mW 

DC ELECTRICAL CHARACTERISTICS (VCC = +15 V, VEE = -15 V, TA = 25°C, unless otherwise noted.) 

Characteristics Figure Symbol Min Typ Max Unit 

Input Offset Voltage (RS = 50 n, VCM = 0 V, Va = 0 V) 2 IVIOI mV 
(VCC = +2.5 V, VEE = -2.5 V to VCC = +15 V, VEE = -15 V) 

TA=+25°C - 0.15 3.0 
TA = -40° to +85°C - - 4.0 

Average Temperature Coefficient of Input Offset Voltage 2 I!NIO/AT !lV/oC 
(RS = 50 n, VCM = 0 V, Va = 0 V) 

TA = -40° to +85°C - 2.0 -

Input Bias Current (VCM = 0 V, Va = 0 V) 3,4 liB nA 
TA=+25°C - 100 500 
TA = -40° to +85°C - - 600 

Input Offset Current (VCM = 0 V, Va = 0 V) 11101 nA 
TA = +25°C - 5.0 50 
TA = -40° to +85°C - - 60 

Common Mode Input Voltage Range 5 VICR -13 -14 - V 
(AVIO = 5.0 mV, Va = 0 V) - +14 +13 

Large Signal Voltage Gain (Va = -10 V to +10 V, RL = sao n) 6,7 AVOL VN 
TA = +25°C 50 k 200 k -
TA = -40° to +85°C 25 k - -

Output Voltage Swing (VID = ±1.0 V) 8,9,10 V 
(VCC = +15 V, VEE = -15 V) 

RL=300n VO+ - +12 -
RL=300n Vo- - -12 -
RL=SOOn VO+ +12 +13.S -
RL=SOOn Vo- - -13 -12 
RL=2.0kn VO+ +13 +14 -
RL = 2.0 kn Vo- - -13.8 -13 

(VCC = +2.5 V, VEE = -2.5 V) 
RL=600n VO+ 1.1 1.6 -
RL=SOOn Vo- - -1.6 -1.1 

Common Mode Rejection (Vin = ±13 V) 11 CMR 80 110 - dB 

fower Supply Rejection 12 PSR 80 110 - dB 
, VCcNEE = +15 V/-15 V, +5.0 V/-15 V, +15 V/-5.0 V 

Output Short Circuit Current (VID = ±1.0 V, Output to Ground) 13,14 ISC rnA 
Source (VCC = 2.5 V to 15 V) +50 +80 -
Sink (VEE = -2.5 V to -15 V) -50 -100 -

Power Supply Current (Va = 0 V) 15 ID rnA 
(VCC = 2.5 V, VEE = -2.5 V to VCC = +15 V, VEE = -15 V) 

MC33178 (Dual) 
TA=+25°C - - 1.4 
TA = -40° to +85°C - - 1.S 

MC33179 (Quad) 
TA= +25°C - 1.7 2.4 
TA = -40° to +85°C - - 2.6 

NOTES: 1. Either or both Input voltages should not exceed VCC or VEE. 
2. Power dissipation must be considered to ensure maximum junction temperature (T J) is not exceeded. (See power dissipation 

performance characteristic, Figure 1.) 
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AC ELECTRICAL CHARACTERISTICS (VCC = +15 V, VEE = -15 V, TA = 25°C, unless otherwise noted.) 

Characteristics 

Slew Rate 
(Vin =-10Vto+l0 V, RL=2.0 ko, CL= 100 pF, AV= +1.0 V) 

Gain Bandwidth Product (I = 100 kHz) 

AC Voltage Gain (RL = 600 D, Vo = 0 V, 1= 20 kHz) 

Unity Gain Frequency (Open-Loop) (RL = 600 0, CL = 0 pF) 

Gain Margin (RL = 600 0, CL = 0 pF) 

Phase Margin (RL = 600 0, CL = 0 pF) 

Channel Separation (I = 100 Hz to 20 kHz) 

Power Bandwidth (VO = 20 Vp_p, RL = 600 0, THO S; 1.0%) 

Distortion (RL = 600 0" Vo = 2.0 Vp_p, AV = +1.0 V) 
(1= 1.0 kHz) 
(1= 10 kHz) 
(1=20 kHz) 

Open-Loop Output Impedance 
(VO= 0 V, 1=3.0 MHz, AV= 10V) 

Differential Input Resistance (V CM = 0 V) 

Differential Input Capacitance (V CM = 0 V) 

Equivalent Input Noise Voltage (RS = 100 0,) 
1=10Hz· 
1= 1.0kHz 

Equivalent Input Noise Current 
1= 10 Hz 
1= 1.0kHz 

~ 
Figure 1. Maximum Power Dissipation 

versus Temperature 
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Figure 
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SymbDI Min Typ Max Unit 

SR 1.2 2.0 - V/p.s 

GBW 2.5 5.0 - MHz 

AVO - 50 - dB 

IU - 3.0 - MHz 

Am - 15 - dB 

~ - 60 - Degrees 

CS - -120 - dB 

BWp - 32 - kHz 

THO % 
- 0.0024 -
- 0.014 -
- 0.024 -

llal - 150 - D 

RIN - 200 - kD 

CIN - 10 - pF 

en nV/fHz - 8.0 -
- 7.5 -

In pA/fHz - 0.33 -
- 0.15 -

Figure 2. Input Offset Voltage versus 
Temperature for 3 Typical Units 
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Figure 4. Input Bias Current 
versus Temperature 
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Figure 6. Open-Loop Voltage Gain 
versus Temperature 

r-- -i"--. 
I'-...... --_ VCC=+15V 

VEE=-15V 
-f=10Hz 
_ L'.VO= 10Vla+l0V 

RL=600n 

r-

-55 -25 25 50 75 100 125 

40 

35 
9-
~30 
w 
<!l 25 
~ 
~ 20 
I-
::::> 

15 0.. 
I-
::::> 
o. 10 
o 
> 5.0 

TA, AMBIENT TEMPERATURE ('C) 
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Figure 27. Input Referred Noise Voltage 
versus Frequency 
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versus Frequency 
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APPLICATION INFORMATION 

This unique device uses a boosted output stage to combine 
a high output current witlJ a drain current lower than similar 
bipolar input op amps. Its 60° phase margin and 15 dB gain 
margin ensure stability with up to 1000 pF of load capacitance 
(see Figure 23). The ability to drive a minimum 600 D load 
makes it particularly suitable for telecom applications. Note 
that in the sample circuit in Figure 33 both A2. and A3 are 
driving equivalent loads of approximately 600 D . 

The low input offset voltage and moderately high slew rate 
and gain bandwidth product make it attractive for a variety of 
other applications. For example, although it is not single 
supply (the common mode input range does not include 
ground), it is specified at +5.0 V with a typical common mode 
rejection, of 110 dB. This makes it an excellent choice for use 
with digital circuits. The high common mode rejemion, which 
is stable overtemperature, coupled with a low noise figure and 
low distortion is an ideal,op' amp lor audio circuits. 

The output stage of the op amp is current limited and 
therefore has a certain amount of protection in the event of a 
short circuit. However, because of its high current output, it is 
especially importanl not to allow the device to exceed the 
maximum junction te,mperature, particularly with the 
MC33179 (quad op amp). Shorting more than one amplifier 

MC3317S.MC33179 
2·300 

could easily exceed the junction temperature to the extent of 
causing permanent damage. 

Stability 

As usual with most high frequency amplifiers, proper lead 
dress, component placement, and PC board layout should be 
exercised for optimum frequency performance. For example, 
long unshielded input or oulputleads may result in unwanted 
inpuVoutput coupling. In order to preserve the relatively 
low input capacitance associated with these amplifiers, 
resistors connected to the inputs should be Immediately 
adjacent to the input pin to minimize additional stray input 
capacitance. This not only minimizes the input pole frequency 
for optimum frequency response, but also minimizes 
extraneous "pick up· at this node. Supplying decoupling with 
adequate capacitance immediately adjacent to the supply pin 
Is also important, particularly over temperature, since many 
types of decoupling capacitors exhibit great impedance 
changes over temperature. 

Additional stability problems can be caused by high load 
capacitances and/or a high source resistance. Simple 
compensation schemes can be used to alleviate these effects. 

MOTOROLA COMMUNICATIONS DEVICE DATA 



If a high source of resistance is used (R1 > 1.0 kn). a 
compensation capacitor equal to or greater than the input 
capacitance olthe op amp (10 pF) placed across the feedback 
resistor (see Figure 34) can be used to neutralize that pole and 
prevent outer loop oscillation. Since the closed loop transient 
response will be a function of that capacitance it is important 
to choose the optimum value for that capacitor. This can be 
determined by the following formula: 

(1) Cc = (1 +[R1/R2])2. CL (Zo/R2) 

where: Zo is the output impedance of the op amp. 

R1 

Figure 34. Compensation for 
High Source Impedance 

R2 

Cc 

For moderately high capacitive loads (500 pF < CL < 
1500 pF) the addition of a compensation resistor on the order 
of 20 n between the output and the feedback loop will help to 
decrease miller loop oscillation (see Figure 35). For high 
capacitive loads (CL > 1500 pF) a combined compensation 
scheme should be used (see Figure 36). Both the 
compensation resistor and the compensation capacitor affect 
the transient response and can be calculated for optimum 
performance. The value of Cc can be calculated using formula 
(1). The formula to calculate RC is as follows: 

(2) RC = Zo • R1/R2 

R1 

Figure 35. Compensation Circuit for 
Moderate Capacltve Loads 
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Figure 36. Compensation Circuit for 
High Capacitive Loads 
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MOTOROLA 
SEMICONDUCTOR-----
TECHNICAL DATA 

Advance Information 
Voice Switched Speakerphone 
with Microprocessor Interface 

The Motorola MC33218 Voice Switched Speakerphone Circuit incorporates 
the necessary amplifiers, attenuators, level detectors, and control algorithm to 
form the heart of a high quality, hands-free speakerphone system. Included are 
a microphone amplifier with mute, transmit and receive attenuators, a background 
monitoring system for both transmit and receive paths, and level detectors for 
each path. An AGC system reduces the receive gain on long lines where loop 
current and power are in short supply. A dial tone detector prevents loss of dial 
tone. 

Additionally, the MC33218 has a serial data port which allows microprocessor 
,control of various functions such as volume control, mute, attenuator range selec
tion, and selection of receive, transmit, idle, or normal mode. The data port can 
be operated up to 1.0 MHz. 

The MC33218 is available in a 24 pin, narrow body DIP, and a wide body SOIC 
package. 
• Supply Voltage Range: 2.5 to 6.5 V 
• Attenuator Range: 52 dB or 26 dB (Selectable) 
• Background Noise Monitor for Each Path 
• Microphone Amplifier with Mute Function 

• 2 Point Signal Sensing 
• Microprocessor Port for 8-bit Serial Data Entry Controls: 

• Digital Volume Control (16 Steps) 
• Attenuator Range Selection (52 dB or 26 dB) 
• Mute Microphone Amplifier 
• Force to Receive, Transmit, Idle, or Normal Operating Mode 
• Chip Deselect Pin Powers Down Entire IC 

Simplified Block Diagram 

MC33218 

VOICE SWITCHED 
SPEAKERPHONE with 

~PROCESSORINTERFACE 

-PW~ 
1 PLASTIC PACKAGE 

CASE 724 

DWSUFFIX 
PLASTIC PACKAGE 

CASE 751E 
(SO-24L) 

PIN CONNECTIONS 

CP2 Vee 

XDl TAO 

CPT MCO 

TLI MCI 

TLO POR 

VB DR 

Cr DIN 

CD ClK 

NC RXI 

CPR RXO 

RLI RAO 

RLO GND 

(Top View) 

ORDERING INFORMATION 

Temperature 
Device Range Package 

MC3321BDW 
- 40° to + 85°C 

SO-24L 
MC33218P Plastic DIP 

This document contains Information on a new product. Specifications and In!onmatlon herein are sublect to change without notice. 
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MAXIMUM RATINGS 

Characteristic Symbol Min Max Unit 

Supply Voltage VCC -0.5 +7.0 Vdc 

Maximum Junction Temperature TJ - +150 ·C 

Storage Temperature Range Tstg -65 +150 ·C 

Devices should not be operated at or outside these values. The "Recommended OperaUng Umlts" table 
provides for actual device operaUon. 

RECOMMENDED OPERATING LIMITS 

Characteristic Symbol 

Supply Voltage (Non-AGC Range) VCC 
(AGCRange) 

Maximum Attenuator Input Signal Vln(max) 

Clock and Data Rate (Serial Port) FData 

Operating Temperature Range TA 

Min Typ Max 

3.5 - 6.5 
2.5 - 6.5 

- - 350 

0 - 1.0 

-40 - +85 

ELECTRICAL CHARACTERISTICS (TA = 25·C, VCC = 5.0 V, CD S 0.8 V, fCLK = 1.0 MHz, unless otherwise noted.) 

Unit 

Vdc 

mVrms 

MHz 

·C 

I Characteristic I Symbol I Min I Typ I' Max Unit 

POWER SUPPLY 

Supply Current (Enabled, CD = 0) ICC 
Idle Mode 3.0 
Receive Mode -
Transmit Mode -

Supply Current (Disabled, CD = 1) ICC -
CD Input Resistance RCD 170 

VB Output Voltage (IVB = 0) VB 2.1 

VB Output Resistance , ROVB -

ATTENUATOR CONTROL 

CT Voltage (Full Attenuation Range) VCT-VB 
RxMode -
Idle Mode -
TxMode -

CrCurrent 
Source (Switching to Rx Mode) ICTR -55 
Sink (Switching to T x Mode) ICTT 65 
Idle lerl -3.0 

Receive Dial Tone Detector Threshold VDT -40 

MOTOROLA COMMUNICATIONS DEVICE DATA 
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ELECTRICAL CHARACTERISTICS (TA = 25°C, VCC = 5.0 V, COSO.8 V, fCLK = 1.0 MHz, unless otherwise noted.) 

I Characteristic I Symbol I Min I Typ I Max Unit 

ATTENUATORS 

Receive Attenuator Gain (f = 1.0 kHz) 
Full Volume, Full Attenuation Range 

RxMode 
Tx Mode 
Idle Mode 
Range (Rx to T x Mode) 

Full Volume, Half Attenuation Range 
Rx Mode 
Tx Mode 
Idle Mode 
Range (Rx to T x Mode) 

Volume Control Range (Rx Mode) 

AGC Attenuation Range (VCC = 3.5 to 2.7 V) 

RAO Offset Voltage With Respect to VB 
(Rx Mode) 
(Tx Mode) 

Transmit Attenuator Gain (f = 1.0 kHz) 
Full Attenuation Range 

TxMode 
RxMode 
Idle Mode 
Range (T x to Rx Mode) 

Half Attenuation Range 
TxMode 
RxMode 
Idle Mode 
Range (T x to Rx Mode) 

TAO Offset Voltage With Respect to VB 
(RxMode) 
(Tx Mode) 

RAO, TAO 
High Voltage (IL = - 1.0 rnA) 
Low Voltage (IL = +1.0 rnA) 

AMPLIFIERS - Microphone Amplifier 

Output Offset with Respect to VB 

Open Loop Gain (f < 100 Hz) 

Gain Bandwidth 

Output High Voltage (lout = - 1.0 rnA) 
Output Low Voltage (lout = + 1.0 rnA) 

Transmit Path Muting (4 Gain) Pin 21 to Pin 23 
Microphone Amp (RFdbk = 300 kO), plus Transmit Attenuator in Rx Mode 

AMPLIFIERS - Receive Amplifier 

DC Voltage (Rx Mode) 

Output High Voltage (lout = - 1.0 rnA) 
Output Low Voltage (lout = +1.0 rnA) 

MC33218 
2-304 

dB 

GRX 3.0 6.0 9.0 
GRXT -49 -46 -43 

GRXI -28 -25 -22 
4GRX 49 52 55 

dB 
GRX -10 -7.0 -4.0 

GRXT -37 -34 -31 
GRXI -28 -25 -22 
4GRX 23 26 29 

VCR 31 37 41 dB 

GAGC - 6.0 - dB 

VRAO mVdc 
- -10 -
- 0 -

dB 

GTX 3.0 6.0 9.0 
GTXR -49 -46 -43 
GTXI -19 -16 -13 
4GTX 49 52 55 

GTX -9.0 -6.0 -3.0 
GTXR -36 -33 -30 
GTXI -19 -16 -13 
4GTX 23 26 29 

VTAO mVdc 
- 0 -
- -60 -

Vdc 
VTAOH 3.7 4.1 -
VTAOL VB-1.0 VB-1.4 VB-3.0 

MCOVOS - 0 - mVdc 

AVOL - 80 - dB 

GBW - 0.8 - MHz 

VMCOH 3.7 4.1 - Vdc 

VMCOL 0 140 250 mVdc 

GMT dB 
80 125 -

VRXO - VB - Vdc 

VRXOH 3.7 4.0 - Vdc 

VRXOL - 100 250 mVdc 
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ELECTRICAL CHARACTERISTICS ( TA = 25°C, VCC = 5.0 V, CD S 0.8 V, fCLK = 1.0 MHz, unless otherwise noted.) 

I Characteristic I Symbol I Min I Typ I Max Unit 

LEVEL DETECTORS AND BACKGROUND NOISE MONITORS 

Transmit/Receive Switching Threshold ITH 0.8 1.0 

CPR, CPT Output Resistance RCp - 5.0 

CPR, CPT Leakage Current ICPLK - -0.1 

T x and Rx Level Detector 
Source Current ILDOH - -2.6 
Sink Current ILDOL - 2.0 

CLOCK AND DATA 

POR Input Resistance RpOR 70 115 

Data In/Clock Input Resistance RCLK 
(High) Vin = 5.0 V 35 55 
(Low) Vin = 0.9 V 70 120 

Data Ready Input Resistance RDR 
(High) Vin = 5.0 V 10 20 
(Low) Vin = 0.9 V 25 45 

Logic Input Threshold VTH - 1.5 

SYSTEM 

Rx Mode Distortion THOR - 0.3 
Rx Amplifier and Attenuator 
(I = 1.0 kHz, Vin = 350 mVrms) 

T x Mode Distortion THDT - 0.3 
T x Attenuator and Microphone Amplilier 
(1= 1.0 kHz, Vin = 3.5 mVrms) 

TEMPERATURE CHARACTERISTICS (VCC = 5.0 V, CD < 0.8 V, ICLK = 1.0 MHz, unless otherwise noted.) -
Typical Typical 
Value Value 

Parameter @-40°C @ + 25°C 

VCC Supply Current 
Idle Mode (Enabled, CD = 0) 4.7 4.2 
All Modes (Disabled, CD = 1) 60 50 

VB 2.1 2.2 

Receive Attenuator Range (I = 1.0 kHz) Full Volume 
Full Attenuation Range 52 52 
Hall Attenuation Range 26 26 

Transmit Attenuator Range (I = 1.0 kHz) 
Full Attenuation Range 52 52 
Hall Attenuation Range 26 26 

Transmit Path Muting (8 Gain; Pin 21 to 23) 
Microphone Amp (RFdbk = 300 kQ), plus Transmit Attenuator in Rx Mode 128 127 

Volume Control Range (Rx Mode) 34 36 
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Name 

CP2 

XDI 

CPT 

TLI 

TLO 

VB 

CT 
CD 

NC 

CPR 

RLI 

RLO 

GND 

RAO 

RXO 

RXI 

CLK 

DIN 

DR 

POR 

MCI 

MCO 

TAO 

Vce 

Bits 

B7,B6 

B5 

MC33218 
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Code 

00 
01 
10 
11 

a 
1 

PIN FUNCTION DESCRIPTION 

Pin No. Description 

1 A capacitor at this pin stores a voltage representing the transmit background noise level. 

2 Input to the transmit background noise monitor. 

3 An RC sets the time constant for the transmit background noise monitor. 

4 Input to the transmit level detector. 

5 Output of the transmit level detector. 

6 A reference voltage, and analog ground for the amplifiers. 

7 An RC sets the response time to switch among the various modes. 

8 Chip deselect (Logic input). When low, the IC Is active. When high, the entire IC Is powered 
down and non·functlonal. 

9 No intemal connection. 

10 An RC sets the time constant for the receive background noise monitor. 

11 Input to the receive level detector. 

12 Output of the receive level detector. 

13 Ground pin for the entire IC. 

14 Output of the receive attenuator. 

15 Output of the receive path input ampllfler, and Input of the receive attenuator. 

16 Inverting Input of the receive path Input amplHier. 

17 Serial Port Clock. 1.0 MHz maximum, data Is entered on clock's rising edge. 

18 Serial Port Data Input. Enter an 8-bit word, B7 first, BO last. 

19 Serial Port Data Ready. Taking this line high latches new data in the registers. 

20 Power On Reset. Upon power up and/or enabling, all bits are set to O. 

21 Inverting input of the microphone amplifier. 

22 Output of the microphone amplifier, and Input of the transmit attenuator. 

23 Output of the transmit attenuator. 

24 Power Supply pin. Operating range Is 2.5 V to 6.5 Vdc. 

Function Bits Code Function 

Normal voice switched operation. B4 0 Microphone amplifier Is active. 
Force to receive mode. 1 Microphone amplHier is mute. 
Force to idle mode. 
Force to transmit mode. 83- 0000 Maximum receive volume. 

BO" 1111 Minimum receive volume. 
Attenuator range is 52 dB. 
Attenuator range is 26 dB. "BII BO Is Ihe LSB for Ihe volume control. 
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Figure 1. Serial Port Timing Diagram 
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NOTES: 1. Maximum clock and data rate Is 1.0 MHz. There Is no required minimum rate. 
2. B7 Is to be entered first, BO last. 
3. Data Is entered on the clock rising edge. 
4. Clock can continue to toggle aiter BO is entered if Data Ready goes high before the clock's next rising edge. 
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Figure 3. Attenuator Gain versus VCT 
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Figure 4, Attenuator Gain versus VCT 
(Half Attenuation Range) 
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Figure 9. Supply Current versus Supply Voltage 
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Figure 11. VB Output Characteristics 
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Figure 15. Receive Attenuator Gain versus VCC 
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APPLICATIONS INFORMATION 

Introduction 
The MC33218 provides the necessary circuitry to perform 

a voice switched, half duplex, speakerphone function. The 
half duplex function is necessary to prevent oscillation 
resulting from the high gain and acoustic coupling. It includes 
transmit and receive attenuators, preamps, level detectors, 
and background noise monitors. An attenuator control circuit 
automatically adjusts the gain of the transmit and receive 
attenuators based on the microprocessor inputs and/or the 
relative strengths of the voice signals present. 

Power Supply. Va. and Chip Disable 
The power supply voltage at Pin 24 is to be between 3.5 

and 6.5 V for normal operation, with reduced operation 
possible down to 2.5 V (see AGC section). 

The output voltage at VB (Pin 6) is approximately equal 
to (VCC - 0.7)/2, and provides the AC ground for the system. 
The output impedance at VB is approximately 300 Q (see 
Figure 9), and in conjunction with the external capacitor at 
VB, forms a low pass filter for power supply rejection. The 
choice of VB capacitor is application dependent based on 
whether the circuit is powered by the telephone line or a 
power supply. 

The Chip Disable (Pin 8) permits powering down the IC 
for power conservation. With CD between 0 and 0.8 V, normal 
operation is in effect. With CD between 2.0 V and VCC, the 
IC is powered down. When the IC is re-enabled, the 
speakerphone should return to normal mode (bits BO - B7 
equal to 0). 

Transmit and Receive Attenuators 
The transmit and receive attenuator sections are 

complementary, performing a log-antilog function. When one 
is at maximum gain, the other is at maximum attenuation; 
they are never both fully on or fully off. Both attenuators are 
controlled by a single output from the attenuator control which 
ensures the sum of their gains will remain constant at a 
typical value of - 40 dB. Their purpose is to provide the 
half-duplex operation required in a speakerphone. They are 
identical, and consist of a pre-amp, an input clamp, an 
attenuator, and a current to voltage converter. An internal 
control voltage determines the gain of each attenuator. 

The inputs to the attenuators should not exceed 
400 mVrms to prevent distortion. 
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Attenuator Control Section 
There are five inputs to the attenuator control section: one 

each from the transmiVreceive level comparator, dial tone 
detector, control logic block and transmit and receive 
background noise monitors. A single output sets the gain of 
both the transmit and receive attenuators. 

A DC feedback loop samples the output current of the 
attenuator that is at full gain and compares it to a reference 
current. The resultant error current then drives an external 
resistor and capacitor at the CT pin which corrects the control 
voltage, maintaining the desired attenuator gain. The 
external RC on the CT pin determines the response time of 
the speakerphone. 

Background Noise Monitors 
The purpose of background noise monitors is to 

distinguish speech (which consists of bursts) from 
background noise (a relatively constant level). There are two 
background noise monitors - one for the receive path and 
one for the transmit path. Each is operated on by a level 
detector, which provides a DC voltage representative of the 
noise level. The voltages at the CPT and CPR pins have 
slow rise times (determined by an external RC), but fast 
decay times. When speech is present, the voltage on the 
non-inverting input of an internal comparator will rise faster 
than the voltage at the inverting input (due to the burst 
characteristic of speech), causing its output to change. This 
output is sensed by the Attenuator Control Block. The time 
constant of the external RCs (Pins 3 and 10) determine the 
response time to background noise variations. 

Dial Tone Detector 
Since the dial tone is considered continuous noise, the 

background noise monitor would tend to force the attenuators 
back to idle mode. The dial tone detector prevents the IC 
from changing to idle mode, thus preventing the dial tone 
from fading away., The dial tone detector is a comparator with 
one side connected to the input of the receive attenuator and 
the other input connected to VB with a 15 mV offset. If the 
circuit is in the receive mode and the incoming signal is 
greater than 15 mV, the comparator's output will change, 
disabling the receive idle mode. The receive attenuator gain 
will then be determined solely by the volume control. 
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AGC 
In the receive mode, the AGC circuit decreases the gain 

of the receive attenuator when the supply voltage at VCC falls 
below 3.5 V to prevent the speaker from clipping or distorting. 
The purpose of this feature is to reduce the power (and 
current) used by the speaker when a line-powered 
speakerphone is connected to a long telephone line, where 
the available power is limited. Reducing the speaker power 
controls the voltage sag at Vee and prevents clipping and 
distortion on the speaker output. 

Microprocessor Control 
The data register and decode logic are used to interface 

the data from the serial port to the required internal circuitry. 
This enables microprocessor control olthe following functions: 

Volume Control (16 levels) 
Microphone Mute 
Attenuator Range (52 dB or 26 dB) 
Mode Select: Normal, Transmit, Receive, Idle 
The logic inputs should not exceed Vee, and they should 

never be allowed to go below ground. The maximum clock 
frequency is 1.0 MHz. 

On power up, the internal registers are reset to all zeros 
(normal mode). An internal capacitor on the Power-on-Reset 
pin prevents the registers from accepting data input before 
the supply voltage has stabilized. 

Volume Control 
The volume control enables the receive attenuator gain 

to be increased or decreased in 16 equal 2.5 dB steps, 
independent of temperature, by microprocessor control. 
On power up, the volume control will be reset to 
maximum (bits B3 - BO will be 0000). Bit BO is the least 
significant bit (LSB), and bit B3 is the most significant bit 
(MSB). The transmit attenuator gain will be varied in a 
complementary manner. 

Microphone Amplifier Mute 
When activated by the microprocessor by pulling bit B4 

high, it reduces the gain of the amplifier by approximately 
- 75 dB. For additional muting, force the Mode Select (bits 
B6 and B7) to receive during mute. This will ensure the 
transmit attenuator is at 46 dB of attenuation (in full 
range) and will provide a combined attenuation of 120 dB 
in the transmit path. 

Attenuator Range Selection 
Bit B5, the Attenuator Range Selector, provides a 

choice of 52 dB attenuation range (- 46 dB to + 6.0 dB, 
nominally) or 26 dB range (- 32 db to - 6.0 dB). At half 
attenuation, the volume control range will be reduced to 
approximately 26 dB (see Figure 6). 

Mode 
The MC33218 can be forced to transmit, receive, or 

idle mode by microprocessor input by using bits B7 and 
B6. The attenuatorswill beinthetransmit mode for a (VeT-VB) 
of -105 mV and the receive mode for a (VeT-VB) of + 150 
mV. At idle mode, (VeT-VB) is approximately zero. The 
mode selection provides manual or remote control for testing, 
to overcome noise on the line, or to increase the transmit 
path attenuation during mute. 

RFllnterference 
Potential radio frequency interference (RFI) problems 

should be addressed early in the electrical and mechanical 
design of the speakerphone. RFI may enter the circuit 
through Tip and Ring, through the microphone wiring to the 
microphone amplifier, or through any of the PC board traces. 
The most sensitive pins on the MC33218 are the inputs to 
the level detectors (RLI, TLI) since, when there is no speech 
present, the inputs are high impedance and these op amps 
are in a near open loop condition. The board traces to these 
pins should be kept short, and the resistor and capacitor for 
each of these pins should be physically close to the pins. 
Any other high impedance input pin should also be 
considered sensitive to RFI signals. 

In the Final Analysis 
Proper operation of a speakerphone is a combination of 

proper mechanical (acoustic) design as well as proper 
electronic design. The acoustics of the enclosure must be 
considered early in the design of a speakerphone. In general, 
electronics cannot compensate for poor acoustics, low 
speaker quality, or any combination of the two. Proper 
acoustic separation of the speaker and microphone is 
essential. The physical location of the microphone, along with 
the characteristics of the selected microphone, will playa 
large role in the quality of the transmitted sound. The 
microphone and speaker vendors can usually provide 
additional information on the use of their products. 

In the final analysis, the circuit shown in this data sheet 
will have to be fine tuned to match the acoustics of the 
enclosure, the specific hybrid, and the specific speaker and 
microphone selected. The components shown in this data 
sheet should be considered as starting points only. The 
gains of the transmit and receive paths are easily adjusted 
at the microphone and speaker amplifiers, respectively. The 
switching response can then be fine tuned by varying (in 
small steps) the components at the level detector inputs 
until satisfactory operation is obtained for both long and 
short lines. 

For additional information on speakerphone design, 
please refer to the data sheet for the MC34118 
Speakerphone IC. 

GLOSSARY 
AGC - Automatic gain control. In the speakerphone, the gain 
of the attenuators is reduced as the supply voltage 
decreases to prevent clipping or distortion on the output. 

Attenuation - A decrease in magnitude of a communication 
signal, usually expressed in dB. 

Bandwidth - The range of information carrying frequencies 
of a communication system. ' 
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C-Message Filter - A frequency weighting which 
evaluates the effects of noise on a typical subscriber's 
system. 

Channel Separation - The ability of one circuit to reject 
outputting signals which are being processed by another 
circuit. Also referred to as crosstalk, it is usually expressed 
in dB. 
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dB - A power or voltage measurement unit, referred to 
another power or voltage. It is generally computed as: 

10 x log (P1/P2) for power measurements, and 
20 x log (V1N2) for voltage measurements. 

dBm - An indication of signal power. 1.0 mW across 600 
n, or 0.775 Vrms, is typically defined as 0 dBm for telecom 
applications. Any voltage level is converted to dBm by: 

dBm = 20 x log (Vrms/0.775), or 
dBm = [20 x log (Vrms)) + 2.22. 

dBmp -Indicates dBm measurement using a psophometric 
weighting filter. 

dBrn· - Indicates a dBm measurement relative to 1.0 pW 
power level into 600 n. Generally used for noise 
measurements, 0 dBrn = - 90 dBm. 

dBrnC -Indicates a dBrn measurement using a C-message 
weighting filter. 

DTMF - Dual Tone Multi Frequency. It is the "tone dialing" 
system based on outputting two non-harmonic related 
frequencies simultaneously to identify the number dialed. 
Eight frequencies have been assigned to the four rows and 
four columns of a typical keypad. 

Four-Wire Circuit - The portion of a telephone or central 
office, which operates on two pairs of wires. One pair is for 
the Transmit path (generally from the microphone), and one 
pair is for the Receive path (generally from the receiver). 

Full-Duplex - A transmission system which permits 
communication in· both directions simultaneously. The 
standard handset telephone is. full-duplex. 

Gain - The change in signal amplitude (increase or 
decrease) after passing through an amplifier, or other circuit 
stage. Usually expressed in dB, an increase is a positive 
number, and a decrease is a negative number. 

Half-Duplex - A transmission system which permits 
communication in one direction at a time. CB radios, with 
"push-to-talk" switches, and voice activated speakerphones, 
are half-duplex. 

Hookswltch - A switch which connects the telephone circuit 
to the subscriber loop. The name derives from old telephones 
where the switch was activated by lifting the receiver off and 
onto a hook on the side of the phone. 

Hybrid - Another name for a two-to-four wire converter. 

Line Length Compensation - Also referred· to as loop 
compensation, it involves changing the gain of the 
transmit and receive paths, within a telephone, to 
compensate for different signal levels at the end of 
different line lengths. A short line (close to the CO) will 
attenuate signals less, and therefore less gain is needed. 
Compensation circuits generally use the loop current as 
an indication of the line length. 

Loop - The loop formed by the two subscriber wires (Tip 
and Ring) connected to the telephone at one end, and the 
central office (or PBX) at the other end. Generally it is a 
floating system, not referred to ground or AC power. 

Loop Current - The DC current which flows through the 
subscriber loop. It is typically provided by the central office 
or PBX, and ranges from 20 to 120 mAo 
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Off-Hook - The condition when the telephone is connected 
to the phone system, permitting the loop current to flow. The 
central office detects the DC current as an indication that the 
phone is busy. 

On-Hook - The condition when the teleph0r;l_e is 
disconnected from the phone system, and no DC loop current 
flows. The central office regards an on-hook phone as 
available for ringing. 

Power Supply Rejection Ratio - The ability of a circuit to 
reject outputting noise, or ripple, which is present on the 
power supply lines. PSRR is usually expressed in dB. 

Pulse Dialing - A dialing system whereby the loop current 
is interrupted a number of times in quick succession. The 
number of interruptions corresponds to the number dialed, 
and the interruption rate is typically 10 times per second. The 
old rotary phones, and many new pushbutton phones, use 
pulse dialing. 

Receive Path - Within the telephone, it Is the speech path 
from the phone line to the earpiece. 

Ring - One of the two wires connecting the central office 
to a telephone. The name derives from the ring portion of 
the plugs used by operators (in older equipment) to make 
the connection. Ring is traditionally negative with respect to 
lip. 

Sidetone - The sound fed back to the receiver as a result 
of speaking into the microphone. It is a natural consequence 
of the 2-to-4 wire conversion system. Sidetone was 
recognized by Alexander Graham Bell as necessary for a 
person to be able to speak properly while using a handset. 

Signal to Noise Ratio - The ratio of the desired signal to 
unwanted signals (noise) within a defined frequency range. 
The larger the number, the better. 

Speech Network - A circuit which provides 2-to-4 wire 
conversion, i.e. connects the microphone and receiver (or 
the transmit and receive paths) to the Tip and Ring phone 
lines. Additionally, it provides sidetone control, and in many 
cases, the DC loop current interface. 

Tip - One of the two wires connecting the central office to 
a telephone. The name derives from the tip of the plugs used 
by operators (in older equipment) to make the connection. 
lip is traditionally positive with respect to Ring. 

Transmit Path - Within the telephone, it is the speech path 
from the microphone to the phone line. 

Two-ta-Four Wire Converter - A circuit which has four wires 
(on one side); two (signal and ground) for the outgoing signal, 
and two for the incoming signal. The outgoing signal is sent 
out differentially on the two-wire side (the other side), and 
incoming differential signals received on the two-wire side 
are directed to the four-wire side. Additional circuitry within 
cancels the reflected outgoing signal to keep it separate from 
the incoming signal. 

Voiceband - That portion of the audio frequency range used 
for transmission across the telephone system. Typically, it 
is 300 to 3400 Hz. 
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Advance Information 

ELECTRONIC TELEPHONE CIRCUIT 

• Provides All Basic Telephone Station Apparatus Functions in a 
Single IC, Including DTMF Dialer, Tone Ringer, Speech Network 
and Line Voltage Regulator 

• DTMF Generator Uses Low-Cost Ceramic Resonator with Accu
rate Frequency Synthesis Technique 

• Tone Ringer Drives Piezoelectric Transducer and Satisfies EIA 
RS-470 Impedance Signature Requirements 

• Speech Network Provides Two-Four Wire Conversion with 
Adjustable Sidetone Utilizing an Electret Transmitter 

• On-Chip Regulator Insures Stable Operation Over Wide Range 
of Loop Lengths 

• 12L Technology Provides Low 1.4 Volt Operation and High Static 
Discharge Immunity 

• Microprocessor Interface Port for Automatic Dialing Features 

MC34010 
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FIGURE 1 - ELEMENTS OF THE ELECTRONIC TELEPHONE 
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are subject to change without notice. 
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MAXIMUM RATINGS (Voltage References to V -) 

Parameter Value 

V + Terminal Voltage (Pin 34) +20, -1.0 

VR Terminal Voltage (Pin 29) +2.0, -1.0 

RXO Terminal Voltage (Pin 27) +2.0, -1.0 

TRS Terminal Voltage (Pin 37) +35, -1.0 

TRO (With Tone Ringer Inactive) Terminal Voltage +2.0, -1.0 

Rl-R4 Terminal Current (Pins 1-4) ±100 
Cl-C4 (Pins 5-8) 

CL, TO, DD, 1/0, A + +122, -1.0 

Operating Ambient Temperature Range -20 to +60 

Storage Temperature Range -65 to +150 

GENERAL CIRCUIT DESCRIPTION 

Introduction 
The MC34010 Electronic Telephone Circuit (ETC) 

provide all the necessary elements of a tone dialing 
telephone in a single IC. The functional blocks of the 
ETC include the DTMF dialer, speech network, tone 
ringer, and dc line interface circuit (Figure 1). The 
MC34010 also provides a microprocessor interface 
port that facilitates automatic dialing features. 

Low voltage operation is a necessity for telephones 
in networks where parallel telephone connections are 
common. An electronic speech network operating in 
parallel with a conventional telephone may receive line 
voltages below 2.5 volts. DTMF dialers operate at sim
ilarly low-line voltages when signaling through battery 
powered station carrier equipment. These low voltage 
requirements have been addressed by realizing the 
MC34010 in a bipolar/12L technology with appropriate 
circuit techniques. The resulting speech and dialer cir
cuits maintain specified performance with instanta
neous input voltage as low as 1.4 volts. 

Line Voltage Regulator 
The dc line interface circuit (Figure 3) determines the 

dc input characteristic of the telephone. At low input 
voltages (less than 3 volts) the ETC draws only the 

FIGURE 3 - DC LINE INTERFACE BLOCK DIAGRAM 
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PIN CONNECTIONS 
Unit 

V Rl TRF 

V 
R2 TRO 
R3 TRI 

V R4 TRS 
V Cl TRC 

V C2 FB 
C3 V+ 

mA 
C4 BP 
DP LR 

V TO LC 

"C MS V-

"C 
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DD RXO 
CL RXI 

CR1 RM 
CR2 STA 
MM TXO 

AGC TXI 

MIC TXL 

FIGURE 2 - MPU INTERFACE CODES 

GJ 0 0 0 r- R1 

~ 0 0 0 r- R2 

CD 0 [}] 0 r- R3 

G 0 0 0 t- R4 

I I I I 
C1 C2 C3 C4 

Keypad 

Row Column Code (83-BOI 

1 1 1111 
1 2 0111 
1 3 1011 
2 1 1101 
2 2 0101 
2 3 1001 
3 1 1110 
3 2 0110 
3 3 1010 
4 2 0100 
1 4 0011 
2 4 0001 
3 4 0010 
4 4 OOpO 
4 1 1100 
4 3 1000 
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GENERAL CIRCUIT DESCRIPTION (continued) 

speech and dialer bias currents through the VR regu
lator. As input voltage increases, Q1 conducts the 
excess dc line current through resistor R4. The 1.5 volt 
level shift prevents saturation of Q2 with telephone line 
signals up to 2.0 volts peak (+ 5.2 dBm). A constant 
current (dummy load) is switched off when the DTMF 
dialer is activated to reduce line current transients. Fig
ure 4 illustrates the dc voltage/current characteristic of 
an MC34010 telephone. 

FIGURE 4 - DC V-I CHARACTERISTIC OF THE ETC 

7.0 

'" 6.0 .: rn 
-0--5:g 5.0 
x
w " 
~~4.0 
~cD :g ~ 3.0 
CD ,9 
:5 0 2.0 

1.0 

10 20 30 40 
Line Current (mAl 

I1V = R4 
111 

Operable 

50 60 120 

Speech Network 
The speech network (Figure 5) provides the two-to

four wire interface between the telephone line and the 
instrument's transmitter and receiver. An electret mi
crophone biased from VR drives the transmit amplifier. 
For very loud talkers, the peak limiter circuit reduces 
the transmit input level to maintain low distortion. The 
transmit amplifier output signal is inverted at the STA 
terminal and driven through an external R-C network to 
control the receiver sidetone level. The switched ac re
sistance at the RM terminal reduces receiver signal 
when dialing and suppresses clicks due to hook or key
pad switch transitions. When transmitting, audio signal 
currents (iTXO and iRXO) flow through the voltage reg
ulator pass transistor (T1) to drive the telephone line. 
This feature has two consequences: 1) In the transmit
ting mode the receiver sidetone current iRXO contrib
utes to the total signal on the line along with iTXO; 
2) The ac impedance of the telephone is determined by 
the receiver impedance and the voltage gain from the 
line to the receiver amplifier output. 

DTMF Dialer 
Keypad interface comparators activate the DTMF row 

and column tone generators (Figure 6) when a row and 
column input are connected through a SPST keypad. 
The keypad interface is designed to function with con
tact resistances up to 1.0 k!l and leakage resistances as 
low as 150 k!l. Single tones may be initiated by de
pressing two keys in the same row or column. 

FIGURE 5 - SPEECH NETWORK BLOCK DIAGRAM 
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The programmable counters employ a novel design 
to produce non-integer frequency ratios. The various 
DTMF tones ani synthesized with frequency division 
errors less than ±0.16% (Table 1). Consequently an in
expensive ceramic resonator can be used instead of a 
quartz crystal as the DTMF frequency reference. Total 

frequency error less than ± 0.8% can be achieved with 
±0.3% ceramic resonator. The row and column D/A 
converters produce 16-step approximations of sinu
soidal waveforms. Feedback through terminal FB re
duces the DTMF output impedance to approximately 
2.0 kG to satisfy return loss specifications. 

FIGURE 6 - DTMF DIALER BLOCK DIAGRAM 
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.-----~~~ I 
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I FB 
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Telephone 
Line 
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500 kHz Ceramic 
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Tone Ringer 
The tone ringer (Figure 7) generates a warbling 

square wave output drive to a piezo sound element 
when the ac line voltage exceeds a predetermined 
threshold level. The threshold detector uses a current 
mode comparator to prevent onloff chatter when the 
output current reduces the voltage available at the 
ringer input. When the average current into the tone 
ringer exceeds the threshold level, the ringer output 
TRO commences driving the piezo transducer. This out
put current sourced from TRI increases the average cur
rent measured by the threshold detector. As a result, 
hysteresis is produced beween the tone ringer on and 
off thresholds. The output frequency at TRO alternates 
between fd8 and foIl 0 at a warble rate of fo/640, where 
fo is the ringer oscillator frequency. 

Microprocessor Interface 
The MPU interface connects the keypad and DTMF 

sections of the ETC to a microprocessor for storing and 
retrieving numbers to be dialed. Figure 8 shows the 
major blocks of the MPU interface section and the in
terconnections between the keypad interface, DTMF 
generator and microprocessor. Each button of a 12 or 
16 number keypad is represented by a four-bit code 
(Figure 2). This four-bit code is used to load the pro
grammable counters to generate the appropriate row 
and column tones. The code is transferred serially to or 
from the microprocessor when the shift register is 

MC34010 
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clocked by the microprocessor. Data is transferred 
through the lID terminal, and the direction of data flow 
is determined by the Data Direction (DD) input terminal. 
In the manual dialing mode, DD is a logic "0" and the 
four-bit code from the keypad is fed to the DTMF gen
erator by the digital multiplexer and also output on the 
lID terminal through the four-bit shift register. The data 
sequence on the lID terminal is B3, B2, Bl, BO and is 
transferred on the negative edge of the clock input (Cl). 
In this mode the shift register load enable circuit cycles 
the register between the load and read modes such that 
multiple read cycles may be run for a single-key closure. 
Six complete clock cycles are required to output data 
from the ETC and reload the register for a second look. 

In the automatic dialing mode, DD is a logic "1" and 
the four-bit code is serially entered in the sequence B3, 
B2, Bl, BO into the four-bit shift register. Thus, only four 
clock cycles are required to transfer a number into the 
ETC. The keypad is disabled in this mode. A logic "1" 
on the Tone Output (TO) will disable tone outputs until 
valid data from the microprocessor is in place. Subse
quently TO is switched to a logic "0" to enable the 
DTMF generator. Figures 9 and 10 show the timing wav
eforms for the manual and automatic dialing modes 
and Table 2 specifies timing limitations. 

The keypad decoder's exclusive OR circuit generates 
the DP and MS output signals. The DP output indicates 
(when at a logic "1 ") that one, and only one, key is 
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depressed, thereby indicating valid data is available to 
the MPU. The DP output can additionally be used to 
initiate a data transfer sequence to the microprocessor. 
The MS output (when ata Logic "1") indicates the DTMF 
generator is enabled and the speech network is muted. 

power the entire circuitry (except Tone Ringer) in the 
absence of voltage at V +. This permits use of the trans
mit and receive amplifiers, keypad interface, and DTMF 
generator for non-typical telephone functions. 

Pin A + is to be connected to a source of 2.5 to 10 
volts (generally from the microprocessor circuit) to en
able the pullup circuits on the microprocessor interface 
outputs (DP, MS, 1/0). Additionally, this voltage will 

See Figure 45 for a typical interconnection to an 
MC6821 PIA (Peripheral Interface Adapter). Connection 
to a port on any other class of microprocessor will be 
similar. 

1 2 

4 5 

7 8 

* 0 

FIGURE 7 - TONE RINGER BLOCK DIAGRAM 
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FIGURE 8 - MICROPROCESSOR INTERFACE BLOCK DIAGRAM 
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FIGURE 9 - OUTPUT DATA CYCLE 

NOTE: TO may be low (Tone generator enabled) if desired. 
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FIGURE 10 - INPUT DATA CYCLE 
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TABLE 1 - FREQUENCY SYNTHESIZER ERRORS 

Row 1 
Row 2 
Row 3 
Row 4 

Column 1 
Column 2 
Column 3 
Column 4 

MC34010 
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DTMF 
Standard 

(Hz) 

697 
770 
852 
941 

1209 
1336 
1477 
1633 

Tone Output 
Frequency with % Deviation 

500 kHz Oscillator from Standard 

696.4 -0.086 
769.2 -0.104 
853.2 +0.141 
939.8 -0.128 

1207.7 -0.108 
1336.9 +0.067 
1479.3 +0.156 
1634.0 +0.061 

Symbol 

fCL 
tH 

tL 

tr,tf 
tDV 

tDPCL 

tDDCL 

tDS 
tDH 
tcLTO 

tTODD 

TABLE 2 - TIMING LIMITATIONS 

Paramater Min Typ Max Unit Ref 

Clock Frequency 0 20 30 kHz 
Clock High Time 15 - - p.s Figs. 

9,10 
Clock Low Time 15 - - p.s Figs. 

9,10 
Clock Rise, Fall Time - - 2.0 p.s 
Clock Transition to - - 10 p.s Fig. 9 

Data Valid 
TIme from DP High 20 - - p.s Fig. 9 

to CL Low 
TIme from DO High 20 - - p.s Fig. 10 

to CL Low 
Data Setup Time 10 - - p.s Fig. 10 
Data Hold Time 10 - - p.s Fig. 10 
Time from CL Low 10 - - p.s Fig. 10 

toTO Low 
Time from TO High 20 - - p.s Fig. 10 

to DO High 
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PIN DESCRIPTION 

(See Figure 45 for external component identifications.) 

PIN PIN 
(PLCC) (DIP) Designation Function 

1-4 1-4 Rl-R4 Keypad inputs for Rows 1 through 4. When open, internal 8.0 kG resistors pull up the row inputs 
to a regulated (~0.5 voltl supply. In normal operation, a row and a column input are connected 
through a SPST switch by the telephone keypad. Row inputs can also be activated by a Logic 
"0" «250 mY) from a microprocessor port. 

7-10 5-8 Cl-C4 Keypad inputs for Columns 1 through 4. When open, internal 8.0 kG resistors pull down the 
column inputs to V -. In normal operation, connecting any column input to any row input 
produces the respective row and column DTMF tones. In addition to being connected to a row 
input, column inputs.can be activated by a Logic "1" (>250 mV and <1.0 volt). 

11 9 DP Depressed Pushbutton (OutputL- Normally low; A Logic "1" indicates one and only one, button 
of the DTMF keypad is depressed. 

12 10 TO Tone Output (Input) When a Logic "1," disables the DTMF generator. Keypad is not disabled. 

13 11 MS Mute/Single Tone (Output) - A Logic "1" indicates the tone generator is enabled. A Logic "0" 
indicates tone generator is disabled. 

14 12 A+ MPU Power Supply (Input) - Enables pullups on the microprocessor section outputs. 
Additionally, this voltage will power the entire circuit (except Tone Ringer) in the absence of 
voltage at V + . 

15 13 I/O Input/Output - Serial Input or Output data (determined by DO input) to or from the 
microprocessor for storing or retrieving telephone numbers. Guaranteed to be a Logic "1" on 
powerup if DO = Logic "0." 

16 14 DO Data Direction (Input) - Determines direction of data flow through I/O pin. As a Logic "1," I/O 
is an input to the DTMF generator. As a Logic "0," I/O outputs keypad entries to the 
microprocessor. 

17 15 CL Clock (Input) - Serially shifts data in or out of I/O pin. Data is transferred on negative edge 
typically at 20 kHz. 

18,19 16,17 CR1, CR2 Ceramic Resonator oscillator input and feedback terminals, respectively. The DTMF dialer is 
intended to operate with a 500 kHz ceramic resonator from which row and column tones are 
synthesized. 

31 28 CAL Amplitude CAlibration terminal for DTMF dialer. Resistor R14 from the CAL pin to V- controls 
the DTMF output signal level at Tip and Ring. 

38 35 FB FeedBack terminal for DTMF output. Capacitor C14 connected from FB to V + provides ac 
feedback to reduce the output impedance to Tip and Ring when tone dialing. 

32 29 VR Voltage Regulator output terminal. VR is the output of a 1.1 volt voltage regulator which supplies 
power to the speech network amplifiers and DTMF generator during signaling. To improve 
regulator efficiency at low line current conditions, an external PNP pass·transistor T1 is used in 
the regulator circuit. Capacitor C9 frequency compensates the VR regulator to prevent oscillation. 

36 33 BP Base of a PNP Pass-transistor. Under long-loop conditions where low line voltages would cause 
VR to fall below 1.1 volts, BP drives the PNP transistor Tl into saturation, thereby minimizing 
the voltage drop across the pass transistor. At line voltages which maintain VR above 1.1 volts, 
BP biases Tl in the linear region thereby regulating the VR voltage. Transistor Tl also couples 
the ac speech signals from the transmit amplifier to Tip and Ring at V+. 

37 34 V+ The more positive input to the regulator, speech, and DTMF sections connected to Tip and Ring 
through the polarity guard diode bridge. 

33 30 V- The dc common (more negative input) connected to Tip and Ring through the polarity guard 
bridge. 

35 32 LR DC Load Resistor. Resistor R4 from LR to V - determines the dc input resistance at Tip and Ring. 
This resistor is external not only to enable programming the dc resistance but also to avoid 
high on-chip power dissipation with short telephone lines. It acts as a shunt load conducting 
the excess dc line current. At low line voltages «3.0 volts), no current flows through LR. 

34 31 LC DC Load Capacitor. Capacitor Cll from LC to V - forms a low-pass filter which prevents the 
resistor at LR from loading ac speech and DTMF signals. 

22 20 MIC MICrophone negative supply terminal. The dc current from the electret microphone is returned 
to V - through the MIC terminal which is connected to the collector of an on-chip NPN transistor. 
The base of this transistor is controlled either internally by the mute signal from the DTMF 
generator, or externally by the logic input pin MM. 

(continued) 
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PIN PIN 
(PLCC) (DIP) 

20 18 

25 22 

24 21 

26 23 

21 19 

30 27 

29 26 

28 25 

27 24 

41 37 

42 38 

44 40 

40 36 

43 39 
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Designation 

MM 

TXI 

TXL 

TXO 

AGC 

RXO 

RXI 

RM 

STA 

TRS 

TRI 

TRF 

TRC 

TRO 

PIN DESCRIPTION (continued) 

Function 

Microphone Mute. The MM pin provides a means to mute the microphone in response to a 
digital control signal. When this pin is connected to a Logic "1" (>2.0 V) the microphone dc 
return path through the MIC terminal is disabled. 

Transmit amplifier Input. TXI is the input to the transmit amplifier from an electret microphone. 
AC coupling capacitors allow the dc offset atTXI to be maintained approximately 0.6 V above 
V - by feedback through resistor Rll from TXO. 

Transmit Input Limiter. An internal variable resistance element at the TXL terminal controls the 
transmitter input level to prevent clipping with high signal levels. Coupling capacitors C4 and 
C5 prevent dc current flow through TXL. The dynamic range of the transmit peak limiter is 
controlled by resistors R12 and R13. 

Transmit Amplifier Output. The transmit amplifier output drives ac current through the voltage 
regulator pass-transistor Tl via resistor Rl0. The dc bias voltage at TXO is typically 0.6 volts 
above V-. The transmit amplifier gain is controlled by the Rll/(R12 + R13) ratio. 

Automatic Gain Control low-pass filter terminal. Capacitor C3 connected between AGC and VR 
sets the attack and decay time of the transmit limiter circuit. This capacitor also aids in reducing 
clicks in the receiver due to hook-switch transients and DTMF onloff transients. In conjunction 
with internal resistors. C3 (1.0 I'FI forms a timer which mutes the receiver amplifier for 
approximately 20 milliseconds after the user goes off-hook or releases a DTMF Key. 

Receiver Amplifier Output. This terminal is connected to the open-collector NPN outputtransistor 
of the receiver amplifier. DC bias current for the output device is sourced through the receiver 
from VR. The bias voltage at RXO is typically 0.6 volts above the V -. Capacitor Cl0 from RXO 
to VR provides frequency compensation for the receiver amplifier. 

Receiver Amplifier Input. RXI is the input terminal of the receiver amplifier which is driven by 
ac signals from V + and STA. Input coupling capacitor C8 allows RXI to be biased approximately 
0.6 volts above the V-via feedback resistor R6. 

Receiver Amplifier Mute. A switched resistance at the RM terminal attenuates the receiver 
amplifier input signal produced by DTMF dialing tones at V +. RM also mutes clicks atthe receiver 
which result from keypad or hook switch transitions. The ac resistance at RM is typically 540 n 
in the mute mode and 200 kO otherwise. Coupling capacitors C7 and C8 prevent dc current flow 
through RM. 

SideTone Amplifier output. STA is the output of the sidetone inverter amplifier whose input is 
driven by the transmit signal at TXO. The inverted transmit signal from STA subtracts from the 
receiver amplifier input current from V +, thus reducing the receiver sidetone level. Since the 
transmitted signal at V + is phase shifted with respect to TXO by the reactive impedance of the 
phone line, the signal from STA must be similarly phase-shifted in order to provide adequate 
sidetone reduction. This phase relationship between the transmit signal at TXO and the sidetone 
cancellation signal from STA is controlled by R8, R9, and C6. 

Tone Ringer Input Sense. TRS is the most positive input terminal of the tone ringer and the 
reference for the threshold detector. 

Tone Ringer Input terminal. TRI is the positive supply voltage terminal for tone ringer circuitry. 
Current is supplied to TRI through resistor R2. When the average voltage across R2 exceeds an 
internal reference voltage (typically 1.6 volts) the tone ringer output is enabled. 

Tone Ringer Input Filter capacitor terminal. Capacitor C16 connected from TRF to TRS forms a 
low-pass filter. This filter averages the signal across resistor R2 and presents this dc voltage to 
the input of the threshold detector. Line voltage transients are rejected if the duration is 
insufficient to charge C16 to 1.6 volts. 

Tone Ringer oscillator Capacitor and resistor terminal. The relaxation oscillator frequency fo is 
set br resistor R3 and capacitor C13 connected from TRC to V-. Typically, fo = (R3C13 + 8.0 
I's)- . 

Tone Ringer Output terminal. The frequency of the square wave output signal at TRO alternates 
from f0l8 to foll0 at a warble rate of fol640. Typical output frequencies are 1000 Hz and 800 Hz 
with a 12.5 Hz warble rate. TRO sources or sinks up to 20 mA to produce an output voltage 
swing of 18 volts peak-to-peak across the piezo transducer. Tone ringer volume control can be 
implemented by a variable resistor in series with the piezo transducer. 
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ELECTRICAL CHARACTERISTICS (T A = 25°C) 

KEYPAD INTERFACE CIRCUIT 

Characteristic 

Row Input Pullup Resistance 
mth Row Terminal: m = 1,2,3,4 

Column Input Pulldown Resistance 
nth Column Terminal: n = 1,2,3,4 

Ratio of Row-to-Column Input Resistances 

Km,n = RRm, m = 1,2,3,4 
RCn n = 1,2,3,4 

Row Terminal Open Circuit Voltage 

Row Threshold Voltage for mth 
Row Terminal: m = 1,2,3,4 

Column Threshold Voltage for nth 
Column Terminal: n = 1,2,3,4 

MICROPROCESSOR INTERFACE 

Voltage Regulator Output 
A + Regulator 

A + Input Current Off-Hook 

A + Input Current On-Hook 

Input Resistance 100, TO, CL) 

Input Current 11/0) 

Input High Voltage 100, TO, CL, 1/0) 

Input Low Voltage 100, TO, CL, 1/0) 

Output High Voltage IMS, OP, 1/0) 

Output Low Voltage IMS, OP, 1/0) 

LINE VOLTAGE REGULATOR 

Voltage Regulator Output 

V + Current in OTMF Mode 

Change in lOT with Change in V + Voltage 

V + Current in Speech Mode 
V+=1.7V 
V+ = 5.0 V 

Speech to OTMF Mode Current Oifference 

LR Level Shift 
V+ = 5.0 V, ILR = 10 mA 
V+ = 18V,ILR = 110mA 

LC Terminal Resistance 

Load Regulation 
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Test 
Method Symbol 

7 RRm 

8 RCn 

7&8 Km,n 

7a VROC 

9 VRm 

10 VCn 

29 VR/A+ 

28a IAloff) 

28b IAlon) 

30 Rin 

31 lin 

- VIH 

- VIL 

32 VOH 

33 VOL 

la VR 

2a lOT 

2b alOT 

ISp 
lb 
lc 

3 alTA 

aVLR 
4a 
4b 

5 RLC 

6 aVR 

Min Typ 

4.0 8.0 

4.0 8.0 

0.88 1.0 

280 380 

0.70 VROC -

- -

0.95 1.1 

300 500 

4.0 6.0 

50 100 

- 80 

2.0 -
- -
2.4 4.0 

- 0.1 

1.0 1.1 

8.0 12 

- 0.8 

3.5 5.0 
8.0 11 

-2.0 2.0 

2.5 2.9 
2.8 3.3 

30 50 

-20 -6.0 

Max 

11 

11 

1.12 

500 

-

0.39 VROC 

1.3 

700 

9.0 

150 

200 

A+ 

0.8 

-
0.4 

1.2 

14 

2.0 

7.0 
15 

3.5 

3.5 
4.0 

75 

20 

Unit 

kO 

kO 

-

mVdc 

Vdc 

Vdc 

V 

I"A 

mA 

kO 

I"A 

V 

V 

V 

V 

Volts 

mA 

mA 

mA 

mA 

Vdc 

kO 

mVdc 
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ELECTRICAL CHARACTERISTICS (continued) 

SPEECH NETWORK 

Characteristic 

MIC Terminal Saturation Voltage 

MIC Terminal Leakage Current 

MM Terminal Input Resistance 

TXO Terminal Bias 

TXI Terminal Input Bias Current 

TXO Terminal Positive Swing 

TXO Terminal Negative Swing 

Transmit Amplifier Closed-Loop Gain 

Sidetone Amplifier Gain 

STA Terminal Output Current 

RXO Terminal Bias 

RXI Terminal Input Bias Current 

RXO Terminal Positive Swing 

RXO Terminal Negative Swing 

TXL Terminal OFF Resistance 

TXL Terminal ON Resistance 

RM Terminal OFF Resistance 

RM Terminal ON Resistance 

DTMF GENERATOR 

Row Tone Frequency Row 1 
Row 2 
Row 3 
Row 4 

Column Tone Frequency Column 1 

Row Tone Amplitude 

Column Tone Amplitude 

Column Tone Pre-emphasis 

DTMF Distortion 

. DTMF Output Resistance 

MC34010 
2-322 

Column 2 
Column 3 
Column 4 

Test 
Method Symbol 

20 VMIC 

21a IMIC 

21b RMM 

22a BTXO 

22b ITXI 

22c VTXOI+) 

22d VTXOI-) 

23a GTX 

23b GSTA 

24 ISTA 

25a BRXO 

25b IRXI 

25c VRXOI+) 

25d VRXOI-) 

26a RTXLIOFF) 

26b RTXLION) 

27a RRMIOFF) 

27b RRMION) 

11a,11b fRm 

11c, 11d fCn 

11e VRow 

11f VCol 

11g dBCR 

12 0/0 Dis 

13 Ro 

Min Typ Max Unit 

- 60 125 mVdc 

- 0.0 12.0 pA 

50 100 170 leO 

0.46 0.53 0.62 -
- 50 250 nA 

- 25 60 mVdc 

- 130 200 mVdc 

16.5 19 20 VN 

0.41 0.45 0.55 VN 

50 100 250 pA 

0.46 0.62 0.62 -
- 100 400 nA 

- 1.0 20 mVdc 

- 40 100 mVdc 

125 200 300 kO 

- 20 100 0 

125 180 300 kO 

410 570 770 0 

692.9 696.4 699.9 Hz 
765.3 769.2 773.0 
848.9 853.2 857.5 
935.1 939.8 944.5 

1201.6 1207.7 1213.7 Hz 
1330.2 1336.9 1343.6 
1471.9 1479.3 1486.7 
1625.2 1633.4 1641.5 

0.34 0.39 0.50 Vrms 

0.43 0.48 0.62 Vrms 

0.5 1.8 3.0 dB 

- 4.0 6.0 0/0 

1.0 2.5 3.0 kO 
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ELECTRICAL CHARACTERISTICS (continued) 

TONE RINGER 

Test 
Characteristic Method Symbol Min 

TRI Terminal Voltage 14 VTRI 20 

TRS Terminal Input Current ITRS 
VTRS = 24 volts 15a 70 
VTRS = 30 volts 15b 0.4 

TRF Threshold Voltage 16a VTRF 1.2 

TRF Threshold Hysteresis 16b ilVTRF 100 

TRF Filter Resistance 17 RTRF 30 

High Tone Frequency 18 fH 920 

Low Tone Frequency 18 fL 736 

Warble Frequency 18 tw 11.5 

Tone Ringer Output Voltage 19 Vo(p-p) 18 

FIGURE 11 - GENERAL TEST CIRCUIT 

R1 TRF 
40 

2 
R2 TRO 

39 

3 
R3 TRI 

38 

4 
R4 TRS 

37 

5 C1 TRC 
36 

6 
C2 FB 35 

7 
C3 V+ 

34 

8 
C4 BP 

33 

9 
DP 

D.U.T. 
LR 

32 

10 
TO 

31 
LC 

11 
MS V-

30 

12 
A+ VR 

13 
110 CAL 

14 
DD RXO 

15 a: RXI 

16 25 2.0 k 
CR1 RM 

100 PFr *= 17 24 
CR2 STA 

1100 pF 18 
MM TXO 

23 

19 22 200 k 
AGC TXI 

20 21 
10 k 

MIC TXL 
Notes: 
1. *Selected ceramic resonator: 500 kHz:::!: 2.0 kHz. 
2. Capacitances in I-LF unless noted. 
3. All resistances in ohms. 
4. Pin outs shown are for the 40 pin DIP. 
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Typ 

21.5 

120 
0.8 

1.6 

200 

50 

1000 

800 

12.5 

20 

+ 

TXAC 

10
.
01 

Max 

23 

170 
1.5 

1.9 

400 

75 

1080 

864 

13.5 

22 

Unit 

Vdc 

pA 
mA 

Vdc 

mVdc 

kil 
Hz 

Hz 

Hz 

Vp-p 
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FIGURE 12 - TEST ONE 

34 ISp 

General 
Test 

Circuit 
29 

1----4.():J VR 

a. Measure VR with Vs = 1.7 V 

b. Measure ISp with Vs = 1.7 V 

c. Measure ISp with Vs = 5.0 V 

S1 

FIGURE 14 - TEST THREE 

General 
Test 

Circuit 

34 

600 n + 

With 51 open measure ITR. Close S1 and again measure 
ITR. Calculate: 

~ITR = ITR 1- ITRI 
S1 S1 

MC34010 
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Closed Open 

FIGURE 13 - TEST TWO 

5 

+ General 
Test 

Circuit 

34 

600 n 

a. Measure lOT with Vs = 11.5 V 

+ l Vs 

b. Measure lOT with Vs = 26 V. Calculate 
~IOT = lOT I - lOTI 

26 V 11.5 V 

FIGURE 15 - TEST FOUR 

General 
Test 

Circuit 

34 

8. Set Vs = 5.0 V and ILR = 10 mAo Measure VLR. 
Calculate ~VLR = Vs ~ VLR 

b. Repeat Test 4a with Vs = 18 V and ILR = 110 mA 

MOTOROLA COMMUNICATIONS DEVICE DATA 



FIGURE 16 - TEST FIVE 

General 
Test 

Circuit 

With S1 open measure VLC. 
Close S1 and measure ILC. 
Calculate: 

5.0 - VLC 
RLC = -"-IL-C-

FIGURE 18 - TEST SEVEN 

34 
2 

5.0 V 

+ ( 3 
l5.0V 

IRm 4 
General 

Test -
Circuit 

-

Subscript m corresponds to row number. 

a. Set S1 to Terminal 2 and measure voltage at Terminal 1 
(VROc)· 

b. Set S1 to Terminal 1 (m = 1) and measure IR1. Calculate: 

RR1 = VROC + IR1 

c,d,e. Repeat Test 7b for m = 2,3,4. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

FIGURE 17 - TEST SIX 

34 

General 
Test 

Circuit 

Set IBP = 0.0 pA and measure VR. 

Set IBP = 150 pA and measure VR. Calculate: 

~VR=VRI- VRI 
0.0 pA 150 pA 

FIGURE 19 - TEST EIGHT 

S1 
34 

5 

~ 
+ 

6 
l5.0V 

7 General 
Test 

~.OV 8 Circuit 

-

Subscript n corresponds to column number. 

a. Set S1 to Terminal 5 (n = 1) and measure IC1. Calculate: 

RC1 = 1.0V + IC1 

b,c,d. Repeat Test 8a for n = 2,3,4. 

MC34010 
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FIGURE 20 - TEST NINE 

20 

General 
Test 

Circuit 

10 k 

34 

29 

m corresponds to row number. 

+ 

a. Set 51 to Terminal 1 (m = 1) with Vl = 1.0 Vdc. Verify 
VMIC is Low (VMIC < 0.3 Vdc). Decrease Vl to 0.70 VROC 
and verify VMIC switches high. (VMIC > 0.5 Vdc). VROC 
is obtained from Test 7a. 

b,c,d. Repeat Test ,9a for rows 2,3, and 4. (m = 2,3,4) 

FIGURE 21 - TEST TEN 

General 
Test 

Circuit 

34 

29 

n corresponds to column number. 

+ 

a. Set Sl to Terminal 5 (n = 1) with Vl = 0 Vdc. Verify 
VMIC is low (VMIC < 0.3 Vdc). Increase Vl to 0.39 VROC 
and verify VMIC switches high, (VMIC > 0.5 Vdc). VROC 
is obtained from Test 7a. 

b,c,d. Repeat Test lOa for columns 2,3, and 4. (n = 2,3,4) 

FIGURE 22 - TEST ELEVEN 

MC34010 
2-326 

General 
Test 

Circuit 

34 

m corresponds to row number. 

600 n 

n corresponds to column number. 

+ a. With V, = 0.0 V set Sl to Terminal' (m = ') and 
measure frequency of tone at V +. 

b. Repeat Test "a for rows 2,3 and 4. (m = 2,3,4). 

c. With V, = 1.0 V set S, to Terminal 5. (n = 1) and 
measure frequency of tone at V +. 

d. Repeat Test for columns 2,3, and 4. (n = 2,3,4). 

e. Set Sl to Terminal 4 and V, = 0.0 V. Measure row tone 
amplitude at V+ (VROW). 

f. Set S, to Terminal Band Vl = 1.0 V. Measure column 
tone amplitude at V +. (VcoL!. 

g. Using results of Tests 'le and l1f, calculate: 
VCOL 

dBCR = 20 1091O VROW 

MOTOROLA COMMUNICATIONS DEVICE DATA 



FIGURE 23 - TEST TWELVE 

4.-------. 
.-----'-j 34 600 n 

5 r-~e-~vv--~ 

General .r.OV Test 
Circuit 

'0 kHz Single 
Pole LPF 

Note: The notch filters must have 50 dB attenuation at their 
respective center frequencies. 

Measure V + and V, with a true rms voltmeter. Calculate: 
V,(rms) 

% DIS = V+(rms) x '00 

FIGURE 25 - TEST FOURTEEN 

,...----....,38 
~~.-............ VTRI 
37 

General 
Test 

Circuit 

Set I = '.0 mA and measure VTRI. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

V, 

FIGURE 24 - TEST THIRTEEN 

5 

-.r.0 V 

'6 

General 
Test 

Circuit 

35 

34 
IS 

Measure IS at V, = '.8 V and V, = 2.8 V. 

Calculate: 

Ro = '.0 V +[151 - IS\ ] 
2.8 V '.8 V 

FIGURE 26 - TEST FIFTEEN 

.--------. 38 
r----------. 
37 

+ General 
Test 

Circuit 
l20V 

a. Measure ITRS with V, = 24 V. 

b. Measure ITRS with V, = 30 V. 

MC34010 
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FIGURE 27 - TEST SIXTEEN 

r--""""'---'39 
t----OVTRO 

General 
Test 

Circuit 

38 

37 

a. Increase VI from 21 V until VTRO switches on. Note that 
VTRO will be an 16 Vpp square wave. Record this value 
of VI. Calculate: 

VTRF = VI - 20 V 

b. Decrease VI from its setting in Test 16a until VTRO 
ceases switching. Record this value of VI. Calculate: 

IlVTRF = V11- VII 
Test Test 
16a 16b 

FIGURE 28 - TEST SEVENTEEN 

r-----..., 40 ITRF 

General 
Test 

Circuit 

1--1--..... :......., 

38 

Measure ITRF. Calculate: RTRF = 1.0 + ITRF. 

FIGURE 29 - TEST EIGHTEEN 

....... ---'39 
1-------'-....., 

General 
Test 

Circuit 

5.1 k 

38 

37 

VDD 

Measure the frequencies two fH. fl. 

MC34010 
2-328 

+ 

~OV 

39 k 

10 k 

0.01 /LF 

VDD 

VDD 

110 k 

1 16 
2 15 1--+---1--' 

1-----.... --1 3 14 I--+-~I---I 
r--------+---l4 IC2 13 

5 12 1--1---, 
r-------16 11 

7 101----+---~e_~O) 

8 9 

ICI - MC14011B 
IC2 - MC14538B 
VDD = 12 V 
TI-2N3904 

MOTOROLA COMMUNICATIONS DEVICE DATA 



+ 

FIGURE 30 - TEST NINETEEN 

r-------, 39 
I------{) VTRO 

General 
Test 

Circuit 

38 

37 

Measure VTRO peak-to-peak voltage swing. 
Using VTRI from Test 14 Calculate: 

Vo(p-p) = VTRI - 20 V + VTRO 

FIGURE 32 - TEST TWENTY-ONE 

IMM 18 

20 

General 
Test 

Circuit 

34 

a. Set V1 = 2.0 V and measure IMIC. 

b. Set V1 = 5.0 V and measure IMM. 
Calculate: RMM = 5.0 V + IMM 

MOTOROLA COMMUNICATIONS DEVICE DATA 

FIGURE 31 - TEST TWENTY 

General 
Test 

Circuit 

Measure VMIC 

34 

15.0V 

FIGURE 33 - TEST TWENTY-TWO 

34 

23 VTXO + 

General 22 ..I.5.0V 

Test VTXI -
Circuit 

~s, 
+ I 
-

a. With S1 open, measure VTXO. Using VR obtained in Test 
1 Calculate: BTXO = VTXO + VR 

b. With S1 open, measure VTXO and VTXI. Calculate: 
ITXI = (VTXO - VTxll + 200 kG 

c. Close 51 and set I = -10 pA. Measure VTXO. Calculate: 
VTXO( +) = VR - VTXO where VR is obtained from 
Test 1. 

d. Close 51 and set I = + 10 pA. Measure VTXO. 
VTXO( -) = VTXO· 

MC34010 
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FIGURE 34 - TEST TWENTY-THREE 

r----.34 
r"------, 

General 
Test 

Circuit 

24 

23 VTX£I..5.0 V 

vi -.." 

TXAC 2'0:F~f = 1.0 kHz 

'------' J.... 

a. Set the generator for vi = 3.0 mV rms. Measure ac 
voltage VTXO. Calculate: 

GTX=~ 
vi 

b. Measure ac voltage VSTA. Using VTXO from Test 23a 
calculate: 

G -~ 
STA - VTXO 

FIGURE 36 - TEST TWENTY-FIVE 

r-----,34 
r"------, 

+ 

X·OV 

General 27 -
Test VRXO 

Circuit 26 
VRXI 

a. With Sl open, measure VRXO. Using VR obtained in Test 
1, calculate: BRXO = VRXO .,. VR· 

b. With Sl open, measure VRXO and VRXI. Calculate: 
IRXI = (VRXO - VRX1) .,. 100 kO 

c. Close Sl and set 1= -10 pA. Measure VRXO. Using VR 
obtained in Test 1, calculate: VRXO (+) = VR - VRXO. 

d. Close Sl and set 1= +10 pA and measure VRXO. 
VRXO( -) = VRXO· 

MC34010 
2~30 

FIGURE 35 - TEST TWENTY-FOUR 

r-----.34 
1-=------, 

General 
Test 

Circuit 24 

Measure ISTA. 

+ 

ISTA 

+ 
~.3V 

FIGURE 37 - TEST TWENTY-SIX 

.------,34 
1-'------,+ 

General 
Test 

Circuit 

,.r:;.o V 

ITXL 

Sl + 

~ ~ :::~~ 
1.0Vrms "'" Ii 
1.0 kHz .J..... 

a. Set Sl to position A with S2 open. Measure ITXL. 
Calculate: RTXL (OFF) = 0.4 V .,. ITXL. 

b. Set Sl to position B and close S2' Measure ac voltages vi 
and VTXL. Calculate: 

RTXL (ON) = ~V x 5.1 kO 
vi- TXL 
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FIGURE 38 - TEST TWENTY-SEVEN 

,...-----.34 
1-------. + 

General 
Test 

Circuit 

.I:.OV 

IRM S1n 
25 A r.4V 

t I:o~ 
VRM~ 

1.0 kHz 

~ 2'OJLF~~ 
1.0 Vrms ........ ~Vi 

a. With S2 open and S1 in position 
A measure IRM. 

Calculate: RRM(OFF)=0.4 V.;. IRM 

b. Close S2 and switch S1 to position B. Measure ac 
voltages Vi and VRM. 
Calculate: V 
RRM(ON) = ~vM x 10 kfl 

vi - RM 

FIGURE 40 - TEST TWENTY-NINE 

34 

12 

+ General lO.6V 

2.4~ 
Test -Circuit 29 

- VRiA+ 

Measure VRiA+ 

MOTOROLA COMMUNICATIONS DEVICE DATA 

+ 

FIGURE 39 - TEST TWENTY-EIGHT 

IA 
-12 

+ 

-.1.:.0 V 
General 

Test 
Circuit 

34 

a. Set V + = 1.4 V. Measure IA(OFF) 

b. Set V + = 0.6 V. Measure IA(ON) 

FIGURE 41 - TEST THIRTY 

12.----' 
r-----~ 34 

10 

14 
General 

15 Test 
Circuit 

Measure lin at each of three inputs. For each, calculate: 
Rin = 5.0 Vilin 

MC34010 
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FIGURE 42 - TEST THIRTY-ONE 

12.-----. 
r---I=-in---i 

34 

General 
+ Test 

5.0 V..I. ..li8:ill:0 V Circuit 

Measure lin. 

a. 

b. 

c. 

FIGURE 43 - TEST THIRTY-TWO 

+ 48 k 

5.0Vl 

48 k 48 k 

12 

9 

11 

13 
General 

Test 
Circuit 

34 

FIGURE 44 - TEST THIRTY-THREE 

34 

General 
~ 11 Test 

13 Circuit l5.0V 

r 7' 

14 

15 15tv .IL 0.8 V 
VI/Ol _It I--

-=- ~ 7 
t ;;. 20 J.Ls 

a. 5et VOO to 0.8Y Measure VOL voltages at Pins 9 and 11. 

b. Close 51. Force Vila to 0.8 V and VOO to 2.0 V. Apply 
4 clock pulses to Pin 15. Open 51 and decrease VOO to 
0.8 V. Measure VOL at Pin 13. 

APPLICATIONS INFORMATION 

Figure 45 specifies a typical application circuit for the 
MC34010. Complete listings of external components are 
provided at the end of this section along with nominal 
component values. 

The hook switch and polarity guard bridge configu
ration in Figure 45 is on"l of several options. If two 
bridges are used, one for the tone ringer and the other 
for speech and dialer circuits, then the hook switch can 
be simplified. Component values should be varied to 
optimize telephone performance parameters for each 

MC34010 
2-332 

application. The relationships between the application 
circuit components and certain telephone parameters 
are briefly described in the following: 

On-Hook Input Impedance 
Rl, C17, and Z3 are the significant components for 

on-hook impedance. C17 dominates at low frequencies, 
Rl at high frequencies and Z3 provides the non-linearity 
required for 2.5 V and 10 V impedance signature tests. 
C17 must generally be';; 1.0 J.LF to satisfy 5.0 Hz imped
ance specifications. 

MOTOROLA COMMUNICATIONS DEVICE DATA 



Tone Ringer Output Frequencies 
R3 and C13 control the frequency (fo) of a relaxation 

oscillator. Typically fo = (R3C13 + S.O ,us)-l. The out
put tone frequencies are fo/l 0 and fo/a. The warble rate 
is fo/640. The tone ringer will operate with fo from 1.0 
kHz to 10 kHz. R3 should be limited to values between 
150 k and 300 k. 

Tone Ringer Input Threshold 
After Rl, C17, and Z3 are chosen to satisfy on-hook 

impedance specifications, R2 is chosen for the desired 
ring start threshold. Increasing R2 reduces the ac input 
voltage required to activate the tone ringer output. R2 
should be limited to values between O.S k and 2.0 kn. 

Off-Hook DC Resistance 
R4 conducts the dc line current in excess ofthe speech 

and dialer bias current. Increasing R4 increases the 
input resistance ofthe telephone for line currents above 
10 mAo R4 should be selected between 30 nand 120 n. 

Off-Hook AC Impedance 
The ac input impedance is equal to the receive ampli

fier load impedance (at RXO) divided by the receive 
amplifier gain (voltage gain from V + to RXO). Increas
ing the impedance of the receiver increases the imped
ance ofthetelephone.lncreasing the gain ofthe receiver 
amplifier decreases the impedance of the telephone. 

DTMF Output Amplitude 
R14 controls the amplitude of the row and column 

DTMF tones. Decreasing R14 increases the level oftones 
generated at V +. The ratio of the row and column tone 
amplitudes is internally fixed. R14 should be greater 
than 20 n to avoid excessive current in the DTMF output 
amplifier. 

Transmit Output level 
Rl0 controls the maximum signal amplitude pro

duced at V + by the transmit amplifier. Decreasing Rl0 
increases the transmit output signal at V +. Rl0 should 
be greater than 220 n to limit current in the transmit 
amplifier output. 

Transmit Gain 
The gain from the microphone to the telephone line 

varies directly with Rll. Increasing Rll increases the 
signal applied to Rl0 and the ac current driven through 
Rl0 to the telephone line. The closed loop-gain from 
the microphone to the TXO terminal should be greater 
than 10 to prevent transmit amplifier oscillations. 

Note: Adjustments to transmit level and gain are com-
plicated by the addition of receiver sidetone cur
rent to the transmit amplifier output current at 
V +. Normally the sidetone current from the 
receiver will increase the transmit signal (if the 
current in the receiver is in phase with that in 
Rl0). Thus the transmit gain and sidetone levels 
cannot be adjusted independently. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Receiver Gain 
Feedback resistor R6 adjusts the gain at the receiver 

amplifier. Increasing R6 increases the receiver amplifier 
gain. 

Sidetone level 
Sidetone reduction is achieved by the cancellation of 

receiver amplifier input signals from R9 and R5. RS, R15, 
and C6 determine the phase of the sidetone balance 
signal in R9. The ac voltage at the junction of RS and 
R9 should be lS0' out of phase with the voltage at V +. 
R9 is selected such that the signal current in R9 is 
slightly greater than that in R5. This insures that the 
sidetone current in the receiver adds to the transmit 
amplifier output current. 

Hook-Switch Click Suppression 
When the telephone is switched to the off-hook con

dition C3 charges from 0 volts to a 300 mV bias voltage. 
During this time interval, receiver clicks are suppressed 
by a low impedance at the RM terminal. If this click 
suppression mechanism is desired during a rapid 
succession of hook switch transitions, then C3 must be 
quickly discharged when the telephone is on-hook, R 16 
and 53 provide a rapid discharge path for C3 to reset 
the click suppression timer. R16 is selected to limit the 
discharge current in 53 to prevent damage to switch 
contacts. 

Microprocessor Interface 
The six microprocessor interface lines (DP, TO, M5, 

DD, I/O, and Cl) can be connected directly to a port, as 
shown in Figure 47. The DP line (Depressed Pushbutton) 
is also connected to an interrupt line to signal the micro
processor to begin a read data sequence when storing 
a number into memory. The MC34010A clock speed 
requirement is slow enough (typically 20 kHz) so that it 
is not necessary to divide down the processor's system 
clock, but rather a port output can be toggled. This facil
itates synchronizing the clock and data transfer, elimi
nating the need for hardware to generate the clock. 

The DD pin must be maintained'at a logic "0" when 
the microprocessor section is not in use, so as to permit 
normal operation of the keypad. 

When the microprocessor interface section is not in 
use, the supply voltage at Pin 12 (A+) may be discon
nected to conserve power. Normally the speech cir
cuitry is powered by the voltage supplied at the V + 
terminal (Pin 34) from the telephone lines. During this 
time, A+ powers only the active pullups on the three 
microprocessor outputs (DP, MS, and I/O). When the 
telephone is "on-hook," and V + falls below 0.6 volts, 
power is then supplied to the telephone speech and 
dialer circuitry from A+. Powering the circuit from the 
A+ pin permits communication with a microprocessor, 
and/or use ofthe transmit and receiver amplifiers, while 
the telephone is "on-hook." 

MC34010 
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FIGURE 45 - ELECTRONIC TELEPHONE APPLICATION CIRCUIT 

S1 

E~TIP 40 
Z3 R1 TRF 
,~ C17 R1 2 R2 

39 
TRO 

3 38 
R3 TRI 

4 37 
R4 TRS 

o RING 5 36 
C1 TRC 

6 35 
C2 FB 

7 34 
C3 V+ 

R 33 
C4 BP 

32 
DP LR 

MC34010 31 
TO LC 

30 
MS V-

29 '''' A+ VR 
R14 -L (;9.J.,t I ., fI..1 ,, ___ , .. __ ~R5 13 28 

I/O CAL 
14 27 

DD RXO 
S1, S2 controlled 15 

C[ RXI by hook switch; Illustrated 16 3d in "on-hook" CR1 RM R9 
condition. 17 24 R8 ••• AA CR2 STA 

MM TXO 

AGC TXI 

MIC TXL 
,-" 

~~ n Electret Microphone 
C3 

~~ 

R16 

'RX used with 2-Terminal mike only. 



Nominal 
Capacitors Value 

Cl, C2 100 pF 

C3 1.0 /LF, 3.0 V 

C4,C5 O.l/LF 

C6 0.05/LF 

C7,CB 0.05/LF 

C9 2.2 /LI'; 3.0 V 

Cl0 O.Ol/LF 

Cll O.l/LF 

C12 0.Q1 /LF 

C13 620 pF 

C14 0.1 /LF 

C15 4.7 /LF, 25 V 

C16 1.0 /LI'; 10V 

C17 1.0 /LF, 250 Vac 
Non-polarized 

Nominal 
Resistors Value 

Rl 6.B k 

R2 1.B k 

R3 200 k 

R4 B2,l.0W 

R5,R7 150 k, 56 k 

R6 200 k 

RB,R9 1.5k,30k 

Rl0 270 

Rll 200 k 

R12, R13 4.7 k, 4.7 k 

R14 36 

R15 2.0 k 

R16 100 

RX 3.0 k 

EXTERNAL COMPONENTS 
(Component Labels Referenced to Figure 45) 

Description 

Ceramic Resonator oscillator capacitors. 

Transmit limiter low-pass filter capacitor: controls attack and decay time of transmit peak limiter. 

Transmit amplifier input capacitors: prevent dc current flow into TXL pin and attenuate low-frequency 
noise on microphone lead. 

Sidetone network capacitor: provides phase-shift in sidetone path to match that caused by telephone 
line reactance. 

Receiver amplifier input capacitors: prevent dc current flow into RM terminal and attenuates low frequency 
noise on the telephone line. 

VR regulator capacitor: frequency compensates the VR regulator to prevent oscillation. 

Receiver amplifier output capacitor: frequency compensates the receiver amplifier to prevent oscillation. 

DC load filter capacitor: prevents the dc load circuit from attenuating ac signals on V + . 
Telephone line bypass capacitor: terminates telephone line for high frequency signals and prevents 
oscillation in the VR regulator. 

Tone ringer oscillator capacitor: determines clock frequency for tone and warble frequency synthesizers. 

DTMF output feedback capacitor: ac couples feedback around the DTMF output amplifier which reduces 
output impedance. 

Tone ringer input capacitor: filters the rectified tone ringer input signal to smooth the supply potential 
for oscillator and output buffer. 

Tone ringer filter capacitor: integrates the voltage from current sense resistor R2 at the input of the 
threshold detector. 

Tone ringer line capacitor: ac couples the tone ringer to the telephone line; partially controls the on-
hook input impedance of telephone. 

Description 

Tone ringer input resistor: limits current into the tone ringer from transients on the telephone line and 
partially controls the on-hook impedance of the telephone. 

Tone ringer current sense resistor: produces a voltage at the input of the threshold detector in proportion 
to the tone ringer input current. 

Tone ringer oscillator resistor: determines the clock frequency for tone and warble frequency synthesizers. 

DC load resistor: conducts all dc line current in excess of the current required for speech or dialing 
circuits; controls the off-hook dc resistance of the telephone. 

Receiver amplifier input resistors: couple ac input signals from the telephone line to the receiver amplifier; 
signal in R5 subtracts from that in R9 to reduce sidetone in receiver. 

Receiver amplifier feedback resistor: controls Ihe gain of the receiver amplifier. 

Sidetone network resistors: drive receiver amplifier input with the inverted output signal from the trans-
mitter; phase of signal in R9 should be opposite that in R5. 

Transmit amplifier load resistor: converts output voltage of transmit amplifier into a current that drives 
the telephone line; controls the maximum transmit level. 

Transmit amplifier feedback resistor: controls the gain of the transmit amplifier. 

Transmit amplifier input resistors: couple signal from microphone to transmit amplifier; control the dynamic 
range of the transmit peak limiter. 

DTMF calibration resistor: controls the output amplitude of the DTMF dialer. 

Sidetone network resistor (optional): reduces phase shift in sidetone network at high frequencies. 

Hook switch click suppression current limit resistor (optional): limits current when S3 discharges C3 after 
switching to the on-hook condition. 

Microphone bias resistor: sources current from VR to power a 2-terminal electret microphone; RX is not 
used with 3-terminal microphones. 
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EXTERNAL COMPONENTS (continued) 

Semiconductors Electret Mic Receiver 

Bl = MDA101A, or equivalent, 2 Terminal, Primo EM-95 (Use RX) Primo Model DH-34 (300 0) or equivalent 
or 4-1N4005 or equivalent 

T1 = 2N4126 or equivalent 3 Terminal, Primo 07A181P (Remove RX) 
Zl = 18 V, 1.5 W, lN5931A or equivalent 
Z2 = 30 V, 1.5 W, lN5936A 
Z3 = 4.7 V, 1/2 W, lN750 
XR - muRata Erie CSB 500 kHz 

Resonator, or equivalent 
Piezo - PBL 5030BC Toko Buzzer 

or equivalent 

Motorola Inc. does not endorse or·warrant the suppliers referenced. 

MC34010 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

TELEPHONE TONE RINGER 

• Complete Telephone Bell Replacement Circuit with Minimum 
External Components 

• On-Chip Diode Bridge and Transient Protection 

• Direct Drive for Piezoelectric Transducers 

• Base Frequency Options-MC34012-1: 1.0 kHz 
MC34012-2: 2.0 kHz 
MC34012-3: 500 Hz 

• Input Impedance Signature Meets Bell and EIA Standards 

• Rejects Rotary Dial Transients 

APPLICATION CIRCUIT 

e-___ --I1 RG 

T· 4.7 k 1.0 l'F 
I,P_~_-V~_~f __ +-___ ~2 ACl 

~ _________ -+ ___ ~3 AC2 

Ring 

Piezo Sound 
Element 

MC34012-1: C = 1000 pF 
MC34012-2: C = 500 pF 
MC34012-3: C = 2000 pF 

MOTOROLA COMMUNICATIONS DEVICE DATA 

MC34012·1 
MC34012·2 
MC34012·3 

TELEPHONE 
TONE RINGER 

BIPOLAR LlNEAR/12L 

PLASTIC PACKAGE 
CASE 626 

180 k C 

RC 1-'8==---___ -----' 

RF 1-'7'---_-, 
1.01'F 

+ 10V 

RS 1-6=---_-. 

1.8 k 

RI 5 

5.01'F 
+ 25 V 
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APPLICATION CIRCUIT PERFORMANCE 

Characteristic Typical Value Units 

Output Tone Frequencies 
MC34012-1 83211040 Hz 
MC34012-2 1664/2080 
MC34012-3 416/520 

Warble Frequency 13 

Output Voltage 20 Vp_p 
(VI;;' 60 Vrms, 20 Hz) 

Output Duty Cycle 50 % 

Ringing Start Input Voltage (20 Hz) 36 Vrms 

Ringing Stop Input Voltage (20 Hz) 28 Vrms 

Maximum ac Input Voltage (,;; 68 Hz) 150 Vrms 

Impedance When Ringing kn 
VI =40Vrms, 15 Hz 20 
VI = 130 Vrms, 23 Hz 10 

I mpedance When Not Ringing 
VI = 10 Vrms, 24 Hz 28 kn 
VI = 2.5 Vrms, 24 Hz >1.0 Mn 
VI = lOVrms, 5.0 Hz 55 kn 
VI = 3.0 Vrms, 200-3200 Hz >1.0 Mn 

Maximum Transient Input Voltage 1500 V 
(T';; 2.0 ms) 

PIN DESCRIPTIONS 

Name Description 

AC1,AC2 The input terminals to the full-wave diode bridge. The ac ringing signal from the telephone line 
energizes the ringer through this bridge. 

RS The positive output of diode bridge to which an external current sense resistor is connected. 

RI The positive supply terminal for the oscillator, frequency divider and output buffer circuits. 

RF The terminal for the filter capacitor used in detection of ringing input signals. 

RO The tone ringer output terminal through which the sound element is driven. 

RG The negative output of the diode bridge and the negative supply terminal of the tone generating 
circuitry, 

RC The oscillator terminal for the external resistor and capacitor which control the tone ringer 
frequencies. 

MC34012-1.MC34012-2.MC34012-3 
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ELECTRICAL CHARACTERISTICS (TA = 25"C) 

Characteristic Test 

Ringing Start Voltage 
(VStart = VI @ Ring Start) 

VI>O la 
VI<O lb 

Ringing Stop Voltage lc 
(VStop = VI @ Ring Stop) 

MC34012-1 
MC34012-2 
MC34012-3 

Output Frequencies (VI = 50 V) ld 
MC34012-1 High Tone 

Low Tone 
Warble Tone 

MC34012-2 High Tone 
Low Tone 
Warble Tone 

MC34012-3 High Tone 
Low Tone 
Warble Tone 

Output Voltage (VI = 50 V) 6 

Output Short-Circuit Current 2 

Input Oiode Voltage 3 
(II = 1.0 mAl 

InputVoltage-SCR Off 4a 
(II =30mA) 

InputVoltage-SCR On 4b 
(II = 100 mAl 

Threshold Filter Resistance 5 
RRF = 2.0 V IIRF 

Rl Cl 
Tip >----w-1f--Q'-::-_._--, 

Ring >-----9-:-=---<i>----' 

Symbol Min 

VStart(+) 31 
VStartH -31 

VStop 

16 
13 
16 

fH 967 
fL 774 

tw 12 
fH 1934 
fL 1548 

tw 12 
fH 967 
fL 774 

tw 24 

Vo 19 

10 35 

Vo 4.6 

Voll 37 

Von 3.2 
, 

RRF 30 

BLOCK DIAGRAM 

C3 

R3 C4 

Typ 

34.5 
-34.5 

20 
18 
20 

1040 
832 
13 

2080 
1664 

13 
1040 
832 
26 

20 

50 

5.1 

42 

4.2 

50 

RS RI RF-----, 

I 
I 
I 

7.0V I 
I 

Threshold I 
Comparator I 

I 
I 
I 
I 

RO I 

R21 I 
I I 
I Warble ~ I 
L _______ Frequen~ ~~r-iG_~ _____ ..J 

Max 

38 
-38 

25 
22 
25 

1113 
890 
14 

2226 
1780 

14 
1113 
890 
28 

23 

80 

5.6 

47 

6.0 

80 

Units 

Vdc 

Vdc 

Hz 

Vp_p 

mAp_p 

Piezo 
Sound 

Element 

Vdc 

Vdc 

Vdc 

kO 
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CIRCUIT DESCRIPTION 

The MC34012 Tone Ri nger derives its power supply by 
rectifying the ac ringing signal. It uses this power to 
activate a tone generator and drive a piezo-ceramic 
transducer. The tone generation circuitry includes a 
relaxation oscillator and frequency dividers which 
produce high and low frequency tones as well as the 
tone warble frequency. The relaxation oscillator fre
quency fo is set by resistor R2 and capacitor C2 
connected to pin RC. The oscillator will operate with fo 
from 1.0 kHz to 10 kHz with the proper choice of external 
components (See Figure 1). 

The frequency of the tone ringer output signal at pin 
RO alternates between fo/4 to fo/5. The warble rate at 
which the frequency changes is fo/320 for the 
MC34012-1, fo/640 for the MC34012-2, or fo/160 for 
the MC34012-3. With a 4.0 kHz oscillator frequency, the 
MC34012-1 produces 800 Hz and 1000 Hz tones with a 
12.5 Hz warble rate. The MC34012-2 generates 1600 Hz 
and 2000 Hz tones with a similar 12.5 Hz warble 
frequency from an 8.0 Hz oscillator frequency. The 
MC34012-3 will produce 400 Hz and 500 Hz tones with 
a 12.5 Hz warble rate from a 2.0 kHz oscillator frequency. 
The tone ringer output circuit can source or sink 20 mA 
with an output voltage swing of 20 volts peak-to-peak. 
Volume control is readily implemented by adding a 
variable resistance in series with the piezo transducer. 

Input signal detection circuitry activates the tone 
ringer output when the ac line voltage exceeds 
programmed threshold level. Resistor R3 determines the 
ringing signal amplitude at which an output.?ignal will 
be generated at RO. The ac ringing signal is rectified by 
the internal diode bridge. The rectified input signal 

80 

-~ 60 
3 

o 
"-

0 

0 

- 400 

FIGURE 1 - OSCILLATOR PERIOD (1/'01 versus 
OSCILLATOR R2 C2 PRODUCT 

V 
../ 

,./' 

..-/ 

,./' 150 k~R2 ~ 300 k - I--
V 200 

./' 
400 pF ~ C2 ~ 2000 pF 

100 200 300 
R2C211.<s) 
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400 500 

produces a current through R3 which is input at terminal 
RI. The voltage across resistor R3 is filtered by capacitor 
C3 at the input to the threshold circuit. When the voltage 
on capacitor C3 exceeds 1.7 volts, the threshold com
parator enables the tone ringer output. Line transients 
produced by pulse dialing telephones do not charge 
capacitor C3 sufficiently to activate the tone ringer 
output. 

Capacitors Cl and C4 and resistor Rl determine the 
10 volt, 24 Hz signature test impedance. C4 a Iso provides 
filtering for the output stage power supply to prevent 
droop in the square wave output signal. Six diodes in 
series with the rectifying bridge provide the necessary 
non-linearity for the 2.5 volt, 24 Hz signature tests. 

An internal shunt voltage regulator between the RI 
and RG terminals provides dc voltage to power output 
stage, oscillator, and frequency dividers. The dc voltage 
at RI is limited to approximately 22 volts in regulation. To 
protect the IC from telephone line transients,an SCR is 
triggered when the regulator current exceeds 50 mA. 
The SCR diverts current from the shunt regulator and 
reduces the power dissipation within the IC. 

EXTERNAL COMPONENTS 

Rl Line input resistor. R 1 controls the tone 
ringer input impedance. It also influences 
ringing threshold voltage and limits current 
from line transients. 
IRange: 2.0 k!1 to 10 k!1). 

Cl Line input capacitor. Cl ae couples the tone 
ringer to the telephone line and controls 
ringer input impedance at low frequencies. 

(Range: 0.4 I'F to 2.0 I'FI. 

R2 Oscillator resistor. 
(Range: 150 k!1 to 300 k!1). 

C2 Oscillator capacitor. 
(Range: 400 pF to 2000 pFI. 

R3 Input current sense resistor. R3 controls the 
ringing threshold voltage. Increasing R3 
decreases the ring-start voltage. 
(Range: 0.8 k!1 to 2.0 k!1l. 

C3 Ringing threshold filter capacitor. C3 filters the 
ac voltage across R3 at the input of the ringing 
threshold comparator. It also provides dialer 
transient rejection. 
(Range: 0.5 I'F to 5.0 I'F). 

C4 Ringer supply capacitor. C4 filters supply 
voltage for the tone generating circuits. It also 
provides an ac current path for the 10 Vrms 
ringer signature impedance. 
(Range: 1.0 I'F to 10 I'F). 
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IC1-MC14011 B 
IC2-MC14538B 
VOD = 12V 

*Indicates 1 % tolerance 
(5% otherwise) 

MOTOROLA COMMUNICATIONS DEVICE DATA 

FIGURE 2 - TEST ONE 

MC34012-1: R = 110 kn* 
MC34012-2: R = 55 kn* 
MC34012-3: R = 110 kn* 
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':' 2 ACI RF 
OUT 

3 
AC2 RS 

':' 

4 
RO RI -io 

+ 
-=-5.0V 

I 

VOO 

2 
ACI 

FIGURE 3 - TEST TWO 

180 k" C 

8 

SI 
7 

VRC .l 
6 

0.01 I'F ':' 

I 12V 
I--~--:-I+ I ~':' 

1.8 k" 
5 I 10V 

(-----4---1+ I ~ 

MC34012-1: C = 1000 pF" 
MC34012-2: C = 600 pF" 
MC34012-3: C = 1000 pF" 

FIGURE 4 - TEST THREE 

180k C 

8 

7 
RF 

6 3 
AC2 RS 

':' 

4 
RO 

':' 
0.D47I'F 
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RI 
5 ':' 

MC34012-1: C = 1000 pF" 
MC34012-2: C = 500 pF" 
MC34012-3: C = 1000 pF" 

With VRC = 3.5 volts. close S 1. Measure the 
current at Pin 4 (101). Repeatedlv switch VRC 
between 3.6 volts and 0 volts until Pin 4 current 
changes polarity. Measure this opposite polarity 
current (102)' 
Calculate: 

10=11011 +11021 

"Indicates 1 % tolerance (5% otherwise) 

Measure voltage at Pin 2. 

"Indicates 1 % tolerance (6% otherwise) 
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V 

2 

3 

-= 

2 AC1 

3 
AC2 

-= 
RO 

0.047 JlF 

AC1 RF 
OUT 

AC2 RS 

RO RI 

FIGURE 5 - TEST FOUR 

180 k 

8 

7 

6 

5 

0.01 JlF 

1.8 k' 

C 

a. Set II to 30 rnA. Measure voltage at Pin 2 
(VolI)· 

b. Set II to 100 rnA. Measure voltage at Pin 2 
(Von)· 

MC34012-1: C = 1000 pf" 
MC34012-2: C = 500 pf" 
MC34012-3: C = 1000 pF' 

RF 

OUT 

RS 

RI 

FIGURE 6 - TEST FIVE 

180 k' 
C 

8 

7 

6 
+ 1 20V 

t--~t----'*"'i I ~_ 
1.8 k* 

5 + I 18V 
1---+-'-11 ~ 

MC34012-1: C = 1000 pF* 
MC34012-2: C = 500 pF* 
MC34012-3: C = 1000 pF* 

'Indicates 1 % tolerance (5% otherwise) 

Measure current into Pin 7 (IRF). 
Calculate: 

RRF = 2 volts + IRF 

"Indicates 1 % tolerance (5% otherwise) 
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-= 4.7 k* RF 2 AC, 
VI OUT 

3 AC2 RS 

-= 10k 4 
RO RI 

+ 
Vo 

-=- 10V 

1 
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FIGURE 7 - TEST SIX 

180 k* C 

8 

7 

6 

5 

2k 

Sl~ 
VRC .l 

O.Ol,..F 

1.8 k* 

MC34012-1: C = 1000 pF* 
MC34012-2: C = 500 pF* 
MC34012-3: C = 1000 pF* 

With VRC = 3.5 volts. close Sl. Set VI to 50 
volts. Measure dc voltage at Pin 4 (VOl)' 
Repeatedly change VRC between 3.5 volts and 
o volts until Pin 4 changes state. Measure the 
new voltage at Pin 4 (V02). 
Calculate the peak-to-peak output voltage: 

VOp-p = I V02 - VOl I 

*Indicates 1% tolerance (5% otherwise) 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Specifications and Applications 
Information 

TELEPHONE SPEECH NETWORK WITH DIALER 
INTERFACE 

The MC34014 is a Telephone Speech Network integrated circuit 
which incorporates adjustable transmit, receive, and sidetone 
functions, a dc loop interface circuit, tone dialer interface, and a 
regulated output voltage for a pulse/tone dialer. Also included is 
an equalization circuit which compensates gains for line length 
variations. The conversion from 2-to-4 wire is accomplished with 
a supply voltage as low as 1.5 volts. The MC34014 is packaged 
in a standard 18-pin (0.3" wide) plastic DIP and a 20-pin SOIC 
package. 

• Transmit, Receive, and Sidetone Gains Set by 
External Resistors 

• Loop Length Equalization for Transmit, Receive, and 
Sidetone Functions 

• Operates Down to 1.5 volts (V + ) in Speech Mode 

• Provides Regulated Voltage for CMOS Dialer 

• Speech Amplifiers Muted During Pulse and Tone Dialing 

• DTMF Output Level Adjustable with a Single Resistor 

• Compatible with 2-Terminal Electret Microphones 

• Compatible with Receiver Impedances of 150 n and Higher 

Tip 1>-----, 

Ring 0-----' 

Input 

MOTOROLA COMMUNICATIONS DEVICE DATA 

BLOCK DIAGRAM 

From 
Microphone 

MC34014 

TELEPHONE SPEECH NETWORK 
WITH 

Input 

DIALER INTERFACE 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

,,_ "'''AX 
1 PLASTIC PACKAGE 

CASE 707 

OW SUFFIX 
PLASTIC PACKAGE ~ 

CASE 7510 20~-
SO-20L 

.----} ~~ceiver 

To 
I-I--t~ Dialer 

PulsefTone 
Select 

Circuit 

MC34014 
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PIN DESCRIPTION (See Figure 1) 

Pin # 
SOIC 

1 

2 

3 

4 

5 

7 

S 

9 

10 

MC34014 
2·346 

Pin# 
DIP 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Name 

MIC 

TXI 

TXO 

STA 

CC 

EQ 

RXI 

RXO 

RMT 

Description 

Microphone negative supply. Bias cur-
rent from the electret microphone is 
returned to V - through this pin, through 
an open collector NPN transistor whose 
base is controlled by an internal mute 
signal. During dialing, the transistor is 
off, disabling the microphone. 

Transmit amplifier input. Input impedance 
is 10 kO. Signals from the microphone 
are input through capacitor C5 to TXI. 

Transmit amplifier output. The ae signal 
current from this output flows through 
the VR series pass transistor via RS to 
drive the line at V +. Increasing R9 will 
decrease the signal at V +. The output is 
biased at =0.65 V to allow for maximum 
swing of ae signals. The closed loop 
gain from TXI to TXO is internally set at 
26 dB. 

Sidetone amplifier output. Input to this 
amplifier is TXO. The signal at STA can~ 
eels the sidetone signals in the receive 
amplifier. The signal level at STA 
increases with loop length. 

Compensation Capacitor. A capacitor 
from CC to ground will compensate the 
loop length equalization circuit when 
additional stability is required. In most 
applications, CC remains open. 

Equalization amplifier output. A portion 
of the V + signal is present on this pin to 
provide negative feedback around the 
transmit amplifier. The feedback 
decreases with increasing loop length, 
causing the ac impedance of the circuit 
to increase. 

Receive amplifier input. Input impedance 
is >100 k!1. Signals from the line and 
sidetone amplifier are summed at RXI. 

Receive Amplif.ier output. RXO is biased 
by a 2.5 mA current source. Feedback 
maintains the de bias voltage at =0.65 V. 
Increasing R4 (between RXO and RXI) 
will increase the receive gain. C4 stabi~ 
lizes the amplifier. C3 couples the signals 
to the receiver. The 2.5 mA current 
source is reduced to 0.4 mA when 
dialing. 

Receiver Mute. The ac receiver current is 
returned to V - through an open collec~ 
tor NPN transistor and a parallel 10 kfl 
resistor. The base of the NPN is con~ 
trolled by an internal mute signal. During 
dialing the transistor is off, leaving the 
10 k!1 resistor in series with the receiver. 

Pin# Pin# 
SOIC DIP Name Description 

11 10 V- Negative supply. The most negative 
input connected to Tip and Ring through 
the polarity guard diode bridge. 

12 11 VR Regulated voltage output. The VR volt~ 
age is regulated at 1.2 V and biases the 
microphone and the-speech circuits. An 
internal series pass PNP transistor allows 
for regulation with a line voltage as low 
as 1.5 V. Capacitor C8 stabilizes the 
regulator. 

13 12 LC DC load capacitor. An external capacitor 
C7 and an internal resistor form a low 
pass filter between V + and LR to pre~ 
vent ac signals from being loaded by the 
de load resistor R5. Forcing LC to V-
will turn off the de load current and 
increase the V + voltage. 

14 13 LR DC load resistor. Resistor R5 from LR to 
V - determines the de resistance of the 
telephone, and removes power dissipa~ 
tion from the chip. The LR pin is biased 
2.8 volts below the V + voltage (4.5 volts 
in the tone dialing mode). 

15 14 V+ Positive supply. V + is the positive line 
voltage (from Tip & Ring) through the 
polarity guard bridge. All sections of the 
MC34014 are powered by V +. 

17 15 VDD VOD regulator. VDO is the output of a 
shunt type regulator with a nominal volt~ 
age of 3.3 V. The nominal output current 
is increased from 550 /-LA to 2 mA when 
dialing. Capacitor C9 stabilizes the regu~ 
lator and sustains"the VDO voltage dur~ 
ing pulse dialing. 

18 16 TI Tone input. The DTMF signal from a 
dialer circuit is input at TI through an 
external resistor R7. The current at TI is 
amplified to drive the line at V +. 
Increasing R7 will reduce the DTMF out~ 
put levels. The input impedance at TI is 
nominally 1.25 kO. 

19 17 MS Mode select. This pin is connected 
through an internal 600 k!1 resistor to the 
base of an NPN transistor. A Logic "1" 
(>2.0 V) selects the pulse dialing mode. 
A Logic "0" «0.3 V) selects the tone 
dialing mode. 

20 8 MT Mute input. MT is connected through an 
internal 100 k!l resistor to the base of a 
PNP transistor, with the emitter at VOD. 
A Logic "0" «1.0 V) will mute the net-
work for either pulse or tone dialing. A 
Logic "1" (>VDD - 0.3 V) puts the 
MC34014 into the speech mode. 
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FIGURE 1 - TEST CIRCUIT 

C8 
2.0 

Tip 0-------) ... 

R9 
200 n VR R8 

500 n 
Equalization TXO 3 

R6 
10 k 

C5 

EQ Amp 

6 

0.05 2 10 k 

R7 
22 k 

TXI 

Transmit 
Amp 

200 k 

~ 
11 

DTMF Input '>-~\NI...-~ ....... _-~~~\NI ___ ---<_~ V + 

Driver 

3.75 k 
1.25 k 50 

V+ 

VDD VDD 
Output ... ----<;;>--..... ---..... 

C9 15 0.1l 

MT 18 
Mute >--~~~~-----------~ 

Ring 

PulsefTone >-_--"M"'S"'-<>'-1'-7 _______________ ....I 
Select 

NOTE: Pin numbers are for 18 pin DIP. 
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10 k 

VR 

600 k 

14 

13 

LC 
12 

4 

RXI 

RXO 

9 

18 V 

-= 
V+ 

R1 

R5 
150 k 

47, 'I2W 

LR 
C7 -= 
0.2 

~ 
CC 

R2 
STA 10 k 

C2 
0.05 

R4 
33 k 

C3 

C4 
JO.05 Receiver 

RMT 

(150 nl 
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ABSOLUTE MAXIMUM RATINGS (Voltages referred to V -, T A = 25'C) (See Note 1.) 

Parameter Value Units 

V+ Voltage -1.0, +18 Vdc 

VDD (externally applied, V + = 0) -1.0, +6 Vdc 

VLR -1.0, V+ - 3.0 Vdc 

MT, MS Inputs -1.0, VDD +1.0 Vdc 

Storage Temperature -65, + 150 'C 
.. 

NOTE 1: De~lces should not be operated at these values. The "Recommended Operating Conditions" provide 
conditions for actual device operation. 

RECOMMENDED OPERATING CONDITIONS 

Parameter Value Units 

V + Voltage (Speech Mode) +1.5to +15 Vdc 
(Tone Dialing Mode) +3.3 to +15 Vdc 

ITXO (instantaneous) o to 10 mA 

Ambient Temperature -20 to +60 'C 

ELECTRICAL CHARACTERISTICS (Refer to Figure 1) (T A = 25'C) 

Parameter I Symbol Min Typ 

LINE INTERFACE 

V+ Voltage V+ 
Iloop = 20 mA (Speech/Pulse Mode) 2.6 3.2 
Iloop = 30 mA (Speech/Pulse Mode) 3.0 3.7 
Iloop = 120 mA (Speech/Pulse Mode) 7.0 8.2 
Iloop = 20 mA (Tone Mode) 4.1 4.9 
11000 = 30 mA (Tone Mode) 4.6 5.4 

V + Current (Pin 12 Grounded) 1+ 
V+ = 1.7 V (Speech Mode) 4.0 6.6 
V+ = 12 V (Speech/Pulse Modes) 5.5 8.4 
V+ = 12 V (Tone Mode) 6.0 8.8 

LR Level Shift (V + -' VLR) IlVLR 
(Speech/Pulse Mode) - 2.7 
(Tone Mode) ~ 4.3 

LC Terminal Resistance RLC 36 57 

VOLTAGE REGULATORS 

VR Voltage (V+ = 1.7 V) VR 1.1 1.2 
Load Regulation (0 mA < IR < 6.0 mAl IlVRLD - 20 
Line Regulation (2.0 V < V + < 6.5 V) IlVRLN - 25 

VDD Voltage (V + = 4.5 V) VDD 3.0 3.3 
Load Regulation (0 < IDD < 1.6 mAl 

(Dialing MO<le) IlVDDLD - 0.25 
Line Regulation (All Modes) (4.0 V < V+ < 9.0 V) IlVDDLN - 50 
Max. Output Current (Speech Mode) IDDSP 375 550 
Max. Output Current (Dialing Mode) IDDDL 1.6 2.0 

VDD Leakage Current (V+ = 0, VDD = 3.0 V) IDDLK - -
SPEECH AMPLIFIERS 

Transmit Amplifier 
Gain (TXI to TXO) ATXO - 20 
TXO Bias Voltage (Speech/Pulse Mode) VTXOSP 0.45 0.52 
TXO Bias Voltage (Tone Mode Mode) VTXODL VR-25 VR-5.0 
TXO High Voltage (Speech/Pulse Mode) VTXOH VR-25 VR-5.0 
TXO Low Voltage (Speech/Pulse Mode) VTXOL - 125 
TXI Input Resistance RTXI - 10 

Receive Amplifier 
RXO Bias Voltage (All Modes) VRXO 0.45 0.52 
RXO Source Current (Speech Mode) IRXOSP 1.5 2.0 
RXO Source Current (PulselTone Mode) IRXODL 200 400 
RXO High Voltage (All Modes) VRXOH VR-l00 VR-50 
RXO Low Voltage (All Modes) VRXOL - 50 

Max Units 

Vdc 
3.8 
4.4 
9.5 
5.7 
6.2 

mA 
8.5 
12.5 
14.0 

Vdc 
-
-
94 kG 

1.3 Vdc 
- mV 
- mV 

3.8 Vdc 

- Vdc 
- mV 

1000 pA 
3.6 mA 

1.5 pA 

- VN 
0.60 x VR 
- mV 
- mV 
250 mV 
- kO 

0.60 xVR 
- mA 
- pA 
- mV 
150 mV 

MC34014 
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ELECTRICAL CHARACTERISTICS:"'" (continued) (T A = 25'CI 

Parameter I Symbol Min Typ 

MICROPHONE RECEIVER CONTROLS 

MIC Saturation Voltage (Speech Mode, I = 500 pAl VOLMIC - 50 

MIC Leakage Current (Dialing Mode, Pin 1 = 3.0 VI IMICLK - a 
RMT Resistance (Speech Model RRMTSp - 8.0 

(Dialing Model RRMTDL 5.0 10 

RMT Delay (Dialing to Speech I tRMT 2.0 4.0 

DIALING INTERFACE 

MT Input Resistance RMT 58 100 

MT Ir;lput High Voltage VIHMT VDD-0.3 -
MT Input Low Voltage VILMT - -
MS Input Resistance RMS 280 600 

MS Input High Voltage VIHMS 2.0 -
MS Input Low Voltage VILMS - -
TI Input Resistance RTI - 1.25 

DTMF Gain (See Figure 21 (V+Ninl AOTMF 3.2 4.8 

SIOETONE AMPLIFiER 

Gain (TXO to STAI ASTA 
(Speech Model @ VLR = 0.5 V - -15 
(Speech Model @ VLR = 2.5 V - -21 
(Pulse Model @ VLR = 0.2 V - -15 
(Pulse Model @ VLR = 1.0 V - -21 

STA Bias Voltage (All Modesl VSTA 0.65 0.8 

EQUALIZATiON AMPLIFIER 

Gain (V+ to EQI AEQ 
(Speech Model @ VLR = 0.5 V - -12 
(Speech Model @ VLR = 2.5 V - -2.5 
(Pulse Model @ VLR = 0.2 V - -12 
(Pulse Model @ VLR = 1.0 V - -2.5 

EQ Bias Voltage VEQ 
(Speech Model @ VLR = 0.5 V - 0.66 
(Pulse Model @ VLR = 0.5 V - 1.3 
(Speech, Pulsel @ VLR = 2.5 V - 3.3 

NOTE: TYPical values are not tested or guaranteed. 

FIGURE 2 - DTMF DRIVER TEST 
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SYSTEM SPECIFICATIONS (TA = 25'C) (See Figures 1-4) 

Parameter Min Typ Max Unit 

Tip-Ring Voltage (including polarity guard bridge drop of 1.4 V) Vdc 
(Speech Mode) Iloop = 5.0 mA - 2.4 -

Iloop = 10 mA - 3.9 -
Iloop = 20 mA - 4.6 -
Iloop = 40 mA - 5.6 -
11000 = 60 mA - 6.6 -

Transmit 
Gain from Vs to it + (Figure 3) (lioop = 20 mAl 28 30 31 dB 
Gain change as Iloop is increased to 60 mA -6.0 -4.5 -3.6 dB 
Distortion - 2.0 - % 
Output noise - 11 - dBrnc 

Receive 
VRXONS (f = 1.0 kHz. 11001> = 20 mAl (See Figure 4) -16 -15 -13 dB 
Receive gain change as Iloop is increased to 60 mA -5.0 -3.0 -2.0 dB 
Distortion - 2.0 - % 

Sidetone Level dB 
VRXON + (Figure 3) 

Iloop = 20 mA - -36 -
Iloop = 60 mA - -21 -

Sidetone Cancellation 20 26 - dB 

[V~~O (Figure 4)] dB - [VRXO. ] V+ (Figure 3) dB Iloop = 20 mA 

DTMF Driver 3.2 4.8 S.2 dB 
V+Nin (Figure 2) 11000 = 20 mA 

AC Impedance n 
Speech mode (incl. CS. See Figure 4) Iloop = 20 mA - 750 -

Zac = (600)V+/(VS - V+) Iloop = 60 mA - 300 -
Tone mode (including C6) 20 mA < 11000 < 60 mA - 1650 -

NOTE: TYPlcals are not tested or guaranteed. 

FIGURE 3 - TRANSMIT AND SIDETONE LEVEL TEST 
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DESIGN GUIDELINES (Refer to Figure 1) 

INTRODUCTION 
The MC34014 is a speech network meant for connec

tion to the Tip & Rill9 lines through a polarity guard 
bridge. The circuit incorporates four amplifiers: trans
mit. receive. sidetone. and equalization. Some param
eters of each amplifier are set by external components. 
and in addition. the gains of the sidetone and equali
zation amplifiers vary with loop current. 

The line interface portion determines the dc volt-

age versus loop current characteristics. and .pro
vides the required regulated voltages for internal 
and external use. 

The dialer interface provides three modes of opera
tion: speech (non-dialing). pulse dialing. and tone 
(DTMF) dialing. When switching to either dialing mode 
some parameters of the various sections are changed 
in order to optimize the circuit operation for that mode. 
The following table summarizes those changes: 

TABLE 1 - OPERATING PARAMETERS AS A FUNCTION OF OPERATING MODE 

Function 

LR Level Shift (V + - VLR) 

VDD Source Current 

Transmit Amplifier 

MIC Switch (Pin 11 

Equalization Amplifier 

Sidetone Amplifier 

Receive Amplifier Output Current 

RMT (Pin 9) Impedance 

DTMF Amplifier 

CC Voltage 

DC LINE INTERFACE (Figure 5) 
The dc line interface circuit (Pins 10. 12-14) sets the 

dc voltage characteristics with respect to the loop cur
rent. The loop current enters at Pin 14 where the internal 
circuitry of the MC34014 draws 5-6 mAo Pin 3 sinks 
(typically) 3 mA through Rg. The remainder of the loop 
current is passed through Q301 and R5' The resulting 
voltage across the entire circuit is therefore equal to the 
voltage across R5. plus the level shift voltage from Pin 
13 (LR) to Pin 14 (V +). nominally 2.7 volts in the speech 
and pulse modes. In the tone mode. the level shift in
creases to 4.3 volts. the internal current changes slightly 
(Figure 6). and the current required at Pin 3 decreases 
to near zero. These changes increase the equivalent dc 

Speech Pulse Tone 

2.7 V 2.7 V 4.3 V 

550pA 2.0 mA 2.0 mA 

Functional Functional Inoperative 

On Off Off 

See Transfer Curves - Figure 8 

See Transfer Curves - Figure 6 

2.5 mA 400pA 400pA 

8.00 10 kn 10 kO 

Inoperative Inoperative Functional 

VLRI3 VLR VLR 

resistance of the circuit. raising the voltage at V + to 
ensure adequate voltage at VOO for the external tone 
dialer. See Figure 7 for typical voltage versus loop cur
rent characteristics. 

Capacitor C7 at Pin 12 provides high frequency rolloff 
(above 10Hz) so that R5 does not load down the speech 
and DTMF signals. 

The voltage at VR is an internally regulated 1.2 volt 
supply which provides the bias currents for the micro
phone and the transmit amplifier output (Pin 3). as well 
as internal bias for the various amplifiers. Capacitor Ca 
stabilizes the regulator. The use of an (internal) PNP 
transistor allows VR to be regulated with a V + voltage 
as low as 1.5 volts. 

FIGURE 5 - DC UNE INTERFACE 

Iloop -Tip 0------. 

Ring 0------' 

R5 
470 

= 
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FIGURE 6 - INTERNAL CURRENT versus VOLTAGE 
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The transmit amplifier (from TXI to TXO) is inverting, 
with a fixed internal gain of 20 VN (26 dB), and a typical 
input impedance of 10 k!l (Figure 8). The input bias cur
rents are internally supplied, allowing capacitive cou
pling of the microphone signals to the amplifier. 

In the speech and pulse modes, the dc bias level at 
TXO is typically 0.52 x VR (=0.63 V), which permits 
the output to swing 0.55 volts in both positive and 
negative directions without clipping. The ac voltage 
signal at TXO (the amplified speech signal) is con
verted to an ac current by Rg. The ac current passes 

FIGURE 7 - CIRCUIT VOLTAGE versus LOOP CURRENT 
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through the VR series pass transistor to V +, modu
lating the loop current. The voltage signal at V + is out 
of phase with the signal at TXI. 

In the tone dialing mode, the TXO dc bias level is 
clamped at approximately VR-10 mY, rendering the am
plifier inoperative. This action also reduces the TXO bias 
current from 3.0 mA to less than 125 pA. 

MIC (Pin 1) is connected to an open-collector NPN 
transistor, and provides the ground path for the micro
phone bias current. In either dialing mode, the transistor 
is off, disabling the microphone. 

FIGURE 8 - TRANSMIT SECTION 
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SIDETONE AMPLIFIER 
The sidetone amplifier provides inversion of the 

TXO signal for the reduction of the sidetone signal at 
the receive amplifier (Figure 8). Resistors R2 and R3 
determine the amount of sidetone cancellation. Ca
pacitor Cl provides phase shift to compensate for the 
phase shift created by the complex impedance of the 
Tip & Ring lines. 

The gain of the sidetone amplifier varies with the volt
age at LR (Pin 13), in effect making it a function of the 
loop current. The maximum gain is -15 dB (0.17 VN) 
at low loop currents, and the minimum gain is -21 dB 
(0.09 VN) at high loop current (see Figure 9 for transfer 
curves). For example, using 47 n for R5, the gain would 
begin to decrease at =30 mA, and would stop decreas
ing at =57 mA (speech mode). The dc bias voltage at 
STA (Pin 4) changes slightly (=50 mV) with variations 
in loop current. The output is inverted from TXO, which 
is the input to this amplifier. Since the transmit amplifier 
is inoperative in the tone dialing mode, the sidetone 
amplifier is also inoperative in that mode. 

-15 

-16 

_-17 
~ en 
e -18 
l-
e 
~ -19 
z 
ill -20 

'" ... 
-21 

-22 

0.2 

FIGURE 9 - SIDETONE AMPLIFIER GAIN 
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2.6 

The gain of the receive amplifier (from V + to RXO) 
is determined according to the following equation (refer 
to Figure 10): 

VRXO = R4 + (XC//R2) (AEQ) (ATXO) (ASTA)xRAXR4 
V + Rl ((XC//R2) + R3) (RA + R6) x R2 

Where RA = RsI/10 kn (10 kn = Rin of Tx Amp) 
AEO = Gain of Equalization Amp 
ATXO = Gain of Transmit Amp (20 VN) 
ASTA = Gain of sidetone Amp 
Xc = Impedance of Cl at frequency of 

interest 

The waveform at STA (Pin 4) is in phase with that at 
V + (for receive signals), hence the plus sign between 
the terms. Due to the variations of AEO and ASTA with 

MOTOROLA COMMUNICATIONS DEVICE DATA 

loop current, the receive gain will vary by =1.5 dB. If 
capacitor Cl is not used, the above equation is simpli
fied by deleting the terms containing XC. 

The output at RXO is inverted from V + in the receive 
mode. In the transmit mode, the V + -to-RXO phase re
lationship depends on the amount of sidetone cancel
lation (determined by R2 and R3 and Cl), and can vary 
from 0° to 180°. 

In the speech mode, the output current capability (at 
RXO) is typically 2.0 mA. In either dialing mode, the 
current capability is reduced to 400 p.A in order to reduce 
internal current consumption. This feature is beneficial 
when this device is used in conjunction with a line-p'ow
ered speakerphone circuit, such as the MC34018, where 
the majority of the loop current is needed for the 
speakerphone. 

RMT (Pin 9) is the return path for the receiver's ac 
current. This pin is internally connected to an open col
lector NPN transistor, paralleled by a 10 kn resistor. In 
the speech mode, the transistor is on, providing a low 
impedance from RMT to ground. In either dialing mode, 
the transistor is off, muting the receive signal. This pre
vents loud "clicks" or loud DTMF tones from being 
heard in the receiver during dialing. When switching 
from either dialing mode to the speech mode (MT 
switches from low to high), the RMT pin switches back 
to a low impedance after a delay of 2-20 ms. The delay 
reduces clicks in the receiver associated with switching 
from the dialing to speech mode. 

EOUILIZATION AMPLIFIER 
The equalization amplifier gain varies with loop. cur

rent, and is configured in the circuit so as to cause a 
variation of the network ac impedance (when looking in 
from the Tip & Ring lines). The gain varies with the 
voltage at LR (Pin 13), in effect making it a function of 
the loop current. The maximum gain is -2.5 dB (0.75 
VN) at high loop current, and the minimum gain is -12 
dB (0.25 VN) and low loop current (see Figure 11 for 
transfer curve). For example, using 47 n for R5, the gain 
would begin to increase at =30 mA, and would stop 
increasing at =57 mA (speech mode). The output signal 
is in phase with the signal at V +, which is the input to 
this amplifier. 

The dc bias level at EO (Pin 6) varies with the voltage 
at LR (Pin 13) according to the curve of Figure 12. In 
most applications, this level shift is of little conse
quence, and may be ignored. If a particular circuit con
figuration should be sensitive to the shift, however, 
the output signal at EO may be ac coupled to the rest 
of the circuit. 

The equalization amplifier remains functional in all 
three modes, although in the tone mode, its function 
has no consequence when the circuit is configured as 
shown in Figure 1. 

VDD REGULATOR 
The VDD regulator is a shunt type regulator which 

supplies a nominal 3.3 volts for external dialers, and/or 
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other circuitry. In the speech mode, the output current 
capability at Pin 15 is typically 550 /LA. In either dialing 
mode, the current capacity is increased to 2.0 mA. 

VDO will be regulated whenever V+ is >300 mV 
above the regulated value. As V + is lowered, and the 
internal pass transistor becomes saturated, the circuit 
steers current away from the external load through an 
internal current source, in order that the VOO capacitor 
(C9) does not load down speech and DTMF signals at 
V +. As V + is lowered below 1 volt, Pin 15 switches 
to a high impedance state to prevent discharging of 
any storage capacitors, or batteries used for memory 
retention. 

The VOO voltage is unaffected by the choice of op
erating mode. 

DIALER INTERFACE 
The dialer interface consists of the mode control 

pins, MT and MS (pins 18 and 17), and the DTMF cur
rent amplifier. 

The MT pin, when at a Logic "1" (> VOO - 0.3 V), 
sets the circuit into the speech mode, independent of 
the state of the MS pin. When the MT pin is at a Logic 
"0" « 1.0 V), the dialing mode is determined by the MS 
pin. When MS is at a Logic "1" (> 2.0 V), the circuit is 
in the pulse dialing mode, and when at a Logic "0" « 
0.3 V) the tone (OTMF) mode is in effect. 

The input impedance of the MT pin is typically 100 
k.{l, with the input current flowing out of the pin 
(from VOD). The input impedance of the MS pin is 
typically 600 k.{l, and the input current flows into the 
pin (Figure 1). 

The OTMF amplifier (Figure 13) is a current amplifier 
which transmits OTMF signals to the V + pin, and con
sequently onto the Tip & Ring lines. Waveforms from a 
OTMF dialer are input at TI (Pin 16) through a current 
limiting resistor (R7)' Negative feedback around the am
plifier reduces the overall gain so that return loss spec
ifications may be met. The voltage gain is calculated 
using the following equation: 

V+ 80 RE 
Vi (1 + 0.795R7 + 0.4RER7) 

(RE, R7 in k.{l) 
where RE = RLII2 k.{l (2 k.{l = internal dynamic 
impedance) 

Using 22 k.{l for R7, and 600 .{l for RL, the voltage 
gain is a nominal 4.3 dB. The minimum loop current 
at which the circuit of Figure 1 will operate without 
distortion is 12 mA. 

The OTMF amplifier is functional only in the tone 
dialing mode, and the waveform at V+ is inverted 
from that at TI. The TI pin requires a dc bias current 
(into the pin) of 20-50 /LA, which may be supplied by 
the Tone dialer circuit, or by using the biasing scheme 
of Figure 14. 

CC(PIN 5) 
The CC pin (Compensation Capacitor) has two func

tions: 1) to provide equalization loop stability where the 
normal stabilizing components are ineffective; and 2) 
to allow optional control of the equalization functions. 

In most applications, the capacitor at LC (Pin 12) pro
vides the required stability, and no further compensa
tion is required. In applications where changes are 
forced at Pin 12 and/or 13 (e.g., see Figure 23), the LC 
capacitor's effectiveness may be lost. The addition of a 
10 /LF capacitor to Pin 5 will provide the required ad
ditional compensation. 

The CC pin may be used to force the loop length com
pensation circuits to specific modes. Grounding CC will 
set the sidetone and equalization amplifiers at the low 
loop current values. Connecting" CC to VR will set the 
amplifiers at the"high loop current values. 

Variations in the curves of Figures 9 and 11 may be 
obtained by using external resistors from LR to CC, and 
from CC to V - . 

Tip 0-----, FIGURE 10 - RECEIVE CIRCUIT 
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FIGURE 11 - EQUALIZATION AMPLIFIER GAIN FIGURE 12 - EQ (PIN 6) DC VOLTAGE 
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APPLICATIONS INFORMATION 

AC IMPEDANCE 
One of the basic problems with early telephones is 

that the performance varied with different line lengths 
(distance from the Central Office to the telephone). If a 
particular phone were optimized for short loops and 
then connected to a long loop, both the transmitted and 
receive signals would be difficult to hear. On the other 
hand, phones optimized for long loops would then be 
annoyingly loud on short loops. The process of equal
ization is one whereby the performance is forced to vary 
with loop length inversly to the expected variations. 
Monitoring of loop length is accomplished by monitor
ing the loop current at the telephone. In the MC34014, 
loop length equalization is provided by varying the ac 
impedance of the telephone circuit. In this manner the 
MC34014 mimics a passive network, with varistors pro
viding the equalization. 

Figure '5 depicts the situation in the receive mode. 
The receive signal coming from the Central Office is Vs 
and is independent of the loop length. ZR is the ac 
impedance of the Central Office, nominally 900 n. Zl is 

the characteristic impedance of the phone line, and is 
a nominal 600 n. The signal applied to the line (V1) is 
therefore a portion of VS. That signal is attenuated by 
the distributive impedance of the phone line, with a re
sulting signal V2 at the telephone. The amplitude of V2 
depends on the amount of attenuation, the impedance 
ofthe phone line at the telephone and the ac impedance 
of the telephone (Zac!, according to: 

V;x Zac 
V2 = --'---=

Zac + Zl 

where V, is the equivalent signal source at the re
ceive end of the phone line, providing the signal V2 
through the impedance equal to the characteristic 
impedance of the line (Zl). The value of V, depends 
on how much V1 has been attenuated by the length 
of phone line. By increasing Zac on long loops, V2 is 
a greater portion of V" resulting in a stronger receive 
signal at the telephone. 

FIGURE 15 - RECEIVE MODE 
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Figure 16 depicts the situation in the transmit mode. 
In this mode, the MC34014 is an ac current source, with 
a finite output impedance, modulating the loop current. 
The voltage signal V, is therefore equal to the ac signal 
current acting on Zac in parallel with the characteristic 

DDDD ...... r t 
r----1 

V2 Zac 

ODDD~~ 
I L ____ 

impedance of the phone line (Zl). The signal is atten
uated by the distributive impedance of the phone line, 
and so only a portion of that signal (V2) appears at the 
Central Office. By increasing Zac on long loops, V, is 
increased, resulting in a higher signal level at V2. 

FIGURE 16 - TRANSMIT MODE 
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The ac impedance of the telephone circuit is deter
mined by the transmit amplifier, equalization amplifier, 
and external resistors RS, RS, and RS. In Figure 17, a 
portion of the receive signal at V + appears at EQ. That 
signal is reduced at TXI by the RS-RS divider (the electret 
microphone is a high impedance). The signal at TXI is 
then amplified by 20, and that signal (at TXQ) is con
verted to an ac current by RS. The ac impedance of the 
circuit is therefore V +/ITXQ, and is defined by the fol
lowing equation: 

Z _ (1 + RalRS) (RS) 
ac - 20 x A x (RS/RS) 

where A = the gain of the equalization amplifier 
(0.25 to 0.75) 

Since the gain of the equalization amplifier varies by 
a factor of 3, the ac impedance will vary the same 
amount. Using the resistor values indicated in Figure 1, 
the ac impedance will vary from 2S0 !1 (short loop) to 
S40 !1 (long loop). 

When calculating or measuring the ac impedance, ca
pacitor Cs (=S.O k!1 at 1.0 kHz) and the dynamic imped
ance of the MC34014 (=10 k!1) must be taken into ac
count. If the microphone has an impedance lower than 
that of a typical electret, then its dynamic impedance 
must be accounted for in the above equation. 

FIGURE 17 - DETERMINING AC IMPEDANCE 
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If a variation in Zac of less than 3: 1 is desired, the 
circuit configuration of Figure lS may be used. The ac 
impedance is the parallel combination of Rx and the 
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impedance presented by the remainder of the circuit. 
With the values shown in Figure lS, the ac impedance 
varies from 400 !1 to SOO !1. 

FIGURE 18 - REDUCED AC IMPEDANCE VARIATION 
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TRANSMIT DESIGN PROCEDURE 
Referring to Figure 17, first select R9 for the desired 

maximum output level at Tip & Ring, assuming a signal 
level at TXO of 1.0 V p-p. The maximum signal level at 
Tip & Ring will be approximately: 

(VTXO) (Zl) 

R9 

where Zl is the characteristic ac impedance of the 
phone line. Capacitor Cs and the =10 kG dynamic 
impedance of the MC34014 must also be considered 
in the above computation, since they are in parallel 
with ZL. 

The next step is to select the RS/RS ratio, according 
to the required Zac, using the equation on the previous 
page. Then RS is selected to set the microphone sen
sitivity. RS is typically in the range of 0.5 k to 1.5 kG, 
and is dependent on the characteristics of the micro
phone. RS is then calculated from the above men
tioned ratio. 

FIGURE 19 - ALTERNATE MICROPHONE BIAS 
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The overall gain from the microphone to V + will vary 
with loop current due to the influence of the equalization 
amplifier on TXI. The signal at EO is out of phase with 
that at TXI, therefore the signal at V + decreases as loop 
current (and the EO signal) increases. Variations are typ
ically 2.0 to 5.0 dB and depend largely on the impedance 
characteristics of the microphone. 

ALTERNATE MICROPHONE BIASING 
In the event that the microphone cannot be properly 

biased from the 1.2 volt VR supply, a higher voltage can 
be obtained by biasing from the V + supply. The con
figuration shown in Figure 19, provides a higher voltage 
to the microphone, and also filters the speech signals 
at V + from reaching it, preventing an oscillatory loop 
from forming. The maximum voltage limit of the 
microphone must be considered when biasing this way. 

If a dynamic microphone is to be used in place of an 
electret unit, the circuit in Figure 20 will buffer its low 
impedance from the MC34014 circuit, maintaining the 
high impedance required at the junction of RS and RS' 
The circuit shown provides a gain of =2.S for the mi
crophone signals, and can be adjusted by varying the 
lS0 G resistor. 

MC34014 
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HANDSET/HANDS-FREE TELEPHONE 
Figure 23 indicates a circuit using the MC34014 

speech network, MC3401S speakerphone circuit, and the 
MC34017 tone ringer to provide a complete telephone/ 
speakerphone. Switch HS (containing one normally 
open and one normally closed contact) is the hook 
switch actuated by the handset, shown in the on-hook 
position. When the handset is off-hook (HSl open, HS2 
closed), power is applied to the MC34014, and conse
quently the handset, and the CS pin of the MC3401S is 
held high so as to disable it. Upon closing the two poles 
of switch SS, and placing switch HS in the on-hook po
sition, power is then applied to both the MC34014 and 
the MC3401S, and CS is held low, enabling the speak
erphone function. Anytime the handset is removed from 
switch HS, the circuit reverts to the handset mode. The 
diode circuitry sets the MC34014 to the pulse dialing 
mode to mute the handset microphone and receiver 
when using the speakerphone. To compensate for the 
different equalization response of the MC34014 when in 

FIGURE 20 - INTERFACING A DYNAMIC MICROPHONE 

VR 

Dynamic 
Microphone 

(1500) 

16 k 

0.1 

27 k 

1.0 k 
R8 

160 

R6 
20 k 

MC34014 

MIC 

the pulse dialing mode (Figures 9 and 11), the 47 G re
sistor normally found at Pin 13 ofthe MC34014 is instead 
divided into two resistors (33 G and 150). This arrange
ment provides similar equalization response in both the 
handset and in the speakerphone modes. Since the LC 
capacitor (Pin 12) is ineffective in the speakerphone 
mode, a capacitor is added at Pin 5 (CC) to provide com
pensation for the equalization loop when the speaker
phone mode is in effect. 

SWITCHABlE TONE/PULSE TELEPHONE 
Figure 21 indicates a switchable tone/pulse telephone 

circuit using the MC145412 tone/pulse dialer, MC34014 
speech network, and the MC34017 tone ringer. The di
aler is programmable, and can store up to 10 phone 
numbers. As can be seen, the interface to the MC34014 
is straightforward. 

PULSE ONLY TELEPHONE 
Figure 22 indicates a pulse only telephone circuit us

ing the MC145409 pulse dialer, MC34014 speech net
work, and the MC34017 tone ringer. The dialer has last 
number redial, and provides a pacifier tone to the re
ceiver during dialing. 
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FIGURE 21 - COMPLETE TELEPHONE WITH PULSEfTONE DIALING 
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FIGURE 22 - COMPLETE TELEPHONE WITH PULSE DIALING 
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~~i:H 

C6 0.02 

Rl I"F 240 k 

Receiver 

C6 0.02 

Rl I"F 240 k 

+ 

Receiver 
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FIGURE 23 - SWITCHABLE HANDSET/HANDSFREE SYSTEM 
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Recommended External Components 
Piezo Sounder 
Models KSN 1113-1116 
Motorola, Inc. 
Albuquerque, N.M. 
505-822-8801 

Microphone/Receiver 
Microphone model EM-95 
Receiver model DH-34 
Primo Microphone, Inc. 
Elk Grove Village, III. 
312-595-1022 

Microphone Model KUC2123 
Hosiden Electronics 
Chicago, III. 
312-956-7707 

TRANSIENT PROTECTION & RFI SUPPRESSION 
Protection from voltage transients is necessary in 

most telephone circuits, and may take the form of zener 
diodes, RC or LC filters, transient suppressors, or a com
bination of the above. 

Potential radio frequency interference problems 
should be addressed early in the electrical and me
chanical design of the telephone. RFI may enter the cir-

MOTOROLA COMMUNICATIONS DEVICE DATA 

cuitry through the Tip & Ring lines, through the micro
phone and/or receiver leads in the handset cord, or 
through any of the wiring or PC board traces. Ceramic 
decoupling capacitors, ferrite beads, and other RFI 
suppression techniques may be needed. Good PC board 
design techniques, such as the avoidance of loops, 
should be used. Long tracks on high impedance nodes 
should be avoided. 

MC34014 
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- SEMICONDUCTOR 

TECHNICAL DATA 

TELEPHONE TONE RINGER 

• Complete Telephone Bell Replacement Circuit with Minimum 
External Components • 

• On-Chip Diode Bridge and Transient Protection 

• Direct Drive for Piezoelectric Transducers 

• Push Pull Output Stage for Greater Output Power Capability 

• Base Frequency Options- MC34017-1: 1.0 kHz 
MC34017-2: 2.0 kHz 
MC34017-3: 500 Hz 

• Input Impedance Signature Meets Bell and EIA Standards 

• Rejects Rotary Dial Transients 

APPLICATION CIRCUIT 

* C 

160 k 
15 k 

~.! 
+ 

MC34017 

TELEPHONE 
TONE RINGER 

BIPOLAR LlNEAR/12L 

PLASTIC PACKAGE 
CASE 626 

~.! 5.0/LF 
+ 25 V 

2.2 /LF 
'-- - 3.0 V 

MC34017 
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Ring 

Tip --I( 
1.0/LF 6.8 k 

8 7 6 5 

~~' 
RG RC RS 

MC34017·X 

AC1 ROl R02 RI 

1 2 3 

* Piezo Sound 
Element 

4 

MC34017-1: C = 1000 pF 
MC34017-2: C = 500 pF 
MC34017-3: C = 2000 pF 
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APPLICATION CIRCUIT PERFORMANCE (Refer to Circuit on First Page.) 

Characteristic Typical Value Units 

Output Tone Frequencies Hz 
MC34017-1 808/1010 
MC34017-2 161612020 
MC34017-3 4041505 

Warble Frequency 12.5 

Output Voltage 37 Vp_p 
(VI'" 60 Vrms' 20 Hz) 

Output Duty Cycle 50 % 

Ringing Start Input Voltage (20 Hz) 36 Vrms 

Ringing Stop Input Voltage (20 Hz) 21 Vrms 

Maximum ac Input Voltage ('" 68 Hz) 150 Vrms 

impedance When Ringing kn 
Vi = 40 Vrms' 15 Hz >16 
VI = 130 Vrms' 23 Hz 12 

Impedance When Not Ringing 
VI = 10 Vrms' 24 Hz 28 kn 
VI = 2.5 Vrms' 24 Hz >1.0 Mn 
VI = 10 Vrms' 5.0 Hz 55 kn 
VI = 3.0 Vrms' 200-3200 Hz >200 kn 

Maximum Transient Input Voltage 1500 V 
(T'" 2.0 ms) 

Ringer Equivalence: Class A 0.5 -
Class B 0.9 -

PIN DESCRIPTIONS 

Name Description 

AC1, AC2 The input terminals to the full-wave diode bridge. The ac ringing signal from the telephone line 
energizes the ringer through this bridge. 

RS The input of the threshold comparator to which diode bridge current is mirrored and sensed 
through an external resistor (R3). Nominal threshold is 1.2 volts. This pin internally clamps at 1.5 
volts. 

RI The positive supply terminal for the oscillator, frequency divider and output buffer circuits. 

R01, R02 The tone ringer output terminals through which the sound eiement is driven. 

RG The negative terminal of the diode bridge and the negative supply terminal of the tone 
generating circuitry. 

RC The oscillator terminal for the external resistor and capacitor which control the tone ringer 
frequencies (R2, C2). 

MAXIMUM RATINGS (Voltages Referenced to RG Pin 7) , 
Parameter Value Unit 

Operating AC Input Current (Pins 1, 8) 20 mA, RMS 

Transient Input Current (Pins 1,8) (T<2.0 ms) 

Voltage Applied at RC (Pin 6) 

Voltage Applied at RS (Pin 5) 

Voltage Applied to Outputs '(Pins 2, 3) 

Power Dissipation (@ 25'C) 

Operating Temperature Range 

Storage Temperature Range 

MOTOROLA COMMUNICATIONS DEVICE DATA 

±300 

5.0 

5.0 

-2.0to VRI 

1.0 

-20 to +60 

-65 to +150 

mA, peak 

V 

V 

V 

W 

'C 

'C 
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ELECTRICAL CHARACTERISTICS (T A = 25°C) 

Characteristic Test Symbol 

Ringing Start Voltage 
(VStart = VI @ Ring Start) 

VI>O la VStart( +) 
VI<O lb VStart( -) 

Ringing Stop Voltage lc VStop 
(Vstw = VI @ Ring Stop) 

C34017-1 
MC34017-2 
MC34017-3 

Output Frequencies (VI = 50 V) ld 
MC34017-1 High Tone iH 

Low Tone fL 
Warble Tone fW 

MC34017-2 High Tone fH 
Low Tone fL 
Warble Tone fW 

MC34017-3 High Tone fH 
Low Tone fL 
Warble Tone fW 

Output Voltage (VI = 50 V) 6 Vo 

Output Short-Circuit Current 2 IR01· IR02 

Input Diode Voltage 3 VD 
(II = 5.0 mAl 

Input Voltage - SCR Off 4a Voff 
(II = 30 mAl 

Input Voltage - SCR On 4b Von 
(II = 100 mAl 

RS Clamp Voltage 5 Vclamp 
(VI = 50 V) 

BLOCK DIAGRAM 

Rl Cl Diode Bridge 
Tip )----Wir-\I--o--..... -..., 

AC1 

I 
Ring r--...:.....~::>:_-------' 

MC34017 
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Min Typ 

34 37.5 
-34 -37.5 , 

14 16 
12 14 
14 16 

937 1010 
752 808 
11.5 12.5 
1874 2020 
1504 1616 
11.5 12.5 
937 1010 
752 808 
23 25 

34 37 

35 60 

5.4 6.2 

30 38 

3.2 4.1 

1.3 1.5 

~C4 
---.------, 
ru I 

I 
I 
I 

J 
o 
II: 

Max Units 

Vdc 

41 
-41 

Vdc 

22 
20 
22 

Hz 
1083 
868 
14 

2166 
1736 
14 

1083 
868 
28 

43 Vp_p 

80 mAp•p 

6.8 Vdc 

43 Vdc 

6.0 Vdc 

1.8 Vdc 
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CIRCUIT DESCRIPTION 

The MC34017 Tone Ringer derives its power supply 
by rectifying the ac ringing signal. It uses this power to 
activate a tone generator and drive a piezo-ceramic 
transducer. The tone generation circuitry includes are, 
laxation oscillator and frequency dividers which pro
duce high and low frequency tones as well as the tone 
warble frequency. The relaxation oscillator frequency fo 
is set by resistor R2 and capacitor C2 connected to pin 
RC. The oscillator will operate with fo from 1.0 kHz to 
10kHz with the proper choice of external components 
(See Figure 1). 

The frequency of the tone ringer output signal at R01 
and R02 alternates between fo/4 to fo/5. The warble 
rate at which the frequency changes is fo/320 for the 
MC34017-1, fo/640 for the MC34017-2, and fo/160 for 
the MC34017-3. With a 4.0 kHz oscillator frequency, the 
MC34017-1 produces 800 Hz and 1000 Hz tones with a 
12.5 Hz warble rate. The MC34017-2 generates 1600 Hz 
and 2000 Hz tones with a similar 12.5 Hz warble fre
quency from an 8.0 kHz oscillator frequency. The 
MC34017-3 will produce 400 Hz and 500 Hz tones with 
a 12.5 Hz warble rate from a 2.0 kHz oscillator frequency. 
The tone ringer output circuit can source or sink 20 mA 
with an output voltage swing of 37 volts peak-to-peak. 
Volume control is readily implemented by' adding a 
variable resistance in series with the piezo transducer. 

Input signal detection circuitry activates the tone 
ringer output when the ac line voltage exceeds pro
grammed threshold level. Resistor R3 determines the 
ringing signal amplitude at which an output signal at 
R01 and R02 will be generated. The ac ringing signal 
is rectified by the internal diode bridge. The rectified 
input signal produces a voltage across R3 which is ref
erenced to RG. The voltage across resistor R3 is filtered 
by capacitor C3 at the input to the threshold circuit. 

800 

j 600 

'So 
400 

200 

FIGURE 1 - OSCILLATOR PERIOD (1/fol versus 
OSCILLATOR R2 C2 PRODUCT 

,.,. 
/' 

./ I-' 

/' 

,. 

V 150 k,,; R2,,; 300 k r--
(.' 400 pF ,,; C2 ,,; 3000 pF 

./ 

100 200 300 400 500 
R2C2 (/LSI 

(1110 = 1.45 R2C2 + 10/LSI 
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When the voltage on capacitor C3 exceeds 1.2 volts, the 
threshold comparator enables the tone ringer output. 
Line transients produced by pulse dialing telephones 
do not charge capacitor C3 sufficiently to activate the 
tone ringer output. 

Capacitors C1 and C4 and resistor R1 determine the 
10 volt, 24 Hz signature test impedance. C4 also pro
vides filtering for the output stage power supply to pre
vent droop in the square wave output signal. Six diodes 
in series with the rectifying bridge provide the neces
sary non-linearity for the 2.5 volt, 24 Hz signature tests. 

An internal shunt voltge regulator between the RI and 
RG terminals provides dc voltage to power output stage, 
oscillator, and frequency dividers. The dc voltage at RI 
is limited to approximately 22 volts in regulation. To 
protect the IC from telephone line transients, an SCR is 
triggered when the regulator current exceeds 50 mAo 
The SCR diverts current from the shunt regulator and 
reduces the power dissipation within the IC. 

Rl 

Cl 

R2 

C2 

R3 

C3 

C4 

EXTERNAL COMPONENTS 

Line input resistor. Rl affects the tone 
ringer input impedance. It also influences 
ringing threshold voltage and limits current 
from line transients. 
(Range: 2.0 kO to 10 kOI. 

Line input capacitor. Cl ac couples the tone 
ringer to the telephone line and controls ringer 
input impedance at low frequencies. 
(Range: 0.4 p,F to 2.0 p,FI. 

Oscillator resistor. 
(Range: 150 kO to 300 kOI. 

Oscillator capacitor. 
(Range: 400 pF to 3000 pFI. 

Input current sense resistor. R3 controls the 
ringing threshold voltage. Increasing R3 
decreases the ring-start voltage. 
(Range: 5.0 kO to 18 kOI. 

Ringing threshold filter capacitor. C3 filters the 
ac voltage across R3 at the input of the ringing 
threshold comparator. It also provides dialer 
transient rejection. 
(Range: 0.5 p,F to 5.0 p,FI . 

Ringer supply capacitor. C4 filters supply 
voltage for the tone generating circuits. 
It also provides an ac current path for the 
10 Vrms ringer signature impedance. 
(Range: 1.0 p,F to 10 p,FI. 

MC34017 
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FIGURE 2 - TEST ONE 

6.8 k* 8 
ACl AC2 

2 7 = 
ROl RG 

3900 DUT RC 
6 

160 k* 

1.-;t-_3-1 R02 
0.047 JLF 4 

RI RS~5~-'~~:~'~1~2:F 
L-_______ --1-.0~JL-F; 

MC34017-1: C = 1000 pF* 
MC34017-2: C = 500 pF* 
MC34017-3: C = 1000 pF* 

(Normally open) Jl 

10 k 0.1 JLF 

5.6 k 

IC1-MC14011B 
IC2-MC1453BB 

VDD = 12 V 

*Indicates 1% tolerance 
(5% otherwise) 

R 

IC2 

Ql-2N3904 

16 

15 

14 

13 

12 

11 

10 

9 

VDD 

200 k 

0.01 JLF 

a. Increase VI from + 33 volts while monitoring 

VO' VStart( +) equals VI when Vo commences 
switching. 

b. Decrease VI from -33 volts while monitoring 

VO' VStart(-) equals VI when Vo commences 
switching. 

c. Decrease VI from +40 volts while monitoring 

VO' VStop equals VI when Vo ceases 
switching. 

d. Set VI to +50 volts. Close Sl. Measure 

frequencies fH' fl' and tw· 

= 

L---------~--~)fW 

MC34017-1: R = 110 kO* 
MC34017-2: R = 55 kO* 
MC34017-3: R = 110 kO* 
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6.B k* 
AC1 

+ IR01 
50 V-=-

I 
5.0 V r ll + 

S2 

10V 

til + 

MC34017-1 C = 1000 pF* 
MC34017-2 C = 500 pF* 
MC34017-3 C = 1000 pF* 

_2 
R01 

_3 

IR02 
R02 

4 RI 

*Indicates 1 % tolerance (5% otherwise) 

2 R01 

390 n 

4 
RI 

= = 

*Indicates 1% tolerance (5% otherwise) 
! 
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FIGURE 3 - TEST TWO 

DUT 

= 
RG 7 

RC 6 

RS 5 

~ 
S1 ~ 

-=- VRC 

J 
~~~~~--.160k* 

C 

~~~~~--.15k* 

With VRC = 4.0 volts, close S1' Switch S2 to Pin 2 and measure 
current at Pin 2 (101). Repeatedly switch VRC between 4.0 volts 
and 0 volts until Pin 2 current changes polarity. Measure the 
opposite polarity current (102). Calculate: 
IR0 1 = 11011 + Jl021 
Switch S2 to Pin 3 and repeat. 
Calculate: 
IR02 = 11011 + 11021 

FIGURE 4 - TEST THREE 

RG 7 

DUT RC 6 ~--.... -M,-" 160 k* 

C 

RS 
5 

Measure voltage at Pin 1. 

MC34017-1: C = 1000 pF* 
MC34017-2: C = 500 pF* 
MC34017-3: C = 1000 pF* 
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FIGURE 5 - TEST FOUR 

V 

2 

3 

4 

-

MC34017-1 C = 1000 pF* 
MC34017-2 C = 500 pF* 
MC34017-3 C = 1000 pF* 

AC1 

ROl 

DUT 

R02 

RI 

*Indicates 1% tolerance (5% otherwise) 

AC2 
8 

RG 
7 

6 
RC 

5 
RS 

= 

160 k* 

C 

15 k* 

a. Set II to 30 rnA. Measure voltage at Pin 1 
(Volt)· 

b. Set II to 100 rnA. Measure voltage at Pin 1 
(Von)' 

(Each test < 30 ms) 

FIGURE 6 - TEST FIVE 

6.8 k* 
AC1 

+ 2 

-=- 50V 
ROl 

I 3 R02 

4 

MC34017-1: C = 1000 pF* 
MC34017-2: C = 500 pF* 
MC34017-3: C = 1000 pF* 

RI 

DUT 

*Indicates 1% tolerance (5% otherwise) 

AC2 
8 

7 = 
RG 

RC 
6 !-=--.... -'lM,.--i 160 k* Measure voltage at Pin 5 (Vclamp)' 

C 

RS 5 r--.---'VVIr--' 15 k* 

1.. 
Vclamp 
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FIGURE 7 - TEST SIX 

+ 

6.B k* 
ACl 

2 
ROl 

20 k 

3 R02 

4 
RI 

MC34017-1: C = 1000 pF* 
MC34017-2: C = 500 pF* 
MC34017-3: C = 1000 pF* 

OUT 

*Indicates 1% tolerance (5% otherwise) 
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-=-
RG 7 

RC 6 

r-____ -+ ______ ~~2.0k 
81 + 

t--1>---'V'I/Ir~ 160 k* -=- VRC 

C I-=-
R8 

5 
t--1>---'V'I/Ir~ 15 k* 

With VRC = 4.0 volts, close 8 1. Measure dc voltage between 
Pins 2 and 3 (Vol). Repeatedly switch VRC between 4.0 volts 
and 0 volts until Pins 2 and 3 change state. Measure the new 
voltage between Pins 2 and 3 (Vo2). 
Calculate: 
Va = IVoll + IVo21 
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TECHNICAL DATA 

Specifications and Applications 
Information 

VOICE SWITCHED SPEAKERPHONE CIRCUIT 
The MC34018 Speakerphone integrated circuit incorporates the 

necessary amplifiers, attenuators, and control functions to pro
duce a high quality hands-free speakerphone system. Included 
are a microphone amplifier, a power audio amplifier for the 
speaker, transmit and receive attenuators, a monitoring system 
for background sound level, and an attenuation control system 
which responds to the relative transmit and receive levels as well 
as the background level. Also included are all necessary regulated 
voltages for both internal and external circuitry, allowing line
powered operation (no additional power supplies required). A 
Chip Select pin allows the chip to be powered down when not in 
use. A volume control function may be implemented with an 
external potentiometer. MC34018 applications include speaker
phones for household and business use, intercom systems, au
tomotive telephones, and others. 

• All necessary level detection and attenuation controls for a 
hands-free telephone in a single integrated circuit 

• Background noise level monitoring with long time constant 

• Wide operating-dynamic range through signal compression 

• On-chip supply and reference voltage regulation 

• Typical 100 mW output power (into 25 Ohms) with peak limiting 
to minimize distortion 

• Chip Select pin for active/standby operation 

• Linear Volume Control Function 
• Standard 28-pin plastic DIP ,package (0.600 inch wide) and SOIC 

package ' 

BLOCK DIAGRAM 

MC34018 

VOICE SWITCHED 
SPEAKERPHONE CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

DWSUFFIX 
PLASTIC PACKAGE 

CASE 751F 
SO-28 

1'SUFFIX 
PLASTIC PACKAGE 

CASE 710 

ELECTRET 
MIC 

,--------------------, 
TRANSMIT CHANNEL I 

SPEAKER ~ R:CEIVE CHANNEL 

~ I SPEAKERPHONE IC SYSTEM I DC INPUT 

L--~~~---~--------~EN~~ 
RECEIVE VOLUME CONTROL INPUT 

TELEPHONEr 
LINE \7 
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PIN DESCRIPTION 

Pin Name Description 

1 RR A resistor to ground provides a reference current 
for the transmit and receive attenuators. 

2 RTX A resistor to ground determines the nominal gain 
of the transmit attenuator. The transmit channel 
gain is inversely proportional to the RTX 
resistance. 

3 TXI Input to the transmit attenuator. Input resistance 
is nominally 5.0 k ohms. 

4 TXO Output of the transmit attenuator. The TXO out-
put signal drives the input of the transmit level 
detector, as well as the external circuit which 
drives the telephone line. 

5 TLI Input of the transmit level detector. An external 
resistor ac coupled to the TLI pin sets the detec-
tion level. Decreasing this resistor increases the 
sensitivity to transmit channel signals. 

6 TLO Output of the transmit level detector. The external 
resistor and capacitor set the time the comparator 
will hold the system in the transmit mode after 
speech ceases. 

7 RLI Input of the receive level detector. An external 
resistor ac coupled to the RLI pin sets the detec-
tion level. Decreasing this resistor increases the 
sensitivity to receive channel signals. 

8 RLO Output of the receive level detector. The external 
resistor and capacitor set the time the comparator 
will hold the system in the receive mode after the 
receive signal ceases. 

9 MCI Microphone amplifier input. Input impedance is 
nominally 10 k ohms and the dc bias voltage is 
approximately equal to VB. 

10 MCO Microphone amplifier output. The mic amp gain 
is internally set at 34 dB (50 VN). 

11 CPl A parallel resistor and capacitor connected be-
tween this pin and VCC holds a voltage corre-
sponding to the background noise level. The 
transmit detector compares the CPl voltage with 
the speech signal from CP2. 

12 CP2 A capacitor at this pin peak detects the speech 
signals for comparison with the background 
noise level held at CPl. 

13 XDI Input to the transmit detector system. The micro-
phone amplifier output is ac coupled to the XDI 
pin through an external resistor. 

14 SKG High current ground pin for the speaker amp out-
put stage. The SKG voltage should be within 10 
mV of the ground voltage at Pin 22. 

15 SKO, Speaker amplifier output. The SKO pin will source 
and sink up to 100 rnA when ac coupled to the 
speaker. The speaker amp gain is internally set 
at 34 dB (50 VN). 

16 V+ Input dc supply voltage. V + can be powered from 
Tip and Ring if an ac decoupling inductor is used 
to prevent loading ac line signals. The required 
V + voltage is 6.0 to 11 V (7.5 V nominal) at 7.0 
rnA. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Pin Name Description 

17 AGC A capacitor from this pin to VB stabilizes the 
speaker amp gain control loop, and additionally 
controls the attack and decay time of this circuit. 
The gain control loop limits the speaker amp in-
put to prevent clipping at SKO. The internal re-
sistance at the AGC pin is nominally 110 k ohms. 

18 CS Digital chip select input. When at a Logic "0" 
«0.7 V) the VCC regulator is enabled. When at a 
Logic "1" (> 1.6 V), the chip is in the standby 
mode drawing 0.5 rnA. An open CS pin is a Logic 
"0". Input impedance is nominally 140 k ohms. 
The input voltage should not exceed 11 V. 

19 SKI Input to the speaker amplifier. Input impedance 
is nominally 20 k ohms. 

20 VCC A 5.4 V regulated output which powers all circuits 
except the speaker amplifier output stage. VCC 
can be used to power external circuitry such as 
a microprocessor (3.0 mA max). A filter capacitor 
is required. The MC34018 can be powered by a 
separate regulated supply by connecting V + and 
VCC to a voltage between 4.5 V and 6.5 V while 
maintaining CS at a Logic "1". 

21 VB An output voltage equal to approximately VCC/2 
which serves as an analog ground for the speak-
erphone system. Up to 1.5 mA of external load 
;:urrent may be sourced from VB. Output imped-
ance is 250 ohms. A filter capacitor is required. 

22 Gnd Ground pin for the IC (except the speaker 
amplifier). 

23 XDC Transmit detector output. A resistor and capacitor 
at this pin hold the system in the transmit mode 
during pauses between words or phrases. When 
the XDC pin voltage decays to ground, the atten-
uators switch from the transmit mode to the idle 
mode. The internal resistor at XDC is nominally 
2.6 k ohms (see Figure 1). 

24 VLC Volume control input. Connecting this pin to the 
slider of a variable resistor provides receive mode 
volume control. The VLC pin voltage should be 
less than or equal to VB. 

25 ACF Attenuator control filter. A capacitor connected to 
this pin reduces noise transients as the attenuator 
control switches levels of attenuation. 

26 RXO Output of the receive attenuator. Normally this 
pin is ac coupled to the input of the speaker 
amplifier. 

27 RXI Input of the receive attenuator. Input resistance 
is nominally 5.0 k ohms. 

28 RRX A resistor to ground determines the nominal gain 
of the receive attenuator. The receive channel 
gain is directly proportional to the RRX 
resistance. 

Note: Pin numbers are identical for the DIP and sOle packages, 
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ABSOLUTE MAXIMUM RATINGS 
(Voltages referred to Pin 22) (TA = 25'C) 

Parameter 

V + Terminal Voltage (Pin 16) 

CS (Pin 18) 

Speaker Amp Ground (Pin 14) 

VlC (Pin 24) 

Storage Temperature 

Value Units 

+ 12, -1.0 V 

+12, -1.0 V 

+3.0, -1.0 V 

VCC, -1.0 V 

-65to +150 'c 
"Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. 

They are not meant to imply that the devices should be operated at these limits. 
The "Electrical Characteristics" tables provide conditions for actual device operation. 

RECOMMENDED OPERATING CONDITIONS 

Parameter Value 

V + Terminal Voltage (Pin 16) +6.0 to + 11 

CS (Pin 18) o to +11 

ICC (Pin 20) o to 3.0 

VlC (Pin 24) 0.55VB to VB 

Receive Signal (Pin 27) o to 250 

Microphone Signal (Pin 9) o to 5.0 

Speaker Amp Ground (Pin 14) -10 to +10 

Ambient Temperature -20 to +60 

ELECTRICAL CHARACTERISTICS (Refer to Figure 1) 

Parameter I Symbol Pin Min Typ 

SUPPLY VOLTAGES 

V + Supply Current IV+ 16 
V+ = 11 V, Pin 18 = 0.7 V - -
V+ = 11 V, Pin 18 = 1.6 V - -

VCC Voltage (V+ = 7.5 V) VCC 20 4.9 5.4 
Line Regulation (6.5 V < V + < 11 V) ilVCC IN - 65 
Output Resistance (Icc = 3.0 mAl ROVCC - 6.0 
Dropout Voltage (V + = 5.0 V) VCCSAT - 80 

VB Voltage (V+ = 7.5 V) VB 21 2.5 2.9 
Output Resistance (lB = 1.7 mAl ROVB - 250 

ATTENUATORS 

Receive Attenuator Gain (@ 1.0 kHz) 26, 
Rx Mode, Pin 24 = VB; Pin 27 = 250 mVrms GRX 27 2.0 6.0 
Range (Rx to Tx Modes) ilGRX 40 44 
Idle Mode, Pin 27 = 250 mV rms GRXI -20 -16 

RXO Voltage (Rx Mode) VRXO 1.8 2.3 

Delta RXO Voltage (Switch from RX to TX Mode) ilVRXO - -

RXO Sink Current (Rx Mode) IRXOl 75 -

RXO Source Current (Rx Mode) IRXOH 1.0 -

RXI Input Resistance RRXI 3.5 5.0 

Volume Control Range (Rx Attenuator Gain, Rx Mode, VCR 24.5 -
0.6 VB < Pin 24 < VB) 

Units 

V 

V 

mA 

V 

mVrms 

mVrms 

mVdc 

'c 

Max Units 

9.0 mA 
800 /-LA 

5.9 Vdc 
150 mV 
20 ohms 

300 mV 

3.3 Vdc 
- ohms 

10 dB 
48 dB 
-12 dB 

3.2 Vdc 

100 mV 

- /-LA 

3.0 mA 

8.0 kfi 

32.5 dB 
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ELECTRICAL CHARACTERISTICS (continued) 

Parameter Symbol 

ATTENUATORS 

Transmit Attenuator Gain (@ 1.0 kHz) 
Tx Mode, Pin 3 = 250 mVrms GTX 
Range, (Tx to Rx Mode) aGTX 
Idle Mode, Pin 3 = 250 mVrms GTXI 

TXO Voltage (Tx Mode) VTXO 

Delta TXO Voltage (Switch from Tx to Rx Mode) aVTXO 

TXO Sink Current (Tx Mode) I'rXOL 

TXO Source Current (Tx Mode) ITXOH 

TXI Input Resistance RTXI 

ACF Voltage (VCC - Pin 25 Voltage) aVACF 
Rx Mode 
Rx Mode 
Idle Mode 

SPEAKER AMPLIFIER 

Speaker Amp Gain (Pin 19 = 20 mVrms) GSPK 

SKI Input Resistance RSKI 

SKO Voltage (Pin 19 = Cap Couple to GND) VSKO 

SKO High Voltage (Pin 19 = 0.1 V, -100 mA load VSKOH 
at Pin 15) 

SKO Low Voltage (Pin 19 = -0.1 V, +100 mA load VSKOL 
at Pin 15) 

MICROPHONE AMPLIFIER 

Mike Amp Gain (Pin 9 = 10 mVrms, 1.0 kHz) 

Mike Amp Input Resistance 

LOGAMPS 

RLO Leakage Current (Pin B = VB +' 1.0 V) ILKRLO 

TLO Leakage Current (Pin 6 = VB + 1.0 V) ILKTLO 

Transmit-Receive Switching Threshold 
(Ratio of ITLI to IRLI - at 20 p.A - to switch Tx-Rx ITH 
Comparator) 

TRANSMIT DETECTOR 

XDC Voltage - Idle Mode VXDC 
Tx Mode 

CP2 Current Source ICP2 

DISTORTION 

Rx Mode - RXI to SKO RXD 
(Pin 27 = 10 mVrms, 1.0 kHz) 

Tx Mode - MCI to TXO TXD 
(Pin,9 = 5.0 mVrms, 1.0 kHz) 

NOTES: 1, V+ = 7,5 V. CS = 0.7 V except where noted. 
2. RxMode: Pin7 = -100pA,Pin5 = +100pA,exceptwherenoted. 

Tx Mode: Pin 5, 13 = -100 pA, Pin 7 = +100 pA, Pin 11 = a volts, 
Idle Mode: Pin 5 = -100 pA, Pin 7, 13 = + 100 pA. 

Pin 

3, 
4 

20, 
25 

15, 
19 

8 

6 

5,7 
25 

23 

12 

27, 
15 

4,9 

3. Current into a pin designated as +; current out of a pin designated as -
4. Voltages referred to Pin 22. TA = + 25°C, 
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Min Typ 

4.0 6.0 
40 44 

-16.5 -13 

1.8 2.3 

- -
75 -

1.0 -
3.5 5.0 

- 150 
- 6.0 
- 75 

33 34 

15 22 

2.4 3.0 

5.5 -

- -

- -

- -

0.8 -

- 0 
- 4.0 

5.0 10 

- 1.5 

- 2.0 

Max 

B.O 
4B 

-B.5 

3.2 

100 

-
3.0 

B.O 

-
-
-

35 

37 

3.6 

-

600 

2.0 

2.0 

1.2 

-
-

13 

-

-

Units 

dB 
dB 
dB 

Vdc 

mV 

p.A 

mA 

kG 

mV 
mV 
mV 

dB 

kG 

Vdc 

Vdc 

mV 

p.A 

p.A 

Vdc 
Vdc 

p.A 

% 

% 
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TEMPERATURE CHARACTERISTICS (-20 to +SO·C) 

Typical 
Parameter Pin Change Units 

V+Supply Current (V+ = 11 V, Pin 18 = 0.7 V) 16 -0.2 %rC 
V+ Supply Current (V+ = 11 V, Pin 18 = 1.6 V) 16 -0.4 %rC 
VCC Voltage (V + = 7.5 V) 20 +0.1 %rC 
Attenuator Gain (Max and Min Settings) ±0.003 dBrC 
Delta RXO, TXO Voltages 4,26 ±0.24 %rc 
Speaker Amp Gain 15,19 ±0.003 dBrC 
Microphone Amp Gain 9,10 ±0.001 dBrC 
Microphone Amp Input Resistance 9 +0.4 %rC 
Tx-Rx Switching Threshold (@ 20 !£A) 5,7 ±0.2 nAl"C 

DESIGN GUIDELINES (Refer to Figure 1) 

ATTENUATORS 
The transmit and receive attenuators are comple

mentary in function, i.e., when one is at maximum gain 
the other is at maximum attenuation, and vice versa. 
They are never both on or both off. Their main purpose 
is to control the transmit and receive paths to provide 
the half-duplex operation required of a speakerphone. 
The attenuators are controlled solely by the voltage at 
the ACF pin (Pin 25). The ACF voltage is provided by 
the Attenuatar Control block, which receives 3 inputs: 
a) the Rx-Tx Comparator, b) the Transmit Detector Com
parator, and c) the Volume Control. The response of the 
attenuators is based on the difference ofthe ACF voltage 
from VCC, and therefore a simple method for monitor
ing the circuit operation is to monitor this voltage dif
ference (referred to as IlVacf). If IlVacf is approximately 
6 millivolts the transmit attenuator is fully on and the 
receive attenuator is fully off (transmit mode). If IlVacf 
is approximately 150 millivolts the circuit is in the re-

. ceive mode. If IlVacf is approximately 75 millivolts, the 
circuit is in the idle mode, and the two attenuators are 
at gain settings approximately half way (in dB) between 
their fully on and fully off positions. 

The maximum gain and attenuation values are de
termined by the three resistors RR, RTX, and RRX (Refer 
to Figures 2, 3 and 4). RR affects both attenuators ac
cording to its value RELATIVE to RTX and RRX, which 
is why Figure 4 indicates the variations versus the ratio. 
of the other resistors to RR. (GRX and GTX are the max
imum gains, and ARX and ATX are the maximum at
tenuations). RTX affects the gain and attenuation of only 
the transmit attenuator according tothe curves of Figure 
2, while RRX affects only the receive attenuator accord
ing to Figure 3. As can be seen from the figures, the 
gain difference (from on to off) is a reasonably constant 
45 dB until the upper gain limit is approached. A value 
of 30 k is recommended for RR as a starting point, and 
then RTX and RRX selected to suit the particular design 
goals. 

The input impedance of the attenuators (at TXI and 
RXI) is typically 5.0 kG, and the maximum input signal 
which will not cause output distortion is 250 mVrms 
(707 mVp-p). The 4300 ohm resistor and 0,01 JLF ca
pacitor at RXO (in Figure 1) filters out high frequency 
components in the receive path. This helps minimize 
high frequency acoustic feedback problems which may 
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occur if the filter were not present. The filter's insertion 
loss is 1.5 dB at 1.0 kHz. The outputs of the attenuators 
are inverted from their inputs. 

Referring to the attenuator control block, the IlVacf 
voltage at its output is determined by three inputs. The 
relationship of the inputs and output is summarized in 
the fOllowing truth table: 

Transmit 
Tx-Rx Oet Volume 
Comp Comp Control 4.Vacf Mode 

Transmit Transmit No Effect 6.0 mV Transmit 
Transmit Idle No Effect 75 mV Idle 
Receive Transmit Affects t.vacf 50-150 mV Receive 
Receive Idle Affects AVacf 50-150 mV Receive 

As can be seen from the truth table, the Tx-Rx com
parator dominates. The Transmit Detector Comparator 
is effective only in the transmit mode, and the Volume 
Control is effective only in the receive mode. 

The Tx-Rx comparator is in the transmit position 
when there is sufficient transmit signal present over and 
above any receive signal. The Transmit Detector Com
parator then determines whether the transmit signal is 
a result of background noise (a relatively stable signal), 
or speech which consists of bursts. If the signal is due 
to background noise, the attenuators will be put into 
the i,jle mode (IlVacf = 75 mY). If the signal consists 
of speech, the attenuators will be switched to the trans
mit mode (IlVacf = 6.0 mV.) A further explanation of 
this function will be found in the section on the Transmit 
Detector Circuit. 

The Tx-Rx comparator is in the receive position when 
there is sufficient receive signal to overcome the back
ground noise AND any speech signals. The IlVacf volt
age will now be 150 mV IF the volume control is at the 
maximum position, i.e. VlC (Pin 24) = VB. IF VlC is 
less than VB, the gain of the receive attenuator, and the 
attenuation of the transmit attenuator, will vary in a 
complementary manner as shown in Figure 5. It can be 
seen that at the minimum recommended operating 
level (VlC = 0.55 VB) the gain of the transmit attenuator 
is actually greater than that of the receive attenuator. 
The effect of varying VlC is to vary IlVacf, with a re
sulting variation in the gains of the attenuators. Figure 
6 shows the gain variations with IlVacf. 
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The capacitor at ACF (Pin 25) smooths the transition 
between operating modes. This keeps down any 
"clicks" in the speaker or transmit signal when the ACF 
voltage switches. 

The gain separation of the two attenuators can be 
reduced from the typical 45 dB by adding a resistor 
between Pins 20 (VCe) and 25 (ACF). The effect is a 
reduction of the maximum tJ. Vacf voltage in the receive 
mode, while not affecting tJ.Vacf in the transmit mode. 
As an example, adding a 12 kG resistor will reduce tJ.Vacf 
by approximately 15 mV (to 135 mY), decrease the gain 
of the receive attenuator by approximately 5.0 dB, and 
increase the gain of the transmit attenuator by a similar 
amount. If the circuit requires the receive attenuator 
gain to be +6.0 dB in the receive mode, RRX must be 
adjusted (to = 27 k) to re-establish this value. This 
change will also increase the receive attenuator gain in 
the transmit mode by a similar amount. The resistor at 
TLI may also require changing to reset the sensitivity 
of the transmit level detector. 

LOG AMPLIFIERS 
(Transmit and Receive Level Detectors) 

The log amps monitor the levels of the transmit and 
receive signals, so as to tell the Tx-Rx comparator which 
mode should be in effect. The input signals are applied 
to the amplifiers (at TLI and RLI) through AC coupling 
capacitors and current limiting resistors. The value of 
these components determines the sensitivity of the re
spective amplifiers, and has an effect on the switching 
times between transmit and receive modes. The feed
back elements for the amplifiers are back-to-back diodes 
which provide a logarithmic gain curve, thus allowing 
operation over a wide range of signal levels. The out
puts of the amplifiers are rectified, having a quick rise 
time and a slow decay time. The rise time is determined 
primarily by the external capacitor (at TLO or RLO) and 
an internal 500 ohm resistor, and is on the order of a 
fraction of a millisecond. The decay time is determined 
by the external resistor and capacitor, and is oil the 
order of a fraction of a second. The switching time is 
not fixed, but depends on the relative values· of the 
transmit and receive signals, as well as these external 
components. Figure 7 indicates the dc transfer char
acteristics of the log amps, and Figure 8 indicates the 
transfer characteristics with respect to an ac input sig
nal. The dc level at TLI, RLI, TLO, and RLO is approxi
mately VB. 

The Tx-Rx comparator responds to the voltages at 
TLO and RLO, which in turn are functions ofthe currents 
sourced out of TLI and RLI, respectively. If an offset at 
the comparator input is desired, e.g., to prevent noise 
from switching the system, or to give preference to 
either the transmit or receive channel, this may be 
achieved by biasing the appropriate input (TLI or RLI). 
A resistor to ground will cause a DC current to flow out 
of that input, thus forcing the output of that amplifier 
to be biased slightly higher than normal. This amplifier 
then becomes the preferred one in the system opera
tion. Resistor values from 500 k to 10 M ohms are rec
ommended for this purpose. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

SPEAKER AMPLIFIER 
The speaker amplifier has a fixed gain of 34 dB (50 

VN), and is noninverting. The input impedance is nom
inally 22 kG as long as the output signal is below that 
required to activate the Peak Limiter. Figure 9 indicates 
the typical output swing available at SKO (Pin 15). Since 
the output current capability is 100 mA, the lower curve 
is limited to a 5.0 volt swing. The output impedance 
depends on the output signal level and is relatively low 
as long as the signal level is not near the maximum 
limits. At 3 volts POp the output impedance is <0.5 ohms, 
and at 4.5 volts pop it is <3 ohms. The output is short 
circuit protected at approximately 300 mAo 

When the amplifier is overdriven, the peak limiter 
causes a portion of the input signal to be shunted to 
ground, in order to maintain a constant output level. 
The effect is that of a gain reduction caused by a re
duction of the input impedance (at SKI) to a value not 
less than 2.0 kG. 

The capacitor at Pin 17 (AGC) determines the re
sponse time of the peak limiter circuit. When a large 
input signal is applied to SKI, the voltage at AGC (Pin 
17) will drop quickly as a current source is applied to 
the external capacitor. When the large input signal is 
reduced, the current source is turned off, and an internal 
110 kG resistor discharges the capacitor so the voltage 
at AGC can return to its normal value (1.9 Vdc). The 
capacitor additionally stabilizes the peak limiting feed
back loop. 

Ifthere is a need to mute the speaker amplifier without 
disabling the rest of the circuit, this may be accom
plished by connecting a resistor from the AGC pin to 
ground. A 100 kG resistor will reduce the gain by 34 dB 
(0 dB from SKI to SKO), and a 10 k resistor will reduce 
the gain by almost 50 dB. 

TRANSMIT DETECTOR CIRCUIT 
The transmit detector circuit, also known as the back

ground noise monitor, distinguishes speech (which con
sists of bursts) from the background noise (a relatively 
constant signal). It does this by storing a voltage level, 
representative of the average background noise, in the 
capacitor at CP1 (Pin 11). The resistor and capacitor at 
this pin have a time constant of approximately 5 sec
onds (in Figure 1). The voltage at Pin 11 is applied to 
the inverting input of the Transmit Detector Compara
tor. In the absence of speech signals, the noninverting 
input receives the same voltage level minus an offset 
of 36 mY. In this condition, the output of the comparator 
will be low, the output transistor turned off, and the 
voltage at XDC (Pin 23) will be at ground. If the Tx-Rx 
comparator is in the transmit position, the attenuators 
will be in the idle mode (tJ.Vacf=75 mY). When speech 
is presented to the microphone, the signal burst ap
pearing at XDI reaches the noninverting input of the 
transmit detector comparator before the voltage at the 
inverting input can change, causing the output to switch 
high, driving the voltage at XDC up to approximately 4 
volts. This high level causes the attenuator control block 
to switch the attenuators from the idle mode to the 
transmit mode (assuming the Tx-Ri< comparator is in 
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the transmit mode). As long as the speech continues to 
arrive, and is maintained at a level above the back
ground, the voltage at XDC will be maintained at a high 
level, and the circuit will remain in the transmit mode. 
The time constant of the components at XDC will de
termine how much time the circuit requires to return to 
the idle mode after the cessation of microphone speech 
signals, such as occurs during the normal pauses in 
speech. 

The series resistor and capacitor at XDI (Pin 13) de
termine the sensitivity of the transmit detector circuit. 
Figure 10 indicates the change in DC voltage levels at 
CP2 and CP1 in response to a steady state sine wave 
applied at the input of the 0.068 JLF capacitor and 4700 
ohm resistor (the voltage change at CP1 is 2.7 times 
greater than the change at CP2). Increasing the resistor, 
or lowering the capacitor, will reduce the response at 
these pins. The first amplifier (between XDI and CP2) is 
logarithmic in order that this circuit be able to handle 
a wide range of signal levels (or in other words, it re
sponds equally well to people who talk quietly and to 
people who shout). Figure 7 indicates the dc transfer 
characteristics of the log amp. 

Figure 11 indicates the response at Pins 11, 12, and 
23 to a varying signal at the microphone. The series of 
events in Figure 11 is as follows: 

1) CP2 (Pin 12) follows the peaks of the speech 
signals, and decays at a rate determined by the 10 
JLA current source and the capacitor at this pin. 

2) CP1 (Pin 11) increases at a rate determined by 
the RC at this pin after CP2 has made a positive tran
sition. It will follow the decay pattern of CP2. 

3) The noninverting input ofthe Transmit Detector 
Comparator follows CP2, gained up by 2.7, and re
duced by an offset of 36 mV. This voltage, compared 
to CP1, determines the output of the comparator. 

4) XDC (Pin 23) will rise quickly to 4 Vdc in re
sponse to a positive transition at CP2, but will decay 
at a rate determined by the RC at this pin. When XDC 
is above 3.25 Vdc, the circuit will be in the transmit 
mode. As it decays towards ground, the attenuators 
are taken to the idle mode. 

MICROPHONE AMPLIFIER 
The microphone amplifier is noninverting, has an in

ternal gain of 34 dB (50 VN), and a nominal input imped
ance of 10 kll. The output impedance is typically <15 
ohms. The maximum p-p voltage swing available at the 
output is approximately 2.0 volts less than VCC, which 
is substantially more than what is required in most ap
plications. The input at MCI (Pin 9) should be ac coupled 
to the microphone so as to not upset the bias voltage. 
Generally, microphone sensitivity may be adjusted by 
varying the 2 k microphone bias resistor, rather than by 
attempting to vary the gain of the amplifier. 

POWER SUPPLY 
The voltage supplyfor the MC34018 at V + (Pin 16) 

should be in the range of 6.0 to 11 volts, although the 
circuit will operate down to 4.0 volts. The voltage can 
be supplied either from Tip and Ring, or from a separate 

MC34018 
2-376 

supply. The required supply current, with no signal to 
the speaker, is shown in Figure 12. The upper curve 
indicates the normal operating current when Chip Se
lect (Pin 18) is at a Logic "0". Figure 13 indicates the 
average dc current required when supplying various 
power levels to a 25 ohm speaker. Figure 13 also indi
cates the minimum supply voltage required to provide 
the indicated power levels. The peak in the power sup
ply current at 5.0-5.4 volts occurs as the VCC circuit 
comes into regulation. 

It is imperative that the V + supply (Pin 16) be a good 
ac ground for stability reasons. If this pin is not well 
filtered (by a 1000 JLF capacitor AT THE IC), any variation 
at V+ caused by the required speaker current flowing 
through this pin can cause a low frequency oscillation. 
The result is usually that the circuit will cut the speaker 
signal on and off at the rate of a few hertz. Experiments 
have shown that only a few inches of wire between the 
supply and the IC can cause the problem if the filter 
capacitor is not physically adjacent to the IC.lt is equally 
imperative that both ground pins (Pins 14 and 22) have 
a low loss connection to the power supply ground. 

Vcc 
VCC (Pin 20) is a regulated output voltage of 5.4 volts, 

+ / - 0.5 V. Regulation will be maintained as long as V + 
is (typically) 80 mV greater than the regulated value of 
VCC. Up to 3 milliamps can be sourced from this supply 
for external use. Th~ output impedance is <20 ohms. 

The 47 JLF capacitor indicated for connection to Pin 
20 is essential for stability reasons. It must be located 
adjacent to the IC. 

Ifthe circuit is deselected (see section on Chip Select), 
the VCC voltage will go to 0 volts. 

If the MC34018 is to be powered from a regulated 
supply (not the Tip and Ring lines) of less than 6.5 volts, 
the configuration of Figure 14 may be used so as to 
ensure that VCC is regulated. The regulated voltage is 
applied to both V + and VCC, with CS held at a Logic 
"1" so as to turn off the internal regulator (the Chip 
Select function is not available when the circuit is used 
in this manner). Figure 15 indicates the supply current 
used by this configuration, with no signal at the speaker. 
When a signal is sentto the speaker, the curves of Figure 
13 apply. 

VB 
VB is a regulated output voltage with a nominal value 

of 2.9 volts, +/-0.4 volts. It is derived from VCC and 
tracks it, holding a value of approximately 54% of VCC. 
1.5 milliamps can be sourced from this supply at a typ
ical output impedance of 250 ohms. 

The 47 JLF capacitor indicated for connection to the 
VB pin is required for stability reasons, and must be 
adjacent to the IC. 

If the circuit is deselected (see section on Chip Select). 
the VB voltage will go to 0 volts. 
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CHIP SELECT 
The Chip Select pin (Pin 18) allows the chip to be 

powered down anytime its functions are not required. 
A Logic "1" level in the range of 1.6 V to 11 V deselects 
the chip, and the resulting supply current (at V +) is 

shown in Figure 12. The input resistance at Pin 18 is 
>75 kil. The VCC and VB regulated voltages go to 0.0 
when the chip is deselected. Leaving Pin 18 open is 
equivalent to a Logic "0" (chip enabled). 

FIGURE 1 - TEST CIRCUIT 

FIGURE 2 - TRANSMIT ATTENUATOR versus RTX 
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FIGURE 3 - RECEIVE ATTENUATOR versus RRX 
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FIGURE 5 - ATTENUATOR GAIN versus VLC 
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FIGURE 10 - RESPONSE AT CP2 AND CP1 
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FIGURE 14 - ALTERNATE POWER SUPPLY CONFIGURATION 
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SWITCHING TIME 
The switching times of the speakerphone circuit de

pend not only on the various external components. but 
also on the operating condition of the circuit at the time 
a change is to take effect. For example. the switching 
time from idle to transmit is generally quicker than the 
switching time from receive to transmit (or transmit to 
receive). 

The components which most significantly affect the 
timing between the transmit and receive modes are 
those at Pins 5 (transmit turn-on). 6 (transmit turn-off). 
7 (receive turn-on). and 8 (receive turn-off). These four 
timing functions are not independent. but interact since 
the Tx-Rx comparator operates on a RELATIVE Tx-Rx 
comparison. rather than on absolute values. The com
ponents at Pins 11. 12. 13. and 23 affect the timing from 
the transmit to the idle mode. Timing from the idle 
mode to transmit mode is relatively quick (due to the 
quick charging of the various capacitors). and is not 
greatly affected by the component values. Pins 5-8 do 
not affect the idle-to-transmit timing since the Tx-Rx 
comparator must already be in the transmit mode for 
this to occur. 

The following table provides a summary ofthe effect 
on the switching time of the various components. in
cluding the volume control: 

MC34018 
2-380 

Components 

RC@Pin 5 
RC@Pin6 
RC@Pin7 
RC@Pin 8 
RC@Pin 11 

C@Pin12 
RC@Pin 13 
RC@Pin 23 

V@Pin24 
C@ Pin 25 

Tx to Rx 

Moderate 
Significant 
Significant 
Moderate 
No effect 
No effect 
No effect 
No effect 
No effect 
Moderate 
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FIGURE 15 - SUPPLY CURRENT 
versus SUPPLY VOLTAGE (SEE FIGURE 141 
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Vs IVOLTSI 

Additionally. the following should be noted: 

8.0 

1) The RCs at Pins 5 and 7 have a dual function in 
that they affect the sensitivity of the respective log 
amplifiers. or in other words. how loud the speech 
must be in order to gain control of the speakerphone 
circuit. 

2) The RC at Pin 13 also has a dual function in that 
it determines the sensitivity of the transmit detector 
circuit. 

3) The volume control affects the switching speed. 
and the relative response to transmit signals. in the 
following manner: When the circuit is in the receive 
mode. reducing the volume control setting increases 
the signal at TXO. and consequently the signal to the 
TLI pin. Therefore a given signal at TXI will switch the 
circuit into the transmit mode quicker at low volume 
settings. 

The photographs of Figures 16 and 17 indicate ex
perimentally obtained switching response times for the 
circuit of Figure 1. In Figure 16. the circuit is provided 
a continuous receive signal of 1.1 mVp-p at RXI (trace 
#3). A repetitive burst signal of 7.2 mVp-p. lasting 120 

Rx to Tx Tx to Idle 

Significant No effect 
Moderate No effect 
Moderate No effect 
Significant No effect 
Slight Moderate 
Slight Significant 
Slight Slight 
Slight Significant 
Moderate No effect 
Moderate Slight 
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milliseconds, and repeated every 1 second, is applied 
to MCI (Trace #1). Trace #2 is the output at TXO, and 
is approximately 650 mVp-p at its maximum. Trace #4 
is the output at RXO, and is approximately 2.2 mVp-p 
at its maximum. The time to switch from the receive 
mode to the transmit mode is approximately 40 ms, as 
indicated by the time required for TXO to turn on, and 
for RXO to turn off. After the signal at MCI is shut off, 
the switching time back to the receive mode is approx
imately 210 ms. 

In Figure 17, a continuous signal of 7.6 mVp-p is ap
plied to MCI (Trace #1). and a repetitive burst signal of 
100 mVp-p is applied to RXI (Trace #3). lasting approx
imately 120 ms, and repeated every 1 second. Trace #2 

FIGURE 16 - TRANSMIT·RECEIVE SWITCHING 

Burst Input @ Mel 

Output @TXO 

3 Input@ RXI 

4 Output@ RXO 

Time Base ~ 40 ms/Div 

APPLICATIONS INFORMATION 

The MC34018 Speakerphone IC is designed to provide 
the functions additionally required when a speaker
phone is added to a standard telephone. The IC provides 
the necessary relative level detection and comparison 
of the speech signals provided by the talkers at the 
speakerphone (near end speaker) and at the distant tele
phone (far end speaker). 

The MC34018 is designed for use with an electret type 
microphone, a 25 ohm speaker, and has an output 
power capability of (typically) 100 mW. All external com
ponents surrounding this device are passive, however, 
this IC does require additional circuitry to interface to 
the Tip and Ring telephone lines. Two suggested circuits 
are shown in this data sheet. 

Figure 18 depicts a circuit using the MC34014 Speech 
Network (to provide the line interface). as well as the 
Circuitry necessary to switch between the handset mode 
and the speakerphone mode. Switch HS (containing one 
normally open and one normally closed contact) is the 
hook switch actuated by the handset, shown in the on
hook position. When the handset is off-hook (HSl open, 
HS2 closed), power is applied to the MC34014 speech 
network, and consequently the handset, and the CS pin 
of the MC34018 is held high so as to disable it. Upon 
closing the two poles of switch SS, AND placing switch 

MOTOROLA COMMUNICATIONS DEVICE DATA 

is the output at TXO and is approximately 90 mVp-p at 
its maximum, and Trace #4 indicates the output at RXO, 
and is approximately 150 mVp-p at its maximum. In this 
sequence, the circuit switches between the idle and re
ceive modes. The time required to switch from idle to 
receive is approximately 70 ms, as indicated by the first 
part of Traces 2 and 4. After the receive signal is shut 
off, the time to switch back to the idle mode is approx
imately 100 ms. 

All of the above mentioned times will change signif
icantly by varying the amplitude of the input signals, as 
well as by varying the external components. 

FIGURE 17 - IDLE-RECEIVE SWITCHING 

111111111; Input @ MCI 

2 Output@ TXO 

3 Burst Input @ RXI 

4 Output @ RXO 

Time Base ~ 30 ms/Div 

HS in the on-hook position, power is then applied to 
both the MC34014 and the MC34018, and CS is held 
low, enabling the speakerphone function. Anytime the 
handset is removed from switch HS, the circuit reverts 
to the handset mode. The diode circuitry sets the op
erational mode of the MC34014 so as to optimize the 
speakerphone operation (see the MC34014 data sheet 
for further details). The tone dialer interface is meant 
for connection to a DTM F dialer with an active low 
MUTE signal. The VDD supply from the MC34014 is a 
nominal 3.3 volts. The MC34017 and piezo sounder pro
vide the ringing function. 

Figure 19 depicts a configuration which does not in
clude a handset, dialer, or ringer. The only controls are 
Sl (to make the connection to the line), S2 (a "privacy" 
switch). and the volume control. It is meant to be used 
in parallel with a normal telephone which has the dialing 
and ringing functions. 

Figure 20 depicts a means of providing logic level 
signals that indicate which mode of operation the 
MC34018 is in. Comparator A indicates whether the cir
cuit is in the receive or transmit/idle mode, and com
parator B indicates (when in the transmit/idle mode) 
whether the circuit is in the transmit or idle mode. The 
LM393 dual comparator was chosen because of its low 
current requirement «1.0 mAl, low voltage require
ment (as low as 2.0 volts), and low cost. 
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1. Diodes are 1 N4001 unless otherwise noted. 
2. 4 Transistors are 2N3904. 
3. Recommended Transformer: Microtran T5115. 

FIGURE 20 - DIGITAL TRANSMITIIDLE/RECEIVE INDICATION 
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Specifications and Applications 
Information 

TELEPHONE SPEECH NETWORK 
WITH DIALER INTERFACE 

The MC34114 is a monolithic integrated telephone speech net
work designed to replace the bulky magnetic hybrid circuit of a 
telephone set. The MC34114 incorporates the necessary functions 
oftransmit amplification, receive amplification, and sidetone con
trol, each with externally adjustable gain. Loop length equalization 
varies the gains based on loop current. The microphone amplifier 
has a balanced, differential input stage designed to reduce RFI 
problems. A MUTE input mutes the microphone and receive 
amplifiers during dialing. A regulated output voltage is provided 
for biasing of the microphone, and a separate output voltage 
powers an external dialer, microprocessor, or other circuitry. The 
MC34114 is designed to operate at a minimum of 1.2 volts, making 
party line operation possible. 

A circuit using the MC34114 can be made to comply with Bell 
Telephone, British Telecom (BT). and NTT (Nippon Telegraph & 
Telephone) standards. It is available in a standard 18-pin DIP, and 
a 20-pin SOIC (surface mount) package. 

• Operation Down to 1.2 Volts 

• Externally Adjustable Transmit, Receive, and Sidetone Gains 

• Differential Microphone Amplifier Input Minimizes RFI 
Susceptibility 

• Transmit, Receive, and Sidetone Equalization on Both Voice 
and DTMF Signals 

• Regulated 1.7 Volts Output for Biasing Microphone 

• Regulated 3.3 Volts Output for Powering External Dialer or 
MPU 

• Microphone and Receive Amplifiers Muted During Dialing 

• Differential Receive Amplifier Output Eliminates Coupling 
Capacitor 

• Operates with Receiver Impedances of 50 Ohms and Higher 

• Complies with NTT, Bell Telephone and BT Standards 

SIMPLIFIED BLOCK DIAGRAM 

MUTE MS 

MC34114 
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MC34114 

TELEPHONE SPEECH 
NETWORK WITH 

DIALER INTERFACE 

SILICON MONOLITHIC 

~ 
I~~~~~~ 

I P SUFFIX 
PLASTIC PACKAGE 

CASE 707 

OW SUFFIX 
PLASTIC PACKAGE 

CASE 7510 

PIN CONNECTIONS 
(Top View) 

VCC 

LR 

VB 

VR 

Gnd 

MCI 

MC2 

MCO 

RAGC 

(DIP Package) 

VDD 

MUTE 

MS 

ZB 

RXA 

RXI 

RXOI 

RX02 

TXI 

ORDERING INFORMATION 

Package 

IS-Pin Plastic DIP 
20-Pin Surface Mount 

Part No. 

MC34114P 
MC34114DW 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Value Units 

Vee Supply Voltage -1.0, +12 Vdc 

Voltage at VDD (Externally Applied, Vee = 0) -1.0, +6.0 Vdc 

Voltage at MUTE, MS (Vee> 1.5 Volts) -1.0, VDD+0.5 Vdc 

Voltage at MUTE, MS (Vee = 0) -1.0, +6.0 Vdc 

Voltage at RAGe (0 < Vee < 12 Volts) -1.0, +6.0 Vdc 

Current through Vee, LR 130 mA 

Current into ZB (Pin 15) 3.0 mA 

Storage Temperature -65, +150 °e 

" " Maximum Ratings are those values beyond which the safety of the device cannot be 
guaranteed. They are not meant to imply that the devices can be operated at these limits. The 
"Recommended Operating Conditions" provides conditions for actual device operation. 

RECOMMENDED OPERATING LIMITS 

Parameter 

Vee Voltage (Speech, Pulse Mode) 
(Tone Dialing Mode) 

Loop Current (into Vee! (Speech, Pulse Mode) 
(Tone Dialing Mode) 

Receiver Impedance 

Voltage at MUTE, MS (Vee> 1.5 Volts) 

Rl (Resistor from Vee to VB) 

Ambient Temperature 

All limits are not necessarily functional concurrently. 

ELECTRICAL CHARACTERISTICS (TA = 25°C, See Figure 1) 

Parameter Symbol 

SUPPLY CURRENT 

Supply Current into Vee (Pin 2 open, R12 = 25 k, VDD unloaded) 
Speech Mode (Figure 2) Vee = 1.2 Volts 

Vee = 3.5 Volts 
Iccsp 

Vee = 8.0 Volts 
Vee = 10.5 Volts 

Tone Mode (Figure 4) Vee = 3.3 Volts Icct 
Vee = 8.0 Volts 
Vee = 10 Volts 

VOLTAGE REGULATORS 

VR Voltage (lR = 65 /LA. Vee = 2.5 V, Figure 5) VR 
Load Regulation (0 < IR < 300 /LA, Vee = 2.5 V) 
Line Regulation (lR = 65 /LA. 2.5 < Vee < 10.5 V) 

VDD Voltage (Vee'" 3.8 V, IDD = 0, Figure 6) VDD 
Line Regulation (lDD = 0,5.0 V < Vee < 10.5 V) 

Maximum Output Current (Vee = 3.8 V, VDD '" 3.0 V) IDDMAX 
Speech Mode 
Pulse, Tone Mode 

Input Leakage Current (Vee = 0, 3.3 Volts applied to VDD) Ilkg 
Mute open or at VDD 
Mute = 0 Volts 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Min Typ 

+1.2 -
+3.3. -

4.0 -
15 -
50 -
0 -

100 -
-20 -

Min Typ 

4.0 5.0 
S.O 11 
10 12 
- 13 
- 14 
- 16 
- 18 

1.6 1.7 
- 0.2 

-70 ±20 

3.1 3.3 
-70 ±30 

0.8 1.0 
2.2 2.5 

- 0.02 
- 180 

Max 

+10.5 
+10.5 

120 
120 

-

VDD 

1800 

+70 

Max 

5.5 
12 
14 
-
-
-
-

1.85 
0.5 
+70 

3.7 
+70 

-
-

0.5 
-

Units 

Vdc 

mA 

n 
Vdc 

n 
°e 

Units 

mA 

Vdc 
Vdc 

mVdc 

Vdc 
mVdc 
mA 

/LA 
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ELECTRICAL CHARACTERISTICS - continued (TA = 25'C, See Figure 1) 

Parameter I Symbol Min Typ Max Units 

MICROPHONE AMPLIFIER 

Gain (Mute = VOO) GMIC 28 30 32 dB 

Input Common Mode Rejection Ratio (1.0 kHz) CMRR 20 26 - dB 

Input Impedance (Each Input) RINMIC 14 20 27 kO 

MCO DC Bias Voltage (VCC > 3.4 V, Mute = Hi) VMCOOC 0.85 1.1 1.25 Vdc 
(VCC = 1.2 V, Mute = Hi) 0.6 0.71 0.93 
(Mute = 0 V) - 0.08 -

MCO Max Voltage Swing (THO = 5%, VCC > 2.7 V) VMCOAC - 2.0 - Vp-p 
(THO = 5%, VCC = 1.2 V) - 500 - mVp-p 

MCO Output Impedance ZMCO - 270 - 0 

MCO Output Current Capability (THO = 5%) IMCO - 160 - p.A 

Gain Reduction when Muted (Mute = 0 Volts, f = 1.0 kHz) GMUT 55 70 - dB 

RECEIVE AMPLIFIER 

RXI Bias Current (Mute = Hi) IIBR - 50 - nA 

RX01, RX02 Bias Voltage (VCC = 1.2 V) RXOC 580 630 695 mVdc 
(VCC > 3.0. V) 585 650 720 

RX01-RX02 Offset Voltage (VCC > 3.0 V) RXVOS -35 0 +35 mVdc 

RX01-RX02 Max Voltage Swing (Figure 9) VRXAC 
(THO = 5%, Receiver = 00) - 2.2 - Vp-p 
(THO = 5%, Receiver = 150 0) - 800 - mVp-p 

Internal Feedback Resistor (for muting) RFINT - 1.0 - kO 

RXOl & RX02 Source Current IRX 2.6 3.2 3.5 mA 

INTERNAL CURRENT AMPLIFIERS 

TXI Input Impedance RTXI 0.85 1.0 1.15 kO 

ZB Input Impedance RZB - 500 - 0 

RXA Output Impedance RRXA - 10 - kO 

AC Current Gain AlA 
TXI to VCC (VRAGC = 0 V) GTX - 100 -
TXI.to VCC (VRAGC = 1.3 V) - 50 -
ZB to RXA (VRAGC = 0 V, RXA = AC Gnd) GZB - 0.5 -
ZB to RXA (VRAGC = 1.3 V, RXA = AC Gnd) - 0.25 -
TXI to RXA (VRAGC = 0 V, RXA = AC Gnd) GSTA - 1.22 -
TXI to RXA (VRAGC = 1.3 V, RXA = AC Gnd) - 0.61 -

DC INTERFACE 

LR Level Shift (VCC-VLR) Vdc 
(lLOOP = 20 rnA, Mute = VOO) AVLRS - 2.8 -
(lLOOP = 80 rnA, Mute = VOO) - 3.5 -
(ILOOP = 20 mA, Mute & MS = 0 V) AVLRT - 3.8 -
(lLOOP = 80 rnA, Mute & MS = 0 V) - 5.0 -

VCC Boost (lLOOP = 20 mA, Mute & MS AVLRB 0.7 1.0 1.2 Vdc 
switched from Hi to Lo, Rl = 620 0) 

RAGC Current (VRAGC = OV) IRAGC - -40 - p.A 
(VRAGC = 1.0 V) - -12 -

MC34114 
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ELECTRICAL CHARACTERISTICS - continued (T A = 25"<:, See Figure 1) 

Parameter I Symbol 

LOGIC INPUTS 

MUTE Input Impedance (VCC > 1.2 V) RMUT 
(VCC = 0 V, 0 < Mute < 6.0 V) 

Input Low Voltage VILMT 
Input High Voltage VIHMT 
Holdover (Delay for Receive amplifier to return TMUT 

to full gain after Pin 17 switches from 0 to VDD) 

MS Input Impedance (VCC > 1.2 V) RMS 
(VCC = 0 V, Mute = open or VDD) 
(VCC = 0, Mute = 0) 

Input Low Voltage VILMS 
Input High Voltage VIHMS 

SYSTEM SPECIFICATIONS (f = 1.0 kHz unless noted, T A = 25'e, Refer to Figure 1) 

I Parameter I Symbol 

LINE INTERFACE 

Vcc DC Voltage (Pin 1) 
Bell Telephone Standard and NTT Specs. (R2 = 430, R3 = 130) 

Speech Mode ILOOP = 10 rnA 
ILOOP = 20 rnA 
ILOOP = 30 rnA 
ILOOP = 120 rnA 

Tone Mode ILOOP = 20 rnA 
ILOOP = 30 rnA 

British Telecom Standard 
(R2 = 43 0 + 2.5 V Zener, R3 = 130) 
Speech Mode ILOOP = 10 rnA 

ILOOP = 20 rnA 
ILOOP = 30 rnA 
ILOOP = 70 rnA 

AC Terminating Impedance (lLOOP = 20 rnA. Figure 11) 

RECEIVE PATH 

Gain (VCC to RX01-RX02, Figures 14, 15) 
ILOOP = 20 rnA 
ILOOP = 100 rnA 

60Gain (GRX @ 100 rnA versus 20 rnA) 

Muted Gain (Mute = Logic 0, ILOOP = 20 rnA) 

Distortion (at RX01-RX02, Vec = 250 mVrms) 
f=300Hz 
f= 1.0 kHz 
f = 3.4 kHz 

Output Noise Across RX01-RX02 (@ 1.0 kHz) 

TRANSMIT PATH 

Gain (MC1-MC2 to VCC, Figures 12, 13) 
ILOOP = 20 rnA 
ILOOP = 100 rnA 

60Gain (GTX @ 100 rnA versus 20 rnA) 

Max Vce Voltage Swing (THO = 5%, Figure 8) 
ILOOP = 20 rnA 
ILOOP = 100 rnA 

Gain Reduction when muted (MC1-MC2 to Vec, Mute = 0 V) 

Distortion (0 dBm @ Vcc) 
f = 300 Hz 
f = 1.0 kHz 
f = 3.4 kHz 

Output Noise at Vce (@ 1.0 kHz) 

SIDETONE 

Sidetone Gain (Gain from VCC to RX01-RX02 with 
signal applied to MC1/MC2, ILOOP = 20 rnA) 
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VCC 

ZAC 

GRX 

60GRX 

GRXM 

THOR 

NRXO 

GTX 

60GTX 

VTXMAX 

GTXM 

THDT 

NTXO 

Min Typ 

- 60 
- >60 
0 -

VDD-0.5 -
8.0 11 

- 60 
- >50 
- 4.0 
0 -

2.0 -

Min Typ 

1.7 2.0 
3.0 3.4 
3.5 4.1 
8.5 9.9 
3.9 4.1 
4.5 5.1 

- 4.3 
- 5.9 
- 6.9 
- 10 

500 600 

-7.2 -6.1 
-13.5 -11 

-7.5 -6.0 

- -22 

- 0.3 
- 0.2 
- 0.02 

- 4.0 

36 38.5 
29 32.5 

-7.5 -6.0 

- 3.0 
- 2.3 

- 68 

- 0.5 
- 1.5 
- 1.3 

- 17 

Max 

-
-
1.0 

VDD 
25 

-
-
-
0.3 

VDD 

Max 

2.3 
3.7 
4.5 
10.5 
4.3 
5.5 

-
-
-
-
700 

-5.0 
-9.5 

-4.5 

-20 

-
2.0 
-
-

40.5 
35.5 

-4.5 

-
-
-

-
3.0 
-
-

Units 

kO 
MO 
Vdc 
Vdc 

mSec 

kO 
MO 
kO 
Vdc 
Vdc 

Units 

Vdc 

0 

dB 

dB 

dB 

% 

",Vrms 

dB 

dB 

Vp-p 

dB 

% 

",Vrms 
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PIN DESCRIPTIONS 

Symbol 

VCC 

LR 

VB 

VR 

GND 

MCl 

MC2 

MCO 

RAGC 

TXI 

RX02 

RX01 

RXI 

RXA 

ZB 

MS 

MUTE 

VDD 
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Pin Number 

(SOIC) (DIP) 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

10 9 

11 10 

12 11 

14 12 

15 13 

16 14 

17 15 

18 16 

19 17 

20 18 

Description 

Power supply pin for the IC. Supply voltage is derived from loop current. Transmit amp output 
operates on this pin. 

Resistors R2 + R3 at this pin set the DC characteristics of the circuit. The majority of the loop 
current flows through these resistors. Other components may be used to produce required DC 
characteristics for individual regulatory agencies. 

A resistor or appropriate network (Rl I connected from this pin to VCC sets the AC terminating 
impedance (return loss spec). 

A 1.7 volt regulated output which can be used to bias the microphone. Additionally, this 
voltage powers a portion of the internal circuitry. Can nominally supply 300-500 pA 

Ground pin for the entire IC. Normally this is not connected to, nor to be confused with earth 
ground. 

Inverting differential input to the microphone amplifier. Input impedance is typically 20 kil. 

Non-inverting differential input to the microphone amplifier. Input impedance is typically 20 kil. 

Microphone amplifier output. Amplifier's gain is fixed at 30 dB. 

Loop current sensing input. The voltage at this pin, determined by the loop current and R3, 
operates the loop length equalization circuit. 

Input to the transmit amplifier from the microphone amplifier, DTMF source, and other sources. 
Input impedance ~ 1.0 kil. 

Receive amplifier non-inverting differential output. Current capability to the receiver is typically 
set at ± 3.0 mA peak. 

Receive amplifier inverting differential output. Current capability to the receiver is typically 
±3.0 mA peak. Gain is set by R8. 

Summing input to the receive amplifier. This pin is an AC virtual ground. 

Summed outputs of the receive current amplifier, sidetone amplifier, and an AGC point. 
Normally connected to the receive amplifier input (RXII through a coupling capacitor. 

Input to the receive current amplifier. A balance network (ZBI is connected between this pin 
and VCC. The network affects the receive level and sidetone performance. Input impedance is 
~500 il in series with a diode. 

Mode Select Input. A logic "1" sets the IC for pulse dialing. A logic "0" sets the IC for tone 
(DTMFI dialing. Effective only if MUTE is at a logic "0". Input impedance is ~ 60 kil. 

Mute input. A logic "1" sets normal speech mode. A logic "0" mutes the microphone and 
receive amplifiers and allows MS to be functional. Input impedance is ~60 kil referenced to 
VDD. An internal fixed delay of 11 mSec minimizes clicks in the receiver when returning to the 
speech mode. 

A regulated 3.3 volt output for an external dialer. Output source current capability is 1.0 mA in 
speech mode, 2.5 mA in tone dialing mode. 
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FIGURE 1 - BLOCK DIAGRAM AND TEST CIRCUIT 
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Note: Pin numbers shown are for the DIP package. 
A 1-A4 are current amplifiers. 
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SYSTEM PERFORMANCE 

FIGURE 10 - TIP/RING VOLTAGE versus LOOP CURRENT 
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SYSTEM PEaFORMANCE 

FIGURE 16 - TRANSMIT NOISE SPECTRUM 
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FUNCTIONAL DESCRIPTION 

INTRODUCTION 
The MC34114 is a speech network which provides the 

hybrid function and the DC loop current interface of a 
telephone, and is meant to connect to Tip and Ring 
through a polarity guard bridge. The transmit, receive, 
and sidetone gains are externally adjustable, and addi
tionally, line length compensation varies the gains with 
variations in loop current. The microphone amplifier 
employs a differential input to minimize RFI 
susceptibility. 

The loop current interface portion determines the dc 
voltage versus current characteristics, and provides the 
required regulated voltages for internal and external 
use. 

The dialer interface provides three modes of opera
tion: speech (non-dialing), pulse dialing and tone 
(DTMF) dialing. When switching among the modes, 
some parameters are changed in order to optimize the 
circuit operation for that mode. The following table 
summarizes those changes: 

TABLE 1 - OPERATING PARAMETERS versus 
OPERATING MODE 

Function Speech Pulse 

LR Level Shift 2.8 V 2.8 V 
(VCC - VLR) 

VDD Current 1.0mA 2.5 mA 
Capability 

Microphone Functional Muted 
Amplifier 

Receive Amp. Switched Switched 
Internal Feedback Out In 
Resistor 

DC LINE INTERFACE AND LINE LENGTH 
COMPENSATION 

Tone 

3.8 V 

2.5 mA 

Muted 

Switched 
In 

The DC line interface circuit (Pins 1, 2, 3) sets the DC 
voltage characteristics with respect to loop current. See 
Figure 22. 

FIGURE 22 - DC LINE INTERFACE EQUIVALENT 

Tip 0------, 

Ring 0-----' R1 
600 

22/,F 1 C1 

Excess 

VCC MC34114 

VB 

ICC 

+ 
Current R::2:--..:::..;+.::2--------------I Loop ~ LR 

43 

R3 
13 

RAGC 9 

The DC voltage at VCC is determined by the level shift 
from VCC to LR, plus the voltage across R2 and R3. ICC 
is the internal bias current required by the MC34114, 
nominally in the range of 10 rnA. ICC can be reduced, 
if necessary, by increasing R12, consistent with the 
transmit and receive signal requirements (see the 
Transmit Path section). See Figures 2-4, 8 and 9. 

In the speech and pulse dialing modes current source 
11 is off, and the level shift is due to 01's base-emitter 
drop (=1.4 V), 1.0 volt across the 20 k resistor, and the 
voltage across Rl, which varies with VCC from 0.15 volts 
to =1.0 volt. When the loop current coming in from Tip 
and Ring exceeds the ICC requirement, the excess cur
rent flows through 01, R2 and R3, to set the slope of 
the V-I characteristic for the circuit (01 has an equivalent 
resistance of =100). See Figure 10. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

AGC Control 
ToAGC 
Points 

In the tone dialing mode, current source 11 is on, draw
ing an additional 1.7 rnA through Rl, increasing the level 
shift by =1.0 volts (for Rl = 6000). This feature ensures 
that, at low loop currents, sufficient voltage is present 
at VCC for the DTMF signals, and that the VDD regulator 
supplies sufficient voltage to an external dialer. The ICC 
current increases by =1.3 rnA in this mode. 

Rl must be kept in the range of 100 to 1800 O. If it is 
too large, insufficient current will flow into VB to bias 
up the circuit. If it is too small, insufficient filtering at 
VB will result unless Cl is increased accordingly. Speech 
signals must be well filtered from VB. 

The voltage across R3 determines the operation of 
the AGC circuit (line length compensation). As the volt
age at RAGe increases from =0.4 volts to =1.2 volts, 
the AGC Control varies the current gain of the two AGC 
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points (Figure 1) from 1.0 to 0.5, thereby reducing the 
gain of the transmit and receive paths by 6.0 dB. See 
Figure 7. Pin 9 is a high impedance input. 

The values of R2 and R3 can be varied as required to 
comply with various regulatory agencies, to compen
sate for additional circuitry powered by the loop current 
(microprocessor, etc.), or to change the starting point 
of the AGC function. If the AGC is not used, Pin 9 should 
be connected to ground for high gains, or to VR for low 
gains. 

VOLTAGE REGUL~TORS 
The MC34114 has two internal voltage regulators 

which are used to power external as well as internal 
circuitry. 

The VR regulator provides 1.7 volts at a maximum 
current of 500 /LA (see Figure 5). This output is normally 
used to set the DC bias into TXI (Pin 10), and to bias 
the electret microphone. VR will typically be =300 mV 
less than VCC when VCC is below 2.0 volts. 

The VDD regulator provides 3.3 volts at a maximum 
of 1.0 mA in the speech mode, and 2.5 mA in the pulse 
or tone dialing modes (see Figure 6). It is normally used 
to power an external dialer, and other associated cir
cuitry. VDD is normally =0.5 volts less than VCC until 
VDD regulates. It is a shunt type regulator which auto
matically switches to a high impedance mode when 
VCC falls below 1.4 volts. This feature prevents exces
sive battery drain in the event a memory sustaining 
battery is used with the external dialer. Leakage current 
(with VCC = 0) is typically 0.02 p.A with an applied 
voltage of up to 6.0 volts at VDD, with pin 17 open or 
at VDD. If Pin 17 is at ground, a current of several 
hundred microamps will flow into VDD and out of pin 
17 (see paragraph on Logic Interface). 

MICROPHONE AMPLIFIER 
The microphone amplifier (Pins 6, 7, 8) has a differ

ential input, single ended output, and a fixed internal 
gain of +30 dB (31.1 VN). The output is in phase with 

. MC2, and out of phase with MC1. The inputs (see Figure 
23) have a nominal impedance of 20 kG, and are 
matched to provide a high common mode rejection 
(typically 26 dB). 

FIGURE 23 - INPUT STAGE 

Me1 o--.-'Yw-i 

MC2 

To Next 
Stage 

To preserve a high CMRR against unwanted signals 
induced in the microphone leads, the microphone 
should be biased with two equal value resistors as 
shown in Figure 1. 

The output (MCO) has a DC bias voltage of =1.1 volts 
(VCC > 3.0 volts), and can nominally swing =2.0 volts 
p-p (500 mV p-p at VCC = 1.2 volts). The output imped
ance is =270 G, and has a peak current capability of 
=160 p.A for 5% THD. 

When the MC34114 is switched to either dialing 
mode, the microphone amplifier is muted by =70 dB 
(300 Hz-4 kHz), effectively disabling the microphone. 
The DC voltage at MCO is =80 mV when muted. 

TRANSMIT PATH 
The AC transmit path consists of the components 

shown in Figure 24 (taken from Figure 1). 

FIGURE 24 - TRANSMIT PATH 

~~ M~O If-----'IiV', ___ -o--.--i 

~~5 
VR-'VI/I.~ 

The voltage output at MCO is converted to a current 
into TXI by C5, R6, and TXI's 1.0 k input impedance 
(with a slight error due to R12). A1 and A2 are current 
amplifiers with a combined gain of 100. The AGC point 
has a current gain of 1.0 at low looll currents, and 
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decreases to 0.5 as loop current increases. Therefore 
the current gain from TXI to VCC varies from 100 to 50 
as loop current is increased. The resulting current out
put ilt VCC acts on R1 and the line impedance (nominally 
600 G each, C1 is an AC short) to generate a voltage 
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FIGURE 25 - RECEIVE PATH 
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signal at VCC, and consequently, at Tip and Ring. The 
voltage gain from MC1-MC2 to Tip and Ring is therefore 
(first order): 

GTX - Am x 100 x AGC x R111ZUNE (Equation 1) 
- (R6 + 1.0 k) 

where Am is the gain of the microphone amplifier (31.1 
VN). At low loop currents GTX =84 VN (38.5 dB), and 
decreases to =42 VN (32.5 dB) at higher loop currents, 
for the component values shown in Figure 1 (@ 1.0 kHz). 

For more precise calculations, consideration should 
be given to the effects of C5 (in series with R6), R12 and 
R7 (each in parallel with TXl's 1.0 k impedance), and 
C10 and the ZB network (each in parallel with R1 and 
ZUNE). The cumulative effects of these additional com
ponents is =1.5 dB. 

The voltage signal at VCC is out of phase with that at 
TXI, and in phase with that at MC1. 

The maximum available voltage swing at VCC is a 
function of the impedance at VCC (R1IIZUNE), the DC 
bias current at A2's output, and the VCC DC voltage. 
A2's bias current is determined by the bias current 
through R12 (VR/{R12 + 1.0 k}) which is gained up by 
A1, A2 and the AGC point. Figure 8 indicates the max
imum voltage swing at VCC (with 5% THO). 

RECEIVE PATH 
The AC receive path consists of the components 

shown in Figure 25 (taken from Figure 1). 
R1, typically 600 n, provides the AC termination 

(return loss) for the receive signals coming in on Tip 
and Ring (C1 is an AC short). The receive signal creates 
an AC current through the ZB network and the 500 n 
resistor at the ZB pin. A4 reduces that current by 1/2, 
and then feeds it through the AGC point which has a 
gain of 1.0 at low loop currents. The AGC gain is reduced 
to 0.5 as loop current increases. The AC current out of 
the AGC point feeds through C8 to RXI, the receive 
amp's summing node (If C8 is large, RXA can be con
sidered a virtual ground, and no AC current flows 
through the internal 10k resistor). The voltage swing 
at RX01 is then determined by the current through C8 
and the R8 feedback resistor. The second op amp (at 
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VB 

R8 

RX02) is internally configured for inverting unity gain. 
The voltage gain from Tip and Ring to RX01-RX02 
(differential) is (first order): 

R8 x AGC 
GRX = (ZB + 500) 

where ZB = R10 + R911C9 (=R10 + R9). 

(Equation 2) 

For more precise calculations, the effects of C9 and 
C8 must be considered. C9 provides a phase shift to aid 
sidetone cancellation (see paragraph on Sidetone), and 
C8 can be selected to provide low frequency roll-off. 
High frequency roll-off can be obtained by adding a 
feedback capacitor across R8. For the component values 
shown in Figure 1, the receive gain measured =0.495 
VN (- 6.1 dB) at low loop currents, and reduces to =0.25 
VN ( -12 dB) at higher loop currents (@ 1.0 kHz). 

When the MC34114 is switched to either dialing mode 
(Mute = low), the receive gain is muted by the switching 
in of the internal feedback resistor (RFINT from RX01 
to RXI) - typically 1.0 kn. The effective feedback resis
tor for the amplifier is now the parallel combination of 
R8 and RFINT. The amount of muting (in dB) can be 
calculated from: 

GRXM = 20 x log (R8 + RFINT) (Equation 3) 
RFINT 

The internal resistor is switched in coincident with Mute 
(Pin 17) switching low. However, when Mute is switched 
high, a delay (nominally 11 mSec) occurs before the 
internal resistor is switched out. This feature prevents 
dialing transients (particularly during pulse dialing) 
from being heard as loud clicks in the receiver. 

The DC bias voltages at RXI, RX01 and RX02 is =0.65 
volts. The bias current at RXI is =50 nA into the pin. 
The maximum voltage swing at RX01 and RX02 is a 
function of the receiver impedance (typically 
100-1500), and the value ofthe two Irx current sources 
in Figure 25. Irx' set by R12 (between VR and TXI), is 
equal to: 

VR x 50x AGC 
Irx = (R12 + 1.0 k) (Equation 4) 

Figure 9 indicates the maximum voltage swing available 
to the receiver. 
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SIDETONE CANCELLATION 
Sidetone cancellation is provided by current amplifier 

A3 (see Figure 1) which generates a current represen
tative of the transmit signal to cancel the reflected side
tone signal coming in through ZB and A4. To achieve 
perfect cancellation (no AC current out of RXA), it is 
necessary that: 

ZB = (40 x Rl/1ZUNE) - 500!1 (Equation 5) 

where ZB is the network composed of RS, Rl0, and CS, 
and ZUNE is the AC impedance of the line. The reactive 
components of the line's impedance can be compen
sated for by making the ZB network comparably reac
tive. In Figure 1, CS provides a phase shift to compen
sate for the phase shift created by the phone line. 

LOGIC INTERFACE (Mute and MS) 
The two logic inputs (Mute and MS) are used to switch 

the MC34114 between the speech and dialing modes 
according to the following table: 

TABLE 2 - LOGIC INPUTS 

Mute MS Mode 

High X Speech 
Low High Pulse Dialing 
Low Low Tone Dialing 

Table 2, together with Table 1, describes the condition 
of the MC34114 in the various modes. Figure 26 shows 
the input configuration for the Mute and MS pins. 

FIGURE 26 - LOGIC INPUTS 

To Internal 
Circuit 

To Level 
Shift Ckt. 

The Mute input has a nominal input impedance of 60 
k!1, referenced to VDD' This pin may be left open for a 
logic "1," or connected to VDD. A logic "1" is defined 
as between VDD-0.5 volts and VDD. A logic "0" is 
defined as between ground and 1.0 volt. The switching 
threshold is =2.3 volts. When Mute is switched low 
(speech to dialing), the changes listed in Table 1 will 
occur within 10 /Ls. Upon switching high (back to speech 
mode), however, the receive amplifier feedback resistor 
will be switched out after a delay of (typically) 11 ms. 
This feature prevents dialing transients (particularly 
during pulse dialing) from being heard as loud clicks in 
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the receiver. The other functions listed in Table 1 trans
fer within 10 /LS. 

The MS pin is functional only when Mute is low and 
its only function is to provide an additional voltage level 
shift between VCC and LR in the tone dialing mode (see 
the section on DC Interface). The input impedance is 
=60 k!1 when VCC > 1.5 volts. A logic "0" iS'between 
ground and 0.3 volts, and a logic "1" is between 2.0 
volts and VDD' The switching threshold is typically 0.75 
volts. If unused, this pin must be connected to ground 
or VDD, and not left open. 

When VCC = 0 (on-hook condition), and a voltage in 
the range of 0 to 6.0 volts is applied to Mute, a leakage 
current of (typically) 0.02 /LA will flow if Mute and VDD 
are at the same voltage. If Mute is at a voltage different 
from VDD, current will flow through the internal resis
tors andlor diode. If a memory sustaining battery is used 
in conjunction with an external dialer, and is configured 
so that its voltage appears at VDD, Mute must be 
allowed to float or be connected to VOO - otherwise 
current (in the range of 100-200 ILA) will flow from the 
battery through VDD and out of the Mute pin. 

When VCC = 0, and a voltage in the range of 0 to 6.0 
volts is applied to MS, a leakage current of (typically) 
0.01 /LA will result as long as Mute is open or at VDD. 
If Mute is at ground, an equivalent 3.5 k!1 parasitic resis
tance exists between MS and Mute. 

When VCC < 1.5 volts, the Mute function is non
existent and the MC34114 will be in the speech mode. 

APPLICATIONS INFORMATION 

DESIGN SEQUENCE 
The design sequence for incorporating the MC34114 

into most applications will be as follows (refer to Figure 
1): 

1) Decide on the AC terminating impedance (return 
loss), and select Rl to be that value (typically 600 .0). If 
there are other devices powered by the' loop current 
which will be in parallel with Rl (such as a pulse dialing 
circuit) which lower the effective terminating imped
ance, Rl cari be increased accordingly. 

2) Select the maximum value of R12 which will pro
vide the minimum required transmit and receive signals 
according to Figures 8 and S. 

3) Select the sum {R2 + R3} to provide the desired 
Tip and Ring DC voltage versus loop current character
istics. Then select R3 for the desired starting point of 
the loop length compensation. The compensation 
begins when the voltage across R3 is =0.4 volt. 

4) Select R4 and R5 (they should be equal) to properly 
bias the microphone. The microphone's manufacturer 
should be consulted for this information. 

5) Select R6 for proper transmit gain. See equation 
1. Then select C5 to provide low frequency roll-off. 
Adjust R6 as required. 

6) Select the ZB network (RS, Rl 0, CS) to provide side
tone cancellation. See equation 5. 

7) Select R8 for proper receive gain (depends on the 
specific receiver used). See equation 2. Then select C8 
to provide low frequency roll-off. Adjust R8 as required. 
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Additional comments on Figure 1 components: 
1) Capacitors C1, C2, and C7 are required to stabilize 

the respective regulators. In most applications it should 
not be necessary to change from the values shown in 
Figure 1. 

2) C3 and C4 can be selected to provide low fre
quency roll-off for the microphone signals. 

3) C10 filters noise generated by the MC34114, and 
should be close to the VCC pin. Its recommended value 
(0.01 ILF) is such that it does not noticeably affect the 
system parameters. It can be increased, if desired, to 
provide high frequency roll-off for both transmit and 
receive signals. This, however, will affect the return loss 
specification at higher frequencies. 

4) Since TXI is a (relatively) low impedance current 
input, it is a convenient point for injecting any signals 
which are to be transmitted out onto Tip and Ring. C6 
and R7 are shown for transmitting the DTMF signals 
from a dialer. Additional RC networks can be connected 
to TXI for transmitting signals from speakerphones, 
modems, or other signal sources. The voltage gain from 
each signal source to Tip and Ring is: 

GS -_ lUNEIIR1 x 100 x AGC (Equation 6) 
(Rx + lcx) 

where Rx and lcx represent the impedances of the R 
and C for the particular signal source. If several signal 
sources are connected to TXI, the parallel combination 
of R6, R12, the internal 1.0 k resistor, and any other RCs 
at this pin must be considered when setting the gain 
for each signal. 

5) The 12 volt zener diode shown in Figure 1 is for 
transient protection, and normally does not conduct. 
Transient and overvoltage protection MUST be pro
vided externally so that the Absolute Maximum Ratings 
are not exceeded. 

BASIC TELEPHONE CIRCUIT 
Figure 27 depicts a complete basic telephone using 

the MC34114speech network, the MC145412 pulse/tone 
dialer, and the MC34017 tone ringer. 

The MC34114 provides the speech network/hybrid 
functions, and its component values are calculated as 
described previously in this data sheet. The resistor 
from VCC to VB is 820 G (rather than 600 fi) in this 
example since it is in parallel with the 2.0 kG resistor in 
the pulse dialing transistor network (providing and 
effective 600 G termination). 

The MC145412 dialer is a pulse/tone dialer with 10 
number memory, including last number redial. Power 
to the dialer is from the MC34114's VDD output, diode 
connected with a memory sustaining battery. 

The MC34017 tone ringer (see its data sheet for 
details) is connected directly to Tip and Ring as it is not 
necessary to disconnect it when off-hook. This circuit 
has an REN =0.5, and meets all EIA-470 and Bell system 
requirements for impedance, anti-bell tapping, and 
turn-on/off thresholds. 

OPERATION WITH A POWER SUPPLY 
Figure 28 indicates how to incorporate the MC34114 

into a circuit where a power supply is used. 

FIGURE 27 - BASIC PULSEfTONE TELEPHONE 
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FIGURE 28 - USE WITH A POWER SUPPLY 

Tip 

Ring 

OPL 

MC145412 
Dialer 

A transformer (T1) is required at Tip and Ring to pro
vide the isolation required between the phone line and 
any AC power and earth ground. ,(The transformer must 
be rated to handle the loop current.) Since the loop 
current does not pass through the MC34114, loop length 
compensation is not possible in this circuit, and pin 2 
(LR) is left open. The RAGC pin is grounded, setting the 
transmit and receive gains to their maximum. 

The transformer provides a path for the power supply 
to reach the MC34114, while simultaneously coupling 
speech signals between Tip/Ring and the MC34114. The 
two series diodes provide transient clamping, as does 
the 12 volt zener diode. Although a + 9.0 volt supply is 
shown, other voltages can be used as long as the 
MC34114 receives between 4.0 and 10.5 volts at VCC. 

Because of the isolation requirement, the MC145412 
dialer requires a relay (RL 1) to break the loop current 
during pulse dialing. The relay is normally off, and ener
gized only during pulse dialing. The 1.0 I£F capacitor 
(rated 250 volts min., NPO) across the relay contacts 
helps absorb transients generated during pulse dialing. 

ALTERNATE MICROPHONE CONFIGURATIONS 
The MC34114 is designed for use with electret micro

phones, although dynamic microphones can be used. 
Carbon microphones are not recommended as they 
generally require considerable bias current which is not 
available from the MC34114's regulators. 

When using an electret microphone which requires 
more than 1.7 volts, but less than 1.0 mA for bias, it can 
be biased from VDD instead. 

If a three terminal electret microphone (containing an 
internal biasing resistor or equivalent) is used, it should 
be connected to the MC34114 as shown in Figure 29. 
The common mode rejection of the balanced circuit 
shown in Figure 1 is not present however, and care 
should be taken to prevent unwanted signals (radio sta-
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tions, noise, etc.) from being picked up by the micro
phone leads. 

FIGURE 29 - 3-TERMINAL MICROPHONE 

Figure 30 indicates use ofthe MC34114 with a dynamic 
microphone. The output level of dynamic microphones 
is generally lower than electret units, and so the gain 
of the transmit path will have to be adjusted 
accordingly. 

FIGURE 30 - DYNAMIC MICROPHONE 
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FIGURE 32 - PULSEfTONE FEATUREPHONE WITH MEMORY - LINE POWERED 
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NOTES: 
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S5 = Speakerphone on/off switch - 1 pole. 
Switches shown in on·hook position. 

31 All diodes 1 N4002. 
41 These resistors depend on the specifi~ microphones. 
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FIGURE 33 - PULSEfTONE FEATUREPHONE WITH MEMORY - LINE POWERED 
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NOTES: 
1) HS = Handset operated switch - 3 poles. 

55 = Speakerphone onloff switch - 1 pole. 
Switches shown in on-hook position. 

2) Microphone biasing resistor values depend on the specific 
microphone. 

3) All diodes 1 N4002. 
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EMI SUSCEPTIBILITY 
Potential EMI susceptibility problems should be 

addressed early in the electrical and mechanical design 
of the telephone. EMI may enter the circuit through Tip 
and Ring, through the microphone wiring, or through 
any of the PC board traces. The most seri'sitive pins on 
the MC34114 are the microphone amplifier inputs (MC1, 
MC2). Board traces to these pins should be kept short, 
and the associated components should preferably be 

physically close to the pins. TXI, RXI, and ZB should 
also be considered sensitive to EMI signals. 

The microphone wires within the handset cord can 
act as an antenna, and pick up nearby radio stations. If 
this is a problem in the final design, adding RF filters 
(consisting of ferrite beads and small (0.001 JLF) ceramic 
capacitors) to the PC board where the wires attach to 
the board can generally reduce the problem. 

SUGGESTED VENDORS 

Microphones 
Primo Microphones Inc. 
Bensenville, III. 60106 
312-595-1022 
Model EM-60 

Telecom Transformers 
Microtran Co., Inc. 
Valley Stream, N.Y. 11528 
516-561-6050 
Ask for Applications 
Bulletin F232 

Onan Power/Electronics 
Minneapolis, MN 55437 
612-921-5600 

MURA Corp. 
Westbury, N.Y. 11590 
516-935-3640 
Model EC-983-7 

Stancor Products 
Logansport, IN 46947 
219-722-2244 

Motorola Inc. does not endorse or warrant the suppliers referenced. 

Hosiden America Corp. 
Elk Grove Village, III. 60007 
312-981-1144 
Model KUC2123 

PREM Magnetics, Inc. 
McHenry, III. 60050 
815-385-2700 

Compliance with FCC or other regulatory agencies of the circuits described herein is not implied or guaranteed by 
Motorola Inc. 
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CONTINUOUSLY VARIABLE SLOPE 
DELTA MODULATOR/DEMODULATOR 

Providing a simplified approach to digital speech encodingl 
decoding, the MC34115 CVSD is designed for speech synthesis 
and commercial telephone applications. A single IC provides both 
encoding and decoding functions. 

• Encode and Decode Functions Selectable with a Digital Input 

• Utilization of Compatible 12L - Linear Bipolar Technology 

• CMOS Compatible Digital Output 

• Digital Input Threshold Selectable (VCC/2 reference provided 
on chip) 

• 3-Bit Algorithm 
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Anelog Feedback 2 

Digital Data Input 13 
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MAXIMUM RATINGS 
(All voltages referenced to VEE, TA = 25'C unless otherwise noted.) (See Note 2.) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.4 to + 18 Vdc 

Differential Analog Input Voltage VID ±5.0 Vdc 

Digital Threshold Voltage VTH -0.4 to VCC Vdc 

Logic Input Voltage VLogic -0.4 to +18 Vdc 
(Clock, Digital Data, Encode/Decode) 

Coincidence Output Voltage VO(Conl -0.4 to +18 Vdc 

Syllabic Filter Input Voltage VI(Svl) -0.4 to VCC Vdc 

Gain Control Input Voltage VI(GC) -0.4 to VCC Vdc 

Reference Input Voltage VI(Ref) VCC/2-1.0 to VCC Vdc 

VCC/2 Output Current IRef -25 rnA 

Operating Ambient Temperature Range TA o to +70 ·C 

Operating Junction Temperature TJ +150 ·C 

Storage Temperature Range TstQ -55to +125 ·C 

ELECTRICAL CHARACTERISTICS 
(VCC = 12 V VEE = Gnd TA = O°C to + 70°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Power Supply Voltage Range (Figure 1) VCC 4.75 12 16.5 Vdc 

Power Supply Current (Figure 1) ICC rnA 
(Idle Channel) 

VCC = 5.0 V - 4.6 7.5 
VCC = 15V - 7.0 12 

Clock Rate SR - 16 k - Samples/s 

Gain Control Current Range (Figure 2) IGCR 0.002 - 3.0 rnA 

Analog Comparator Input Range (Pins 1 and 2) VI 1.3 - VCC -1.3 Vdc 
4.75 V.:; VCC .:; 16.5 V 

Analog Output Range (Pin 7) Vo 1.3 - VCC -1.3 Vdc 
4.75 V.:; VCC':; 16.5 V, 10 = ±5.0 rnA 

Input Bias Currenis (Figure 3) liB pA 
Comparator in Active Region 

Analog Input (11) - 0.5 2.5 
Analog Feedback (12) - 0.5 2.5 
Syllabic Filter Input (13) - 0.06 0.5 
Reference Input (15) - -0.06 -0.5 

Input Offset Current 110 pA 
Comparator in Active Region 

Analog Input/Analog Feedback - 0.15 0.8 
111-121- Figure 3 

Integrator Amplifier - 0.02 0.2 
115-161- Figure 4 

Input Offset Voltage VIO - 2.0 10 mV 
V/I Converter (Pins 3 and 4) - Figure 5 

Transconductance gm mA/mV 
V/I Converter, 0 to 3.0 rnA 0.1 0.3 -
Integrator Amplifier, 0 to + 5.0 mA Load 1.0 10 -

Propagation Delay Times (Note 1) ILs 
Clock Trigger to Digital Output tpLH - 1.0 3.0 

CL = 25 pF to Gnd tpHL - 0.8 3.0 
Clock Trigger to Coincidence Output tpLH - 1.0 3.5 

CL = 25 pF to Gnd tpHL - 0.8 2.5 
RL = 4.0 kG to VCC 

NOTES 1. All propagatIon delay tImes measured 50% to 50% from the negatIve gOing (from Vee to + 0.4 VI edge of the clock. 
2. Devices should not be operated at these values. The "Electrical Characteristics" provide conditions for actual device operation. 
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ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Min Typ Max Unit 

Coincidence Output Voltage - VOL(Con) - 0.12 0.25 Vdc 
Low Logic State 

10L(Con) = 3.0 mA 

Coincidence Output Leakage Current - 10H(Con) - 0.01 0.5 pA 
High Logic State 

VOH=15V 

Applied Digital Threshold Voltage Range (Pin 12) VTH +1.2 - VCC -2.0 Vdc 

Digital Threshold Input Current Il(th) pA 
1.2 V '" Vth '" VCC -2.0 V 

VIL applied to Pins 13, 14 and 15 - - 5.0 
VIH applied to Pins 13, 14 and 15 - -10 -50 

Maximum Integrator Amplifier Output Current 10 ±5.0 - - mA 

VCcJ2 Generator Maximum Output Current IRef +10 - - mA 
(Source only) 

VCcJ2 Generator Output Impedance zRef - 3.0 6.0 n 
Oto+l0mA 

VCC/2 Generator Tolerance Er - - ±3.5 % 
4.75 V ",VCC'" 16.5 V 

Logic Input Voltage (Pins 13, 14 and 15) Vdc 
Low Log ic State VIL Gnd - Vth -0.4 
High Logic State VIH Vth +0.4 - 16.5 

Dynamic Total Loop Offset Voltage :EVoffset mV 
(Note 3) - Figures 3, 4 and 5 

IGC = 33 pA, VCC = 12 V 
TA = 25'C - ±2.5 ±7.0 
O'C '" TA '" +70'C - ±3.0 ±10 

IGC = 33 pA, VCC = 5.0 V 
TA = 25'C - ±4.0 ±B.O 
O'C '" TA '" +70'C - ±4.5 ±12 

Digital Output Voltage (Pin 9) Vdc 
10L = 3.6 mA VOL - 0.1 0.4 
10H = -0.35 mA VOH VCC -1.0 VCC -0.2 -

Syllabic Filter Applied Voltage (Pin 3) VUSvll +3.2 - VCC Vdc 

Integrating Current (Figure 2) Illntl 
IGC = 12pA B.O 10 12 pA 
IGC = 1.5 mA 1.4 1.5 1.6 mA 
IGC = 3.0 mA 2.75 3.0 3.25 mA 

Dynamic Integrating Current Match (Figure 6) VO(Ave) - ±100 ±300 mV 
IGC = 1.5 mA 

Input Current - High Logic State IIH pA 
VIH = 16.5V 

Digital Data Input - - +5.0 
Clock Input - - +5.0 
Encode/Decode Input - - +5.0 

Input Current - Low Logic State IlL pA 
VIL = 0 V. 

Digital Data Input - - -10 
Clock Input - - -360 
Encode/Decode Input - - -36 
Clock Input, VIL = 0.4 V - - -72 

NOTE 3. Dynamic total loop offset (l:Voffset) equals VIO (comparator) (Figure 3) minus VIOX (Figure 5). The input offset voltages of the analog 
comparator and of the integrator amplifier include the effects of input offset current through the input resistors. The slope polarity switch 
current mis!'T1atch appears as an average voltage across the 10 k integrator resistor. The clock frequency is 16 kHz. Idle channel performance 
is guaranteed if this dynamic total loop offset is less than one-half of the change in integrator output voltage during one clock cycle (ramp 
step size). . 
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DEFINITIONS AND FUNCTION OF PINS 

Pin 1 - Analog Input 
This is the analog comparator inverting input where 

the voice signal is applied. It may be ac or dc coupled 
depending on the application. If the voice signal is to 
be level shifted to the internal reference voltage, then 
a bias resistor between Pins 1 and lOis used. The re
sistor is used to establish the reference as the new dc 
average of the ac coupled signal. The analog compar
ator was designed for low hysteresis (typically less than 
0.1 mV) and high gain (typically 70 dB). 

Pin 2 - Analog Feedback 
This is the non-inverting input to the analog signal 

comparator within the IC. In an encoder application it 
should be connected to the analog output ofthe encoder 
circuit. This may be Pin 7 or a low pass filter output 
connected to Pin 7. In a decode circuit Pin 2 is not used 
and may be tied to VCC/2 on Pin 10, ground or left open. 

The analog input comparator has bias currents of 2.5 
/-LA max, thus the driving impedances of Pins 1 and 2 
should be equal to avoid disturbing the idle channel 
characteristics of the encoder. 

Pin 3 - Syllabic Filter 
This is the point at which the syllabic filter voltage is 

returned to the IC in order to control the integrator step 
size. It is an NPN input to an op amp. The syllabic filter 
consists of an RC network between Pins 11 and 3. Typ
ical time constant values of 6 ms to 50 ms are used in 
voice codecs. 

Pin 4 - Gain Control Input 
The syllabic filter voltage appears across Cs of the 

syllabic filter and is the voltage between VCC and Pin 
3. The active voltage to current (V-I) converter drives 
Pin 4 to the same voltage at a slew rate of typically 0.5 
V//-Ls. Thus the current injected into Pin 4 (lGC) is the 
syllabic filter voltage divided by the Rx resistance. Fig
ure 7 shows the relationship between IGC (x-axis) and 
the integrating current, lint (y-axis). The discrepancy, 
which is most significant at very low currents, is due to 
circuitry within the slope polarity switch which enables 
trimming to a low total loop offset. The Rx resistor is 
then varied to adjust the loop gain of the codec, but 
should be no larger than 5.0 ko' to maintain stability. 

Pin 5 - Reference Input 
This pin is the non-inverting input of the integrator 

amplifier. It is used to reference the dc level ofthe output 
signal. In an encoder circuit it must reference the same 
voltage as Pin 1 and is tied to Pin 10. 

Pin 6 - Filter Input 
This inverting op amp input is used to connect the 

integrator external components. The integrating current 
(lInt) flows into Pin 6 when the analog input (Pin 1) is 
high with respect to the analog feedback (Pin 2) in the 
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encode mode or when the digital data input (Pin 13) is 
high in the decode mode. For the opposite states, lint 
flows out of Pin 6. Single integration systems require a 
capacitor and resistor between Pins 6 and 7. Multipole 
configurations will have different circuitry. The resis
tance between Pins 6 and 7 should typically be between 
8 ko' and 13 ko' to maintain good idle channel 
characteristics. 

Pin 7 - Analog Output 
This is the integrator op amp output. It is capable of 

driving a 600-ohm load referenced to VCC/2 to + 6 dBm 
and can otherwise be treated as an op amp output. Pins 
5, 6, and 7 provide full access to the integrator op amp 
for designing integration filter networks. The slew rate 
of the internally compensated integrator op amp is typ
ically 0.5 V//-Ls. Pin 7 output is current limited for both 
polarities of current flow at typically 30 mAo 

Pin 8- VEE 
The circuit is designed to work in either single or dual 

power supply applications. Pin 8 is always connected 
to the most negative supply. 

Pin 9 - Digital Output 
The digital output provides the results of the delta 

modulator's conversion. It swings between VCC and 
VEE and is CMOS or TTL compatible. Pin 9 is inverting 
with respect to Pin 1 and non-inverting with respect to 
Pin 2. It is clocked on the falling edge of Pin 14. The 
typical 10% to 90% rise and fall times are 250 ns and 
50 ns respectively for VCC = 12 V and CL = 25 pF to 
ground. 

Pin 10 - VCcJ2 Output 
An internal low impedance mid-supply reference is 

provided for use of the MC34115 in single supply ap
plications. The internal regulator is a current source and 
must be loaded with a resistor to insure its sinking ca
pability. If a + 6 dBmo signal is expected across a 600 
ohm input bias resistor, then Pin 10 must sink 2.2 V/600 
0, = 3.66 mA. This is only possible if Pin 10 sources 
3.66 mA into a resistor normally and will source only 
the difference under peak load. The reference load re
sistor is chosen accordingly. A 0.1 /-LF bypass capacitor 
from Pin 10 to VEE is also recommended. The VCC/2 
reference is capable of sourcing 10 mA and can be used 
as a reference elsewhere in the system circuitry. 

Pin 11 - Coincidence Output 
The coincidence output will be low whenever the con

tent of the internal 3 bit shift register is all ls or all Os. 
Pin 11 is an open collector of an NPN device and re
quires a pull-up resistor. If the syllabic filter is to have 
equal charge and discharge time constants, the value 
of Rp should be much less than RS. In systems requiring 
different charge and discharge constants, the charging 
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DEFINITIONS AND FUNCTION OF PINS (continued) 

constant is RSCS while the decaying constant is (RS + 
Rp)CS. Thus longer decays are easily achievable. The 
NPN device should not be required to sink more than 
3 mAo The typical 10% to 90% rise and fall times are 
200 ns and 100 ns respectively for RL = 4 kO to + 12 V 
and CL = 25 pF to ground. 

Pin 12 - Digital Threshold 
This input sets the switching threshold for Pins 13, 

14, and 15. It is intended to aid in interfacing different 
logic families without external parts. Typically it is con
nected to the VCC/2 reference for CMOS interface or can 
be biased two diode drops above VEE for TTL interface. 

Pin 13 - Digital Data Input 
In a decode application, the digital data stream is ap

plied to Pin 13. In an encoder it may be unused or may 
be used to transmit signaling message under the control 
of Pin 15. It is an inverting input with respect to Pin 9. 
When Pins 9 and 13 are connected, a toggle flip-flop is 
formed and a forced idle channel pattern can be trans
mitted. The digital data input level should be maintained 
for 0.5 JLS before and after the clock trigger for proper 
clocking. 

FIGURE 1 - POWER SUPPLY CURRENT 
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Pin 14 - Clock Input 
The clock input determines the data rate of the codec 

circuit. A 16K bit rate requires a 16 kHz clock. The switch
ing threshold of the .clock input is set by Pin. 12. The 
shift register circuit toggles on the falling edge of the 
clock input. The minimum width for a positive-going 
pulse on the clock input is 300 ns, whereas for a 
negative-going pulse, it is 900 ns. 

Pin 15 - Encode/Decode 
This pin controls the connection of the analog input 

comparator and the digital input comparator to the in
ternal shift register. If high, the result of the analog com
parison will be clocked into the register on the falling 
edge at Pin 14. If low, the digital input state will be 
entered. This allows use ofthe IC as an encoder/decoder 
or simplex codec without external parts. Furthermore, 
it allows non-voice patterns to be forced onto the trans
mission line through Pin 13 in an encoder. 

Pin 16-VCC 
The power supply range is from 4.75 to 16.5 volts 

between pin VCC and VEE. 

FIGURE 2 - IGCR, GAIN CONTROL RANGE and 
lint - INTEGRATING CURRENT 
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ing to obtain proper state for a given input. 
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FIGURE 3 - INPUT BIAS CURRENTS, ANALOG 
COMPARATOR OFFSET VOLTAGE AND CURRENT 
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Note: The analog comparator offset voltage is tested under 
dynamic conditions and therefore must be measured with 
appropriate filtering. 

FIGURE 5 - VII CONVERTER OFFSET VOLTAGE, 
VIO and VIOX 
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FIGURE 4 - INTEGRATOR AMPLIFIER OFFSET 
VOLTAGE AND CURRENT 

VCC 

2 

O.I/LF 3 

4 
10 k 

10 k 

+ 
7 

(Integrator 
Amplifier 8 
Offset -= 
Voltage) 

FIGURE 6 - DYNAMIC INTEGRATING CURRENT MATCH 
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2. See Note 3 of the Electrical Characteristics. Page 3. 
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TYPICAL PERFORMANCE CURVES 

FIGURE 7 - TYPICAL lint versus IGC (Mean ± 2u) 
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FIGURE 11 - BLOCK DIAGRAM OF THE CVSD ENCODER 
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FIGURE 12 - CVSD WAVEFORMS 

FIGURE 13 - BLOCK DIAGRAM OF THE CVSD DECODER 
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CVSD CIRCUIT SCHEMATIC 
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CIRCUIT DESCRIPTION 

The continuously variable slope delta modulator 
(CVSD) is a simple alternative to more complex con
ventional conversion techniques in systems requiring 
digital communication of analog signals. The human 
voice is analog, but digital transmission of any signal 
over great distance is attractive. Signal/noise ratios do 
not vary with distance in digital transmission and mul
tiplexing, switching and repeating hardware is more 
economical and easier to design. However, instrumen
tation A to D converters do not meet the communica
tions requirements. The CVSD A to D is well suited to 
the requirements of digital communications and is an 
economically efficient means of digitizing analog inputs 
for transmission. 

The Delta Modulator 
The innermost control loop of a CVSD converter is a 

simple delta modulator. A block diagram CVSD Encoder 
is shown in Figure 11. A delta modulator consists of a 
comparator in the forward path and an integrator in the 
feedback path of a simple control loop. The inputs to 
the comparator are the input analog signal and the in
tregrator output. The comparator output reflects the 
sign of the difference between the input voltage and 
the integrator output. That sign bit is the digital output 
and also controls the direction of ramp in the integrator. 
The comparator is normally clocked so as to produce a 
synchronous and band limited digital bit stream. 

If the clocked serial bit stream is transmitted, received, 
and delivered to a similar integrator at a remote point, 
the remote integrator output is a copy of the transmit
ting control loop integrator output. To the extent that 
the integrator at the transmitting locations tracks the 
input signal, the remote receiver reproduces the input 
signal. Low pass filtering atthe receiver output will elim
inate most of the quantizing noise, if the clock rate of 
the bit stream is an octave or more above the bandwidth 
of the input signal. Voice bandwidth is 4 kHz and clock 
rates from 8 k and up are possible. Thus the delta mod
ulator digitizes and transmits the analog input to a re
mote receiver. The serial, unframed nature of the data 
is ideal for communications networks. With no input at 
the transmitter, a continuous one zero alternation is 
transmitted. If the two integrators are made leaky, then 
during any loss of contact the receiver output decays 
to zero and receive restart begins without framing when 
the receiver reacquires. Similarly a delta modulator is 
tolerant of sporadic bit errors. Figure 12 shows the delta 
modulator waveforms while Figure 13 shows the cor
responding CVSD decoder block diagram. 

The Companding Algorithm 
The fundamental advantages of the delta modulator 

are its simplicity and the serial format of its output. Its 
limitations are its ability to accurately convert the input 
within a limited digital bit rate. The analog input must 
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be band limited and amplitude limited. The frequency 
limitations are governed by the nyquist rate while the 
amplitude capabilities are set by the gain of the 
integrator. 

The frequency limits are bounded on the upper end; 
that is, for any input bandwidth there exists a clock 
frequency larger than that bandwidth which will trans
mit the signal with a specific noise level. However, the 
amplitude limits are bounded on both upper and lower 
ends. For a signal level, one specific gain will achieve 
an optimum noise level. Unfortunately, the basic delta 
modulator has a small dynamic range over which the 
noise level is constant. 

The continuously variable slope circuitry provides 
increased dynamic range by adjusting the gain of the 
integrator. For a given clock frequency and input band
width the additional circuitry increases the delta 
modulator's dynamic range. External to the basic delta 
modulator is an algorithm which monitors the past few 
outputs ofthe delta modulator in a simple shift register. 
The register is 3 bits long. The accepted CVSD algorithm 
simply monitors the contents of the shift register and 
indicates if it contains all1s or as. This condition is called 
coincidence. When it occurs, it indicates that the gain 
of the integrator is too small. The coincidence output 
charges a single pole low pass filter. The voltage output 
ofthis syllabic filter controls the integrator gain through 
a pulse amplitude modulator whose other input is the 
sign bit or up/down control. 

The simplicity of the all ones, all zeros algorithm 
should not be taken lightly. Many other control algo
rithms using the shift register have been tried. The key 
to the accepted algorithm is that it provides a measure 
of the average power or level of the input signal. Other 
techniques provide more instantaneous information 
about the shape of the input curve. The purpose of the 
algorithm is to control the gain of the integrator and to 
increase the dynamic range. Thus a measure of the av
erage input level is what is needed. 

The algorithm is repeated in the receiver and thus the 
level data is recovered in the receiver. Because the al
gorithm only operates on the past serial data, it changes 
the nature of the bit stream without changing the chan
nel bit rate. 

The effect of the algorithm is to compand the input 
signal. If a CVSD encoder is played into a basic delta 
modulator, the output ofthe delta modulator will reflect 
the shape of the input signal but all of the output will 
be at an equal level. Thus the algorithm at the output 
is needed to restore the level variations. The bit stream 
in the channel is as if it were from a standard delta 
modulator with a constant level input. 

The delta modulator encoder with the CVSD algo
rithm provides an efficient method for digitizing a voice 
input in a manner which is especially convenient for 
digital communications requirements. 
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FIGURE 14 - 16 kHz SIMPLEX VOICE CODEC 
(Using MC34115, Single Pole Companding and Single Integration) 
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APPLICATIONS INFORMATION 

CVSD DESIGN CONSIDERATIONS 

A simple CVSD encoder using the MC34115 is shown 
in Figure 14. This IC is a general purpose CVSD building 
block. which allow the system designer to tailor the en
coder's transmission characteristics to the application. 
Thus, the achievable transmission capabilities are con
strained by the fundamental limitations of delta mod
ulation and the design of encoder parameters. The per
formance is not dictated by the internal configuration 
of the MC34115. There are six design considerations 
involved in designing the basic CVSD building block into 
a specific codec application. 

These are listed below: 

1. Se.lection of clock rate 
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2. Selection of loop gain 
3. Selection of minimum step size 
4. Design of integration filter transfer function 
5. Design of syllabic filter transfer function 
6. Design of low pass filter at the receiver 

The circuit in Figure 14 is the most basic CVSD circuit 
possible. For many applications in se~ure radio or other 
intelligible voice channel requirements, it is entirely suf
ficient. In this circuit, items 4 and 5 are reduced to their 
simplest form. They syllabic and integration filters are 
both single pole networks. The selection of items 1 
through 3 govern the codec performance. 
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CVSD DESIGN CONSIDERATIONS (continued) 

Layout Considerations 
Care should be exercised to isolate all digital signal 

paths (Pins 9, 11, 13, and 14) from analog signal paths 
(Pins 1-7 and 10) in order to achieve proper idle channel 
performance. 

Clock Rate 
With minor modifications the circuit in Figure 14 may 

be operated anywhere from 9.6 kHz to 64 kHz clock rates. 
Obviously the higher the clock rate the higher the SIN 
performance. The circuit in Figure 14 typically produces 
the SIN performance shown in Figure 15. The selection 
of clock rate is usually dictated by the bandwidth of the 
transmission medium. Voice bandwidth systems will 
require no higher than 9600 Hz. Some radio systems 
will allow 12 kHz. Private 4-wire telephone systems are 
often operated at 16 kHz and commercial telephone per
formance can be achieved at 32K bits and above. 

FIGURE 15 - SIGNAL-TO-NOISE PERFORMANCE 
OF MC34115 WITH SINGLE INTEGRATION. SINGLE-POLE 

AND COMPANDING AT 16K BITS - TYPICAL 
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The gain of the circuit in Figure 14 is'set by resistor 
Rx. Rx must be selected to provide the proper integrator 
step size for high level signals such that the companding 
ratio does not exceed about 25%. The companding ratio 
is the active low duty cycle of the coincidence output 
on Pin 11 of the codec circuit. Thus the system gain is 
dependent on: 

1. The maximum level and frequency of the input 
signal. 

2. The transfer function of the integration filter. 

For voice codecs the typical input signal is taken to be 
a sine wave at 1 kHz of 0 dBmo level. In practice, the 
useful dynamic range extends about 6 dB above the 
design level. In any system the companding ratio should 
not exceed 30%. 
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To calculate the required step size current, we must 
describe the transfer characteristics of the integration 
filter. In the basic circuit of Figure 14, a single pole of 
160 Hz is used. 

R = 10 kO, C = 0.1 p.F 

Vo _ 1 =: __ K_ 
Ii CIS + 1/RC) S + Wo 

Wo = 2m 

103 = Wo = 2m 
f= 159.2 Hz 

Note that the integration filter produces a single
pole response from 300 to 3 kHz. The current required 
to move the integrator output a specific voltage from 
zero is simply: 

I' = Vo + C dVo 
I R dt 

Nowa 0 dBmo sine wave has a peakvalue of 1.0954 
volts. In 1/8 of a cycle of a sine wave centered around 
the zero crossing, the sine wave changes by approxi
mately its peak value. The CVSD step should trace that 
change. The required current for a 0 dBm 1 kHz sine 
wave is: 

I 1.1 V 0.1 p.F(1.1) 
i = *2(10 kn) + 0.125 ms = 0.935 mA 

*The maximum voltage across R when maximum 
slew is required is: 

1.1 V 
2 

Now the voltage range of the syllabic filter is the 
power supply voltage, thus: 

1 
Rx = 0.25(VCC) 0.935 mA 

A similar procedure can be followed to establish 
the proper gain for any input level and integration filter 
type. 

Minimum Step Size 
The final parameter to be selected for the simple co

dec in Figure 14 is idle channel step size. With no input 
signal, the digital output becomes a one-zero alternat
ing pattern and the analog output becomes a small tri
angle wave. Mismatches of internal currents and offsets 
limit the minimum step size which will produce a perfect 
idle channel pattern. The MC34115 is tested to ensure 
that a 20 mVp-p mimi mum step size at 16 kHz will attain 
a proper idle channel. The idle channel step size must 
be twice the specified total loop offset if a one-zero idle 
pattern is desired. In some applications a much smaller 
minimum step size (e.g., 0.1 mY) can produce quiet 
performance without providing a 1 -0 pattern. 
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CVSD DESIGN CONSIDERATIONS (continued) 

To set the idle channel step size, the value of Rmin 
must be selected. With no input signal, the slope control 
algorithm is inactive. A long series of ones or zeros 
never occurs. Thus, the voltage across the syllabic filter 
capacitor (CS) would decay to zero. However, the volt
age divider of RS and Rmin (see Figure 14) sets the 
minimum allowed voltage across the syllabic filter ca
pacitor. That voltage must produce the desired ramps 
at the analog output. Again we write the filter input 
current equation: 

I'-~ C~ 
1- R + dt 

For values of Vo near VCC/2 the VoIR term is negli
gible; thus 

aV 
I' = CS---2 
I aT 

where aT is the clock period and avo is the desired 

peak-to-peak value of the idle output. For a 16K-bit sys
tem using the circuit in Figure 14 

I' = 0.1 /LF 20 mV = 32 !LA 
I 62.5/Ls 

The voltage on Cs which produces a 32 !LA current is 
determined by the value of Rx. 

liRx = Vsmin; for 32 !LA, Vsmin = 41.6 mV 

In Figure 14 RS is 18 kG. That selection is discussed 
with the syllabic filter considerations. The voltage 
divider of RS and Rmin must produce an output of 
41.6 mY. 

VCC R R~. = VSmin Rmin = 2A MG 
S + min 

Having established these three parameters - clock 
rate, loop gain and minimum step size - the encoder 
circuit in Figure 14 will function at near optimum per
formance for input levels around 0 dBm. 

INCREASING CVSD PERFORMANCE 

Integration Filter Design 
The circuit in Figure 14 uses a single-pole integration 

network formed with a 0.1 /LF capacitor and a 10 kG 
resistor. It is possible to improve the performance of 
the circuit in Figure 14 by 1 or 2 dB by using a two-pole 
integration network. The improved circuit is shown. 

The first pole is still placed below 300 Hz to provide 
the lIS voice content curve and a second pole is placed 
somewhere above the 1 kHz frequency. For telephony 
circuits, the second pole can be placed above 1.8 kHz 
to exceed the 1633 touchtone frequency. In other com
munication systems, values as low as 1 kHz may be 
selected. In general, the lower in frequency the second 
pole is placed, the greater the noise improvement. Then, 
to ensure the encoder loop stability, a zero is added to 
keep the phase shift less than 180·. This zero should be 
placed slightly above the low-pass output filter break 
frequency so as not to reduce the effectiveness of the 
second pole. A network of 235 Hz, 2 kHz and 5.2 kHz is 
typical for telephone applications while 160 Hz, 1.2 kHz 
and 2.8 kHz might be used in voice only channels. (Voice 
only channels can use an output low-pass filter which 
breaks at about 2.5 kHz.) The two-pole network in Figure 
16 has a transfer function of: 
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FIGURE 16 -IMPROVED FILTER CONFIGURATION 

R2 
Analog Output O-.... "VI""'--...--1-'<... 

600 

C2 
0.15 JLF::r 

MC34115 
Rl 

600 Cl 

Ro 0.1 JLF 

13 k 

These component values are for the telephone channel circuit poles 
described in the text. The R2, C2 product can be provided with different 
values of Rand C. R2 should be chosen to be equal to the termination 
resistor on Pin 1. 

Thus the two poles and the zero can be selected arbi
trarily as long. as the zero is at a higher frequency than 
the first pole. The values in Figure 16 represent one 
implementation of the telephony filter requirement. 

The selection ofthe two-pole filter network affects the 
selection of the loop gain value and the minimum step 
size resistor. The required integrator current for a given 
change in voltage now becomes: 

I. - ~ (R2C2 R1 C1 C) avo 
I - RO + RO + RO + 1 aT + 

( R C C R1 C1R2C2) aV0 2 
2 2 1 + RO aT2 
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INCREASING CVSD PERFORMANCE (continuedl 

The calculation of desired gain resistor Rx then pro
ceeds exactly as previously described. 

Syllabic Filter Design 
The syllabic filter in Figure 14 is a simple single-pole 

network of 18 kG and 0.33 p,F. This produces a 6.0 ms 
time constant for the averaging of the coincidence out
put signal. The voltage across the capacitor determines 
the integrator current which in turn establishes the step 
size. The integrator current and the resulting step size 
determine the companding ratio and the SIN perfor
mance. The companding ratio is defined as the voltage 
across CSNCC. 

The SIN performance may be improved by modifying 
the voltage to current transformation produced by Rx. 
If different portions of the total Rx are shunted by 
diodes, the integrator current can be other than (VCC 
- VSI/Rx. These breakpoint curves must be designed 
experimentally for the particular system application. In 
general, one would wish that the current would double 
with input level. To design the desired curve, supply 
current to Pin 4 of the codec from an external source. 
Input a signal level and adjust the current until the SIN 
performance is optimum. Then 'record the syllabic filter 
voltage and the current. Repeatthis for all desired signal 
levels. Then derive the resistor diode network which 
produces that cur~e on a curve tracer. 

Once the network is designed with the curve tracer, 
it is then inserted in place of Rx in the circuit and the 

forced optimum noise performance will be achieved 
from the active syllabic algorithm. 

Diode breakpoint networks may be very simple or 
moderately complex and can improve the usable dy
namic range of any codec. In the past they have been 
used in high performance telephone codecs. 

Typical resistor-diode networks are shown in Fig
ure 17. 

FIGURE 17 - RESISTOR-DIODE NETWORKS 

R1 R2 R3 

~ 
R1 R2 

~ 
Output Low Pass Filter 

A low pass filter is required at the receiving circuit 
output to eliminate quantizing noise. In general, the 
lower the bit rate, the better the filter must be. The filter 
in Figure 18 provides excellent performance for 12 kHz 
to 40 kHz systems. 

FIGURE 18 - HIGH PERFORMANCE ELLIPTIC FILTER FOR CVSD OUTPUT 

R1 R2 

87.6 k 175 k 

C3 C4 
157 pF 78 pF 

lid,. 
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C1 

R7 

R5 

C5 
1380 pF 

Designed for 0.28 dB ripple in the pass band 
wn = 3.0 kHz 
Ws = '" 6.0 kHz 
AdB at Ws and above 29.5 dB 
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FIGURE 19 - FULL DUPLEX/16K BIT CVSD VOICE CODEC USING MC34115 AND MC3503/6 OP AMP 

Cl 
Analog Input~ 

Analog Output 

CB 

Codec Components 

RXI. RX2 - 3.3 kO 
RPI. RP2 - 3.3 kO 
RSI. RS2 - 100 kO 
Rll. RI2 - 20 kO 
R12- 1kO 

C9 

RB 

RMI. RM2 - 10 MO 

Rl 

RIO 

Minimum step size = 20 mV 
CSI. CS2 - 0.05 JLF 
CI1. CI2 - 0.05 JLF 
2 MC34115 
1 MC3403 (or MC3406) 

MC34115 
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Note: All Res. 5% 
All Cap. 5% 

Rl1 

Force Idle 
Channel 

C2 

R12 
Cll 

-= 

R7 R6 

C5 Digital 
Test 

C7 C6 

R5 

C4 

Input Filter Specifications 

12 dB/Octave Rolloff above 3.3 kHz 
6 dB/Octave Rolloff below 50 Hz 

Output Filter Specifications 
Break Frequency - 3.3 kHz 
Stop Band - 9 kHz 
Stop Band Atten. - 50 dB 
Rolloff - >40 dB/Octave 

Digital Output 

9 +5.0 V 
16 

2 
Rpl 

5 II CSI 

RSI 
MC34115 3 

RMI RXI 

4 

B 14 

Clock 

14 +5.0V 
12 16 

5 

II 
9 

RS2 
MC34115 3 

7 

Filter Components 

Rl -9650 
R2-72kO 
R3-72kO 
R4-63.46 kO 
R5-127 kO 
R6-365.5 kO 
R7 - 1.645 MO 
RB-72 kO 
R9-72 kO 
Rl0-29.5 kO 
RII-72kO 

Rp2 
CS2 

Digital Input 

Cl - 3.3 JLF 
C2- B37 pF 
C3- 536 pF 
C4- 1000 pF 
C5-222 pF 
C6-77 pF 
C7-3B pF 
CB- B37 pF 
C9-536 pF 

Note: All Res. 0.1% to 1%. 
All Cap. 1.0% 
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MOTOROLA 
_ SEMICONDUCTOR 

TECHNICAL DATA 

Specifications and Applications 
Information 

VOICE SWITCHED SPEAKERPHONE CIRCUIT 

The MC34118 Voice Switched Speakerphone Circuit incorpo
rates the necessary amplifiers, attenuators, level detectors, and 
control algorithm to form the heart of a high quality hands-free 
speakerphone system. Included are a microphone amplifier with 
adjustable gain and MUTE control, Transmit and Receive atten
uators which operate in a complementary manner, level detectors 
at both input and output of both attenuators, and background 
noise monitors for both the tranl'mit and receive channels. A Dial 
Tone Detector prevents the dial tone from being attenuated by 
the Receive background noise monitor circuit. Also included are 
two line driver amplifiers which can be used to form a hybrid 
network in conjunction with an external coupling transformer. A 
high-pass filter can be used to filter out 60 Hz noise in the receive 
channel, orfor other filtering functions. A Chip Disable pin permits 
powering down the entire circuit to conserve power on long loops 
where loop current is at a minimum. 

The MC34118 may be operated from a power supply, or it can 
be powered from the telephone line, requiring typically 5.0 mA. 
The MC34118 can be interfaced directly to Tip and Ring (through 
a coupling transformer) for stand-alone operation, or it can be 
used in conjunction with a handset speech network and/or other 
features of a featurephone. 
• Improved Attenuator Gain Range: 52 dB Between Transmit 

and Receive 
• Low Voltage Operation for Line-Powered Applications 

(3.0-6.5 vi 
• 4-Point Signal Sensing for Improved Sensitivity 
• Background Noise Monitors for Both Transmit and Receive 

Paths 
• Microphone Amplifier Gain Set by External Resistors - Mute 

Function Included 
• Chip Disable for Active/Standby Operation 
• On Board Filter Pinned-Out for User Defined Function 
• Dial Tone Detector to Inhibit Receive Idle Mode During Dial 

Tone Presence 
• Standard 28-Pin Plastic DIP Package and SOIC Package 

Available 
• Compatible with MC34119 Speaker Amplifier 

SIMPLIFIED BLOCK DIAGRAM 

Power Amp L _________ _ 
(External) 

MOTOROLA COMMUNICATIONS DEVICE DATA 

MC34118 

VOICE SWITCHED 
SPEAKERPHONE CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P SUFFIX 
PLASTIC PACKAGE 

CASE 710 

OW SUFFIX 
PLASTIC PACKAGE 

CASE 751F 

PIN CONNECTIONS 

ITop View) 

FO GND 

FI CPR 

CD RLil 

VCC RL01 

HTO+ TL01 

HTO- TLil 

HTI RXO 

TXO RXI 

TXI RLl2 

MCO RL02 

MCI TL02 

MUT TLl2 

VLC CPT 

CT VB 

(Pin assignments same for both packages) 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Value Units 

Supply Voltage (Pin 4) -1.0, +7.0 Vdc 

Voltage at CD (Pin 3), MUT (Pin 12) -1.0, VCC + 1.0 Vdc 

Voltage at VLC (Pin 13) -1.0, VCC + 0.5 Vdc 

Voltage at TXI (Pin 9), RXI (Pin 21), FI (Pin 2) -0.5, VCC + 0.5 Vdc 

Storage Temperature Range -65 to + 150 °c 

Devices should not be operated at or outside these values. The "Recommended Operating Limits" provide for actual device 
operation. 

RECOMMENDED OPERATING LIMITS 

Parameter Min Typ 

Supply Voltage (Pin 4) (See Text) 3.5 -
CD Input (Pin 3), MUT Input (Pin 12) 0 -
IVB Current (Pin 15) - -
VLC (Pin 13) 0.3 x VB -
Attenuator Input Signal Voltage (Pins 9, 21) 0 -
Microphone Amplifier, Hybrid Amplifier Gain 0 -
Load Current @ RXO, TXO (Pins 8, 22) 0 -

@ MCO (Pin 10) 0 -
@ HTO -, HTO + (Pins 6, 5) 0 -

Ambient Operating Temperature Range -20 -

ELECTRICAL CHARACTERISTICS (TA = + 25°C, VCC = 5.0 V, CD '" 0.8 V, unless noted) 

Parameter I Symbol I Min Typ 

POWER SUPPLY 

VCC Supply Current (VCC = 6.5 V, CD = 0.8 V) ICC - 5.5 
(VCC = 6.5 V, CD = 2.0 V) - 600 

CD Input Resistance (VCC = VCD = 6.5 V) RCD 50 90 
CD Input Voltage - High VCDH 2.0 -

-Low VCDL 0 -
VB Output Voltage (VCC = 3.5 V) VB - 1.3 

(VCC = 5.0 V) 1.8 2.1 

VB Output Resistance (lVB = 1.0 mAl ROVB - 400 

VB Power Supply Rejection Ratio (CVB = 220 /LF, I = 1.0 kHz) PSRR - 54 

ATTENUATORS (T A = + 25°C) 

Receive Attenuator Gain (I = 1.0 kHz, VLC = VB) 
Rx Mode, RXI = 150 mVrms (VCC = 5.0 V) GRX +4.0 +6.0 
Rx Mode, RXI = 150 mVrms (VCC = 3.5 V) GRX +4.0 +6.0 
Gain Change - VCC = 3.5 V versus VCC = 5.0 V AGRXl -0.5 0 
AGC Gain Change - VCC = 2.8 V versus VCC = 5.0 V' AGRX2 - -25 
Idle Mode, RXI = 150 mVrms GRXI -22 -20 
Range (Rx to Tx Mode) AGRX3 49 52 

Volume Control Range (Rx Mode, 0.3 VB < VLC < VB) VCR 27 35 

RXO DC Voltage (Rx Mode) VRXO - VB 

ARXO DC Voltage (Rx to TxMode) AVRXO - ±10 

RXO High Voltage (lout = -1.0 mA RXI= VB + 1.5 V) VRXOH 3.7 -
RXO Low Voltage (lout = + 1.0 mA, RXI = VB - 1.0, VRXOL - -1.5 

Output measured with respect to VB)' 

RXllnput Resistance (RXI < 350 mVrms) RRXI 7.0 10 

Max Units 

6.5 Vdc 

VCC Vdc 

500 /LA 

VB Vdc 

350 mVrms 

40 dB 

±2.0 mA 
±1.0 
±5.0 

+60 °c 

Max Units 

8.0 mA 
800 /LA 

- kG 
VCC Vdc 
0.8 Vdc 

- Vdc 
2.4 

- G 

- dB 

dB 
+8.0 
+8.0 
+0.5 
-15 
-17 
54 

- dB 

- Vdc 

±150 mV 

- Vdc 

-1.0 Vdc 

14 kG 

Icontlnuedl 

MC34118 
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ELECTRICAL CHARACTERISTICS (TA = +25'C, VCC = 5.0 V, CD .. 0.8 V, unless noted) 

I Parameter I Symbol I Min 

ATTENUATORS - continued (TA = + 25'C) 

Transmit Attenuator Gain (f = 1.0 kHz) 
Tx Mode, TXI = 150 mVrms GTX +4.0 
Idle Mode, TXI = 150 mVrms GTXI -22 
Range (Tx to Rx Mode) ~GTXI 49 

TXO DC Voltage (Tx Mode) VTXO -
~TXO DC Voltage (Tx to Rx Mode) ~VTXO -
TXO High Voltage (lout = -1.0 rnA TXI = VB + 1.5 V) VTXOH '3.7 

TXO Low Voltage (lout = + 1.0 rnA, TXI = VB - 1.0 V, VTXOL -
Output measured with respect to VB)* 

TXllnput Resistance (TXI < 350 mVrms) RTXI 7.0 

Gain Tracking (GRX + GTX, @ Tx, Idle, Rx)* GTR -
*See text for explanation. 

ATTENUATOR CONTROL (T A = + 25'C) 

CT Voltage (Pin 14 - VB) VCT 
Rx Mode (VLC = VB) -
Idle Mode -
Tx Mode -

CT Source Current (switching to Rx mode) ICTR -85 

CT Sink Current (switching to Tx mode) ICTT +40 

CT Slow Idle Current ICTS -
CT Fast Idle Internal Resistance RFI 1.5 

VLC Input Current IVLC -
Dial Tone Detector Threshold VDT 10 

MICROPHONE AMPLIFIER (TA = + 25'C, VMUT" 0.8 V, AVCL = 31 dB unless otherwise noted) 

Ouptut Offset (VMCO - VB, Feedback R = 180 kil) MCOVOS -50 

Open Loop Gain (f < 100 Hz) AVOLM 70 

Gain Bandwidth GBWM -
Output High Voltage (lout = -1.0 rnA, VCC = 5.0 V) VMCOH 3.7 

Output Low Voltage (lout = + 1.0 rnA) VMCOL -
Input Bias Current (@ MCI) IBM -
Muting (~Gain) (f = 1.0 kHz, VMUT = 2.0 V) GMT -55 

(300 Hz < f < 10 kHz) -
MUT Input Resistance (VCC = VMUT = 6.5 V) RMUT 50 

MUT Input - High VMUTH 2.0 

MUT Input - Low VMUTL 0 

Distortion (300 Hz < f < 10kHz) THDM -
HYBRID AMPLIFIERS (TA = + 25'C) 

HTO- Offset (VHTO- - VB, Feedback R = 51 kn) HVOS -20 

HTO - to HTO + Offset (Feedback R = 51 kn) HBVOS -30 

Open Loop Gain (HTI to HTO-, f < 100 Hz) AVOLH 60 

Gain Bandwidth GBWH -
Closed Loop Gain (HTO- to HTO+) AVCLH -0.35 

Input Bias Current (@HTI) IBH -
HTO - High Voltage (lout = - 5.0 rnA) VHT-H 3.7 

HTO - Low Voltage (lout = + 5.0 rnA) VHT-L -
HTO + High Voltage (lout = - 5.0 rnA) VHT+H 3.7 

HTO + Low Voltage (lout = + 5.0 rnA) VHT+L -
Distortion (300 Hz < f < 10kHz, See Figure 1) THDH -

MOTOROLA COMMUNICATIONS DEVICE DATA 

Typ Max 

+6.0 +8.0 
-20 -17 
52 54 

VB -
±30 ±150 

- -
-1.5 -1.0 

10 14 

±0.1 -

+240 -
0 -

-240 -
-60 -40 

+60 +85 

0 -
2.0 3.6 

-60 -
15 20 

0 +50 

80 -
1.0 -
- -

- 200 

-40 -
- -
-68 -
90 -
- VCC 

- 0.8 

0.15 -

0 +20 

0 +30 

80 -
1.0 -
0 +0.35 

-30 -

- -
- 250 

- -
- 450 

0.3 -

Units 

dB 

Vdc 

mV 

Vdc 

Vdc 

kil 

dB 

mV 

p.A 

p.A 

p.A 

kil 

nA 

mV 

mVdc 

dB 

MHz 

Vdc 

mVdc 

nA 

dB 

kO 

Vdc 

Vdc 

% 

mVdc 

mVdc 

dB 

MHz 

dB 

nA 

Vdc 

mVdc 

Vdc 

mVdc 

% 
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Parameter Symbol Min Typ Max Units 

LEVEL DETECTORS AND BACKGROUND NOISE MONITORS (T A = + 25°C) 

Transmit-Receive Switching Threshold ITH 0.8 1.0 1.2 
(Ratio of Current at RLl1 + RLl2 to 20 /LA 
at TLI 1 + TLl2 to switch from Tx to Rx) 

Source Current at RL01, RL02, TL01, TL02 ILSO - -2.0 - mA 

Sink Current at RL01, RL02, TL01, TL02 ILSK - 4.0 - /LA 

CPR, CPT Output Resistance (lout = 1.5 mAl RCp - 35 - 11 

CPR, CPT Leakage Current ICPLK - -0.2 - /LA 

FILTER (TA = + 25°C) 

Voltage Offset at FO (VFO - VB, 220 kll from VB to FI) FOVOS -200 -90 0 mV 

FO Sink Current IFO 150 260 400 /LA 

FI Bias Current IFI - -50 - nA 

SYSTEM DISTORTION (T A = + 25°C, f = 1.0 kHz) 

Rx Mode (From FI to RXO, FO connected to RXI) 

Tx Mode (From MCI to HTO -/HTO +, includes Tx attenuator) 

1. All currents into a device pin are positive, those out of a pin are negative. Algebraic convention rather than magnitude is used to define limits. 

FIGURE 1 - HYBRID AMIILIFIER DISTORTION TEST 

~AA3 
Vin;-::::-l 

10 k 

TEMPERATURE CHARACTERISTICS 

Parameter 

VCC Supply Current (CD = 0.8 V) 

VCC Supply Current (CD = 2.0 V) 

VB Output Voltage (VCC = 5.0 V) 

Attenuator Gain (Max Gain) 

Attenuator Gain (Max Attenuation) 

Attenuator Input Resistance (@ TXI, RXI) 

Dial Tone Detector Threshold 

CT Source, Sink Current 

Microphone, Hybrid Amplifier Offset 

Transmit-Receive Switching Threshold 

Sink Current at RL01, RL02, TL01, TL02 

Closed Loop Gain (HTO - to HTO +) 

MC34118 
2-420 

51 k 
I-!TO--------, 

I 
I 

c: X1 Instr. 

To Dist. 
Analyzer 

Typical Value 
@25°C 

5.0 mA 

400/LA 

2.1 V 

+6.0 dB 

-46 dB 

10 kO 

15 mV 

±60 p,A 

o mV 

1.0 

4.0/LA 

o dB 

Typical Change 
-20 to +60°C 

-0.3 %rC 

-0.4 %rC 

+0.8 %rC 

0.0008 dBrC 

0.004 dBrC 

+0.6 %/oC 

+20/LVrC 

-0.15 %rC 

"±4.0 /LVrC 

±0.02 %rC 

-10 nWC 

0.001 %rC 
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PIN DESCRIPTION 

Pin Name Description 

1 FO Filter output. Output impedance is less 
than 50 ohms. 

2 FI Filter input. Input impedance is greater 
than 1.0 Mohm. 

3 CD Chip Disable. A logic low «0.8 VI sets 
normal operation. A logic high (>2.0 VI 
disables the IC to conserve power. Input 
impedance is nominally 90 kO. 

4 VCC A supply voltage of + 2.8 to + 6.5 volts 
is required. at ~ 5.0 mAo As VCC falls 
from 3.5 to 2.8 volts. an AGC circuit 
reduces the receive attenuator gain by 
~ 25 dB (when in the receive model. 

5 HTO+ Output of the second hybrid amplifier. 
The gain is internally set at -1.0 to 
provide a differential output. in 
conjunction with HTO -. to the hybrid 
transformer. 

6 HTO- Output of the first hybrid amplifier. The 
gain of the amp is set by external 
resistors. 

7 HTI Input and summing node for the first 
hybrid amplifier. DC level is ~VB. 

8 TXO Output of the transmit attenuator. DC 
level is approximately VB. 

9 TXI Input to the transmit attenuator. Max. 
signal level is 350 mVrms. Input 
impedance is ~10 kO. 

10 MCO Output of the microphone amplifier. The 
gain of the amplifier is set by external 
resistors. 

11 MCI Input and summing node of the 
microphone amplifier. DC level is ~ VB. 

12 MUT Mute input. A logic low «0.8 VI sets 
normal operation. A logic high (>2.0 VI 
mutes the microphone amplifier without 
affecting the rest of the circuit. Input 
impedance is nominally 90 kO. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Pin Name Description 

13 VLC Volume control input. When VLC = VB. 
the receive attenuator is at maximum 
gain when in the receive mode. When 
VLC = 0.3 VB. the receive gain is down 
35 dB. Does not affect the transmit mode. 

14 CT An RC at this pin sets the response time 
for the circuit to switch modes. 

15 VB An output voltage ~VCC/2. This voltage 
is a system ac ground. and biases the 
volume control. A filter cap is required. 

16 CPT An RC at this pin sets the time constant 
for the transmit background monitor. 

17 TLl2 Input to the transmit level detector on 
the mike/speaker side. 

18 TL02 Output of the transmit level detector on 
the mike/speaker side. and input to the 
transmit background monitor. 

19 RL02 Output of the receive level detector on 
the mike/speaker side. 

20 RLl2 Input to the receive level detector on the 
mike/speaker side. 

21 RXI Input to the receive attenuator and dial 
tone detector. Max input level is 350 mV 
RMS. Input impedance is ~10 kO. 

22 RXO Output of the receive attenuator. DC 
level is approximately VB. 

23 TLl1 Input to the transmit level detector on 
the line side. 

24 TL01 Output of the transmit level detector on 
the line side. 

25 RL01 Output of the receive level detector on 
the line side. and input to the receive 
background monitor. 

26 RLl1 Input to the receive level detector on the 
line side. 

27 CPR An RC at this pin sets the time constant 
for the receive background monitor. 

28 GND Ground pin for the entire IC. 

Note: Pin numbers are identical for the DIP package and the sOle package. 

MC34118 
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FIGURE 2 - MC34118 BLOCK DIAGRAM 
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FUNCTIONAL DESCRIPTION 

INTRODUCTION 
The fundamental difference between the operation of 

a speakerphone and a handset is that of half-duplex 
versus full-duplex. The handset is full duplex since con
versation can occur in both directions (transmit and 
receive) simultaneously. A speakerphone has higher 
gain levels in both paths, and attempting to converse 
full duplex results in oscillatory problems due to the 
loop that exists within the system. The loop is formed 
by the receive and transmit paths, the hybrid, and the 
acoustic coupling (speaker to microphone). The only 
practical and economical solution used to date is to 
design the speakerphone to function in a half duplex 
mode - i.e., only one person speaks at a time, while 
the other listens. To achieve this requires a circuit which 
can detect who is talking, switch on the appropriate path 
(transmit or receive), and switch off (attenuate) the other 
path. In this way, the loop gain is maintained less than 
unity. When the talkers exchange function, the circuit 
must quickly detect this, and switch the circuit appro
priately. By providing speech level detectors, the circuit 
operates in a "hands-free" mode, eliminating the need 
for a "push-to-talk" switch. 

The handset, by the way, has the same loop as the 
speakerphone. But since the gains are considerably 
lower, and since the acoustic coupling from the earpiece 
to the mouthpiece is almost non-existent (the receiver 
is normally held against a person's ear), oscillations 
don't occur. 

The MC34118 provides the necessary level detectors, 
attenuators, and switching control for a properly oper
ating speakerphone. The detection sensitivity and tim
ing are externally controllable. Additionally, the 
MC34118 provides background noise monitors which 
make the circuit insensitive to room and line noise, 
hybrid amplifiers for interfacing to Tip and Ring, the 
microphone amplifier, and other associated functions. 
Please refer to the Block Diagram (Figure 2) when read
ing the following sections. 

ATTENUATORS 
The transmit and receive attenuators are comple

mentary in function, i.e., when one is at maximum gain 
(+ 6.0 dB), the other is at maximum attenuation (-46 
dB), and vice versa. They are never both fully on or both 
fully off. The sum oftheir gains remains constant (within 
a nominal error band of ± 0.1 dB) at a typical value of 
- 40 dB (see Figure 10). Their purpose is to control the 
transmit and receive paths to provide the half-duplex 
operation required in a speakerphone. 

The attenuators are non-inverting, and have a - 3.0 
dB (from max gain) frequency of =100 kHz. The input 
impedance of each attenuator (TXI and RXI) is nominally 
10 kO (see Figure 3), and the input signal should be 
limited to 350 mVrms (990 mVp-p) to prevent distortion. 
That maximum recommended input signal is indepen
dent of the volume control setting. The diode clamp on 

MOTOROLA COMMUNICATIONS DEVICE DATA 

the inputs limits the input swing, and therefore the max
imum negative output swing. This is the reason for 
VRXOL and VTXOL specification being defined as they 
are in the Electrical Characteristics. The output imped
ance is <10 0 until the output current limit (typically 
2.5 mAl is reached. 

FIGURE 3 - ATTENUATOR INPUT STAGE 

d:I:-B 10 k 
TXI To Attenuator 

(RXI) 4.0 k 96 k llnput 

The attenuators are controlled by the single output of 
the Control Block, which is measurable at the CT pin 
(Pin 14). When the CT pin is at +240 millivolts with 
respect to VB, the circuit is in the receive mode (receive 
attenuator is at + 6.0 dB). When the CT pin is at - 240 
millivolts with respect to VB, the circuit is in the transmit 
mode (transmit attenuator is at +6.0 dB). The circuit is 
in an idle mode when the CT voltage is equal to VB, 
causing the attenuators' gains to be halfway between 
their fully on and fully off positions (- 20 dB each). Mon
itoring the CT voltage (with respect to VB) is the most 
direct method of monitoring the circuit's mode. 

The inputs to the Control Block are seven: 2 from the 
comparators operated by the level detectors, 2 from the 
background noise monitors, the volume control, the 
dial-tone detector, and the AGC circuit. These seven 
inputs are described below. 

LEVEL DETECTORS 
There are four level detectors - two on the receive 

side and two on the transmit side. Refer to Figure 4 -
the terms in parentheses form one system, and the 
other terms form the second system. Each level detector 
is a high gain amplifier with back-to-back diodes in the 
feedback path, resulting in non-linear gain, which per
mits operation over a wide dynamic range of speech 
levels. Refer to the graphs of Figures 11, 12 and 13 for 
their dc and ac transfer characteristics. The sensitivity 
of each level detector is determined by the external 
resistor and capacitor at each input (TLl1, TLl2, RLl1, 
and RLl2). Each output charges an external capacitor 
through a diode and limiting resistor, thus providing a 
dc representation of the input ac signal level. The out
puts have a quick rise time (determined by the capacitor 
and an internal 350 0 resistor), and a slow decay time 
set by an internal current source and the capacitor. The 
capacitors on the four outputs should have the same 
value (± 10%) to prevent timing problems. 

Referring to Figure 2, on the receive side, one level 
detector (RLI1) is atthe receive input receiving the same 
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FIGURE 4 - LEVEL DETECTORS 
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signal as at Tip and Ring, and the other (RLl2) is at the 
output of the speaker amplifier. On the transmit side, 
one level detector (TLl2) is at the output of the micro
phone amplifier, while the other (TLl1) is at the hybrid 
output. Outputs RL01 and TL01 feed a comparator, the 
output of which goes to the Attenuator Control Block. 
Likewise, outputs RL02 and TL02 feed a second com
parator which also goes to the Attenuator Control Block. 
The truth table for the effects of the level detectors on 
the Control Block is given in the section describing the 
Control Block. 

BACKGROUND NOISE MONITORS 
The purpose of the background noise monitors is to 

distinguish speech (which consists of bursts) from back
ground noise (a relatively constant signal level). There 
are two background noise monitors - one for the 
receive path and one for the transmit path. Referring to 
Figure 4, the receive background noise monitor is oper
ated on by the RLl1-RL01 level detector, while the trans
mit background noise monitor is operated on by the 
TLl2-TL02 level detector. They monitor the background 
noise by storing a dc voltage representative of the 
respective noise levels in capacitors at CPR and CPT. 
The voltages at these pins have slow rise times (deter
mined by the external RC), but fast decay times. If the 
signal at RLl1 (or TLl2) changes slowly, the voltage at 
CPR (or CPT) will remain more positive than the voltage 
at the non-inverting input of the monitor's output com
parator. When speech is present, the voltage on the non
inverting input of the comparator will rise quicker than 
the voltage at the inverting input (due to the burst char
acteristic of speech), causing its output to change. This 
output is sensed by the Attenuator Control Block. 

The 36 mV offset at the comparator's input keeps the 
comparator from changing state unless the speech level 
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Note: External component values are 
application dependent. 

exceeds the background noise by =4.0 dB. The time 
constant of the external RC (=4.7 seconds) determines 
the response time to background noise variations. 

VOLUME CONTROL 
The volume control input at VLC (Pin 13) is sensed as 

a voltage with respect to VB. The volume control affects 
the attenuators onlyin the receive mode. It has no effect 
in the idle or transmit modes. 

When in the receive mode, the gain of the receive 
attenuator will be + 6.0 dB, and the gain of the transmit 
attenuator will be -46 dB only when VLC is equal to 
VB. As VLC is reduced below VB, the gain of the receive 
attenuator is reduced (see Figure 14), and the gain of 
the transmit attenuator is increased such that their sum 
remains constant. Changing the voltage at VLC changes 
the voltage at CT (see the Attenuator Control Block sec
tion), which in turn controls the attenuators. 

The volume control setting does not affect the max
imum attenuator input signal at which noticeable dis
tortion occurs. 

The bias current at VLC is typically 60 nA out of the 
pin, and does not vary significantly with the VLC voltage 
or with VCC' 

DIAL TONE DETECTOR 
The dial tone detector is a comparator with one side 

connected to the receive input (RXI) and the other input 
connected to VB with a 15 mV offset (see Figure 5). If 
the circuit is in the receive mode, and the incoming 
signal is greater than 15 mV (10 mVrms), the compar
ator's output will change, disabling the' receive idle 
mode. The receive attenuator will then be at a setting 
determined solely by the volume control. 

The purpose of this circuit is to prevent the dial tone 
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(which would be considered as continuous noise) from 
fading away as the circuit would have the tendency to 
switch to the idle mode. By disabling the receive idle 
mode, the dial tone remains at the normally expected 
full level. 

FIGURE 5 - DIAL TONE DETECTOR 
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The AGC circuit affects the circuit only in the receive 
mode, and only when the supply voltage (VCe) is less 
than 3.5 volts. As VCC falls below 3.5 volts, the gain of 
the receive attenuator is reduced according to the graph 
of Figure 15. The transmit path attenuation changes 
such that the sum of the transmit and receive gains 
remains constant. 

The purpose of this feature is to reduce the power 
(and current) used by the speaker when a line-powered 
speakerphone is connected to a long line, where the 
available power is limited. By reducing the speaker 
power, the voltage sag at VCC is controlled, preventing 
possible erratic operation. 

ATTENUATOR CONTROL BLOCK 
The Attenuator Control Block has the seven inputs 

described above: 

- The output of the comparator operated by RL02 and 
TL02 (microphone/speaker side) - designated C1. 

- The output of the comparator operated by RL01 and 
TL01 (Tip/Ring side) - designated C2. 

- The output of the transmit background noise mon
itor - designated C3. 

- The output ofthe receive background noise monitor 
- designated C4. 

- The volume control. 
- The dial tone detector. 
- The AGC circuit. 
The single output of the Control Block controls the two 
attenuators. The effect of C1-C4 is as follows: 

Inputs Output 
C1 C2 C3 C4' Mode 

Tx Tx 1 X Transmit 
Tx Rx y y Fast Idle 
Rx Tx y y Fast Idle 
Rx Rx X 1 Receive 
Tx Tx 0 X Slow Idle 
Tx Rx 0 0 Slow Idle 
Rx Tx 0 0 Slow Idle 
Rx Rx X 0 Slow Idle 

x = Don't Care; y = C3 and C4 are not both O. 
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A definition of the above terms: 
1) "Transmit" means the transmit attenuator is fully on (+ 6.0 dB), 

and the receive attenuator is at max. attenuation (-46 dB). 
2) "Receive" means both attenuators are controlled by the volume 

control. At max. volume, the receive attenuator is fully on (+6.0 
dB), and the transmit attenuator is at max. attenuation (- 46 dB). 

3) "Fast Idle" means both transmit and receive speech are present 
in approximately equal levels. The attenuators are quickly 
switched (30 ms)to idle until one speech level dominates the other. 

4) "Slow Idle" means speech has ceased in both transmit and receive 
paths. The attenuators are then slowly switched (1 second) to the 
idle mode. 

5) Switching to the full transmit or receive modes from any other 
mode is at the fast rate (=30 ms). 

A summary of the truth table is as follows: 
1) The circuit will switch to transmit if: a) both trans

mit level detectors sense higher signal levels relative to 
the respective receive level detectors (TLl1 versus RLl1, 
TLl2 versus RLl2), and b) the transmit background noise 
monitor indicates the presence of speech. 

2) The circuit will switch to receive if: a) both receive 
level detectors sense higher signal levels relative to the 
respective transmit level detectors, and b) the receive 
background noise monitor indicates the presence of 
speech. 

3) The circuit will switch to the fast idle mode if the 
level detectors disagree on the relative strengths of the 
signal levels, and at least one of the background noise 
monitors indicates speech. For example, referring to the 
Block Diagram (Figure 2). if there is sufficient signal at 
the microphone amp output (TLl2) to override the 
speaker signal (RLl2), and there is sufficient signal at 
the receive input (RLl1) to override the signal at the 
hybrid output (TLl1), and either or both background 
monitors indicate speech, then the circuit will be in the 
fast idle mode. Two conditions which can cause the fast 
idle mode to occur are a) when both talkers are attempt
ing to gain control of the system by talking at the same 
time, and b) when one talker is in a very noisy environ
ment, forcing the other talker to continually override 
that noise level. In general, the fast idle mode will occur 
infrequently. 

4) The circuit will switch to the slow idle mode when 
a) both talkers are quiet (no speech present). or b) when 
one talker's speech level is continuously overriden by 
noise at the other speaker's location. 

The time required to switch the circuit between trans
mit, receive, fast idle and slow idle is determined in part 
by the components at the CT pin (Pin 14). (See the sec
tion on Switching Times for a more complete expla
nation of the switching time components.) A schematic 
of the CT circuitry is shown in Figure 6, and operates 
as follows: 

- RT is typically 120 k!1, and CT is typically 5.0 fLF. 
- To switch to the receive mode, 11 is turned on (12 is 

off), charging the external capacitor to + 240 mV 
above VB. (An internal clamp prevents further charg
ing of the capacitor.) 

- To switch to the transmit mode, 12 is turned on (11 
is off) bringing down the voltage on the capacitor to 
- 240 mV with respect to VB. 
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- To switch to idle quickly (fast idle), the current 
sources are turned off, and the internal 2.0 kG resis
tor is switched in, discharging the capacitor to VB 
with a time constant = 2.0 k x CT. 

- To switch to idle slowly (slow idle), the current 
sources are turned off, the switch at the 2.0 kG resis
tor is open, and the capacitor discharges to VB 
through the external resistor RTwith a time constant 
= RT x CT. 

FIGURE 6 - CT ATTENUATOR CONTROL BLOCK CIRCUIT 

VB 

RT 

CT 

MICROPHONE AMPLIFIER 
The microphone amplifier (Pins 10, 11) has the non

inverting input internally connected to VB, while the 
inverting input and the output are pinned out. Unlike 
most op-amps, the amplifier has an all-NPN output 
stage, which maximizes phase margin and g.ain
bandwidth. This feature ensures stability at gains less 
than unity, as well as with awide range of reactive loads. 
The open loop gain is typically 80 dB (f <100 Hz), and 
the gain-bandwidth is typically 1.0 MHz (See Figure 16). 
The maximum pop output swing is typically 1.0 volt less 
than Vce with an output impedance of <10 G until cur~ 
rent limiting is reached (typically 1.5 mAl. Input bias 
current at MCI is typically 40 nA out of the pin. 

FIGURE 7 - MICROPHONE AMPLIFIER AND MUTE 
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The muting function (Pin 12), when activated, will 
reduce the gain of the amplifier to = -39 dB (with RMI 
= 5.1 kG) by shorting the output to the inverting input 
(see Figure 7). The mute input has a threshold of =1.5 
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volts, and the voltage at this pin must be kept within 
the range of ground and VCC (see Figure 17). If the mute 
function is not used, the pin should be grounded. 

HYBRID AMPLIFIERS 
The two hybrid amplifiers (at HTO +, HTO -, and HTI), 

in conjunction with an external transformer, provide the 
two-to-four wire converter for interfacing to the tele
phone line. The gain of the first amplifier (HTI to HTO -) 
is set by external resistors (gain = - RHF/RHI in Figure 
2), and its output drives the second amplifier, the gain 
of which is internally set at -1.0. Unlike most op-amps, 
the amplifiers have an all-NPN output stage, which max
imizes phase margin and gain-bandwidth. This feature 
ensures stability at gains less than unity, as well as with 
a wide range of reactive loads. The open loop gain of 
the first amplifier is typically 80 dB, and the gain 
bandwidth of each amplifier is =1.0 MHz (see Figure 
16). The maximum pop output swing of each amplifier 
is typically 1.2 volts less than VCC with an output imped
ance of <10 G uritil current limiting is reached (typically 
8.0 mAl. The output current capability is guaranteed to 
be a minimum of 5.0 mAo The bias current at HTI is 
typically 30 nA out of the pin. 

The connections to the coupling transformer are 
shown in the Block Diagram (Figure 2). The block 
labeled ZBal is the balancing network necessary to 
match the line impedance. 

FILTER 
The operation of the filter circuit is determined by the 

external components. The circuit within the MC34118, 
from pins FI to FO is a buffer with a high input imped
ance (>1.0 MO), and a low output impedance «50 0). 
The configuration of the external components deter
mines whether the circuit is a high-pass filter (as shown 
in Figure 2), a low-pass filter, or a band-pass filter. 

As a high pass filter, with the components shown in 
Figure 8, the filter will keep out 60 Hz (and 120 Hz) hum 
which can be picked up by the external telephone lines. 

FIGURE 8 - HIGH PASS FILTER 
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As a low pass filter (Figure 9), it can be used to roll off 
the high end frequencies in the receive circuit, which 
aids in protecting against acoustic feedback problems. 
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With an appropriate choice of an input coupling capac
itor to the low pass filter, a band pass filter is formed. 

FIGURE 9 - LOW PASS FILTER 
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POWER SUPPLY, VB, AND CHIP DISABLE 
The power supply voltage at VCC (Pin 4) is to be 

between 3.5 and 6.5 volts for normal operation, with 
reduced operation possible down to 2.8 volts (see Fig
ure 15 and the AGC section). The power supply current 
is shown in Figure 18 for both the power-up and power
down mode. 

FIGURE 10 - ATTENUATOR GAIN versus VCT (PIN 14) 
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The output voltage at VB (Pin 15) is =(VCC - 0.7)/2, 
and provides the ac ground for the system. The output 
impedance at VB is =400 n (see Figure 19), and in con
junction with the external capacitor at VB, forms a low 
pass filter for power supply rejection. Figure 20 indi
cates the amount of rejection with different capacitors. 
The choice of capacitor is application dependent based 
on whether the circuit is powered by the telephone line 
or a power supply. 

Since VB biases the microphone and hybrid ampli
fiers, the amount of supply rejection at their outputs is 
directly related to the rejection at VB, as well as their 
respective gains. Figure 21 depicts this graphically. 

The Chip Disable (Pin 3) permits powering down the 
IC to conserve power and/or for rTllitiflg purposes. With 
CD ';;0.8 volts, normal operation is in effect. Wit,h CD 
;;'2.0 volts and .;;VCC, the IC is powered down. In the 
powered down mode, the microphone and the .hybrid 
amplifiers are disabled, and their outputs go to a high 
impedance state. Additionally, the bias is removed from 
the level detectors. The bias is not removed from the 
filter (Pins 1, 2), the attenuators (Pins 8, 9, 21, 22), or 
from Pins 13, 14, and 15 (the attenuators are disabled, 
however, and will not pass a signal). The input imped
ance at CD is typically 90 kn, has a threshold of =1.5 
volts, and the voltage at this pin must be kept within 
the range of ground and VCC (see Figure 17). If CD is 
not used, the pin should be grounded. 
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FIGURE 12 - LEVEL DETECTOR AC TRANSFER 
CHARACTERISTICS 
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FIGURE 13 - LEVEL DETECTOR AC TRANSFER 
CHARACTERISTICS versus FREQUENCY 
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FIGURE 18 - SUPPLY CURRENT versus SUPPLY VOLTAGE 
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DESIGN GUIDELINES 

SWITCHING TIME 
The switching time of the MC34118 circuit is domi

nated by the components at CT (Pin 14, refer to Figure 
6), and secondarily by the capacitors at the level detec
tor outputs (RlOl, Rl02, nOl, TL02). 

The time to switch to receive or to transmit from idle 
is determined by the capacitor at CT, together with the 
internal current sources (refer to Figure 6). The switch
ing time is: 

For the typical case where t:.v = 240 mY, I = 60 /LA, 
and CT is 5.0 /LF, liT = 20 ms. If the circuit switches 
directly from receive to transmit (or vice-versa), the total 
switching time would be 40 ms. 

The switching time from either receive or transmit to 
idle depends on which type of idle mode is in effect. If 
the circuit is going to "fast idle," the time constant is 
determined by the CT capacitor, and the internal 2.0 kG 
resistor (Figure 6). With CT = 5.0 /LF, the time constant 
is =10 ms, giving a switching time to idle of =30 ms 
(for 95% change). Fast idle is an infrequent occurrence, 
however, occurring when both speakers are talking and 
competing for control of the circuit. The switching time 
from idle back to either transmit or receive is described 
above. 

If the circuit is switching to "slow idle:' the time con
stant is determined by the CT capacitor and RT, the 
external resistor (see Figure 6). With CT = 5.0 /LF, and 
RT = 120 kG, the time constant is =600 ms, giving a 
switching time of =1.8 seconds (for 95% change). The 
switching period to slow idle begins when both speak
ers have stopped talking. The switching time back to 
the original mode will depend on how soon that speaker 
begins speaking again. The sooner the speaking starts 
during the 1.8 second period, the quicker the switching 
time since a smaller voltage excursion is required. That 
switching time is determined by the internal current 
sources as described above. 

The above switching times occur, however, aftet the 
level detectors have detected the appropriate signal lev
els, since their outputs operate the Attenuator Control 
Block. Referring to Figure 4, the rise time of the level 
detectors' outputs to new speech is quick by compari
son (=1.0 ms), determined by the internal 350 G resistor 
and the external capacitor (typically 2.0 /LF). The out
put's decay time is determined by the external capacitor, 
and an internal 4.0 /LA current source giving a decay 
rate of =60 ms for a 120 mV excursion at RlO or TlO. 
However, the overall response time of the circuit is not 
a constant since it depends on the relative strength of 
the signals at the different level detectors, as well as 
the timing of the signals with respect to each other. The 
capacitors at the four outputs (RlOl, Rl02, TlOl, Tl02) 
must be equal value (± 10%) to prevent problems in 
timing and level response. 
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The rise time of the level detector's outputs is not 
significant since it is so short. The decay time, however, 
provides a significant part of the "hold time" necessary 
to hold the circuit during the normal pauses in speech. 

The components at the inputs of the level detectors 
(RLll, RLl2, Tlll, TLl2) do not affect the switching time, 
but rather affect the relative signal levels required to 
switch the circuit, as well as the frequency response of 
the detectors. 

DESIGN EQUATIONS 

Referring to Figure 24 (the coupling capacitors have 
been omitted for simplicity), and the circuit of Figure 
23, the following definitions will be used (all measure
ments are at 1.0 kHz): 

- GMA is the gain of the microphone amplifier mea
sured from the microphone output to TXI (typically 
35 VN, or 31 dB); 

- GTX is the gain of the transmit attenuator, measured 
from TXI to TXO; 

- GHA is the gain of hybrid amplifiers, measured from 
TXO to the HTO-/HTO+ differential output (typi
cally 10.2 VN, or 20.1 dB); 

- GHT is the gain from HTO-/HTO+ to Tip/Ring for 
transmit signals, and includes the balance network 
(measured at 0.4 VN, or -8.0 dB); 

- GST is the sidetone gain, measured from HTO-/ 
HTO+ to the filter input (measured at 0.18 VN, or 
-15 dB); 

- GHR is the gain from Tip/Ring to the filter input for 
receive signals (measured at 0.833 VN or -1.6 dB); 

- GFO is the gain of the filter stage, measured from 
the input of the filter to RXI, typically 0 dB at 1.0 kHz; 

- GRX is.the gain of the receive attenuator measured 
from RXI to RXO; 

- GSA is the gain of the speaker amplifier, measured 
from RXO to the differential output ofthe MC34119 
(typically 22 VN or 26.8 dB); 

- GAC is the acoustic coupling, measured from the 
speaker differential voltage to the microphone out
put voltage. 

I) Transmit Gain 

The transmit gain, from the microphone output (VM) 
to Tip and Ring, is determined by the output charac
teristics of the microphone, and the desired transmit 
level. For example, a typical electret microphone will 
produce =0.35 mVrms under normal speech conditions. 
To achieve 100 mVrms at Tip/Ring, an overall gain of 
285 VN is necessary. The gain ofthe transmit attenuator 
is fixed at 2.0 (+ 6.0 dB), and the gain through the hybrid 
of Figure 23 (GHT) is nominally 0.4 (- 8.0 dB). Therefore 
a gain of 357 VN is required of the microphone and 
hybrid amplifiers. It is desirable to have the majority of 
that gain in the microphone amplifier for three reasons: 
1) the low level signals from the microphone should be 
amplified as soon as possible to minimize signal/noise 
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FIGURE 23 - MC34118 APPLICATION CIRCUIT 
(BASIC LINE POWERED SPEAKERPHONE) 
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FIGURE 24 - BASIC BLOCK DIAGRAM FOR DESIGN PURPOSES 
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problems; 2) to provide a reasonable signal level to the 
TLl2 level detector; and 3) to minimize any gain applied 
to broadband noise generated within the attenuator. 
However, to cover the normal voiceband, the micro
phone amplifier's gain should not exceed 48 dB (see 
Figure 16). For the circuit of Figure 23, the gain of the 
microphone amplifier was set at 35 VN (31 dB), and the 
differential gain of the hybrid amplifiers was set at 10.2 
VN (20.1 dB). 

II) Receive Gain 
The overall receive gain depends on the incoming 

signal level, and the desired output power at the 
speaker. Nominal receive levels (independent of the 
peaks) at Tip/Ring can be 35 mVrms (- 27 dBm), 
although on long lines that level can be down to 8.0 
mVrms (-40 dBm). The speaker power is: 

10dBm/l0 x 0.6 
PSPK = RS (Equation 1) 

where RS is the speaker impedance, and the dBm term 
is the incoming signal level increased by the gain of the 
receive path. Experience has shown that =30 dB gain 
is a satisfactory amount for the majority of applications. 
Using the above numbers and Equation 1, it would 
appear that the resulting power to the speaker is 
extremely low. However, Equation 1 does not consider 
the peaks in normal speech, which can be 10 to 15 times 
the rms value. Considering the peaks, the overall aver
age power approaches 20-30 mW on long lines, and 
much more on short lines. 

Referring to Figure 23, the gain from Tip/Ring to the 
filter input was measured at 0.833 VN (-1.6 dB), the 
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RXI 

Filter 
Rx Attenuator 

filter's gain is unity, and the receive attenuator's gain is 
2.0 VN (+6.0 dB) at maximum volume. The speaker 
amplifier's gain is set at 22 VN (26.8 dB), which puts 
the overall gain at =31.2 dB. 

III) Loop Gain 
The total loop gain (of Figure 24) must add up to less 

than zero dB to obtain a stable circuit. This can be 
expressed as: 

GMA + GTX + GHA + GST +GFO + GRX + GSA + 
GAC < 0 (Equation 2) 

Using the typical numbers mentioned above, and know
ing that GTX + GRX = -40 dB, the required acoustic 
coupling can be determined: 

GAC < -[31 + 20.1 + (-15) + 0 + (-40) + 26.8) = 
- 22.9 dB. (Equation 3) 

An acoustic loss of at least 23 dB is necessary to prevent 
instability and oscillations, commonly referred to as 
"singing." However, the following equations show that 
greater acoustic loss is necessary to obtain proper level 
detection and switching. 

IV) Switching Thresholds 
To switch comparator Cl, currents 11 and 13 need to 

be determined. Referring to Figure 24, with a receive 
signal VL applied to Tip/Ring, a current 13 will flow 
through R3 into RLl2 according to the following 
equation: 

13 = ~~ [ GHR x GFO x GRX x G~A ] (Equation 4) 
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where the terms in the brackets are the VN gain terms. 
The speaker amplifier gain is divided by two since GSA 
is the differential gain of the amplifier, and V3 is 
obtained from one side of that output. The current 11, 
coming from the microphone circuit, is defined by: 

I _ VM x GMA 
1 - R1 (Equation 5) 

where VM is the microphone voltage. Since the switch
ing threshold occurs when 11 = 13, combining the above 
two equations yields: 

V = V x ~ [GHR x GFO x GRX x GSAJ 
M L R3 GMA x 2 

(Equation 6) 

This is the general equation defining the microphone 
voltage necessary to switch comparator C1 when a 
receive signal VL is present. The highest VM occurs 
when the receive attenuator is at maximum gain (+ 6.0 
dB). Using the typical numbers for Equation 6 yields: 

(Equation 7) 

To switch comparator C2, currents 12 and 14 need to 
be determined. With sound applied to the microphone, 
a voltage VM is created by the microphone, resulting 
in a current 12 into TLl1: 

V [ G .] 
12 = R~ GMA x GTX x ~A (Equation 8) 

Since GHA is the differential gain of the hybrid ampli
fiers, it is divided by two to obtain the voltage V2 applied 
to R2. Comparator C2 switches when 14 = 12. 14 is 
defined by: 

(Equation 9) 

Setting 14 = 12, and combining the above equations 
results in: 

V = V x R4 x [GMA x GTX x GHAJ 
L M R2 [GHR x GFO x 2J 

(Equation 10) 

This equation defines the line voltage at Tip/Ring nec
essary to switch comparator C2 in the presence of a 
microphone voltage. The highest VL occurs when the 
circuit is in the transmit mode (GTX = + 6.0 dB). Using 
the typical numbers for Equation 10 yields: 

VL = 840 VM (or VM = 0.0019 VL) (Equation 11) 

At idle, where the gain of the two attenuators is 
-20 dB (0.1 VN). Equations 6 and 10 yield the same 
result: 

VM = 0.024 VL (Equation 12) 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Equations 7, 11, and 12 define the thresholds for switch
ing, and are represented in the following graph: 

FIGURE 25 - SWITCHING THRESHOLDS 

The "M" terms are the slopes of the lines (0.52, 0.024, 
and 0.0019) which are the coefficients of the three equa
tions. The MRX line represents the receive to transmit 
threshold in that it defines the microphone signal level 
necessary to switch to transmit in the presence of a 
given receive signal level. The MTX line represents the 
transmit to receive threshold. The Mlline represents the 
idle condition, and defines the threshold level on one 
side (transmit or receive) necessary to overcome noise 
on the other. 

Some comments on the above graph: 
- Acoustic coupling and sidetone coupling were not 

included in Equations 7 and 12. Those couplings will 
affect the actual performance of the final speakerphone 
due to their interaction with speech at the microphone, 
and the receive signal coming in at Tip/Ring. The effects 
of those couplings are difficult to predict due to their 
associated phase shifts and frequency response. In 
some cases the coupling signal will add, and other times 
subtract from the incoming signal. The physical design 
of the speakerphone enclosure, as well as the specific 
phone line to which it is connected, will affect the acous
tic and sidetone couplings, respectively. 

- The MRX line helps define the maximum acoustic 
coupling allowed in a system, which can be found from 
the following equation: 

G = R1 
AC-MAX 2 x R3 x GMA (Equation 13) 

Equation 13 is independent of the volume control set
ting. Conversely, the acoustic coupling of a deSigned 
system helps determine the minimum slope olthat line. 
Using the component values of Figure 23 in Equation 
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13 yields a GAC-MAX of - 37 dB. Experience has shown, 
however, that an acoustic coupling loss of >40 dB is 
desirable. 

- The MTX line helps define the maximum sidetone 
coupling (GST) allowed in the system, which can be 
found from the following equation: 

G _ R4 
ST - 2 x R2 x GFO (Equation 14) 

Using the component values of Figure 23 in Equation 
14 yields a maximum sidetone of a dB. Experience has 
shown, however, that a minimum of 6.0 dB loss is 
preferable. 

The above equations can be used to determine the 
resistor values for the level detector inputs. Equation 6 
can be used to determine the Rl/R3 ratio, and Equation 
10 can be used to determine the R4/R2 ratio. In Figure 
24, Rl-R4 each represent the combined impedance of 
the resistor and coupling capacitor at each level detector 
input. The magnitude of each RC's impedance should 
be kept within the range of 2.0 k-15 kn in the voiceband 
(due to the typical signal levels present) to obtain the 
best performance from the level detectors. The specific 
Rand C at each location will determine the frequency 
response of that level detector. 

APPLICATION INFORMATION 

DIAL TONE DETECTOR 
The threshold for the dial tone detector is internally 

set at 15 mV (10 mVrms) below VB (see Figure 5). That 
threshold can be reduced by connecting a resistor from 
RXI to ground. The resistor value is calculated from: 

R=10k[~e-l] 
where VB is the voltage at Pin 15, and flV is the amount 
of threshold reduction. By connecting a resistor from 
Vce to RXI, the threshold can be increased. The resistor 
value is calculated from: 

R = 10 k [vcefl~ VB - 1] 

where flV is the amount of the threshold increase. 

BACKGROUND NOISE MONITORS 
For testing or circuit analysis purposes, the transmit 

or receive attenuators can be set to the "on" position, 
by disabling the background noise monitors, and apply
ing a signal so as to activate the level detectors. Ground
ing the CPR pin will disable the receive background 
noise monitor, thereby indicating the "presence of 
speech" to the attenuator control block. Grounding CPT 
does the same for the transmit path. 

Additionally, the receive background noise monitor is 
automatically disabled by the dial tone detector when
ever the receive signal exceeds the detector's threshold. 

TRANSMIT/RECEIVE DETECTION PRIORITY 
Although the MC34118 was designed to have an idle 

mode such that the attenuators are halfway between 
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their full on and full off positions, the idle mode can be 
biased towards the transmit or the receive side. With 
this done, gaining control of the circuit from idle will 
be easier for that side towards which it is biased since 
that path will have less attenuation at idle. 

By connecting a resistor from CT (Pin 14) to ground, 
the circuit will be biased towards the transmit side. The 
resistor value is calculated from: 

R = RT [~e - 1] 

where R is the added resistor, RT is the resistor normally 
between Pins 14 and 15 (typically 120 kfl), and flV is 
the difference between VB and the voltage at CT at idle 
(refer to Figure 10). 

By connecting a resistor from CT (Pin 14) to VCC, the 
circuit will be biased towards the receive side. The resis
tor value is calculated from: 

R = RT [VCCfl~ VB - 1] 

R, RT, and flV are the same as above. Switching time 
will be somewhat affected in each case due to the dif
ferent voltage excursions required to get to transmit and 
receive from idle. For practical considerations, the flV 
shift should not exceed 100 mV. 

VOLUME CONTROL 
If a potentiometer with a standard linear taper is used 

for the volume control, the graph of Figure 14 indicates 
that the receive gain will not vary in a linear manner 
with respect to the pot's position. In situations where 
this may be objectionable, a potentiometer with an 
audio taper (commonly used in radio volume controls) 
will provide a more linear relationship as indicated in 
Figure 26. The slight non-linearity at each end of the 
graph is due to the physical construction of the poten
tiometer, and will vary among different manufacturers. 

FIGURE 26 - RECEIVE ATTENUATOR GAIN versus 
POTENTIOMETER POSITION USING AUDIO TAPER 
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APPLICATION CIRCUIT 
The circuit of Figure 23 is a basic speakerphone, to 

be used in parallel with any other telephone which con-
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tains the ringer, dialer, and handset functions. The cir
cuit is powered entirely by the telephone line's loop 
current, and its characteristics are shown in Figures 
27-30. 
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FIGURE 27 - DC V-I CHARACTERISTICS 
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FIGURE 28 - AC TERMINATION IMPEDANCE 
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FIGURE 29 - TRANSMIT GAIN - MICROPHONE TO TIP/RING 
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FIGURE 30 - RECEIVE GAIN 

28 

II ~ 26 

" ~ 24 
/ 

, 
z 

II ~ 
22 

600 T . U FigUre23~ 
'1 I I ~iin = ~SPiRNL I I vyKII' 

20 

100 500 1.0K 5.0K 
FREQUENCY IHzI 

Figure 31 shows how the same circuit can be confi
gured to be powered from a 3.5-6.0 volt power supply 
rather than the phone line. 

FIGURE 31 - OPERATING FROM A POWER SUPPLY 
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HTO-

To 
Filter 

Hook 
Switch 

IIC~: 
To 

HTO+ 
_---'--.,e.....J 

vT;c: 100/LF ~ ] 
I Note 1 I ':I:' 

-:::t 

TOCD_: -+10...... 
+oJ From Power r Supply 

Dis- 1 I This capacitor must 
able be physically adjacent 

To CD ..... ____ .....J_ to Pin 4 of the MC34118. 
(MC341191 

ADDING A DIALER 
Figure 32 shows the addition of a dialer to the circuit 

of Figure 23, with the additional components shown in 
bold. The MC145412 pulse/tone dialer is shown confi
gured for DTMF operation. The DTMF output (Pin 18) is 
fed to the hybrid amplifiers at HTI, and the DTMF levels 
at Tip/Ring are adjusted by varying the 39 kG resistor. 
The Mute Output (active low at Pin 11) mutes the micro
phone amplifier, and attenuates the DTMF signals in the 
receive path (by means of the 10 k/3.0 k divider). The 
MC34118 is forced into the fast idle mode during dialing. 
The 3.0 volt battery provides for memory retention of 
the dialer's 10 number storage when the circuit is 
unpowered. 

RFI INTERFERENCE 
Potential radio frequency interference problems 

should be addressed early in the electrical and mechan
ical design of the speakerphone. RFI may enter the cir-
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cuit through Tip and Ring, through the microphone wir
ing to the microphone amplifier, or through any of the 
PC board traces. The most sensitive pins on the 
MC34118 are the inputs to the level detectors (RLl1, 
RLl2, TLl1, TLl2) since, when there is no speech present, 
the inputs are high impedance and these op amps are 
in Ii near open loop condition. The board traces to these 
pins should be kept short, and the resistor and capacitor 
for each of these pins should be physically close to the 
pins. Any other high impedance input pin (MCI, HTI, FI, 
VLC) should be considered sensitive to RFI signals. 

IN THE FINAL ANAL VSIS ... 
Proper operation of a speakerphone is a combination 

of proper mechanical (acoustic) design as well as proper 
electronic design. The acoustics of the enclosure must 
be considered early in the design of a speakerphone. In 
general, electronics cannot compensate for poor acous
tics, low speaker quality, or any combination of the two. 
Proper acoustic separation of the speaker and micro
phone, as described in the Design Equations, is essen
tial. The physical location of the microphone, along with 
the characteristics of the selected microphone, will play 
a large role in the quality of the transmitted sound. The 
microphone and speaker vendors can usually provide 
additional information on the use of their products. 

In the final analysis, the circuits shown in this data 
sheet will have to be "fine tuned" to match the acoustics 
of the enclosure, the specific hybrid, and the specific 
microphone and speaker selected. The component val
ues shown in this data sheet should be considered as 
starting points only. The gains of the transmit and 
receive paths are easily adjusted at the microphone and 
speaker amplifiers, respectively. The switching 

response can then be fine tuned by varying (in small 
steps) the components at the level detector inputs until 
satisfactory operation is obtained for both long and 
short lines. 

SUGGESTED VENDORS 

Microphones 
Primo Microphones Inc. 
Bensenville, IL 60106 
312-595-1022 
Model EM-60 

Hosiden America Corp. 
Elk Grove Village, IL 60007 
312-981-1144 
Model KUC2123 

25 .n Speakers 
Panasonic Industrial Co. 
Seacaucus, N.J. 07094 
201-348-5233 
Model EAS-45P19S 

Telecom Transformers 
Microtran Co., Inc. 
Valley Stream, N.Y. 11528 
516-561-6050 
Various models - ask for 
catalog and Application 
Bulletin F232 

PREM Magnetics, Inc. 
McHenry, IL 60050 
815-385-2700 
Various models - ask 
for catalog 

MURACorp. 
Westbury, N.Y. 11590 
516-935-3640 
Model EC-983-7 

Stancor Products 
Logansport, IN 46947 
219-722-2244 
Various models - ask for 
catalog 

Onan Power/Electronics 
Minneapolis, MN 55437 
612-921-5600 
Model TC 38-6 

Motorola Inc. does not endorse or warrant the 
suppliers referenced. 

FIGURE 32 - ADDING A DIALER TO THE SPEAKERPHONE 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Specifications and Applications 
Information 

LOW POWER AUDIO AMPLIFIER 

The MC34119 is a low power audio amplifier integrated Circuit 
intended (primarily) for telephone applications, such as in 
speakerphones. It provides differential speaker outputs to max
imize output swing at low supply voltages (2.0 volts minimum). 
Coupling capacitors to the speaker are not required. Open loop 
gain is 80 dB, and the closed loop gain is set with two external 
resistors. A Chip Disable pin permits powering down and/or 
muting the input sjgnal. The MC34119 is available in a standard 
8-pin DIP or a surface mount package. 

• Wide Operating Supply Voltage Range (2-16 volts) - Allows 
Telephone line Powered Applications 

• Low Quiescent Supply Current (2.7 mA Typical) for Battery 
Powered Applications 

• Chip Disable Input to Power Down the IC 

• Low Power-Down Quiescent Current (65 p.A Typical) 

• Drives a Wide Range of Speaker Loads (8 Ohms and Up) 

• Output Power Exceeds 250 mW with 32 Ohm Speaker 

• Low Total Harmonic Distortion (0.5% Typical) 

• Gain Adjustable from <0 dB to >46 dB for Voice Band 

• Requires Few External Components 

BLOCK DIAGRAM AND TYPICAL APPLICATION CIRCUIT 

Rf 

Ci 

Audio~·l 
Input/! 

Cl 

75 k 

6 VCC r-------- ------, 
I I 

Vin 4 I 
5 VOl 

1.0 ILFp I C2* 
5.0 ILF I 
~~2~~~~~~ 

FC21 

-=- I 
I _ MC34119 
L...:_-.,. ____ 7 

* = Optional 

Differential Gain = 2 x ~ 
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MC34119 

LOW POWER 
AUDIO AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626 

1~ 
8 

D SUFFIX 
PLASTIC PACKAGE 

CASE 751 
SO-8 

PIN CONNECTIONS 

cDDa V02 
FC2 2 7 Gnd 

FCI 3 6 VCC 

Vin 4 5 VOl 

(Top View) 

ORDERING INFORMATION 

Temperature 
Device Range Package 

MC34119P Plastic DIP 
- 20'C to + 70'C 

MC34119D Plastic SOIC 
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ABSOLUTE MAXIMUM RAT1NGS 

Parameter Value Units 

Supply Voltage -1.0to +18 Vdc 

Maximum Output Current at VOl, V02 ±250 rnA 

Maximum Voltage @ Vin' FC1, FC2, CD -1.0, VCC+l.0 Vdc 

Applied Output Voltage to VOl, V02 when disabled -1.0, VCC+l.0 Vdc 

Junction Temperature -55, +140 ·C 

Devices should not·be operated at the.e value •. The "Recommended Operating Limit." provide 
for actual device opera~ion. 

RECOMMENDED OPERATING LIMITS 

. Parameter Symbol Min Typ Max Units 

Supply Voltage VCC +2.0 - +16 Vdc 

Load Impedance RL 8.0 - 100 0 

Peak Load Current IL - - ±200 rnA 

Differential Gain (5.0 kHz bandwidth) AVD 0 - 46 dB 

Voltage @ CD (Pin 1) VCD 0 .- VCC Vdc 

Ambient Temperature TA -20 - +70 ·C 

ELECTRICAL CHARACTERISTICS (TA = 25·C) 

I Characteristics Symbol 

AMPUFIERS lAC CHARACTERISTICS) 

AC Input Resistance (@ Vin) ri 

Open Loop Gain (Amplifier #1, f < 100 Hz) AVOL1 

Closed Loop Gain (Amplifier #2) AV2 
(VCC = 6.0 V, f = 1.0 kHz, RL = 320) 

Gain Bandwidth Product GBW 

Output Power, VCC = 3.0 V, RL = 160, THD .. 10% Pout3 
VCC = 6.0 V, RL = 320, THD .. 10% Pout6 
VCC = 12 V, RL = 100 n, THD .. 10% Pout12 

Total Harmonic Distortion (f = 1.0 kHz) THD 
(Vce = 6.0 V, RL = 320, Pout = 125 mW) 
(Vce '" 3.0 V, RL = 8.0 0, Pout = 20 mW) 
(VCC'" 12 V, RL = 320, Pout = 200 mW) 

Power Supply Rejection (VCC = 6.0 V, !:,vCC = 3.0 V) PSRR 
(Cl = "", C2 = 0.01 !£F) 
(Cl = 0.1 !£F, C2 = 0, f = 1.0 kHz) 
(Cl = 1.0 !£F, C2 = 5.0 !£F, f = 1.0 kHz) 

Muting (VCC = S.O V, 1.0 kHz .. f .. 20 kHz, CD = 2.0 V) GMT 

AMPUFIERS (DC CHARACTERISTICS) 

Output DC Level @ VOl, V02, VCC = 3.0 V, RL = 16 n VO(3) 
(Rf = 75 k) VCC = 6.0 V VO(S) 

VCC = 12V VO(12) 

Output High Level (lout = -75 rnA, 2.0 V .. VCC .. 16 V) VOH 
Output Low Level (lout - 75 rnA, 2.0 V .. VCC" 16 V) VOL 

Output DC Offset Voltage (V01-V02) !.vO 
(VCC = 6.0 V, Rf = 75 kO, RL = 32 0) 

Input Bias Current @ Vin (VCC = 6.0 V) liB 
Equivalent Resistance @ FCl (VCC = 6.0 V) RFCl 
Equivalent Resistance @ FC2 (VCC = 6.0 V) RFC2 

CHIP DISABLE (Pin 1) 

Input Voltage - Low 

Input Voltage --' High 

Input Resistance (VCC - VCD - 16 V) 

POWER SUPPLY 

Power Supply Current . 
(VCC = 3.0 V, RL = "", CD = 0.8 V) ICC3 
(VCC = 16 V, RL = "", CD = 0.8 V) ICC16 
(VCC = 3.0 V, RL = "", CD = 2.0 V) ICCD .. 

Note: Currents Into a pm are positive, currents out of a pin are negative. 

Mi~ Typ Max Units 

- >30 - MO 

80 - - dB 

-0.35 0 +0.35 . dB 

- 1.5 - MHz 

55 - - mW 
250 - -
400 - -

% 
- 0.5 1.0 
- 0.5 -
- 0.6 -

dB 
50 - -
- 12 -
- 52 -
- >70 - dB 

1.0 1.15 1.25 Vdc 
- 2.65 -
- 5.65 -
- VCC-l.0 - Vdc 

- 0.16 - Vdc 

-30 0 +30 mV 

- -100 -200 nA 

100 150 220 kG 

18 25 40 kG 

- 2.7 4.0 mA 
- 3.3 5.0 
- 65 100 ItA 

MC34119 
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PIN DESCRIPTION 

Symbol Pin Description 

CD 1 Chip Disable - Digital input. A Logic "0" «0.8 V) sets normal operation. A Logic "1" (~2.0 V) sets 
the power down mode. Input impedance is nominally 90 kn. 

FC2 2 A capacitor at this pin increases power supply rejection, and affects turn-on time. This pin can be left 
open if the capacitor at Fe1 is sufficient. 

FCI 3 Analog Ground for the amplifiers. A 1.0 !LF capacitor at this pin (with a 5.0 !LF capacitor at Pin 2) 
provides (typically) 52 dB of power supply rejection. Turn-on time of the circuit is affected by the 
capacitor on this pin. This pin can be used as an alternate input. 

Vin 4 Amplifier input. The input capacitor and resistor set low frequency rolloff and input impedance. The 
feedback resistor is connected to this pin and VOl. 

VOl 5 Amplifier Output #1. The dc level is = (VCC - 0.7 V)/2. 

VCC 6 DC supply voltage (+ 2.0 to + 16 volts) is applied to this pin. 

GND 7 Ground pin for the entire circuit. 

V02 8 Amplifier Output #2. This signal is equal in amplitude, but 180' out of phase with that at VOl. The dc 
level is = (VCC - 0.7 V)/2. 

TYPICAL TEMPERATURE PERFORMANCE (-20' < TA < +70'C) 

Function Typical Change Units 

Input Bias Current (@ Vin) ±40 pAI'C 

Total Harmonic Distortion +0.003 %/oC 
(VCC = 6.0 V, RL = 32 n, Pout = 125 mW, f = 1.0 kHz) 

Power Supply Current !LAf'C 
(VCC = 3.0 V, RL = 00, CD = 0 V) -2.5 
(VCC = 3.0 V, RL = 00, CD = 2.0 V) -0.03 

DESIGN GUIDELINES 
GENERAL 

The MC34119 is a low power audio amplifier capable 
of low voltage operation (VCC = 2.0 V minimum) such 
as that encountered in line-powered speakerphones. 
The circuit provides a differential output (V01-V02) to 
the speaker to maximize the available voltage swing at 
low voltages. The differential gain is set by two external 
resistors. Pins FCl and FC2 allow controlling the amount 
of power supply and noise rejection, as well as provid
ing alternate inputs to the amplifiers. The CD pin permits 
powering down the IC for muting purposes and to con-
serve power. 

AMPLIFIERS 
Referring to the block diagram, the internal config

uration consists of two identical operational ampli
fiers. Amplifier #1 has an open loop gain of ~80 dB 
(at f "" 100 Hz). and the closed loop gain is set by 
external resistors Rf and Ri. The amplifier is unity gain 
stable, and has a unity gain frequency of approxi
mately 1.5 MHz. In order to adequately cover the tele
phone voice band (300-3400 Hz), a maximum closed 
loop gain of 46 dB is recommended. Amplifier #2 is 
internally set to a gain of - 1.0 (0 dB). 

The outputs of both amplifiers are capable of sourcing 
and sinking a peak current of 200 mAo The outputs can 
typically swing to within =0.4 volts above ground, and 
to within =1.3 volts below VCC, at the maximum cur
rent. See Figures 18 and 19 for VOH and VOL curves. 

The output dc offset voltage (V01-V02) is primarily 
a function of the feedback resistor (Rf). and secondarily 
due to the amplifiers' input offset voltages. The input 
offset voltage of the two amplifiers will generally be 

MOTOROLA COMMUNICATIONS DEVICE DATA 

similar for a particular IC, and therefore nearly cancel 
each other at the outputs. Amplifier #l's bias current, 
however, flows out ofVin (Pin 4) and through Rf, forcing 
VOl to shift negative by an amount equal to [Rf x IlBl. 
V02 is shifted positive an equal amount. The output 
offset voltage specified in the Electrical Characteristics 
is measured with the feedback resistor shown in the 
Typical Application Circuit, and therefore takes into 
account the bias current as well as internal offset volt
ages of the amplifiers. The bias current is constant with 
respect to VCC. 

Fe1 and FC2 
Power supply rejection is provided by the capacitors 

(Cl and C2 in the Typical Application Circuit) at FCl and 
FC2. C2 is somewhat dominant at low frequencies, while 
Cl is dominant at high frequencies, as shown in the 
graphs of Figures 4-7. The required values of Cl and 
C2 depend on the conditions of each application. A line 
powered speakerphone, for example, will require more 
filtering than a circuit powered by a well regulated 
power supply. The amount of rejection is a function of 
the capacitors, and the equivalent impedance looking 
into FCl and FC2 (listed in the Electrical Characteristics 
as RFC1 and RFC2). 

In addition to providing filtering, Cl and C2 also 
affect the turn-on time of the circuit at power-up, since 
the two capacitors must charge up through the inter
nal 50 k and 125 k!1resistors. The graph of Figure 1 
indicates the turn-on time upon application of VCC of 
+6.0 volts. The turn-on time is =60% longer for VCC 
= 3.0 volts, and =20% less for VCC = 9.0 volts. Turn
off time is <10 iLs upon removal of VCc. 
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FIGURE 1 - TURN-ON TIME versus C1, C2 AT POWER-ON 
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The Chip Disable (Pin 1) can be used to power down 
the IC to conserve power, or for muting, or both. When 
at a Logic "0" (0 to 0.8 volts), the MC34119 is enabled 
for normal operation. When Pin 1 is at a Logic "1" (2.0 
to VCC volts), the IC is disabled. If Pin 1 is open, that is 
equivalent to a Logic "0," although good design practice 
dictates that an input should never be left open. Input 
impedance at Pin 1 is a nominal 90 kG. The power sup
ply current (when disabled) is shown in Figure 15. 

Muting, defined as the change in differential gain 
from normal operation to muted operation, is in excess 
of 70 dB. The turn-off time of the audio output, from 
the application of the CD signal, is <2.0 /Ls, and turn 
on-time is 12-15 ms. Both times are independent of Cl, 
C2, and VCC. 

When the MC34119 is disabled, the voltages at FCl 
and FC2 do not change as they are powered from VCC. 
The outputs, VOl and V02, change to a high impedance 
condition, removing the signal from the speaker. If sig
nals from other sources are to be applied to the outputs 
(while disabled), they must be within the range of VCC 
and Ground. 

POWER DISSIPATION 
Figures 8-10 indicate the device dissipation (within 

the IC) for various combinations of VCC, RL, and'ioad 

power. The maximum power which can safely be dis
sipated within the MC34119 is found from the following 
equation: 

PD = (140°C - TA)/OJA 

whereTA is the ambient temperature; 
and 0JA is the package thermal resistance (1 OO°C/W for 
the standard DIP package, and 180°C/W for the surface 
mount package.) 

The power dissipated within the MC34119, in a given 
application, is found from the following equation: 

PD = (VCC x ICC) + (lRMS x VCC) - (RL x IRMS2) 
where ICC is obtained from Figure 15; 
and IRMS is the RMS current at the load; 
and RL is the load resistance. 

Figures 8-10, along with Figures 11-13 (distortion 
curves), and a peak working load current of ±200 mA, 
define the operating range for the MC34119. The oper
ating range is further defined in terms of allowable load 
power in Figure 14 for loads of 8.0 G, 16 G, and 32 G. 
The left (ascending) portion of each of the three curves 
is defined by the power level at which 10% distortion 
occurs. The center flat portion of each curve is defined 
by the maximum output current capability of the 
MC34119. The right (descending) portion of each curve 
is defined by the maximum internal power dissipation 
of the IC at 25°C. At higher ambient temperatures, the 
maximum load power must be reduced according to 
the above equations. Operating the device beyond the 
current and junction temperature limits will degrade 
long term reliability. 

LAYOUT CONSIDERATIONS 
Normally a snubber is not needed at the output of the 

MC34119, unlike many other audio amplifiers. However, 
the PC board layout, stray capacitances, and the manner 
in which the speaker wires are configured, may dictate 
otherwise. Generally the speaker wires should be 
twisted tightly, and be not more than a few inches in 
length. 

TYPICAL CHARACTERISTICS 

FIGURE 2 - AMPLIRER #1 OPEN LOOP GAIN AND PHASE 
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POWER SUPPLY REJECTION versus FREQUENCY 
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FIGURE 14 - MAXIMUM ALLOWABLE LOAD POWER 
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FIGURE 15 - POWER SUPPLY CURRENT 
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FIGURE 20 - INPUT CHARACTERISTICS @ CD (PIN 1) 
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FIGURE 26 - SPLIT SUPPLY OPERATION 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Specifications and Applications 
Information 

HIGH PERFORMANCE CURRENT MODE CONTROLLER 

The MC34129 series are high performance current mode switch· 
ing regulators specifically designed for use in low power digital 
telephone applications. These integrated circuits feature a unique 
internal fault timer that provides automatic restart for overload 
recovery. For enhanced system efficiency, a start/run comparator 
is included to implement bootstrapped operation of VCC. Other 
functions contained are a temperature compensated reference, 
reference amplifier, fully accessible error amplifier, sawtooth os· 
cillator with sync input, pulse width modulator comparator, and 
a high current totem pole driver ideally suited for driving a power 
MOSFET. 

Also included are protective features consistin·g of soft·start, 
undervoltage lockout, cycle·by·cycle current limiting, adjustable 
dead time, and a latch for single pulse metering. 

Although these devices are primarily intended for use in digital 
telephone systems, they can be used cost effectively in many 
other applications. 

• Current Mode Operation to 300 kHz 

• Automatic Feed Forward Compensation 

• Latching PWM for Cycle·By·Cycle Current Limiting 

• Continuous Retry after Fault Timeout 

• Soft·Start with Maximum Peak Switch Current Clamp 

• Internally Trimmed 2% Bandgap Reference 

• High Current Totem Pole Driver 

• Input Undervoltage Lockout 

• Low Start·Up and Operating Current 

• Direct Interface with Motorola SENSEFET Products 

SIMPLIFIED BLOCK DIAGRAM 

7 
Gnd~ 

vre! 2.5 V 0-''----< 

Start/Run Output 

vee 

Non-Inverting 
Input 
Inverting 
Input 

'---'-'0 Feedback! 

SynC/I~~~b~! 0-='------' 

SENSEFET is a trademark of Motorola Inc. 
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2-446 

1 PWM Input 
Drive Out 

Drive Gnd 

'--------"<> Ramp Input 

MC34129 
MC33129 

HIGH PERFORMANCE 
CURRENT MODE CONTROLLER 

SILICON MONOLITHIC 
Ir~TEGRATED CIRCUIT 

". P SUFFIX· 
PLASTIC PACKAGE 

CASE 646 

14# DSUFFIX 
PLASTIC PACKAGE 

CASE 751A 1 SO·14 

PIN CONNECTIONS 

Drive Output 1 

Drive Ground 2 

Ramp Input 3 

SynC/I~~:~~ 4 

"-----' 
(Top Viewl 

13 Start/Run Output 

11 Feedback! 
PWM Input 

10 Error Amp 
Inverting Input 

9 Error Amp 
Non-Inverting Input 

8 Vre! 1.25 V 

ORDERING INFORMATION 

Temperature 
Device Range Package 

MC34129D o to +70°C SO·14 Plastic DIP 

MC34129P o to +70°C Plastic DIP 

MC33129D -40 to +85°C SO·14 Plastic DIP 

MC33129P -40 to +85°C Plastic DIP 
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MAXIMUM RATING 
Rating Symbol Valua Unit 

VCC Zenar Current IZ(VCC) 50 rnA 

StartlRun Output Zenar Current IZIStartlRunl 50 rnA 

Anaiog Inputs (Pins 3, 5, 9, 10, 11, 12) - -0.3 to 5.5 V 

Sync Input Voltage Vsvnc -0.3 to VCC V 

Drive Output Current, Source or Sink IDRV 1.0 A 

Current, Reference Outputs (Pins 6, 8) Iref 20 rnA 

Power Dissipation and Thermal Characteristics 
D Suffix Package 50-14 Case 751A-Ol 

Maximum Power Dissipation @ TA = 70·C PD 552 mW 
Thermal Resistance Junction to Air RIIJA 145 .C/W 

P Suffix Package Case 646-06 
Maximum Power Dissipation @ TA = 70·C PD 800 mW 
Thermal Resistance Junction to Air RIIJA 100 .C/W 

Operating Junction Temperature TJ +150 ·C 

Operating Ambient Temperature TA ·C 
MC34129 o to +70 
MC33129 -40 to +85 

Storage Temperature Range Tsto -65 to +150 ·C 

ELECTRICAL CHARACTERISTICS (VCC = 10 V, TA = 25·C [Note 11 unless otherwise noted) 

Characteristic I Symbol I Min I Typ 

REFERENCE SECTIONS 

Reference Output Voltage, T A = 25·C Vref 
1.25 V Ref., IL = 0 rnA 
2.50 V Ref., IL = 1.0 rnA 

Reference Output Voltage, T A = Tlow to Thigh 
1.25 V Ref., IL = 0 rnA 

Vref 

2.50 V Ref., IL = 1.0 rnA 

Line Regulation (VCC = 4.0 V to 12 V) Regline 
1.25 V Ref., IL = 0 rnA 
2.50 V Ref., IL = 1.0 rnA 

Load Regulation Regload 
1.25 V Ref., IL = -10 to +500 pA 
2.50 V Ref., IL = -0.1 to +1.0 rnA 

ERROR AMPLIFIER 

Input Offset Voltage (Vin = 1.25 V) VIO 
TA = 25·C 
TA = Trow to Thiah 

Input Offset Current (Vin = 1.25 V) 110 

Input Bias Current (Vin = 1.25 V) liB 
TA = 25·C 
T A = Tlow to Thiah 

Input Common-Mode Voltage Range V,CR 

Open-Loop Voltage Gain (VO = 1.25 V) AVOL 

Gain Bandwidth Product (VO = 1.25 V, f = 100 kHz) GBW 

Power Supply Rejection Ratio (VCC = 5.0 to 10 V) PSRR 

Output Source Current (VO = 1.5 V) ISource 

Output Voltage Swing 
High State (lSource = 0 pAl VOH 
Low State (lSink = 500 pAl VOL 

Note 1. Trow = O"C for MC34129 
= - 4O"C for MC33129 

Thigh = + 7O"C for MC34129 
= + 85"C for MC33129 

MOTOROLA COMMUNICATIONS DEVICE DATA 

1.225 1.250 
2.375 2.500 

1.200 -
2.250 -

- 2.0 
- 10 

- 1.0 
- 3.0 

- 1.5 
- -
- 10 

- 25 
- -
- 0.5 to 5.5 

65 87 

500 750 

65 85 

40 80 

1.75 1.96 
- 0.1 

Max Unit 

V 
1.275 
2.625 

V 
1.300 
2.750 

mV 
12 
50 

mV 
12 
25 

mV 
-
10 

- nA 

nA 
-
200 

- V 

- dB 

- kHz 

- dB 

- pA 

V 
2.25 
0.15 
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ELECTRICAL CHARACTERISTICS (VCC = 10 V, TA = 25"C [Note 11 unless otherwise noted) 

I Characteristic I Symbol I Min I Typ 

PWM COMPARATOR 

Input Offset Voltage (Vin = 1.25 V) VIO 

Input Bias Current liB 

Propagation Delay, Ramp Input to Drive Output tPLH(lN/DRV) 

SOFT-START 

Capacitor Charge Current (Pin 12 = 0 V) Icha 

Buffer Input Offset Voltage (Vin = 1.25 V) VIO 

Buffer Output Voltage (lSink = 100 /LA) VOL 

FAULT TIMER 

Restart Delay Time tDLY 

STARTIRUN COMPARATOR 

Threshold Voltage (Pin 12) Vth 

Threshold Hysteresis Voltage (Pin 12) VH 

Output Voltage (lSink = 500 pAl VOL 

Output Off-State Leakage Current (VOH = 15 V) IS/R(leak) 

Output Zener Voltage (lZ = 10 rnA) Vz 

OSCILLATOR 

Frequency (RT = 25.5 k!l, CT = 390 pF) fOSC 

Capacitor CT Discharge Current (Pin 5 = 1.2 V) Idischa 

Sync Input Current 
High State (Vin = 2.0 V) IIH 
Low State (Vin = O.B V) IlL 

Sync Input Resistance Rin 

DRIVE OUTPUT 

Output Voltage 
High State (lSource = 200 rnA) VOH 
Low State (lSink = 200 rnA) VOL 

Low State Holding Current IH 

Output Voltage Rise Time (CL = 500 pF) tr 

Output Voltage Fall TIme (CL = 500 pF) tf 

Output Pull-Down Resistance RpD 

UNDERVOLTAGELOCKOUT 

Start-Up Threshold 

Hysteresis 

TOTAL DEVICE 

Power Supply Current ICC 
RT = 25.5 kG, CT = 390 pF, CL = 500 pF 

Power Supply Zener Voltage (lz = 10 rnA) Vz 

Note 1. Tlow = O"C for MC34129 
= - 40"C for MC33129 

Thigh = + 70"C for MC34129 
= + 85"C for MC33129 

150 275 

- -120 

- 250 

0.75 1.2 

- 15 

- 0.15 

200 400 

- 2.0 

- 350 

9.0 10 

- 0.4 

- (VCC + 7.6) 

BO 100 

240 350 

- 40 
- 15 

12.5 32 

B.3 B.9 
- 1.4 

- 225 

- 100 

- 30 

100 225 

1.0 2.5 

12 14.3 

Max Unit 

400 mV 

-250 pA 

- ns 

1.50 pA 

40 mV 

0.225 V 

600 /Ls 

- V 

- mV 

10.3 V 

2.0 pA 

- V 

120 kHz 
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FIGURE 1 - TIMING RESISTOR versus OSCILLATOR 
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FIGURE 2 - OUTPUT DEAD-TIME versus 
OSCILLATOR FREQUENCY 
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FIGURE 13 - 1.25 V REFERENCE OUTPUT VOLTAGE 
versus TEMPERATURE 
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Pin No. Function 

1 Drive Output 

2 Drive Ground 

3 Ramp Input 

4 Sync/Inhibit Input 

5 RT/CT 

6 Vref 2.50 V 

7 Ground 

S Vref 1.25 V 

9 Error Amp Non-Inverting Input 

10 Error Amp Inverting Input 

11 FeedbacklPWM Input 

12 CSoft-Start 

13 Start/Run Output 

14 VCC 

MC34129.MC33129 
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PIN FUNCTION DESCRIPnON 
Description 

This output directly drives the gate of a power MOSFET. Peak cur-
'rents up to 1.0 A are sourced and sinked by this pin. 

This pin is a separate power ground return that is connected back 
to the power source. It is used to reduce the effects of switching 
transient noise on the control circuitry. 

A voltage proportional to the inductor current is connected to this 
input. The PWM uses this information to terminate output switch 
conduction. 

A rectangular waveform applied to this input will synchronize the 
Oscillator and limit the maximum Drive Output duty cycle. A dc 
voltage within the range of 2.0 V to VCC will inhibit the controller. 

The free-running Oscillator frequency and maximum Drive Output 
duty cycle are programmed by connecting resistor RT to Vref 2.5 V 
and capacitor CT to Ground. Operation to 300 kHz is possible. 

This output is derived from Vref 1.25 V. It provides charging current 
for capacitor CT through resistor RT. 

This pin is the control circuitry ground return and is connected 
back to the source ground. 

This output furnishes a voltage reference for the Error Amplifier 
Non-Inverting Input. 

This is the non-inverting input of the Error Amplifier. It is normally 
connected to the 1.25 V reference. 

This is the inverting input of the Error Amplifier. It is normally con-
nected to the switching power supply output through a resistor 
divider. 

This pin is available for loop compensation. It is connected to the 
Error Amplifier and Soft-Start Buffer outputs, and the Pulse Width 
Modulator input. 

A capacitor CSoft-Start is connected from this pin to Ground for a 
controlled ramp-up of peak inductor current during start-up. 

This output controls the state of an external bootstrap transistor. 
During the start mode, operating bias is supplied by the transistor 
from Yin. In the run mode, the transistor is switched off and bias is 
supplied by an auxiliary power transformer winding. 

This pin is the positive supply of the control IC. The controller is 
functional over a minimum VCC range of 4.2 V to 12 V. 
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OPERATING DESCRIPTION 

The MC34129 series are high performance current 
mode switching regulator controllers specifically de
signed for use in low power telecommunication appli
cations. Implementation will allow remote digital tele
phones and terminals to shed their power cords and 
derive operating power directly from the twisted pair 
used for data transmission. Although these devices are 
primarily intended for use in digital telephone systems, 
they can be used cost effectively in a wide range of 
converter applications. A representative block diagram 
is shown in Figure 18. 

OSCILLATOR 
The oscillator frequency is programmed by the values 

selected for the timing components RT and CT. Capac
itor CT is charged from the 2.5 V reference through 
resistor RT to approximately 1.25 V and discharged by 
an internal current sink to ground. During the discharge 
of CT, the oscillator generates an internal blanking pulse 
that holds the lower input of the NOR gate high. This 
causes the Drive Output to be in a low state, thus pro
ducing a controlled amount of output deadtime. Figure 
1 shows Oscillator Frequency versus RT and Figure 2, 
Output Deadtime versus Frequency, both for given val
ues of CT. Note that many values of RT and CT will give 
the same oscillatorfrequency but only one combination 
will yield a specific output deadtime at a given fre
quency. In many noise sensitive applications it may be 
desirable to frequency-lock one or more switching reg
ulators to an external system clock. This can be accom
plished by applying the clock signal to the Sync/Inhibit 
Input. For reliable locking, the free-running oscillator 
frequency should be about 10% less than the clock fre
quency. Referring to the timing diagram shown in Fig
ure 19, the rising edge of the clock signal applied to the 
Sync/Inhibit Input, terminates charging of CT and Drive 
Output conduction. By tailoring the clock waveform, ac
curate duty cycle clamping of the Drive Output can be 
achieved. A circuit method is shown in Figure 20. The 
Sync/Inhibit Input may also be used as a means for 
system shutdown by applying a dc voltage that is within 
the range of 2.0 V to VCC. 

PWM COMPARATOR AND LATCH 
The MC34129 operates as a current mode controller 

whereby output switch conduction is initiated by the 
oscillator and terminated when the peak inductor cur
rent reaches a threshold level established by the output 
of the Error Amp or Soft-Start Buffer (Pin 11). Thus the 
error signal controls the peak inductor current on a 
cycle-by-cycle basis. The PWM Comparator-Latch con
figuration used, ensures that only a single pulse appears 
at the Drive Output during any given oscillator cycle. 
The inductor current is converted to a voltage by in
serting the ground-referenced resistor RS in series with 
the source of output switch Ql. The Ramp Input adds 
an offset of 275 mV to this voltage to guarantee that no 
pulses appear at the Drive Output when Pin 11 is at its 
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lowest state. This occurs at the beginning of the soft
start interval or when the power supply is operating 
and the load is removed. The peak inductor current un
der normal operating conditions is controlled by the 
voltage at Pin 11 where: 

I _ V(Pin 11) - 0.275 V 
pk - RS 

Abnormal operating conditions occur when the power 
supply output is overloaded or if output voltage sensing 
is lost. Under these conditions, the voltage at Pin 11 
will be internally clamped to 1.95 V by the output of the 
Soft-Start Buffer. Therefore the maximum peak switch 
current is: 

I _ 1.95 V - 0.275 1.675 V 
pk(max) - RS = ~ 

When designing a high power switching regulator it 
becomes desirable to reduce the internal clamp voltage 
in order to keep the power dissipation of RS to a rea
sonable level. A simple method which adjusts this volt
age in discrete increments is shown in Figure 22. This 
method is possible because the Ramp Input bias current 
is always negative (typically -120 /LA). A positive tem
perature coefficient equal to that of the diode string will 
be exhibited by Ipk(max). An adjustable method that is 
more precise and temperature stable is shown in Figure 
23. Erratic operation due to noise pickup can result if 
there is an excessive reduction of the clamp voltage. In 
this situation, high frequency circuit layout techniques 
are imperative. 

A narrow spike on the leading edge of the current 
waveform can usually be observed and may cause the 
power supply to exhibit an instability when the output 
is lightly loaded. This spike is due to the power trans
former interwinding capacitance and output rectifier re
covery time. The addition of an RC filter on the Ramp 
Input with a time constant that approximates the spike 
duration will usually eliminate the instability; refer to 
Figure 25. 

ERROR AMP AND SOFT-START BUFFER 
A fully-compensated Error Amplifier with access to 

both inputs and output is provided for maximum design 
flexibility. The Error Amplifier output is common with 
that of the Soft-Start Buffer. These outputs are open
collector (sink only) and are ORed together at the in
verting input of the PWM Comparator. With this config
uration, the amplifier that demands lower peak inductor 
current dominates control ofthe loop. Soft-start is man
datory for stable start-up when power is provided 
through a high source impedance such as the long 
twisted pair used in telecommunications. It effectively 
removes the load from the output of the switching 
power supply upon initial start-up. The Soft-Start Buffer 
is configured as a unity gain follower with the non
inverting input connected to Pin 12. An internal 1.0 /LA 
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FIGURE 18 - REPRESENTATIVE BLOCK DIAGRAM 
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OPERATING DESCRIPTION (continued) 

current source charges the soft-start capacitor (CSoft
Start) to an internally clamped level of 1.95 V. The rate 
of change of peak inductor current, during start-up, is 
programmed by the capacitor value selected. Either the 
Fault Timer or the Undervoltage Lockout can discharge 
the soft-start capacitor. 

FAULT TIMER 
This unique circuit prevents sustained operation in a 

lockout condition. This can occur with conventional 
switching control IC's when operating from a power 
source with a high series impedance. If the power re
quired by the load is greater than that available from 
the source, the input voltage will collapse, causing the 
lockout condition. The Fault Timer provides automatic 
recovery when this condition is detected. Under normal 
operating conditions, the output of the PWM Compar
ator will reset the Latch and discharge the internal Fault 
Timer capacitor on a cycle-by-cycle basis. Under op
erating conditions where the required power into the 
load is greater than that available from the source (Vin), 
the Ramp Input voltage (plus offset) will not reach the 
comparator threshold level (Pin 11). and the output of 
the PWM Comparator will remain low. If this condition 
persists for more than 600 /LS, the Fault Timer will ac
tivate, discharging CSoft-Start and initiating a soft-start 
cycle. The power supply will operate in a skip cycle or 
hiccup mode until either the load power or source 
impedance is reduced. The minimum fault timeout is 
200 /LS, which limits the useful switching frequency to 
a minimum of 5.0 kHz. 

START/RUN COMPARATOR 
A bootstrap start-up circuit is included to improve 

system efficiency when operating from a high input 
voltage. The output of the Start/Run Comparator con
trols the state of an external transistor. A typical appli
cation is shown in Figure 21. While CSoft-Start is charg
ing, start-up bias is supplied to VCC (Pin 14) from Yin 
through transistor Q2. When CSoft-Start reaches the 
1.95 V clamp level, the Start-Run output switches low 
(VCC - 50 mV), turning off Q2. Operating bias is now 
derived from the auxiliary bootstrap winding of the 
transformer, and all drive power is efficiently converted 
down from Yin. The start time must be long enough for 
the power supply output to reach regulation. This will 
ensure that there is sufficient bias voltage at the aux
iliary bootstrap winding for sustained operation. 

1.95 V CSoft-Start 
tStart= 1.0/LA 1.95 CSoft-Start in /LF 

The Start/Run Comparator has 350 mV of hysteresis. 
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The output off-state is clamped to VCC + 7.6 V by the 
internal zener and PNP transistor base-emitter junction. 

DRIVE OUTPUT AND DRIVE GROUND 
The MC34129 contains a single totem-pole output 

stage that was specifically designed for direct drive of 
power MOSFETs. It is capable of up to ± 1.0 A peak 
drive current and has a typical fall time of 30 ns with a 
500 pF load. The totem-pole stage consists of an NPN 
transistor for turn-on drive and a high speed SeR for 
turn-off. The SCR design requires less average supply 
current (ICc) when compared to conventional switching 
control IC's that use an all NPN totem-pole. The SCR 
accomplishes this during turn-off of the MOSFET, by 
utilizing the gate charge as regenerative on-bias, 
whereas the conventional all transistor design requires 
continuous base current. Conversion efficiency in low 
power applications is greatly enhanced with this re
duction of ICC. The SCR's low-state holding current (lH) 
is typically 225 /LA. An internal 225 kl1 pull-down resistor 
is included to shunt the Drive Output off-state leakage 
to ground when the Undervoltage Lockout is active. A 
separate Drive Ground is provided to reduce the effects 
of switching transient noise imposed on the Ramp In
put. This feature becomes particularly useful when the 
Ipk(max) clamp level is reduced. Figure 24 shows the 
proper implementation of the MC34129 with a current 
sensing power MOSFET. 

UNDERVOLTAGE LOCKOUT 
The Undervoltage Lockout comparator holds the 

Drive Output and CSoft-Start pins in the low state when 
Vce is less than 3.6 V. This ensures that the MC34129 
is fully functional before the output stage is enabled 
and a soft-start cycle begins. A built-in hysteresis of 350 
mV prevents erratic output behavior as VCC crosses the 
comparator threshold voltage. A 14.3 V zener is con
nected as a shunt regulator from VCC to ground. Its 
purpose is to protect the MOSFET gate from excessive 
drive voltage during system start-up. An external 9.1 V 
zener is required when driving low threshold MOSFETs. 
Refer to Figure 21. The minimum operating voltage 
range of the IC is 4.2 V to 12 V. 

REFERENCES 
The 1.25 V bandgap reference is trimmed to ± 2.0% 

tolerance at TA = 25°C. It is intended to be used in 
conjunction with the Error Amp. The 2.50 V reference 
is derived from the 1.25 V reference by an internal op 
amp with a fixed gain of 2.0. It has an output tolerance 
of ± 5.0% at T A = 25°C and its primary purpose is to 
supply charging current to the oscillator timing 
capacitor. 
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FIGURE 20 - EXTERNAL DUTY CYCLE CLAMP 
AND MULTI UNIT SYNCHRONIZATION 
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FIGURE 21 - BOOTSTRAP START-UP 

The external 9.1 V zener i~ required when driving low threshold MOSFETs. 

FIGURE 23 - ADJUSTABLE REDUCTION OF CLAMP LEVEL 

___________ J RS 

~ -0.275 

If: R;·2! ~2 ;0. 1.0 rnA 
(* + 1) 

Then: 'pk(max) "'" ~~-;;RS::---

FIGURE 25 - CURRENT WAVEFORM SPIKE SUPPRESSION 

The addition of the RC filter will eliminate instability caused by the 
leading edge spike on the current waveform. 
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FIGURE 26 - MOSFET PARASITIC OSCILLATIONS FIGURE 27 - BIPOLAR TRANSISTOR DRIVE 
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The totem-pole output can furnish negative base current for enhanced 
transistor turn-off, with the addition of capacitor Ct. 

FIGURE 28 - NON-ISOLATED 725 mW FLYBACK REGULATOR 
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Test Conditions 

Line Regulation 5 V Yin = 20Vto40V,Iout5V = 125mA,Iout -5V = 20mA 

Load Regulation 5 V ./ Yin = 30V,Iout5V = OmAto 150mA,Iout -5V = 20mA 

Output Ripple 5 V Yin = 30 V,lout 5 V = 125 mA,lout -5 V = 20 mA 

Efficiency Yin = 30 V, lout 5 V = 125 mA, lout -5 V = 20 mA 

Vout = 1.25 (M + 1) 

T1 

lN5819 

+-~f-+-<l 5 Vi125 rnA 

+ 

~""'-+-<l Gnd 

L.~""'I-o -5 V120 rnA 
lN5819 

T1: Coilcraft #G6807·A 
Primary = 90T #28 AWG 
Secondary ± 5 V = 26T #30 AWG 
Gap = 0,05" for Lp of 600 ,uH 
Core = Ferroxcube S13E1S7·3C8 
Bobbin = Ferroxcube E187PCB1-8 

Resuhs 

4 = 1.0mV 

4 = 2.0 mV 

150 mVp-p 

77% 
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FIGURE 29 -ISOLATED 2.0 W FLYBACK REGULATOR 

T1: Primary '" 35T #32 AWG 220 k rr-------,-TT.-oVin = 20 V to 48 V 
Feedback = 12T #32 AWG r------------------, lOJ_+ 

~:~O~d~~~~5f~r ~p ~ ~~ ::G I 13 

~~~~i~ ~e~~r~~~~~:e'~~~~~~~~.81 

128 kHz 
Sync 

MOC5007 

0.1 

2.2 15 
k k 

"I 
rO+-+-~--------------+--'r-~-< 

180 

/.1--+---1-0-,.+--l1li1-=,..."'1 pF T1~'N58'. :V1380mA 

0.1 

330 

20k 

2 .. 

Test Conditions 

MTP 
2N20 

2.4 

• 100 

• Gnd 

+ 
100 

lN5819 -5 V120 rnA 

Results 

Line Regulation 5 V Vin = 20 V to 40 V, lout 5 V = 380 mA, lout - 5 V = 20 mA A = 1 mV 

Load Regulation 5 V Vin = 30 V.lout 5 V = 100 mA to 380 mA.lout -5 V = 20 mA A = 15 mV 

Output Ripple 5 V Vin = 30 V, lout 5 V = 380 mA.lout -5 V = 20 mA 150 mVp-p 

Efficiency Vin = 30 V, lout 5 V = 380 mA.lout -5 V = 20 mA 73% 

FIGURE 30 - ISOLATED 3.0 W FLYBACK REGULATOR WITH SECONDARY SIDE SENSING 

r------------------, 
1 

I 
"I 

I I L ___ ~ ____________ ~ 

Test Conditions 

Line Regulation Vin = 8 V to 12 V, lout 600 mA 

Load Regulation Vin =12 V, lout = 100 mA to 600 mA 

Output Ripple Vin = 12 V. lout = 600 mA 

Efficiency Vin = 12 V. lout = 600 mA 

Vin '" l2V 

5V600mA 

51 3 .• 
k 

... 12 .. 
4N26 100 

-;/ 0.1 

3 .• 

Tl431A Return 

-= T1: Primary = 22T #18 AWG 
Secondary'" 22T #18 AWG 
Lp=50~H 
Core", Ferroxcube 2616PA1QO-3C8 

0.001 200 Bobbin = Ferroxcube 2616F1D 
Ll: Coilcraft Z7156, 15 p.H 

Results 

A = 1 mV 

A = 8 mV 

20 mVp-p 

81% 

An economical method of achieving secondary sensing is to combine the TL431A with a 4N26 optocoupler. 
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2-458 

MOTOROLA COMMUNICATIONS DEVICE DATA 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

4 x 4 Crosspoint Switch 
with Control Memory 

The MC142100 and MC145100 consist of 16 crosspoint switches (analog 
transmission gates) organized in 4 rows and 4 columns. Both devices have 16 
latches, each of which controls the state of a particular switch. Any of the 16 
switches can be selected by applying its address to the device and a pulse to 
the strobe input. The selected crosspoint will turn on if during strobe, Din was a 
1 and will turn off if during strobe, Din was a O. In addition the MC145100 will reset 
all non-selected switches in the same row as the selected switch. Other switches 
are unaffected. In the MC145100, an internal power-on reset turns off all switches 
as power is applied. 
• Internal Latches Control State of Switches NOT 
• Power-On Reset (MC145100 Only) 
• Low On Resistance - Typically on 110 Q @ 10 Vdc 

• Larg~Analog.Range(VDD-VSS) RECOMMENDED 
• All Pms are Diode Protected 

• Matched Switch Characteristics FOR NEW DESIGN 
• High CMOS Noise Immunity 
• MC142100 Pin-for-Pin Replacement for CD22100 

BLOCK DIAGRAM 

15 R1 

A 
14 

R2 

R3 
10 

B 
en 
f3 a: 
0 
0 g « 

LU 

R4 
11 

C Z 
::; 
.j. 

4 
0 13 

C1 C2 C3 C4 

MC142100 
MC145100 

DWSUFFIX 
SOG 

CASE 751G 

PSUFFIX 
PLASTIC 

CASE 648 

ORDERING INFORMATION 

DENOTES 

SOG Package 
MC142100 ONLY 

Plastic DIP 

Limbed Operating 
Temperature Range 

Extended Operating 
Temperature Range 

PIN ASSIGNMENTS 

C2 VOD 

Din R1 

C R2 

0 C4 

B C3 

A R4 

ST R3 

VSS C1 

ANALOG TRANSMISSION GATE (CROSSPOINT) SCHEMATIC 

In/Out .... -'\I\II.rlHI--.......... _---...... ---..., ................. VVII-+-O 

Control 
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In/Out ~ Outlln 

Control 

Outlln 

In/Out ~ Outlln 

? 
Control 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Quad Line Driver 
CMOS 

The MC143403 and MC143404 are low-power, quad line drivers with true 
differential inputs. The device has electrical characteristics similar to the 
popular LM324 and MC3403. However, the MC143403 has several distinct 
advantages ever standard operational amplifier types. The IO'v-,"Mpo'v"Vsr, quad 
line driver MC143403, draws only 1.5 mA (typ) and the micropower, quad line 
driver MC143404, draws only 400 itA (typ) and provides high output drive 
capabilities. The common mode rejection ratio is typically 60 dB. 

These units are excellent building blocks for communications, consumer 
industrial and instrument applications where low power is required, particularly 
in telecommunications equipment. These units are useful in. both battery 
operated communications systems and phone line powered equipment. 

• Low-Power and Micropower Communication Devices 
• True Differential Input Stage 
• Single or Split Supply Operation 
• High Input Impedance 
• Very Low Input Bias Current: 1 nA 
• Four Drivers per Package 
• Pinout Compatible with LM324 and MC3403 
• Wide Input Voltage Range 
• High Output Current Drive, MC143403 
• Typical Input Offset Voltage: 10 mV 

MC143403.MC143404 
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OUTPUT A 

"'"'" { 
VDD 

,,~, { 
OUTPUTS 

PIN ASSIGNMENT 

OUTPUTD 

} '''''''' 
VSS 

},,""" 
OUTPUTC 

MC143403 
MC143404 

D SUFFIX 
SOG 

CASE 751A 

PSUFFIX 
PLASTIC 

CASE 646 

ORDERING INFORMATION 

DENOTES 

Plastic DIP 

SOG Package 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Encoder and Decoder Pairs 
CMOS 

These devices are designed to be used as encoder/decoder pairs in remote 
control applications. • 

The MC145026 encodes nine lines of information and serially sends this 
information upon receipt of a transmit enable (TE) signal. The nine lines may be 
encoded with trinary data (low, high, or open) or binary data (low or high). The 
words are transmitted twice per encoding sequence to increase security. 

The MC145027 decoder receives the serial stream and interprets five of the 
trinary digits as an address code. Thus, 243 addresses are possible. If binary 
data is used at the encoder, 32 addresses are possible. The remaining serial 
information is interpreted as four bits of binary data. The valid transmission (VT) 
output goes high on the MC145027 when two conditions are met. First, two 
addresses must be consecutively received (in one encoding sequence) which both 
match the local address. Second, the 4 bits of data must match the last valid data 
received. The active VT indicates that the information at the Data output pins has 
been updated. 

The MC145028 decoder treats all nine trinary digits as an address which allows 
19,683 codes. If binary data is encoded, 512 codes are possible. The VT output 
goes high on the MC145028 when two addresses are consecutively received (in 
one encoding sequence) which both match the local address. 

• Operating Temperature Range: -40 to +85°C 
• Very-Low Standby Current for the Encoder: 300 nA Maximum @ 25°C 
• Interfaces with RF, Ultrasonic, or Infrared Modulators and Demodulators 
• RC Oscillator, No Crystal Required 
• High External Component Tolerance; Can Use ±5% Components 
• Internal Power-On Reset Forces All Decoder Outputs Low 
• For Infrared Applications, See Applications Notes AN1016 and ANl126 
• Operating Voltage Range: MC145026 = 2.5 to 18 V* 

MC145027, MC145028 = 4.5 to 18 V 
• Low-Voltage Versions Available: 

SC41343 = 2.8 to 10 V Version of the MC145027 
SC41344 = 2.8 to 10 V Version of the MC145028 

PIN ASSIGNMENTS 

MC145026 
MC145027 
MC145028 
SC41343 
SC41344 

~ 
}~'lJYn ¥ u ~ ~ 

1 

16.-
1 

16 

PSUFFIX 
PLASTIC DIP 

CASE 648 

DSUFFIX 
SOG 

CASE 751B 

OW SUFFIX 
SOG 

CASE 751G 

ORDERING INFORMATION 

MCl45.o26P 
MCl45026D 

MC145.o27P, SC41343P 
MC145.o27DW, SC41343DW 

MC145.o28P, SC41344P 
MC145.o28DW, SC41344DW 

Plastic DIP 
SOG 

Plastic DIP 
SOG 

Plastic DIP 
SOG 

MCl45026 
ENCODER 

MC1450271SC41343 
DECODERS 

MC1450281SC41344 
DECODERS 

A1 

A2 

A3 

A4 

AS 

A6ID6 

A7tD7 

VSS 

[ 1 • 

[ 2 

[ 3 

[ 4 

[ 5 

[ 6 

[ 7 

[ 8 

16 

15 

14 

13 

12 

11 

1.0 

9 

VDD A1 [ 1 • 

Dout A2 [ 2 

'fE A3 [ 3 

RTC A4 [ 4 

Orc AS [ 5 

RS R1 [ 6 

A9tD9 C1 [ 7 

ABlD8 VSS [ 8 

16 VDD A1 

15 06 A2 

14 07 A3 

13 DB A4 

12 DB AS 

11 VT R1 

1.0 R~~ C1 

9 Din VSS 

1. 

2 

3 

4 

5 

6 

7 

8 

16 P 
15 P 
14 P 
13 P 
12 

11 

1.0 

9 

VDD' 

A6 

A7 

AS 

A9 

VT 

R~C2 

Din 

* All MC145026 devices manufactured after date code 9314 or 314 are guaranteed over this wider voltage range. All previous designs using the 
low-voltage SC41342 should convert to the MC145026, which is a drop-in replacement. The SC41342 part number will be discontinued. 
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RS RTC 

11 
'I~CTC 
12 13 

o.!i.. 
3·PIN +4 DATA SELECT 

~ DO OSCILLATOR f---. DIVIDER f---. AND 
AND BUFFER 

ENABLE 

ul 

I 
I RING COUNTER AND 1·0F·9 DECODER E 
987654321 -

Al 
1 tb, 

A2 
2 t:!~1X! 

A3 
3 r01 P <J 

A4 4 ~IX! 

AS 
5 r-nlX! TRINARY 

6 ~I,;<J DETECTOR 
A6/D6 

r01lX! 
A7/D7 

7 

A8ID8 
9 rQ,1Xl VDD= PIN 16 

10~ L?<.J 
VSS = PIN 8 

A9/D9 
IX! 

Figure 1. MC145026 Encoder Block Diagram 

~ ______________________________ ~11 ~ 

SEQUENCER CIRCUIT 

4 3 2 

Al~I--+---r-~---r-+~r, 
A2~2--+--4---r~~----. 
~~3 __ +-~r-~*-______ ~~ 

A4~4--1--K=*-----------' 
A5~5-+~r-____________ ~ 

= 
= 

1+-..... ___ 9:.. Din 

VDD= PIN 16 
VSS=PIN 8 

Figure 2. MC145027 Decoder Block Diagram 

D6 

MC145026.MC145027.MC145028.SC41343.SC41344 
2-462 

MOTOROLA COMMUNICATIONS DEVICE DATA 



...------------i CONTROL 1-_____ 11_ VT 
LOGIC 

SEQUENCER CIRCUIT 
7 6 5 4 3 

Al~I-+-~r--+-;-~r--+-;--I-~~ 
~~2_+-~r--+_;-~1--+_;-~~_~ 

~~3-+-~r--+-;-~I--+-i~r-----' 
M~4_+-~r--+_;-~I-~~ ____ --' 
M~5_+-~r--+_;-~~ _______ ~ 
M~15~+-~~-+~~ ________ ~ 

~~14~+-~r-KJ*-_________ --' 
M~13~;--K~ ________________________ --+ 
M~12~~I-__________________________ ~ 

9-BIT 
SHIFT 

REGISTER 

Voo= PIN 16 
VSS= PIN 8 

Figure 3. MC145028 Decoder Block Diagram 

MAXIMUM RATINGS' (Voltage Referenced to VSS) 

Symbol Parameter Value Unit 

VDD DC Supply Voltage (except SC41343, SC41344) -0.Sto+18 V 

VDD . DC Supply Voltage (SC41343, SC41344 only) -0.Sto+l0 V 

Yin DC Input Voltage -O.StoVDD+O.S V 

Vout DC Output Voltage -O.StoVDD+O.S V 

lin DC Input Curren~ per Pin ±10 mA 

lout DC Output Current, per Pin ±10 mA 

PD Power Dissipation, per Package SOO mW 

Tstg Storage Temperature -6Sto+1S0 °C 

TL Lead Temperature, 1 mm from Case for 260 °C 
10 Seconds 

• Maximum Ratings are those values beyond which damage to the device may occur. Func
tional operation should be restricted to the limits in the Electrical Characteristics tables or Pin 
Descriptions section. 

This device contains protection circuitry to 
guard against damage due to high static volt
ages or electric fields. However, precautions 
must be taken to avoid applications of any volt
age higher than maximum rated voltages to 
this high-impedance circuit. For proper opera
tion, Yin and Vout should be constrained to the 
range VSS';; (Vin or Voutl ,;; VDD· 
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ELECTRICAL CHARACTERISTICS - MC14502S*, MC145027, and MC145028 (Voltage Referenced to VSS) 

Symbol Characteristic 

VOL Low-Level Output Voltage (Vin = VDD or 0) 

VOH High-Level Output Voltage (Vin = 0 or VDD) 

VIL Low-Level Input Voltage 
(Vout = 4.5 or 0.5 V) 
(Vout = 9.0 or 1.0 V) 

(Vout= 13.5 or 1.5 V) 

VIH High-Level Input Voltage 
(Vout = 0.5 or 4.5 V) 
(Vout = 1.0 or 9.0 V) 

(Vout = 1.5 or 13.5 V) 

IOH High-Level Output Current 
(Vout = 2.5 V) 
(Vout= 4.6 V) 
(Vout= 9.5 V) 

(Vout = 13.5 V) 

IOL Low-Level Output Current 
(Vout= 0.4 V) 
(Vout = 0.5 V) 
(Vout = 1.5 V) 

lin Input Current - TE 
(MC145026, Pull-up Device) 

lin Input Current 
RS (MC145026), Din (MC145027, MC145028) 

lin Input Current 
A1-A5, A6/D6-A9/D9 (MC145026), 
A1-A5 (MC145027), 
A1-A9 (MC145028) 

Cin Input Capacitance (Vin = 0) 

IDD Quiescent Current - MC145026 

IDD Quiescent Current - MC145027, MC145028 

Idd Dynamic Supply Current - MC145026 (fc = 20 kHz) 

Idd Dynamic Supply Current - MC145027, MC 145028 
(fc = 20 kHz) 

" • Also see next Electrical Characteristics table for 2.5 V speCifications. 

MC145026.MC145027.MC145028.SC41343.SC41344 
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VOO 
V 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

15 

5.0 
10 
15 

-

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

Guaranteed Limit 

-40'C 25'C +85'C Unit 

Min Max Min Max Min Max 

- 0.05 - 0.05 - 0.05 V 
- 0.05 - 0.05 - 0.05 
- 0.05 - 0.05 - 0.05 

4.95 - 4.95 - 4.95 - V 
9.95 - 9.95 - 9.95 -
14.95 - 14.95 - 14.95 -

V 
- 1.5 - 1.5 - 1.5 
- 3.0 - 3.0 - 3.0 
- 4.0 - 4.0 - 4.0 

V 
3.5 - 3.5 - 3.5 -
7.0 - 7.0 - 7.0 -
11 - 11 - 11 -

rnA 
-2.5 - -2.1 - -1.7 -
-0.52 - -0.44 - -0.36 -
-1.3 - -1.1 - -0.9 -
-3.6 - -3.0 - -2.4 -

mA 
0.52 - 0.44 - 0.36 -
1.3 - 1.1 - 0.9 -
3.6 - 3.0 - 2.4 -
- - 3.0 11 - - ~A 
- - 16 60 - -
- - 35 120 - -
- ±0.3 - ±0.3 - ±1.0 ~A 

~A 
- - - ±110 - -
- - - ±500 - -
- - - ±1000 - -

- - - 7.5 - - pF 

- - - 0.1 - - ~A 
- - - 0.2 - -
- - - 0.3 - -
- - - 50 - - ~A 
- - - 100 - -
- - - 150 - -
- - - 200 - - ~ 
- - - 400 - -
- - - 600 - -

- - - 400 - - ~A 
- - - 800 - -
- - - 1200 - -
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ELECTRICAL CHARACTERISTICS - MC145026 (Voltage Referenced to VSS) 

Guaranteed Limit 

Vee 
-40°C 25°C +85°C Unit 

Symbol Characteristic V Min Max Min Max Min Max 

VOL Low-Level Output Voltage (Vin = 0 V or Veo) 2.5 - 0.05 - 0.05 - 0.05 V 

VOH High-Level Output Voltage (Vin = 0 V or VOO) 2.5 2.45 - 2.45 - 2.45 - V 

VIL Low-Level Input Voltage (Vout = 0.5 V or 2.0 V) 2.5 - 0.3 - 0.3 - 0.3 V 

VIH High-Level Input Voltage (Vout = 0.5 V or 2.0 V) 2.5 2.2 - 2.2 - 2.2 - V 

IOH High-Level Output Current (Vout = 1.25 V) 2.5 0.28 - 0.25 - 0.2 - mA 

IOL Low-Level Output Current (Yout = 0.4 V) 2.5 0.22 - 0.2 - 0.16 - mA 

lin Input Current (TE - Pull-Up Oevice) 2.5 - - 0.09 1.8 - - I1A 
lin Input Current (Al-A5. A6/06-A9/09) 2.5 - - - ±25 - - I1A 

100 Quiescent Current 2.5 - - - 0.05 - - itA 

Idd Oynamic Supply Current (fc = 20 kHz) 2.5 - - - 40 - - itA 

ELECTRICAL CHARACTERISTICS - SC41343 and SC41344 (Voltage Referenced to VSS) 

Symbol Characteristic 

VOL Low-Level Output Voltage (Vin = 0 V or VOO) 

VOH High-Level Output Voltage (Vin = 0 V or VOO) 

VIL Low-Level Input Voltage 
(Yout = 2.3 Vor 0.5 V) 
(Yout = 4.5 V or 0.5 V) 
(Yout = 9.0 Vor 1.0 V) 

VIH High-Level Input Voltage 
(Vout = 0.5 V or 2.3 V) 
(Yout = 0.5 Vor 4.5 V) 
(Vout = 1.0 V or 9.0 V) 

IOH High-Level Output Current 
(Vout = 1.4 V) 
(Vout = 4.5 V) 
(Vout = 9.0 V) 

IOL Low-Level Output Current 
(Vout = 0.4 V) 
(Yout = 0.5 V) 
(Yout = 1.0 V) 

lin Input Current - 0in 

lin Input Current 
Al-A5 (SC41343) 
Al-A9 (SC41344) 

Cin Input Capacitance (Vin = 0) 

100 Quiescent Current 

Idd Oynamic Supply Current (fc = 20 kHz) 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Guaranteed Limit 

Veo 
-40°C 25°C + 85°C Unit 

V Min Max Min Max Min Max 

2.6 - 0.05 - 0.05 - 0.05 V 
5.0 - 0.05 - 0.05 - 0.05 
10 - 0.05 - 0.05 - 0.05 

2.6 2.75 - 2.75 - 2.75 - V 
5.0 4.95 - 4.95 - 4.95 -
10 9.95 - 9.95 - 9.95 -

V 
2.6 - 0.64 - 0.64 - 0.84 
5.0 - 1.5 - 1.5 - 1.5 
10 - 3.0 - 3.0 - 3.0 

V 
2.8 1.96 - 1.96 - 1.96 -
5.0 3.5 - 3.5 - 3.5 -
10 7.0 - 7.0 - 7.0 -

mA 
2.8 -0.73 - -0.7 - -0.55 -
5.0 -0.59 - -0.5 - -0.41 -
10 -1.3 - -1.1 - -0.9 -

mA 
2.8 0.35 - 0.3 - 0.24 -
5.0 0.8 - 0.6 - 0.4 -
10 3.5 - 2.9 - 2.3 -

10 - ±0.3 - ±0.3 - ±1.0 I1A 
2.8 - - - ±30 - - I1A 
5.0 - - - ±140 - -
10 - - - ±600 - -
- - - - 7.5 - - pF 

2.8 - - - 60 - - itA 
5.0 - - - 75 - -
10 - - - 150 - -
2.6 - - - 300 - - I1A 
5.0 - - - 500 - -
10 - - - 1000 - -

MC145026.MC145027.MC145028.SC41343.SC41344 
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SWITCHING CHARACTERISTICS - MC145026*, MC145027, and MC145028 (CL = 50 pF, TA = 25·C) 

Guaranteed Limit 

Symbol Characteristic Figure # VOO Min Max Unit 

trLH, trHL Output Transition Time 4,8 5.0 - 200 ns 
10 - 100 
15 - 80 

tr Din Rise Time - Decoders 5 5.0 - 15 IJ.S 
10 - 15 
15 - 15 

tl Din Fall Time - Decoders 5 5.0 - 15 lis 
10 - 5.0 
15 - 4.0 

losc Encoder Clock Frequency 6 5.0 0.001 2.0 MHz 
10 0.001 5.0 
15 0.001 10 

I Decoder Frequency - Relerenced to Encoder Clock 12 5.0 1.0 240 kHz 
10 1.0 410 
15 1.0 450 

tw 'fE Pulse Width - Encoders 7 5.0 65 - ns 
10 30 -
15 20 -.. 

• Also see next Switching Characteristics table for 2.5 V specifications. 

SWITCHING CHARACTERISTICS - MC145026 (CL = 50 pF, TA = 25°C) 

Guaranteed Limit 

Symbol Characteristic Figure # VOO Min Max Unit 

trLH, trHL Output Transition Time 4,8 2.5 - 450' ns 

losc Encoder Clock Frequency 6 2.5 1.0 250 kHz 

tw TE Pulse Width 7 2.5 1.5 - IJ.S 

SWITCHING CHARACTERISTICS - SC41343 and SC41344 (CL = 50 pF, TA = 25·C) 

Guaranteed Limit 

Symbol Characteristic Figure # VOO Min Max Unit 

trLH, trHL Output Transition Time 4,8 2.8 - 320 ns 
5.0 - 200 
10 - 100 

tr Din Rise Time 5 2.8 - 15 IJ.S 
5.0 - 15 
10 - 15 

tl Din Fall Time 5 2.8 - 15 liS 
5.0 - 15 
10 - 5.0 

I Decoder Frequency - Relerenced to Encoder Clock 12 2.8 1.0 100 kHz 
5.0 1.0 240 
10 1.0 410 

MC145026.MC145027.MC145028.SC41343.SC41344 
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trLH 

Figure 4. 

Arc 

Figure 6. 

trHL 

DEVICE 
UNDER 
TEST 

OUTPUT 

VSS 

Figure 5. 

VDD 

-Vss 
tw 

Figure 7. 

TEST POINT 

= 
'INCLUDES ALL PROBE AND JIG CAPACITANCE. 

Figure 8. Test Circuit 

OPERATING CHARACTERISTICS 

MC145026 

The encoder serially transmits trinary data as defined by 
the state of the A1-A5 and A6ID6-A9/D9 input pins. These 
pins may be in either of three states (low, high, or open) 
allowing 19,683 possible codes. The transmit sequence is 
initiated by a low level on the TE input pin. Upon powefup, 
the MC145026 can continuously transmit as long as TE 
remains low (also, the device can transmit two-word 
sequences by pulsing TE low). However, no MC145026 
application should be designed to rely upon the first da.ta word 
transmitted immediately after power up because this word 
may be invalid. Between the two data words, no signal is sent 
for three data periods (see Figure 10). 

Each transmitted trinary digit is encoded into pulses (see 
Figure 11). A logic 0 (low) is encoded as two consecutive short 
pulses, a logic 1 (high) as two consecutive long pulses, and 
an open (high impedance) as a long pulse followed by a short 
pulse. The input state is determined by using a weak "output" 
device to try to force each input high then low. If only a high 
state results from the two tests, the input is assumed to be 
hardwired to VDD. If only a low state is obtained, the input is 
assumed to be hardwired to VSS. If both a high and a low can 
be forced at an input, an open is assumed and is encoded 
as such. The "high" and "low" levels are 70% and 30% of the 
supply voltage as shown in the Electrical Characteristics 
Table. The weak "output" device sinks/sources up to 110 IlA 
at a 5-V supply level, 500 IlA at 10 V, and 1 mA at 15 V. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

The TE input has an internal pull-up device so that a simple 
switch may be used to force the input low. While TE is high, 
the encoder is completely disabled, the oscillator is inhibited, 
and the current drain is reduced to quiescent current. When 
TE is brought low, the oscillator Is started and the transmit 
sequence begins. The Inputs are then sequentially selected, 
and determinations are made as to the input logic states. This 
information is serially transmitted via the Dout pin. 

MC145027 
This decoder receives the serial data from the encoder and 

outputs the data, if it is valid. The transmitted data, consisting 
of two identical words, Is examined bit by bit during reception. 
The first five trinary digits are assumed to be the address. If 
the received address matches the local address, the next four 
(data) bits are Internally stored, but are not transferred to the 
output data latch. As the second encoded word is received, 
the address must again match. If a match occurs, the new 
data bits are checked against the previously stored data bits. 
If the two nibbles of data (four bits each) match, the data is 
transferred to the output data latch by VT and remains until 
new data replaces it. At the same time, the VT output pin is 
brought high and remains high until an error is received or 
until no input signal is received for four data periods (see 
Figure 10). 

Although the address information may be encoded in trinary, 
the data information must be either a 1 or O. A trinary (open) 
data line is decoded as a logic 1. 
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MC14S028 
This decoder operates in the same manner as the 

MC145027 except that nine address lines are used and no 
data output is available. The VT output is used to indicate that 
a valid address has been received. For transmission security, 
two identical transmitted words must be consecutively 
received before a VT output signal is issued. 

The MC145028 allows 19,683 addresses when trinary 
levels are used. 512 addresses are possible when binary 
levels are used. 

PIN DESCRIPTIONS 
MC145026 ENCODER 

A1-AS, A6ID6-A9/D9 
Address, Address/Data Inputs (Pins 1-7, 9, and 10) 

These address/data inputs are encoded and the data is sent 
serially from the encoder via the Dout pin. 

RS,CTC,RTC 
(Pins 11, 12, and 13) 

These pins are part of the oscillator section of the encoder 
(see Figure 9). 

If an external signal source is used instead of the internal 
oscillator, it should be connected to the RS input and the RTC 
and CTC pins should be left open. 

TE 
Transmit Enable (Pin 14) 

This active-low transmit enable input initiates transmission 
when forced low. An internal pull-up device keeps this input 
normally high. The pull-up current is specified in the Electrical 
Characteristics table. 

Dout 
Data Out (Pin 1S) 

This is the output of the encoder that serially presents the 
encoded data word. 

VSS 
Negative Power Supply (Pin 8) 

The most-negative supply potential. This pin is usually 
ground. 

VDD 
Positive Power Supply (Pin 16) 

The most-positive power supply pin. 

MC145027 AND MC14S028 DECODERS 

A1-AS,A1-A9 
Address Inputs (Pins 1-5) - MC14S027, 
Address Inputs (Pins 1-5, 1S, 14, 13, 12) - MC14S028 

These are the local address inputs. The states of these pins 
must match the appropriate encoder inputs for the VT pin to 
go high. The local address may be encoded with trinary or 
binary data. 

MC145026.MC145027.MC145028.SC41343.SC41344 
2·468 

06-09 
Data Outputs (Pins 15,14,13,12) - MC145027 ONLY 

These outputs present the binary information that is on 
encoder inputs A6/D6 through A9/D9. Only binary data is 
acknowledged; a trinary open at the MC145026 encoder is 
decoded as a high level (logic 1). 

Din 
Data In (Pin 9) 

This pin is the serial data input to the decoder. The input 
voltage must be at CMOS logic levels. The signal source 
driving this pin must be dc coupled. 

R1, C1 
Resistor 1, Capacitor 1 (Pins 6, 7) 

As shown in Figures 2 and 3, these pins accept a resistor 
and capacitor that are used to determine whether a narrow 
pulse or wide pulse has been received. The time constant R 1 
x C1 should be set to 1.72 encoder clock periods: 

R1 C1 = 3.95 RTC CTC 

R2/C2 
Resistor 2ICapacitor 2 (Pin 10) 

As shown in Figures 2 and 3, this pin accepts a resistor 
and capacitor that are used to detect both the end of a 
received word and the end of a transmission. The time 
constant R2 x C2 should be 33.5 encoder clock periods (four 
data periods per Figure 11): R2 C2 = 77 RTC CTC. This time 
constant is used to determine whether the Din pin has 
remained low for four data periods (end of transmission). A 
separate on-chip comparator looks at the voltage-equivalent 
two data periods (0.4 R2 C2) to detect the dead time between 
received words within a transmission. 

VT 
Valid Transmission Output (Pin 11) 

This valid transmission output goes high after the second 
word of an encoding sequence when the following conditions 
are satisfied: 

1. the received addresses of both words match the local 
decoderaddress,and 

2. the received data bits of both words match 

VT remains high until either a mismatch is received or no 
input signal is received for four data periods. 

IiSS 
Negative Power Supply (Pin 8) 

The most-negative supply potential. This pin is usually 
ground. 

VDD 
Positive Power Supply (Pin 16) . 

The most-positive power supply pin: 
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This oscillator operates at a frequency determined by the extemal 
RC network; i.e., 

The value for RS should be chosen to be ~ 2 times RTC. 
This range ensures that current through RS Is Insignificant 
compared to current through RTC. The upper limit for RS 
must ensure that RS x 5 pF (input capacitance) is small 
compared to RTC x CTC. 

f= (Hz) 
2.3RTCCTC' 

for 1 kHzSfS400 kHz 

where: CTC' = CTC + Clayout + 12 pF 

RS=2RTC 

Forfrequencies outside the indicated range, the formu
la is less accurate. The minimum recommended oscilla
tion frequency of this circuit is 1 kHz. Susceptibility to ex
ternally induced noise signals may occur for frequencies 
below 1 kHz and/or when resistors utilized are greater 
than 1 Mn 

RS~20k 
RTC~10k 
400pF<CrC<15IlF 

Figure 9_ Encoder Oscillator Information 

ENCODER 

2 WORD TRANSMISSION 
'FE L-J ________ .:..... _____________________ CONTINUOUS TRANSMISSION 

ENCODER C\I..,.r.o ~~2gj:iret!!l~2~~m~g ~~~2gt 

OSCILLATOR nnnnnn __ nnnnnnnnnnnnnnnn __ nnnnnnnnnnnn _ niiniiniiniiniir5 
(PIN 12) ---Iuuuuu'-55-' u U u uu uuuu u uuuuu'S~ uuu u u uu uuu u '-5SJ uuu u UUUU UU 

1ST 9TH 1ST 9TH r- DIGIT -1 t-- DIGIT -j r- DIGIT -1 t-- DIGlT-j 

s--llfl1ls ~ 
L------2NDWORD----1-J 

Dout 
(PIN 15) ---~S'r----' 

fo- HIGH -+-OPEN--i- LOW--l 

1j.·----1STWORD ----1·1 
1 

Ij.·----------- ENCODING SEQUENCE ----------+1-1·1 
1 

VT 
(PIN 11) 

DATA OUTPUTS 

DECODER 

1 

1 1.1 (R2C2) 

1 

--------------------~~~ 
1 

1 
1 

--------------------~--------*------

Figure 10_ Timing Diagram 
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ENCODER 
OSCILLATOR 

(PIN 12) 

Dout 
(PIN 15) 

500 

q 400 
u 
9 
u 

~~ 
-0 300 xu 
"'z .,5'w 

0 
0-
I>: w 
ES 

200 

100 

ENCODED -.J 
"ONE' 

u ~ 
1 

ENCODED n n 1 
"ZERO' ---1 1'--_____ ---'. '-. -------1-1-

1 

ENCODED -.J 
"OPEN' UlL--------I-i-

1 

1 

. ""1.;-.------ DATA PERIOD ------+i·1 

Figure 11. Encoder Data Waveforms 

10 20 30 40 50 

Clayout (pF) ON PINS 1-5 (MCI45027); PINS 1-5 AND 12-15 (MC145028) 

Figure 12. fmax vs Clayout - Decoders Only 
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STORE 
THE 
4-BIT 
DATA 

LATCH DATA 
ONTO OUTPUT 

PINS AND 
ACTIVATEVT 

NO 

NO 

NO 

YES 

DISABLEVT 
ON THE 1ST 

ADDRESS MISMATCH 

DISABLEVT 
ON THE 1ST 

DATA MISMATCH 

DISABLE 
VT 

Figure 13_ MC145027 Flowchart 
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DISABLE VT ON THE 1 ST 
ADDRESS MISMATCH 

AND IGNORE THE REST 
OFTHISWORD 

DISABLEVT 

Figure 14. MC145028 Flowchart 
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MC145027 AND MC145028 TIMING 
To verify the MC145027 or MCl4502B timing, check the 

waveforms on C1 (Pin 7) and R2IC2 (Pin 10) as compared 
to the incoming data waveform on Din (Pin 9). 

The R-C decay seen on C1 discharges down to 1/3 VDD 
before being reset to VDD. This point of reset (labelled "DOS" 
in Figure 15) is the point in time where the decision is made 
whether the data seen on Din is a 1 or O. DOS should not be 
too close to the Din data edges or intermittent operation may 
occur. 

Cl 

OV -
DOS DOS 

Figure 15. R-C Decay on Pin 7 (Cl) 

5 
TRINARY 

ADDRESSES 

4·BIT { 
BINARY 

DATA 

VDD 

f _ 1 
esc - 2.3 RrcGTc' 

R1Cl = 3.95 RrcGTc 

R2C2 = 77 RrcCrc 

-= 14 

VDD 

:c O•lIlF 

16 -= 
15 Dout 

MCI45026 

EOW 

",,:E~~ 
Ov=J· I 

I 
EOT 

Figure 16. R-C Decay on Pin 10 (R2IC2) 

The other timing to be checked on the MC145027 and 
MC14502B is on R2IC2 (see Figure 16). The R-C decay is 
continually reset to VDD as data is being transmitted. Only 
between words and after the end-of-transmission (EOT) does 
R2IC2 decay significantly from VDD. R2IC2 can be used to 
identify the internal end·of-word (EOW) timing edge which is 
generated when R2IC2 decays to 213 VDD. The internal EOT 
timing edge occurs when R2IC2 decays to 1/3 VDD. When 
the waveform is being observed, the R-C decay should go 
down between the 2/3 and 1/3 VDD levels, but not too close 
to either level before data transmission on Din resumes. 

Verification of the timing described above should insure a 
good match between thll MC145026 transmitter and the 
MC145027 and MC14502B receivers. 

O.IIlF 

Din 9 

Rl 
7 

I CI 

10 

R2 

VDD 

:c 
16 

MC145027 
OR 5 

SC41343 15 D6 
14 D7 
13 08 
12 D9 
11 VT 

-= 
REPEAT OF ABOVE 

REPEAT OF ABOVE 

VDD 

-= 

5 
TRINARY 

ADDRESSES 

Example RIC Values (All Resistors and Capacitors are ±5%) 

(Crc' = GTc + 20 pF) 

fosc (kHz) Rrc Crc' RS R1 C1 R2 C2 

362 10k 120pF 20k 10k 470pF 100 k 910pF 
181 10k 240pF 20k 10 k 910pF lOOk 1800pF 
88.7 10k 490pF 20k 10k 2000 pF lOOk 3900pF 
42.6 10k 1020pF 20k 10k 3900 pF lOOk 7500pF 
21.5 10 k 2020pF 20k 10 k 8200 pF 100 k 0.015 1lF 
8.53 10 k 5100pF 20k 10 k 0.021lF 200k 0.021lF 
1.71 50 k 5100pF lOOk 50 k 0.021lF 200k O.IIlF 

Figure 17. Typical Application 
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APPLICATIONS INFORMATION 

INFRARED TRANSMITTER 

In Figure 18, the MC145026 encoder is set to run at an 
oscillator frequency of about 4 to 9 kHz. Thus, the time required 
for a complete two-word encoding sequence is about 20 to 
40 ms. The data output from the encoder gates an RC 
oscillator running at 50 kHz; the oscillator shown starts rapidly 
enough to be used in this application. When the "send" button 
is not depressed, both the MC145026 and oscillator are in a 
low-power standby state. The RC oscillator has to be trimmed 
for 50 kHz and has some drawbacks for frequency stability. 
A superior system uses a ceramic resonator oscillator running 
at 400 kHz. This oscillator feeds a divider as shown in Figure 
19. The unused inputs of the MC14011 UB must be grounded. 

The MLED81 IRED is driven with the 50-kHz square wave 
at about 200 to 300 mA to generate the carrier. If desired, two 
IREDs wired in series can be used (see Application Note 
AN1016 for more information). The bipolar IRED switch, 
shown in Figure 18, offers two advantages over a FET. First, 
a logic FET has too much gate capacitance for the 
MC14011 UB to drive without waveform distortion. Second, the 
bipolar drive permits lower supply voltages, which are an 
advantage in portable battery-powered applications. 

The configuration shown in Figure 18 operates over a supply 
range of 4.5 to 18 V. A low-voltage system which operates 
down to 2.5 V could be realized if the oscillator section of a 
MC74HC4060 is used in place of the MC14011UB. The data 
output of the MC145026 is inverted and fed to the RESET pin 
of the MC74HC4060. Alternately, the MC74HCU04 could be 
used for the oscillator. 

Information on the MC14011 UB isin booknumberDL 131/D. 
The MC74HCU04 and MC74HC4060 are found in book 
number DL 129/D. 

INFRARED RECEIVER 
The receiver in Figure 20 couples an I R-sensitive diode 

to input preamp A 1, followed by band-pass amplifier A2 with 
a gain of about 10. Limiting stage A3 follows, with an output 
of about 800 mVp-p. The limited 50 kHz burst is detected 
by comparator A4 that passes only positive pulses, and·. 
peak- detected and filtered by a diode/RC networkto extract 
the data envelope from the burst. Comparator A5 boosts 

MC145026.MC145027.MC145028.SC41343.SC41344 
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the signal to logic levels compatible with the MC 145027/28 
data input. The Din pin of these decoders is a standard 
CMOS high-impedance input which must not be allowed 
to float. Therefore, direct coupling from A5 to the decoder 
input is utilized. 

Shielding should be used on at least A 1 and A2, with good 
ground and high-sensitivity circuit layout techniques applied. 

For operation with supplies higher than + 5 V, limiter A4's 
positive output swing needs to be limited to 3 to 5 V. This 
is accomplished via adding a zener diode in the negative 
feedback path, thus avoiding excessive system noise. The 
biasing resistor stack should be adjusted such that V3 is 1.25 
to 1.5 V. 

This system works up to a range of about 10 meters. The 
gains of the system may be adjusted to suit the individual 
design needs. The 100 n resistor in the emitter of the first 
2N5088 and the 1 kn resistor feeding A2 may be altered if 
different gain is required. In general, more gain does not 
necessarily result in increased range. This is due to noise floor 
limitations. The designer should increase transmitter power 
and/or increase receiver aperature with fresnal lensing to 
greatly improve range. See applications note AN1016 for 
additional information. 

Information on the MC34074 is in data book DL 128/D. 

TRINARY SWITCH MANUFACTURERS 
Midland Ross-Electronic Connector Div. 

617/491-5400 
Greyhill 

312/354-1 040 
Augat/ Alcoswitch 

617/685-4371 
Aries Electronics 

201/996-6841 

The above companies may not have the switches in a DIP. 
For more info, call them or consult EEM or Gold Book. Ask 
for SPOT with center OFF. 

Alternative: A SPST can be placed in series between a 
SPDT and the Encoder or Decoder to achieve trinary action. 

Motorola cannot recommend one supplier over another and 
in no way suggests that this is a complete listing of trinary 
switch manufacturers. 
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SEND 

--L 

~ 
MC140l1UB 

Dout 

MC145026 

220kn 

V+ 

SELECT FOR 
200 rnA TO 300 rnA 

USE OF 2 MlEDBl s 
MlEDBl IS OPTIONAL 

~ 

ADJUST/SELECT FOR 
f=50kHz(APPROX.l00kQ) 

MPSA13 
OR 

MPSW13 

Figure 18. IRED Transmitter Using RC Oscillator to Generate Carrier Frequency 

MC14024 

P-----.-{ ClK Q3 

lMQ 

Xl = 400 kHz CERAMIC RESONATOR 
PANASONIC EFD·A4ooK04B 

Xl OR EQUIVALENT 

01-----' 
MCl4011UB 

50 kHZ TO 
DRIVER 

TRANSISTOR 

470pF I 470pF I Dout 
FROM MC145026 

Figure 19. Using a Ceramic Resonator to Generate Carrier Frequency 
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+5V 

10k!:! Al 1 mH - TOKO TYPE 7PA OR 10PA 
OR EQUIVALENT 

r lOI1F ---rlOI1F 
22k!:! 

-= O.OlI1F 

-=-
O.OlI1F 

~ Vl # 2.2k!:! 
OPTICAL 

V, "~" I FILTER 

r ll1F 
-=-

lN914 -=- -=- -=-
4.7k!:! O.OlI1F 

lN914 

lOOk!:! 
1M!:! 

1M!:! 

10k!:! 
lN914 1 k!:! 22k!:! 

Vl 

1/4 MC34074 
V2 

1/4 MC34074 

1000 pF 
390 k!:! FOR APPROX. 4 kHz 
180 k!:! FOR APPROX. 9 kHz r 

-= -=-
Cl R2IC2 

Din MC145027128 VT 

4 

+5V 

V3 
1000pF I 47k!:! 

1/4 MC34074 

-=-

+5V 
750 k!:! FOR APPROX. 4 kHz 
360 k!:! FOR APPROX. 9 kHz 

-=-

y~ 

DATA OUT 
MC145027 ONLY 

4.7k!:! 

V2=2.7V 

390!:! 
Vl =2.5V 

2.2k!:! 

110 I1FIlO I1Fr'l-0 I1-F-+---- V3= 1.3 V 

2.7k!:! 

-=- -=- -=- -=-

Figure 20. Infrared Receiver 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
Remote Control Encoder/ 
Decoder 
CMOS 

The MC145030 encodes and decodes nine bits of information, which allows 
512 different codes. 

The encoder section samples the 9-bit parallel address input, encodes the 
bits into Manchester Code, and sends the serial information via the ENCout pin. 
The address is issued twice per encoding sequence; initialization occurs with 
a rising edge on ENC ENS. 

The decoder accepts serial Information at the DECin pin, and decodes the 
Manchester information. The decoded address is compared with the local 
address. If a match occurs, DECout toggles once per sequence. The active-high 
DRST input is used to clear DECout. 

The Status pin, when high, indicates the device is encoding. During decoding 
or standby, Status is low. 

• Applications: 
Cordless Phones and Half-Duplex Remote Control 

• Interfaces with RF, Ultrasonic, or Infrared Modulators and Demodulators 
• Operating Temperature Range: - 40 to 85°C 
• Operating Voltage Range: 2 to 6 V 
• Standby Supply Current: 20 ~A Maximum @ 2.0 V 
• Operating Supply Current: 700 ~A Maximum @ 2.5 V 
• Address Inputs Have On-Chip Pull-Up Devices 
• RC Oscillator, No Crystal Required 
• On-Chip Amplifier in Decode Section 
• Power-On Reset Forces DECout Low and Initializes the Decoder 

and Encoder Sections 
• See Application Notes AN1016 and AN1126 and Article Reprint AR:?55 

BLOCK DIAGRAM 

MC145030 

PSUFFIX 
PLASTIC DIP 

CASE73B 

OW SUFFIX 
SOG 

CASE 751D 

ORDERING INFORMATION 
MC145030P Plastic DIP 
MC145030DW SOG Package 

PIN ASSIGMENT 

AO 

A8 

A1 

A2 

A3 

A4 

AS 

A6 

A7 

ENCENB 

1-

2 

3 
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5 

6 

7 

8 

9 

10 

20 

19 

18 

17 

16 J 

15 J 

14 ] 

13 ] 

12 ] 

11 ~ 

OSCin 

OSCoutl 

OSCout2 

VSS 

ENCout 

DECout 

VDD 

DRST 

DECin 

STATUS 

ENCODE 

NOT RECOMMENDED 
FOR NEW DESIGN 

'--_____ ---'1'-<1 • STATUS 
ENABLE _.:..:10'--t!> 

(ENC ENB) L..----_-r--....l 

AO 
A1 
A2 
A3 
A4 
AS 
A6 
A7 
AS 

DECODER IN 
(DECin) 

DECODER 

ADDRESS 
GENERATOR 

POWER-ON RESET 

ADDRESS 
COMPARATOR 

TOGGLE 15 
FLlP·FLOP 

RESET _!:!.... ________________ --I 

(DRST) 

ENCODER OUT 
(ENCouu 

PIN 14=VDD 
PIN 17=VSS 

DECODER OUT 
(DECouU 

This document contains information on a new product. Specifications and Information herein are subject to change without notice. 
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MAXIMUM RATINGS· (Voltages Referenced 10 VSS) 

Symbol Parameter 

VDD DC Supply Voltage 

Vln DC Input Voltage 

Vout DC Output Voltage 

lin DC Input Current, per Pin 

lout DC Output Current, per Pin 

IDD DC Supply Current, VDD and VSS Pins 

PD Power Dissipation, per Packaget 

Tstg Storage Temperature 

TL Lead Temperature (1 O-Second Soldering) 

Value 

-0.5to+7.0 

- 0.5 to VDD + 0.5 

- 0.5 to VDD + 0.5 

±10 

±10 

±30 

500 

-5510+ 150 

260 

Unit 

V 

V 

V 

mA 

mA 

mA 

mW 

°C 

°C 

This device contains protection circuitry 
to guard against damage due to high static 
voltages or electric fields. However, pre
cautions must be taken to avoid applica
tions of any voltage higher than maximum 
rated voltages to this high-Impedance cir
cuit. For proper operation, Yin and Vout 
should be constrained to the range V SS S 
(Vin or Vout) S VDD· 

Except for the Address Inputs, unused 
inputs must always be tied to an appropri
ate logic voltage level (e.g., either VSS or 
VDD)·TheAddresslnputsmaybeleftopen; 
see Pin Descriptions. Unused outputs must 
be left open. 

• MaXimum Ratings are those values beyond which damage to the deVice may occur. Func
tional operation should be restricted to the limits in the Electrical Characteristics tables 
or Pin Description section. 

t Power Dissipation Temperature Derating: - 12 mWrC from 65 to B5°C 

ELECTRICAL CHARACTERISTICS (T A = 25°C, Voltages Referenced to VSS) 

Voo Guaranteed 
Symbol Parameter Test Condition V Limit Unit 

VDD Power Supply Voltage Range - 2.0 to 6.0 V 

VIL Maximum Low-Level Input Voltage (Except DECin) 2.5 0.3 V 
6.0 1.2 

VIH Minimum High-Level Input Voltage (Except DECin) 2.5 1.9 V 
6.0 4.5 

Vslg Minimum Output Voltage of Signal Source Driving DECin Square-Wave Source 2.5 200 mVp_p 
See Figure 1 6.0 200 

VOL Maximum Low-Level Output Voltage lout = 0 vA 2.5 0.15 V 
lout = 0.4 mA 0.4 

lout = 0 IiA 6.0 0.15 
lout = 1.0mA 0.4 

VOH Minimum High-Level Output Voltage lout = 0 IiA 2.5 2.35 V 
lout = - 0.4 mA 2.0 

lout = 0 IiA 6.0 5.B5 
lout=-1.0 mA 5.5 

lin Maximum Input Current DECin Yin = VDD orVss 6.0 ±60 IiA 
ENC ENB, DRST, OSCin ±0.3 

IIH Maximum High-Level Input Leakage Current AO-AB Vln=VDD 6.0 0.3 vA 
IlL Maximum Low-Level pun-up Current AO-AB Vin=VSS 6.0 -100 IiA 
IOZ Maximum Three-State Leakage Current ENCout Vout = VOD or VSS 6.0 ±500 nA 

IDD Maximum Quiescent Supply Current Device In Standby Mode 2.0 20 IiA 
Yin = VSS orVDD for ENC 6.0 100 

ENB, DECin, DRST, 
OSCin 

Yin = VSS, VOD, or Open for 
AO-AB 

lout = 0 vA 

Idd Maximum RMS Operating Supply Current Oscillator Frequency = 500 kHz 2.5 700 vA 
Vln= VSsorVDDforENC 6.0 2500 

ENB, DECln, DRST, 
OSCin 

Yin = VSS, VDD, or Open for 
AO-AB 

lout = 0 vA 

MC145030 
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AC ELECTRICAL CHARACTERISTICS (T A = 25°C, CL = 50 pF, VDD = 2.5 to 6 V unless otherwise stated) 

Symbol Parameter 

fosc Maximum Oscillator Frequency (= 50% Duty Cycle)· 

tpLH, System Propagation Delay, ENC ENB (of an encoding device) to 
tpHL DECout (of a decoding device) 

Id Debounce Time, ENC ENB (guarantees 1 encoding sequence) 

tw Minimum Input Pulse Width, ENC ENB or DRST 

Cin Maximum Input Capacitance 

·See Pin Descriptions and Application Example for component tolerances. 

5kQ 
,....--A,/'I/'v----if-1!-

0.111F 

DEVICE 
UNDER 
TEST 

Figure 1. Decoder Input Sensitivity Test 

Figure 3. Switching Waveforms 

Figure VDD Guaranteed 
# V Limit Unit 

2 - 500 kHz 

3,5 - 384-608 OSCCycles 

- 608 OSCCycles 

4 2.5 200 ns . 
6.0 80 

- 10 pF 

OSCout2 

Figure 2. Switching Waveform 

ENCENB t) -VDD 
DR~ ___ -, 50%t

w 
~ ___ VSS 

Figure 4. Switching Waveform 

TEST POINT 

DEVICE 
UNDER 
TEST 

OUTPUT 

r 
·Includes all probe and fixture capacitance. 

Figure 5. Test Circuit 
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INPUT PINS 

AD-AS 

PIN DESCRIPTIONS 

Local Address Inputs (Pins 1, 3-9, 2) 
These binary inputs provide the address for both the. 

encoder and decoder; 512 addresses are possible. The local 
address is sent serially from ENCout with 2 sync bits 
appearing first, fOllowed by AO. The decoder compares the 
local address with the received· address stream. 

On-chip pullup devices are provided on the address inputs 
to facilitate interface to SPST switches or jumpers to VSS. 
During standby, AD-A8 are in the high-impedance state (i.e., 
the pull-up devices are inactive to minimize standby power 
consumption). 

The inputs are left open (or tied to VDD) for a high level 
and tied to VSS for a low level. 

ENCENB 
Edge-Sensitive Encode Enable (Pin 10) 

A low-to-high transition on this pin aborts any decoding 
sequence in progress and initiates an encoding sequence. 
This input is debounced 608 oscillator cycles. See Figures 
8 and 9. 

DECln 
Decoder In (Pin 12) 

Decoder In is the input to the on-chip amplifier. The 
incoming signal is usually capacitively-coupled to this pin. 
Direct coupling may be used if the signal level is rail-to-rail 
(VSS to VDD)· 

DRST 
Level-Sensitive Decoder Reset (Pin 13) 

When this input is taken high, DECout is cleared to a low 
level. This pin may be used to override a response from a 
DECin data stream. 

OUTPUT PINS 

STATUS 
Encode/Decode Status (Pin 11) 

This pin is high during the encoding sequence and low 
during decoding or idle. 

When Status is low, the ENCout pin is in the high
impedance state. 

DECout 
Toggle Flip-Flop Decoder Output (Pin 15) 

The encoder sends the same address twice to complete 
a sequence. If one or both of the decoded addresses matches 
the local address, DECout toggles once per sequence (unless 
overri~den by DRST). See Figures 6 and 7. 

ENCout 
Three-State Encoder Output (Pin 16) . 

This is the serial output of the Manchester-encoded local 
address. AO appears before A8 in the bit stream. The local 
address is sent twice to complete a sequence which is 
initialized by ENC ENB. When a sequence is complete, 
ENCo!!t returns to the high-impedance state. See Figures 8 
and 9. 

OSCILLATOR PINS 

OSCln, OSCout1, OSCout2 
Oscillator Input, Oscillator Outputs 112 (Pins 20,19,18) 

As shown in Figure 10, these pins are used in conjunction 
with external resistors and a capacitor to form an oscillator. 
Polystyrene or mylar capacitors are recommended. Sus
ceptibility to extemally induced noise Signals may occur if 
resistors utilized are greater than 1 MQ. See Figure 10 for 
component tolerances. 

When the on-chip oscillator is used, the frequency may be 
up to 500 kHz. The oscillator is active only during encoding 
or decoding. 

When an external frequency source is used to drive OSCin, 
OSCout1 and OSCout2 may be left floating. The signal applied 
to OSCin should swing rail-to-rail and may be de to 500 kHz. 

POWER SUPPLY PINS 

VSS 
Negative Power Supply (Pin 17) 

This pin is the negative supply potential and is usually 
ground. 

VDD 
Positive Power Supply (Pin 14) 

This pin is the positive supply potential and may range from 
+ 2 to + 6 V with respect to VSS. 

...1-0----- COMPLETE DECODING SEQUENCE-----<· ... I 

DECin 

DECout 

MC145030 
2-480 

SYNC TRAILING SYNC TRAILING 
BITS INITIAL BIT BITS REPEATED BIT 

I t I ADDRESS It I I + I ADDRESS I + I 

11f==~==~ I I nf==~~==tt 
* ! ----------~I I 

------------~--------~~~--

Figure 6. Decoder Timing Diagram 

INITIAl ADDRESS = MATCH, 
REPEATED ADDRESS = DON'T CARE 

INITiAl ADDRESS = UNMATCH, 
REPEATED ADDRESS = MATCH 

BOTH ADDRESSES UNMATCHED 
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DO NOT START 
OSCILLATOR 

NO 

START 
OSCILLATOR 

MOTOROLA COMMUNICATIONS DEVICE DATA 

NO 

NO 

NO 

NO 

Conditions: 
Encode Enable = Low, High, or .j. 
Decoder Reset = Low 

Figure 7. Decoder Flowchart 

INITIALIZE 
DECODER 

MC145030 
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MC145030 
2·482 

NO 

NO 

DISABLE DECODER, SET STATUS PIN HIGH, 
ENCODER OUT PIN: HIGH Z ~ LOW LEVEL, 

START OSCILLATOR, IGNORE ENCODE ENABLE INPUT 

SAMPLE ADDRESS 
INPUTS, 

ISSUE ENCODED 
ADDRESS 

RE·ISSUE 
ENCODED 
ADDRESS 

STOP OSCILLATOR, RESET STATUS PIN LOW, 
ENCODER OUT PIN: LOW LEVEL ~ HIGH Z, 

DECODER READY, ENCODER READY 

Figure 8. Encoder Flowchart 
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ENCENBI 

I. COMPLETE ENCODING SEQUENCE • I 

1 

1 

ENCout~~ 

I 1 12·BIT 
1 FRAME 

DELAY 

HIGH 
IMPEDANCE 

ENPODEDADDRESS (REPEAT1ED),------I 

1 1 
1st 1 2ndl AOi 1st 1 2nd 1 AO 1 A1 1 A2 1 A3 I A4 1 A5 I AS 1 A7 I AS I 

ISYNCISYNCI LOWI LOWI HIGH 1 HIGH IHIGH 1 LOWIHIGHI LOW 1 LOW I!] ISYNCISYNCILOW 1 LOW 1 HIGHIHIGHIHIGH 1 LOWIHIGH 1 LOW 1 LOW 1 ~I 
I BIT 1 BIT) 1 ...... 111111111 IBITIBITI I) 1.1 111111 

/............ TRAILING BIT //', TRAILING BIT 
// .................. //', 

/ ............ 2·BIT // ',1.5.BIT 
/ ............ FRAME / , FRAME 

// ............ PAUSE // " PAUSE 

( ...... (/ '..., HIGH IMPEDANCE 
ENCout I ENCout 1 1 

I 1 1 

OSCoul2 t 

I. BITFRAME 
1 (ENCODED LOW LEVEL) 



Rl C Rl C 

R2 R2 

20 19 18 20 19 18 

OSCin OSCoull OSCou12 OSCin OSCout1 OSCou12 

12 DECin 
AO 

Al 

16 0 A2 
ENCout 8 :g A3 

15 
DECoul 

13 A4 :::; 

11 
A5 

STATUS A6 
+V 

A7 

A8 

10 17 

-= -= 

EXAMPLE RIC VALUES 12 
REPEAT 

ENCODE ENABLE OF 

fOSC SWITCH DEBOUNCE 16 ABOVE 

(APPROX.) R1 R2 C TIME (APPROX.) 

452 kHz 30kQ 5.6kQ 100 pF 1.3ms I 
220 kHz 47kQ 10kQ 100 pF 2.8ms I 70 kHz 47kQ 10kQ 510pF 8.7ms 12 
4.1 kHz 330kQ 47kQ 2200 pF 148ms 

REPEAT 
OF 

16 ABOVE 
GUIDELINES: 100pF"C,,0.1 ~F 

2 (R2) < Rl < 10 (R2) 
10kQ"R2,,500kQ 
Rl"l MQ 

The maximum oscillator frequency difference allowable from encoding IC to decoding IC is ± 11 %. The ambient temperature and 
supply voltage differences between ICs affect this frequency difference. Therefore, the tolerances of the frequency-determining 
components R2 and C are determined by the rule of thumb: 

where 
R2 = tolerance of R2 in percent 
C = tolerance of C in percent 

[t.R2 + t.C +t.fIC+t.ftemp+t.fsupl ,,± 11%, 

flC = IC frequency variation from part to part (expected value: ± 4%) 
ftemp = IC frequency variation over temperature (expected value: ± 2% @ 25°C ± 40°) 

fsup = IC frequency variation with supply (expected value: ± 2% @ 5 V ± 0.5 V) 
For the above variances: [t.R2 + t.C + (±4%) + (± 2%) + (±2%)],,± 11% 

[t.R2 + t.CI " ± 3% 
Choose R2 with a ± 1 % tolerance and C2 with a ± 2% tolerance. R1 may be ± 5%. 

Figure 10. Application Example 

-= 
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MOTOROLA 
_ SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
Encoders and Decoders 
CMOS 

For remote control devices, the MC145031/34 function as encoders and the 
MC145032135 function as decoders. The MC145033 functions as both an encoder 
and a decoder. 

The encoders convert parallel address and data inputs into the Manchester code 
format and output the information serially via the DO-D3 pins. 

The decoders revert the serial Manchester-coded input back into binary and 
compare the incoming address with local one. If both addresses match, a valid 
data output (VD) signal is asserted and the proper data appears at the Dout pin. 

The difference between the MC145031/2 and MC145034/5 is the VD output 
pin. The VD output of the MC145031/2 is a toggle function while the MC145034/5 
is a ·one shot" valid address output pulse if a correct data sequence and matched 
address are received. 

The MC145033 encoder/decoder has a status output. The status pin, when high, 
indicates the device is encoding. During decoding or standby, status is low. 

• Typical Applications: Remote Control, Security Systems, and Keyless Entry 

• Manchester Coding 
• RC Oscillator, No Crystal Required 
• Binary Address and Data Inputs 
• Two-Word Transmit Sequence 
• Built-In Input Data Amplifier 
• Schmitt-Trigger Serial Input for Excellent Noise Immunity 
• Code Break Output with Adjustable Error Code Transmission TIme Window 
• Operating Voltage Range: 2 to 6 V 
• Operating Temperature Range: -40 to +85°C 
• MC145031 Encoder/MC145032 Decoder Pair: 13 Address and 

4 Data Lines or 17 Address Lines 
• MC145033 Encoder/Decoder: 15 Address Lines 
• MC145034 Encoder/MC145035 Decoder Pair: 13 Address and 

4 Data Lines or 17 Address Lines 
• Address/Data Inputs have On-Chip Pull-Up Devices 
• See Application Note AN1126 

28 

MC145031 
MC145032 
MC145033 
MC145034 
MC145035 

OW SUFFIX 
SOG 

CASE 751F 

ORDERING INFORMATION 

MCl45031DW 
MC145032DW 
MC145033DW 
MC145034DW 
MCl45035DW 

SOG Package 
SOG Package 
SOG Package 
SOG Package 
SOG Package 

OT RECOMMENDED 
FOR NEW DESIGN 

This document contains infonnatlon on a new product. Specifications and information herein are subiect to change without notice. 
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BLOCK DIAGRAM OF MC145031132133134135 

TxEN 
(MC145031133134 ONLY) 

ADDRESS/DATA 
-I 
I 
I -

OSC·R1 OSC-R2 OSC-C 
I I I 

OSCILL:ATOR 
WITH ENABLE I--
AND DIVIDER 

I ! 
J 
I 

ENCODER CONTROL 

.---

-ADDRESS/DATA 

GENERATOR 

r----
MODE 

(MC145032135 ONLY) 

RxD 
(MC145032133135 ONLY) 

RESET 
(MC145032133135 ONLY) 

CE 
(MC145032I33I35 ONLY) 

AMP 
MANCHESTER 

DECODER 

PIN 28 = VDD 
PIN 27=VSS 

MC145031.MC145032.MC145033.MC145034.MC145035 
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--

L-. 
MANCHESTER f----ENCODER -

-
POWER 

ON 
RESET 

-.---

-'--

COMPARATOR FLIP -/WINDOW r-o FLOP GENERATOR 

-.---

"-- -
MONO-

DATA -STABLE --OSC. OUTPUT 

~ 
-

STATUS 
(MC145033 ONLy) 

Dout 
(MC145031/33134 ONLy) 

VD 
(MC145032133135 ONLY) 

DATA 
00-03 
(MC145032135 ONLy) 

CB 
(MC145032133135 ONLY) 
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PIN ASSIGNMENTS 

MC145031 ENCODER MC145032 DECODER MC145033 ENCODERIDECODER 

AO VDD AO VDD AO VDD 

AI VSS AI VSS AI VSS 

A2 OSC-R2 A2 OSC-R2 OSC-R2 

OSC-C OSC-C A3 OSC-C 

A4 OSC-Rl A4 OSC-Rl OSC-Rl 

NC VD A5 VD 

NC CB CB 

NC RxD RxD 

NC RESET A8 RESET 

A9 Doul A9 MODE A9 Doul 

Al0 TxEN Al0 CE TxEN 

All A16/D3 All AI61D3 All CE 

A12 A15/D2 A12 A15/D2 A12 STATUS 

A13/DO A14/Dl A13/DO A14/Dl A13 A14 

MC145034 ENCODER 

AO 

AI 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

Al0 

All 

A12 

A13/DO 

[ 1 • 

[ 2 

[ 3 

[ 4 

[ 5 

[ 6 

[ 7 

[ 8 

[ 9 

[ 10 

[ 11 

[ 12 

[ 13 

[ 14 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

VDD 

VSS 

OSC-R2 

OSC-C 

OSC-Rl 

NC 

NC 

NC 

NC 

Doul 

TxEN 

A16/D3 

A15/D2 

A14/Dl 

MOTOROLA COMMUNICATIONS DEVICE DATA 

MC145035 DECODER 

AO VDD 

AI VSS 

OSC-R2 

A3 OSC-C 

A4 OSC-Rl 

A5 VD 

CB 
A7 RxD 

RESET 

A9 MODE 

Al0 CE 

All A16/D3 

A12 A15/D2 

A13/DO A14/Dl 

NC = No Connection 

MC145031.MC145032.MC145033.MC145034.MC145035 
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MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter 

VDD DC Supply Voltage 

Yin DC Input Voltage 

Vout DC Output Voltage 

lin DC Input Current, per Pin 

lout DC Output Current, per Pin 

100 DC Supply Current, VDD and VSS Pins 

Po Power Dissipation, per Packaget 

Istg Storage Temperature 

TL Lead Temperature (10-second soldering) 

Value 

-0.5 to +0.7 

-0.5 to VDD +0.5 

-0.5 to VDD + 0.5 

±10 

±10 

±30 

500 

-65 to +150 

260 

Unit 

V 

V 

V 

mA 

mA 

rnA 

mW 

°C 

°C 

This device contains protection circuitry to 
guard against damage due to high static volt
ages or electric fields. However, precautions 
must be taken to avoid application of any volt
age higher than maximum rated voltages to 
this high Impedance circuit. For proper opera
tion, Yin and Vout should be constrained to the 
range VSS s: (Vln or Vout) s: VDD. 

Except for the Address inputs, unused in
puts must always be tied to an appropriate log
ic voltage level (e.g., either VSS or VDD). The 
Address inputs may be left open, see Pin De
scriptions. Unused outputs must be left open. 

• Maximum Ratings are those values beyond which damage to the device may occur. 
t Power Dissipation Temperature Derating: -12 mW/"C from 65°C to 85°C 

ELECTRICAL CHARACTERISTICS (T A = -40 to + 85°C, CL = 50 pF, VDD = 2.5 to 6 V unless otherwise stated) 

Symbol Parameter 

VDD Power Supply Voltage Range 

VIL Maximum Low-Level Input Voltage Except RxD 

VIH Minimum High-Level Input Voltage Except RxD 

VOL Maximum Low-Level Output Voltage 

VOH Minimum High-Level Output Voltage 

lin Maximum Input Current RxD 
TxEN, RESET, OSC-R2 

IIH Maximum High-Level Input Leakage Current AD-AI6 

IlL Maximum Low-Level Pull-Up Current AD-AI6 

IOZ Maximum Three-State Leakage Current Dout 

100 Maximum Quiescent Supply Current (per Package) 

Idd Maximum RMS Operating Supply Current (per Package) 

IOL Code Break Sink Current CB 

Yin Minimum RxD Input Level For Decoder 

MC145031.MC145032.MC145033.MC145034.MC145035 
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Test Condition VDD Guaranteed 
Unit V limit 

- 2.0 to 6.0 V 

2.5 0.3 V 
6.0 1.2 

2.5 1.9 V 
6.0 4.5 

10ut=0 I1A 2.5 0.15 V 
lout=0.4mA 0.4 

lout = 0 I1A 6.0 0.15 
lout = 1,0 mA 0.4 

lout = 0 I1A 2.5 2.35 V 
lout = -0.4 mA 2.0 

lout = 0 I1A 6.0 5.85 
lout=-1.0 mA 5.5 

Yin = VDD or VSS 6.0 ±80 I1A 
±0.3 

Vin=VDD 6.0 0.3 I1A 

Vin=VSS 6.0 -100 I1A 

Vout = VDD or VSS 6.0 ±500 nA 

Device in Standby mode, 2.5 25 I1A 
Yin = VDD or VSS for TxEN, 6.0 100 

Decoder in, RESET, 
OSC-R2. 

Yin = VSS, VDD, or open for 
AD-AI6. 

lout = 0 I1A 

Oscillator Frequency 2.5 700 I1A 
=500 kHz. 6.0 2500 

Yin = VSS orVDD for TxEN, 
RESET, OSC-R2. 
Yin = VSS, VDD, or open for 

AD-AI 6. 
10ut=0 I1A 

5 mA 

Square wave, see Figure 1 6.0 200 mVp-p 

MOTOROLA COMMUNICATIONS DEVICE DATA 



AC ELECTRICAL CHARACTERISTICS (TA 25°C CL - 50 pI': VOO - 25 to 6 V unless otherwise stated) - - - . 
Vee Guaranteed 

Symbol Parameter Figure # V Limit Unit 

fOSC Maximum Oscillator Frequency (50% Duty Cycle) 2 500 kHz 

Id Debounce TIme, TxEN (guarantees 1 encoding sequence) 500 OSC 
cycles 

tw Minimum Input Pulse Width, TxEN or RESET 3 2.5 200 ns 
6.0 80 

Cin Maximum Input Capacitance 10 pF -

SkU 21 

~II'F 
Vsig Y 

DEVICE 
UNDER 
TEST 

o~, ~""SC __ ---Jlr----_-:~ 
Figure 1. Decoder In Sensitivity Test Figure 2. Switching Waveform 

R::~ ----t,~ ..... ----::: 
Figure 3. Switching Waveform 

GENERAL DESCRIPTION 
ENCODER 

The encoder circuit encodes the parallel binary input 
address!data into Manchester code and outputs the informa
tion serially. 

Each transmitted word is preceded by a two-bit dead time 
interval. Once the TxEN (transmit enable) pin is triggered by 
a high level, a two-word transmit sequence following a 12-bit 
preamble is serially output at the Dout terminal. The transmit 
sequences repeat continuously if TxEN remains high. The 
minimum is one complete sequence; if TxEN goes low, the 
transmission continues until the end of the current transmit 
sequence. 

The data rate is set at one eighth of the system clock, which 
is an RC oscillator. 

One transmission cycle comprises: 

1. 12·bit preamble 
2. 2-bit dead time interval 
3. First word 
4. 2-bit dead time interval 
5. Second word 

One transmitted word consists of: 

1. 2 star! bits 
2. The address/data bits 
3. 2 stop bits 

MOTOROLA COMMUNICATIONS DEVICE DATA 

DECODER 
The decoder circuit accepts a serial Manchester-coded 

input at the RxD pin. The data stream is then decoded and 
compared with the local address set by the parallel address 
inputs. When a correct .transmit sequence (two identical 
words) is received and the incoming address matches the 
local one, the valid data (VD) output on the MC145035 goes 
high and the decoded data may then be read at the Data 
outputs (Do-D3) if the Mode pin is high (see the Mode pin 
description). VD remains high unless an erroneous address! 
data is detected or the transmit sequence is terminated. 

Forthe MC145032and MC145033, the VD output isa toggle 
function. That is, VD changes state once each time a valid 
sequence of bits is received. If needed, VD can be reset to 
a low level via the Reset pin. 

If the decoder detects an error in the incoming transmit 
sequence, a time window is opened at the end of that 
sequence. If two consecutive erroneous transmit sequences 
are received within that window, the code break (CB) output 
goes low until the window's duration is over. During the opened 
window, the CB output can be reset by either the reset input 
or a correct transmit sequence that follows. The window 
duration is controlled by an external capacitor connected to 
pin CEo The duration of the CB output is equal to TB, which 
is half of error window time constant TE. 

MC145031.MC145032.MC145033.MC145034.MC145035 
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PIN DESCRIPTIONS 

VDD 
Power Supply (Pin 28) 

Power supply. This pin may range from +2 to +6 V with 
respect to VSS. 

VSS 
Ground (Pin 27) 

Power supply ground. 

TxEN 
Transmit Enable {Pin 18)-MC145031133134 Only 

A low-to-high transition on the Transmit Enable pin initiates 
a transmit sequence. Transmission is continuous if TxEN re
mains high. 

Dout 
Data Out {Pin 19)-MC145031133134 Only 

Three-state encoder output. It serially outputs the Man
chester-coded transmit data, when initiated by TxEN. 

VD 
Valid Address Output (Pin 23) 
MC145032133 Only: This "toggle" output changes state 
whenever a correct transmit sequence is received and the 
address matches the local one (see Figure 4). A high level 
on VO can be cleared by either a correct transmit sequence 
that follows or the RESET input. 

VALID 
RECEIVED 

SEQUENCES 

VDOUTPUT ~ 
(TOGGLE) ,---------,I 

Figure 4. Valid Address Output Timing 
(MC145032 and MC145033) 

MC145035 Only: VO goes high if, and only if, a correct 
transmit sequence is received and the address matches the 
local one. The VO output remains high unless an erroneous 
address/data is detected or the transmit sequence is 
terminated. The minimum duration of VO is guaranteed by an 
external RC. See Figures 5 and 7. 

VALID 
RECEIVED 

SEQUENCES 

VDOUTPUT 
(ONE SHOT) 

--I I-- PULSE WIDTH 
ADJUSTED 
VIAEXT.RC 

Figure 5. Valid Address Output Timing (MC145035) 

RESET 
Reset (Pin 20) 
MC145032133 Only: A positive pulse on this pin resets the 
CB output and VO output. 
MC145035 Only: A positive pulse on this pin resets the CB 
output and the VO output. Its resets VO only when there is 
no RxD received (see Figure 7). 

MC145031.MC145032.MC145033.MC145034.MC145035 
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CB 
Code Break {Pin 22)-MC145032133135 Only 

Decoder code-break open-drain output. CB goes low if two 
additional consecutive erroneous transmit sequences follow
ing the 1 st error have been received within the window set 
by extemal capacitor CEo While in an active state, it can be 
cleared by the RESET input. 

An external PNP transistor may be utilized to charge up the 
CE (timing capacitor) to disable the low frequency oscillator .. 
As a result, the TB counter stops. In this case, the CB output 
remains activated until a "resef signal is applied to reset the 
CE flip-flop (see Figures 6 and 7). 

r------------, 
I I 
I I VD 

I ~--+I----~ 
I 
I 
I 
I 
I 
I L ____________ J 

RESET 

R 

Figure 6. One Shot VD Output Circuit (MC145035) 

FROM 
CODE 

BREAK 

+V 

1.0kO 

1000 

I DETECTOR 
I TB 

I 
I 
I L-_____ ,.--+ RESET L _______________ ~ 

Figure 7. Code Break Window Control 
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LOWFREO. 
OSCILLATOR 

D 0 

C R Q 

r-1 
Gil 

1: 
RESET 

ERROR CODE ________ ---, 
DETECTED 

SCHMITI 
TRIGGER 

I st ERROR CODE 
DETECTED 

TE 

ERROR WINDOW 

Figure 8. Error Window TE and Code Break Window Generator TB 

Ao-A12 and Al31Do-Al61D3 
Address Inputs (Pins 1-17) 
MC145031131134/35 Only: Bidirectional address/data pins. 
These pins forma binary input port during encoding. The pins 
become a three-state data output during decoding if the Mode 
pin is tied to VDD. 
MC145033 Only: Binary address inputs. These pins form a 
binary input port during the encoding sequence. These inputs 
become the local address during the decoding sequence. 

STATUS 
Encode/Decode Status (Pin 16) 
MC145033 Only. This pin is high during the encoding 
sequence and low during decoding or idle. When Status is 
low, the Dout pin is in a high-impedance state. 

RxD 
Serial Data Input (Pin 21) 
MC145032133135 Only. Serial data input to the Manchester 
decoder. Minimum encoded data signal level is 200 mVp-p 
(see Figure 9). 

r--------------, 
I I 
I I 

RxD I I 
INPUT -.lL --' ..... 1-1 MANCHESTER I 
DATA -,,- DECODER I 

EXTERNAL 
AC 

COUPLING 

DATA SCHMITI I 
AMPLIFIER TRIGGER I 

I I L. ______________ .J 

Figure 9. RxD Pin Coupling 
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OSC-R2, OSC-Rl, OSC-C 
Oscillator (Pins 26, 24, and 25) 

The oscillator frequency is determined by the external RC 
network (see Figure 10). There is only a 4% change in system 
oscillating frequency as the supply voltage varies from 2 to 
6V. 

The encoder system OSCillating frequency can be varied 
±10% with reference to decoder system oscillator frequency 
for valid detection. 

R2 RI 

C 

r O~C~2 ______ .QS.2:q".______ ~SC-RI 

I I 
I I 
I I 
I I 
I I L. ___________________ ~ 

I = 0.38 (Hz) 
RIC 

lorIs 150 kHz where R2=2RI 
The system oscillating frequency is eight times the encoded data rate. 

Figure 10. RC Oscillator 

MODE 
Mode Select Input (Pin 19) 
MC145032135 Only. This pin defines the A13/DG-A16/D3 
lines to be address or data lines. It is intemally pulled high. 

L=Address Lines 
H=Dala Lines 
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INVALID 
WORDRx 

TWO ERROR WORDS AX 

--1 
ERROR WINDOW 

EXTEND 

TE ~ r -.. -- ---: 1 
I- 256Tc--j 

Figure 11. Error Window and CB Output Timing 

CE 
External Capacitor 
(Pin 18-MC145032135; Pin 17-MC145033) 

Error window duration control input. The built-in Schmitt 
trigger oscillator frequency is controlled by external capacitor 
CEo The error window (TE) is equal to 256 times the internal 
oscillator cycle. . 

If an unmatched data word (error code) is detected, an 
internal window TE is generated. If two or more errors are 
detected within the TE period, the CB signal is activated, 

signaling that an outsider is trying to break the code of this 
system (noise cannot activate the code break output). 

If only one error code is detected within the window, the 
window period is automatically extended from the last invalid 
word to check if there are two or more error codes. If so, the 
CB signal is activated; if not, TE is closed after a defined 
period. See Figures 8 and 11. 

TE and TB are generated from a Schmitt-trigger low 
frequency oscillator of which the period (TC) is controlled by 
CEo The period of this low frequency oscillator is defined as 
TC as indicated in Figure 8. 

TE is generated by an a-stage counter. 
TB is generated by a 7-stage counter. 
TE = 256 TC and TB = 128 Te. 

The relation between TC and CE is listed below with a 5.0-V 
supply. 

Timing Capacitor (CE) 
4.71lF 
1.01lF 
O.lIlF 

0.047 1lF 
0.0221lF 
O.OlIlF 

0.00471lF 
O.OOlIlF 

Cycle Time (TC) 
1430ms 
330ms 

26ms 
12ms 

5.6ms 
2.5ms 
1.0ms 
0.3ms 

In order to minimize false CB triggers, one error code is 
allowed for every TE period (256 TC). 

Suppose CE = 4.7IlF, TC = 1430 ms, and TE = 256 TC. 
On an average, it takes 210 trials in order to succeed in 
breaking the system coding. Total time taken in breaking the 
system coding = # of trials x TC x 256. 

ENCODER n n ~EN~ I~ ____________________________________ ~; ~. ________________________ __ 

ENCODER 
Dout 

DECODER 
RxD 

DECODER 
VDOUTPUT 

: PREAMBLE , , , 
--- ONE TRANSMIT SEQUENCE-: , , 

------~----------~ 
t: RECEIVING DELAY 

, 
:- ONE TRANSMIT SEQUENCE-: 

L 

Figure 12. MCl45031/32133 Encoding and Decoding Timing Diagram 
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ENCODER 
TxEN 

ENCODER 
Doul 

DECODER 
RxD 

DECODER 
VDOUTPUT 

(CASE 1) 

DECODER 
VDOUTPUT 

(CASE 2) 

DECODER RESET 
(IF INPUT WITHIN Tl) 

(CASE 2) 

PREAMBLE , 
;..: .. ~-------.. ,: ONE TRANSMIT SEQUENCE , 

PREAMBLE 

L , , 
,-+- T=Tl -

------------~~~: ----
,~ 

T <Tl , , 

____________ ~n~ __ 
t: RECEIVING DELAY 
T1: INTERVAL DETERMINED BY EXTERNAL RC PER FIGURE 6 

Figure 13. MC145034135 Encoding and Decoding Timing Diagram - Single Transmission 

ENCODER J TxEN 

ENCODER 
Doul 

PREAMBLE 

DECODER 
RxD 

PREAMBLE 

L DECODER 
VDOUTPUT 

t: RECEIVING DELAY 

Figure 14. MC145034/5 Encoding and Decoding Timing Diagram - Continuous Transmissions 
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V+ abRESET 

18 

VDD 
0 Daut 

19 21 VDD 

26 26 
R2 R2 

25 25 
C 0 C MC145035 

MCl45034 24 24 
0 Rl Rl 

ENCODER DECODER 

0 14 
DO 

0 15 
17 • Dl c 

D3 16 
16 D2 

0 D2 17 

Dl 
15 

00 
14 

VSS 

27 27 
13 13 

ADDRESSES ADDRESSES 

FOR DATA RATE = 500 BAUD 
OSC. FREQ = 4 kHz 
Rl=10kn 
R2=22kQ 
C=O.OlI1F 

Figure 15. Typical Application 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLL Frequency Synthesizer 
CMOS 

The MC1451 06 is a phase locked loop (PLL) frequency synthesizer constructed 
in CMOS on a single monolithic structure. This synthesizer finds applications in 
such areas as CB and FM transceivers. The device contains an oscillatorl amplifier, 
a 210 or 211 divider chain for the oscillator signal, a programmable divider chain 
for the input signal and a phase detector. The MC145106 has circuitry for a 
1 0.24-MHz oscillator or may operate with an extemal signal. The circuit provides 
a 5.12-MHz output signal, which can be used for frequency tripling. A 29 
programmable divider divides the input signal frequency for channel selection. 
The inputs to the programmable divider are standard ground-to-supply binary 
signals. Pull-down resistors on these inputs normally set these inputs to ground 
enabling these programmable inputs to be controlled from a mechanical switch 
or electronic circuitry. 

The phase detector may control a VCO and yields a high level signal when 
input frequency is low, and a low level signal when input frequency Is high. An 
out-of-Iock signal is provided from the on-chip lock detector with a "0' level for 
the out-of-Iock condition. 

• Single Power Supply 
• Wide Supply Range: 4.5 to 12 V 
• Provision for 1 0.24-MHz Crystal Oscillator 
• 5.12-MHz Output 
• Programmable Division Binary Input Selects up to 29 
• On-Chip Pull Down Resistors on Programmable Divider Inputs 
• Selectable Reference Divider, 210 or 211 (including + 2) 
• Three-State Phase Detector 
• See Application Note AN535 and Article Reprint AR254 
• Chip Complexity: 880 FETs or 220 Equivalent Gates 

OSCout ----..., 

OSCin -~-<I ;-+---t 

BLOCK DIAGRAM 

REFERENCE 
DIVIDE 29 OR 210 

FS 

PO P1 P2 P3 P4 PS P6 P7 P8 

MOTOROLA COMMUNICATIONS DEVICE DATA 

PHASE 
DETECTOR 

MC145106 

".",. 
18~H~~ 

PSUFFIX 
PLASTIC DIP 

CASE 707 

• FN SUFFIX 
PLCC 

CASE 775 

OW SUFFIX 
SOG 

CASE 751D 

ORDERING INFORMATION 
MC145106P 
MC145106FN 
MC145106DW 

Plastic DIP 
PLCC 
SOG 

The PLCC (FN suffix) 
package will be phased 

out for this device and is 
NOT RECOMMENDED 
FOR NEW DESIGNS. 

LD 
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PIN ASSIGNMENTS 

PLASTIC DIP 

VDO 1- 18 VSS 

fin 17 PO 

OSCin 16 P1 OSCin 
OSCout 4 15 P2 

OSCo'ut 
+2out 14 P3 

+2out 
FS 13 P4 

FS 
cjlDefout 7 12 P5 

<l>Oefout 
LO 8 11 P6 

P8 [ 9 10 P7 

SOGPACKAGE 

VOO VSS 

fin PO 

OSCin NC 

OSCout P1 

+20ut P2 

FS P3 

cjlOefout P4 

LO NC 

P8 P5 

P7 P6 

NC = NO CONNECTION 

MAXIMUM RATINGS (Voltages Referenced to VSS) 

Parameter Symbol Value Unit 

DC Supply Voltage VDD -0.5 to + 12 V 

Input Voltage, All Inputs Yin - 0.5 to VDD + 0.5 V 

DC Input Current, per Pin I ±10 rnA 

Operating Temperature Range TA -40to+85 °C 

Storage Temperature Range Tstg -6510+150 °C 

PLCC PACKAGE 

Cl 
.;§ f; 

2 

10 

Cl CX) 

-' 0.. 

0 U> 

z !f? ~ 

20 19 
• 18 P1 

17 P2 

16 P3 

15 P4 

14 P5 
11 12 13 

0 ..... <0 
Z 0.. 0.. 

This device contains circuitry to protect 
the inputs against damage due to high stat
ic voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voliages to this high 
impedance circuit. For proper operation it is 
recommended that Yin and Vout be con
strained to the range VSS S (Vin or Voutl S 
VDD· 
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ELECTRICAL CHARACTERISTICS (TA = 25'C Unless Otherwise Stated, Voltages Referenced to VSS) 

Voo 
All Types 

Characteristic Symbol Vdc Min Typ' Max 

Power Supply Voltage Range VOO - 4.5 - 12 

Supply Current IDD 5.0 - 6 10 
10 - 20 35 
12 - 28 50 

Input Voltage "0" Level VIL 5.0 - - 1.5 
10 - - 3.0 
12 - - 3.6 

"1" Level VIH 5.0 3.5 - -
10 7.0 - -
12 8.4 - -

Input Current "0" Level lin 5.0 -5.0 -20 -50 
FS, Pull-Up Resistor Source Current) 10 -15 -60 -150 

12 -20 -80 -200 

(PO-P8) 5.0 - - -0.3 
10 - - -0.3 
12 - - -0.3 

(FS) "1" Level 5.0 - - 0.3 
10 - - 0.3 
12 - - 0.3 

(PO-P8, Pull-Down Resistor Sink Current) 5.0 7.5 30 75 
10 22.5 90 225 
12 30 120 300 

(OSCin, fin) "0" Level 5.0 -2.0 -6.0 -15 
10 -6.0 -25 -62 
12 -9.0 -37 -92 

(OSCin, fin) "1" Level 5.0 2.0 6.0 15 
10 6.0 25 62 
12 9.0 37 92 

Output Drive Current IOH 
(VO=4.5V) Source 5.0 -0.7 -1.4 -
(Va = 9.5 V) 10 -1.1 -2.2 -
(Va = 11.5V) 12 -1.5 -3.0 -

(VO=0.5V) Sink IOL 
(VO=0.5V) 5.0 0.9 1.8 -
(Va = 0.5 V) 10 1.4 2.8 -

12 2.0 4.0 -

Input Amplitude -
(fin @ 4.0 MHz) - 1.0 0.2 -
(OSCin @ 10.24 MHz) - 1.5 0.3 -

Input Resistance Rin 
(OSCin, fin) 5.0 - 1.0 -

10 - 0.5 -
12 - - -

Input Capacitance Cin - - 6.0 -
(OSCin, fin) 

Three-State Leakage Current IOZ 5.0 - - 1.0 
($Delout) 10 - - 1.0 

12 - - 1.0 

Input Frequency fin 4.5 0 - 4.0 
(- 40 to + 85'C) 12 0 - 4.0 

Oscillator Frequency OSCin 4.5 0.1 - 10.24 
(- 40 to + 85'C) 12 0.1 - 10.24 

... 
'Data labelled ''Typ IS not to be used for design purposes but IS Intended as an Indication of the IC's potential performance. 
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Unit 

V 

rnA 

V 

J.lA 

rnA 

Vp-p 
Sine 

MQ 

pF 

J.lA 

MHz 

MHz 
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TYPICAL CHARACTERISTICS· 

25 

~ 
~ 20 
0.. 
0.. 

iil 
a: 15 

~ 
~ 10 

2 
0 5.0 
§; 

+ 25'C 

II J II 
+B5'C I II -40'C 

/ /J 
/~ V 

.~ -
10 20 30 40 

fin, MAXIMUM FREQUENCY (MHz) 

Figure 1. Maximum Divider Input Frequency 
versus Supply Voltage 

25 

~ 
20 

LU 
<!l 

!:j 
~ 

15 

~ 
0.. 
0.. 10 ::::J 
en 

Cl 
'95.0 

50 

+ 25'C 

+B5'C -40'C 

./)/ V 

10 20 30 40 
aSCin, MAXIMUM FREQUENCY (MHz) 

Figure 2. Maximum Oscillator Input Frequency 
versus Supply Voltage 

50 

°Data labelled ''Typ'' is not to be used for design purposes but is intended as an indication of the IC's potential performance. 

TRUTH TABLE 

Selection 

P8 P7 P6 P5 P4 P3 P2 PI PO Divide by N 

0 0 0 0 0 0 0 0 0 2° 

0 0 0 0 0 0 0 0 1 3° 

0 0 0 0 0 0 0 1 0 2 

0 0 0 0 0 0 0 1 1 3 

0 0 0 0 0 0 1 0 0 4 

° · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
0 1 1 1 1 1 1 1 1 255 

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
1 1 1 1 1 1 1 1 1 511 

1: Voltage level = VDD. 
0: Voltage level = 0 or open circuit input. 
° The binary setting of 00000000 and 00000001 on P8 to PO results 

in a 2 and 3 division which is not in the 2N - 1 sequence. When pin 
is not connected the logic signal on that pin can be treated as a "0". 

PIN DESCRIPTIONS 

PO-P8 
Programmable Inputs 

Programmable divider inputs (binary). 

fin 
Frequency Input 

Frequency input to programmable divider (derived from 
VCO). 

MC145106 
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OSCin. OSCout 
Oscillator Input and Oscillator Output 

Oscillator/amplifier input and output terminals. 

LD 
Lock Detector 

LD is high when loop is locked, pulses low when out-of-Iock. 

«I>Detout 
Signal for control of external VCO, output high when finiN 

is less than the reference frequency; output low when finiN 
is greater than the reference frequency. Reference frequency 
is the divided down oscillator - input frequency typically 5.0 
or 10 kHz. 

FS 
Reference Oscillator Frequency Division Select 

When using 10.24 MHz OSC frequency, this control selects 
10 kHz, a "0" selects 5.0 kHz. 

+2out 
Reference OSC frequency divided by 2 output; when using 

10.24 MHz OSC frequency, this output is 5.12 MHz for 
frequency tripling applications. 

VDD 
Positive Power Supply 

VSS 
Ground 

NOTE 
Phase Detector Gain = VDot41t 
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PLL SYNTHESIZER APPLICATIONS 

The MC1451 06 is well suited for applications in CB radios 
because of the channelized frequency requirements. A typical 
40 channel CB transceiver synthesizer, using a single crystal 
reference, is shown in Figure 3 for receiver IF values of 
10.695 MHz and 455 kHz. 

In addition to applications in CB radios, the MC145106 can 
be used as a synthesizer for several other systems. Various 
frequency spectrums can be achieved through the use of 
proper offset, prescaling, and loop programming techniques. 
In general, 300-400 channels can be synthesized using a 
single loop, with many additional c;hannels available when 
multiple loop approaches are employed. Figures 4 and 5 are 
examples of some possibilities. 

In the aircraft synthesizer of Figure 5, the VHF loop (top) 
will provide a 50 kHz, 360 channel system with 10.7 MHz AfT 
offset when only the 11.0500 MHz (transmit) and 12.1200 MHz 

~ 

C§ LLh" I .-HD: osc 9 
10.2~ ~~ PHASE I MHz MCI45106 5.0-P- DETECTOR 

H PROGRAMMABLE -= -= r- DIVIDER 

I I 
VDD GND 

SWITCH WAFERS I 
RfT 

BUFFER 

1.365-1.805 MHz (TRANSMIT) 
10.91-1.35 MHz (RECEIVE) 

'-- X5 
25.6 MHz 

MIXER 

I-

(receive) frequencies are provided to mixer #1. When these 
signals are provided with crystal oscillators, the result is a three 
crystal 360 channel, 50 kHz step synthesizer. When using the 
offset loop (bottom) in Figure 5 to provide the indicated 
injection frequencies for mixer #1 (two for transmit and two 
for receive) 360 additional channels are possible. This results 
in a 720 channel, 25 kHz step synthesizer which requires only 
two crystals and provides AfT offset capability. The receive 
offset value is determined by the 11.31 MHz crystal frequency 
and is 10.7 MHz for the example. 

The VHF marine synthesizer in Figure 4 depicts a single 
. loop approach for FM transceivers. The veo operates on 
frequency during transmit and is offset downward during 
receive. The offset corresponds to the receive IF (10.7 MHz) 
for channels having identical receive/transmit frequencies 
(simplex), and is (10.7 -4.6 = 6.1) MHz for duplex channels. 
Carrier modulation is introduced in the loop during transmit. 

LD 

LOOP 
FILTER I-

10.24 MHz 

VCO I- BUFFER 

MIXER 

2 6.965 - 27.405 MHz 
(TRANSMIT) 

6.510 - 26.950 MHz 
(RECEIVE) 

f-P"-'i 

ll6270 -16.710 MHz 

TO RECEIVER RECEIVER 1st 
2ND MIXER LOCAL OSC SIGNAL 

Figure 3. Single Crystat CB Synthesizer Featuring On-Frequency VCO During Transmit 
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o 

NOTES: 

PROGRAMMABLE INPUTS 
N = 97TO 153 '152 

o Receiver IF = 10.7 MHz 
o Low Side Injection 
o Duplex Offset = 4.6 MHz 
o Step Size = 25 kHz 
o Frequencies in MHz unless noted. 

MODULATION 

o Values in parentheses are for a 5.0 kHz reference frequency. 
o Example frequencies for Channel 28 shown by , 
#Can be eliminated by adding 184 to + N for Duplex Channels. 

VCOAND 
BUFFER 

SIMPLEX ~ 1.. DUPLEX 
14.29 D D 14.75# 

(28.58) (29.50) 

TRANSMIT RANGE 
156.025-157.425 MHz 

'157.4 

RECEIVER L.O. RANGE 
145.575 -152.575 MHz 

'151.3 

Figure 4. VHF Marine Transceiver SyntheSizer 
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VHF LOOP 
PROGRAMMING 

750 kHz - 2545 kHz 
N=150-509 

810 kHz-812.5 kHz 
N=324-325 

LOCK DETECT 

VDD GND 

LOOP 
FILTER 

MIXER 
#1 

LOOP 
FILTER 

MIXER 
#2 

VCOAND 
BUFFER 

+10 

VCOAND 
BUFFER 

AMP 
OSC 

TRANSMIT 
118.000 -135.975 MHz 

(25 kHz STEPS) 

RECEIVE 
128.700 -146.675 MHz 

{

TRANSMIT 
11.0500 MHz 
11.0525 MHz 

RECEIVE 
12.1200 MHz 
12.1225 MHz 

TRANSMIT 
10.24 MHz 

RECEIVE 
11.31 MHz 

(SELECT FREQUENCY TO 
GIVE DESIRED R/T OFFSET) 

Figure 5. VHF Aircraft 720 Channel Two Crystal Frequency Synthesizer 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
4·Bit Data Bus Input 
PLL Frequency Synthesizer 
Interfaces with Single-Modulus Prescalers 

The MC145145-2 is programmed by a 4-bit input, with strobe and address 
lines. The device features consist of a reference oscillator, 12-bit programmable 
reference divider, digital phase detector, 14-bit programmable divide-by-N 
counter and the necessary latch circuitry for accepting the 4-bit input data. When 
combined with a loop filter and VCO, the MC145145-2 can provide all of the 
remaining functions for a PLL frequency synthesizer operating up to the device 
frequency limit. For higher VCO frequency operation, a down mixer or a fixed 
divide prescaler can be used between the VCO and the MC145145-2. 

The MC145145-2 is an improved performance drop-in replacement for the 
MC145145-1. Power consumption has decreased and ESD and latch-up 
performance have improved. 
• General Purpose Applications 

CATV TV Tuning 
AM/FM Radios Scanning Receivers 
Two Way Radios Amateur Radio 

• Low Power Consumption Through the Use of CMOS Technology 
• 3.0 to 9.0 V Supply Range 
• Single Modulus 4-Bit Data Bus Programming 
• On- or Off-Chip Reference Oscillator Operation 
• ... N Range = 3 to 16,383, ... R Range = 3 to 4,095 
• "Linearized" Digital Phase Detector Enhances Transfer Function Linearity 
• Two Error Signal Options: 

Single Ended (Three-State) 
Double Ended 

• Chip Complexity: 5,692 FETs or 1,423 Equivalent Gates 

REFout ---oc BLOCK DIAGRAM 

OSCin 

OSCout ____ --l 

DO------------------~ 
Dl----------~ 

D2----------~_t 

D3 ==:=;:::=::::~--1i11 
AO 
Al 
A2---...:=::r:-:.!!.J 
ST------' 

MC145145·2 

PSUFFIX 
PLASTIC DIP 

CASE 707 

DWSUFFIX 
SOG 

CASE 751D 

ORDERING INFORMATION 

MC145145P2 Plaslic DIP 
MC145145DW2 SOG Package 

PIN ASSIGNMENTS 

PLASTIC DIP 

01 

DO 

fin 

VSS 

VDO 

OSCin 

OSCout 

AO 

Al 

Dl 

00 

NC 

fin 

VSS 

VDO 
OSCin 

OSCOut 

AO 

Al 

[ 1- 18 

[ 2 17 

[ 3 16 

[ 4 15 

[ 5 14 

[ 6 13 

[ 7 12 

[ 8 11 

[ 9 10 

SOG PACKAGE 

[ 1- 20 

[ 2 19 

[ 3 18 

[ 4 17 

[ 5 16 

r 6 15 ~ 
7 14 P 
8 13 P 
9 12 P 
10 11 P 

02 

03 

REFout 

$R 

$V 

LD 

POout 

ST 

A2 

02 

03 

REFout 

$R 

$V 

LO 

POout 

ST 

A2 

NC 

NC ~ NO CONNECTION 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Value Unit 

VDD DC Supply Voltage -0.5to+10 V 

Vln, Vout Input or Output Voltage (DC or Transient) -0.5 to VDD+0.5 V 

lin, lout Input or Output Current (DC or Transient). per Pin ±10 mA 

IDD,ISS Supply Current, VDD or VSS Pins ±30 mA 

PD Power Dissipation, per Packaget 500 mW 

Tstg Storage Temperature -65 to +150 °C 

TL Lead Temperature, 1 mm from Case for 10 Seconds 260 °C 

• Maximum Ratings are those values beyond which damage to the device may occur. Functional 
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip-
tions section. . 

t Power Dissipation Temperature: 
Plastic DIP: -12 mW/"C from 65 to 85°C 
SOG Package: -7.0 mW/"C from 65 to 85°C 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to VSS) 

Symbol Parameter Test Conditions 

VDD Power Supply Voltage Range 

Iss Dynamic Supply Current ~n = OSCin = 10 MHz, 
1 Vp-p ac-coupled sine wave 
R=128, A=32, N=128 

ISS Quiescent Supply Current Vln=VDDorVSS 
lout = O!IA 

Vln Input Voltage - fin, OSCin Input ac-coupled sine wave 

VIL Low-Level Input Voltage - Vout<!:2.1 V Input 
fin,OSCin Vout<!:3.5V dc-coupled 

Vout<!:6.3V square wave 

VIH High-Level Input Voltage- VoutSO.9V Input 
fin,OSCin VoutSl.5V dc-coupled 

VoutS2.7V square wave 

VIL Low-Level Input Voltage -
except fin, OSCln 

VIH High-Level Input Voltage -
except ~n, OSCin 

lin Input Current (fin, OSCln) Vln=VDDorVss 

IlL Input Leakage Current Vin=VSS 
(all inputs except ~n, OSCln) 

IIH Input Leakage Current Vin=VDD 
(all inputs except ~n, OSCin) 

Cin Input Capacitance 

VOL Low-Level Output Voltage- lout"'O !IA 
OSCout Vln=VDD 

VOH High-Level Output Voltage- 10ut"'0 !IA 
OSCout Vin= VSS 

VOL Low-Level Output Voltage- lout"'O !IA 
Other Outputs 

MOTOROLA COMMUNICATIONS DEVICE DATA 

VDD -40°C 

V Min Max 

- 3.0 9.0 

3.0 - 3.5 
5.0 - 10 
9.0 - 30 

3.0 - 800 
5.0 - 1200 
9.0 - 1600 

- 500 -
3.0 - 0 
5.0 - 0 
9.0 - 0 

3.0 3.0 -
5.0 5.0 -
9.0 9.0 -
3.0 - 0.9 
5.0 - 1.5 
9.0 - 2.7 

3.0 2.1 -
5.0 3.5 -
9.0 6.3 -
9.0 ±2.0 ±50 

9.0 - -{l.3 

9.0 - 0.3 

- - 10 

3.0 - 0.9 
5.0 - 1.5 
9.0 - 2.7 

3.0 2.1 -
5.0 3.5 -
9.0 6.3 -
3.0 - 0.05 
5.0 - 0.05 
9.0 - 0.05 

This device contains protection 
circuitry to guard against damage due 
to high static voltages or electric fields. 
However, precautions must be taken to 
avoid applications of any voltage higher 
than maximum rated voltages to these 
high-Impedance circuits. For proper 
operation, Yin and Vout should be 
constrained to the range VSSS(Vin or 
Vout)SVDD· 

Unused inputs must always be tied to 
an appropriate logic voltage level (e.g., 
either VSS or VDD), except for inputs 
with pull-up devices. Unused outputs 
must be left open. 

25°C 

Min Max 

3.0 9.0 

- 3.0 
- 7.5 
- 24 

- 800 
- 1200 
- 1600 

500 -
- 0 
- 0 
- 0 

3.0 -
5.0 -
9.0 -
- 0.9 
- 1.5 
- 2.7 

2.1 -
3.5 -
6.3 -

±2.0 ±25 

- -0.1 

- 0.1 

- 10 

- 0.9 
- 1.5 
- 2.7 

2.1 -
3.5 -
6.3 -
- 0.05 
- 0.05 
- 0.05 

+ 85°C 

Min 

3.0 

-
-
-
-
-
-

500 

-
-
-
3.0 
5.0 
9.0 

-
-
-
2.1 
3.5 
6.3 

±2.0 

-

-

-
-
-
-
2.1 
3.5 
6.3 

-
-
-

Max Unit 

9.0 V 

3.0 rnA 
7.5 
24 

1600 !IA 
2400 
3200 

- mVp-p 

0 V 
0 
0 

- V 
-
-
0.9 V 
1.5 
2.7 

- V 
-
-

±22 !IA 

-1.0 !IA 

1.0 !IA 

10 pF 

0.9 V 
1.5 
2.7 

- V 
-
-

0.05 V 
0.05 
0.05 

(continued) 
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ELECTRICAL CHARACTERISTICS (continued) (Voltages Referenced to VSS) 

Voo -40°C 25°C +S5°C 

Symbol Parameter Test Conditions V Min Max Min Max Min Max Unit 

VOH High-Level Output Voltage- 10ut=0 IIA 3.0 2.95 - 2.95 - 2.95 - V 
Other Outputs 5.0 4.95 - 4.95 - 4.95 -

9.0 S.95 - B.95 - B.95 -

IOL Low-Level Sinking Current- Vout=0.3 V 3.0 0.25 - 0.2 - 0.15 - mA 
Lock Detect Vout=0.4 V 5.0 0.64 - 0.51 - 0.36 -

Vout=0.5 V 9.0 1.3 - 1.0 - 0.7 -
IOH High-Level Sourcing Vout=2.7V 3.0 -0.25 - -0.2 - -0.15 - mA 

Current-Lock Detect Vout=4.6V 5.0 -0.64 - -0.51 - -0.36 -
Vout=B.5 V 9.0 -1.3 - -1.0 - -0.7 -

IOL Low-Level Sinking Current- Vout=0.3 V 3.0 0.44 - 0.35 - 0.22 - mA 
Other Outputs Vout=O.4 V 5.0 0.64 - 0.51 - 0.36 -

Vout=0.5 V 9.0 1.3 - 1.0 - 0.7 -
IOH High-Level Sourcing Vout=2.7V 3.0 -0.44 - -0.35 - -0.22 - mA 

Current-other Outputs Vout=4.6V 5.0 -0.64 - -0.51 - -0.36 -
Vout=B.5V 9.0 -1.3 - -1.0 - -0.7 -

IOZ Output Leakage Current- Vout=VDDor VSS 9.0 - ±0.3 - ±0.1 - ±1.0 IIA 
PDout Output in Off State 

Cout Output Capacitance- PDout PDout-Three-State - - 10 - 10 - 10 pF 

AC ELECTRICAL CHARACTERISTICS (CL = 50 pF, Input tr = tf = IOns) 

Figure VDO Guaranteed Limit Guaranteed Limit 
Symbol Parameter # V 25°C -40 to +S5°C Unit 

tw Output Pulse Width, 'R, 'V, and LD with fR in 1,5 3.0 25 to 200 25 to 260 ns 
Phase with tv 5.0 20 to 100 20 to 125 

9.0 10t070 10toSO 

ITLH, ITHL Maximum Output Transition lime, LD 2,5 3.0 lBO 200 ns 
5.0 90 120 
9.0 70 90 

ITLH, ITHL Maximum Output TransHion lime, Other Outputs 2,5 3.0 160 175 ns 
5.0 BO 100 
9.0 60 65 

tsu Minimum Setup lime, Data to ST 3 3.0 10 TBD ns 
5.0 10 TBD 
9.0 10 TBD 

tsu Minimum Setup lime, Address to ST 3 3.0 25 TBD ns 
5.0 20 TBD 
9.0 15 TBD 

th Minimum Hold lime, Address to ST 3 3.0 10 TBD ns 
5.0 10 TBD 
9.0 10 TBD 

th Minimum Hold lime, Data to ST 3 3.0 25 TBD ns 
5.0 20 TBD 
9.0 15 TBD 

tw Minimum Input Pulse Width, ST 4 3.0 40 TBD ns 
5.0 30 TBD 
9.0 20 TBD 

MC145145-2 
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SWITCHING WAVEFORMS 

c!JR.$V.LD' -----{'-5_0"!._. ___ tw_-_-_-_-_-_-_-_-...J~y-- tTLH 

ANY 
OUTPUT 

'fR in phase with Iv 

Figure 1. 

ADDRESS :0 Y. DATAOR~. t VDD 

VSS 

trHL 

Figure 2. 

-tsu~~ th 
- VDD 

ST _____ -' 50% '-_____ VSS 

,,~:==~tw~===-7I - VDD 

ST ~ 50% "'---
VSS 

Figure 3. 

DEVICE 
UNDER 
TEST 

TEST POINT 

OUTPUT 

'Includes all probe and jig capacitance. 

Figure 5. Test Circuit 
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FREQUENCY CHARACTERISTICS (Voltages Relerenced to VSS, CL = 50 pF, Input tr = tl = 10 ns unless otherwise indicated) 

Symbol 

Ii 

Vee -40°C 25°C +85°C 

Parameter Test Conditions V Min Max Min Max Min 

Input Frequency (lin, aSCin) R ;'8, A;,O, N;,8 3.0 - 6.0 - 6.0 -
Vin = 500 mVp-p ac-coupled 5.0 - 15 - 15 -
sine wave 9.0 - 15 - 15 -

R;,8, A;,O, N;,8 3.0 - 12 - 12 -
Vin = 1.0 Vp-p ac-coupled 5.0 - 22 - 20 -
sine wave 9.0 - 25 - 22 -

R;,8,A;,0, N;,8 3.0 - 13 - 12 -
Vin = Vee to VSS 5.0 - 25 - 22 -
dc-coupled square wave 9.0 - 25 - 25 -

fR n n n ~, VVHL 
REFERENCE 

(OSCin+R) ___ ~ 1------1, I-----l L _____ -! 

tv 
FEEDBACK 

(fin +N) ___ -'--' 

-VH 

VL 

Max 

6.0 
15 
15 

7.0 
20 
22 

8.0 
22 
25 

n " * -VH 

PDout----I: 1-: -----~rL: -----;Ui-: -------+----- ~~GH IMPEDANCE 

U U : I -~: 
i ' I Ui--' ---,--_:: 

LD LJ U U -~: 
VH = High voltage level 
VL = Low voltage level 
• At this point, when both fR and IV are in phase, the output is lorced to near mid supply. 
Note: The PDout generates error pulses during out-ol-Iock conditions. When locked in phase and Irequency, 

the output is high impedance and the voltage at that pin is detenmined by the low-pass filter capacitor. 

Figure 6. Phase/Frequency Detectors and Lock Detector Output Waveforms 

Unit 

MHz 

MHz 

MHz 
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00-03 
Oata Inputs 

PIN DESCRIPTIONS 

Information at these inputs is transferred to the intemal 
latches when the ST input is in the high state. D3 is most 
significant bit. 

fin 
Frequency Input 

Inputlo+ N portion of synthesizer. fin is typically derived from 
the loop VCO and is ac coupled. For larger amplitude signals 
(standard CMOS-logic levels) dc coupling may be used. 

VSS 
Ground 

Circuit Ground. 

VOO 
Positive Power Supply 

The positive supply voltage may range from 3.0 to 9.0 V 
with respect to VSS. 

OSCin/OSCout 
Reference Oscillator Input/Output 

These pins form an on-chip reference oscillator when 
connected to terminals of an extemal parallel resonant 
crystal. Frequency setting capacitors of appropriate value 
must be connected from OSCin to ground and OSCout to 
ground. OSCin may also serve as input for an externally
generated reference signal. This signal is typically ac
coupled to OSCin, but for larger amplitude signals (standard 
CMOS-logic levels) dc coupling may also be used. In the 
external reference mode, no connection is required to 
OSCout· 

AD-A2 
Address Inputs 

AO, A 1, and A2 are used to define which latch receives the 
information on the data input lines. The addresses refer to the 
following latches: 

A2 A1 AO Selected Function 00 01 02 03 

0 0 0 Latch 0 +N Bits 0 1 2 3 

0 0 1 Latch 1 +NBits 4 5 6 7 

0 1 0 Latch 2 +NBits 8 9 10 11 

0 1 1 Latch 3 +N Bits 12 13 - -
1 0 0 Latch 4 Reference Bits 0 1 2 3 

1 0 1 Latch 5 Reference Bits 4 5 6 7 

1 1 0 Latch 6 Reference Bits 8 9 10 11 

1 1 1 - - - - - -

MOTOROLA COMMUNICATIONS DEVICE DATA 

ST 
Strobe Transfer 

The rising edge of strobe transfers data into the addressed 
latch, the falling edge of strobe latches data into the latch. This 
pin should normally be held low to avoid loading latches with 
invalid data. 

POout 
Single-Ended Phase Detector Output 

Three-state output of phase detector for use as loop error 
signal. 

Frequency fV > fR or fV Leading: Negative Pulses 
Frequency fV < fR or fV Lagging: Positive Pulses 
Frequency fV = fR and Phase Coincidence: 

High-Impedance State 

LD 
Lock Detector Signal 

High level when loop is locked (fR, fV of same phase and 
frequency). Pulses low when loop is out of lock. 

li>V.Ii>R 
Phase Detector Outputs 

These phase detector outputs can be combined externally 
for a loop error signal. A single-ended output is also available 
for this purpose (see PDout). 

If frequency fV is greater than fR or if the phase of fV is 
leading, then error information is provided by li>v pulsing low. 
li>R remains essentially high. 

If the frequency fV is less than fR or if the phase of fV is 
lagging, then error information is provided by li>R pulsing low. 
li>v remains essentially high. 

If the frequency of fV = fR and both are in phase, then both 
li>v and li>R remain high except for a small minimum time period 
when both pulse low in phase. 

REFout 
Buffered Reference Output 

Buffered output of on-chip reference oscillator or externally 
provided reference-input signal. 

MC145145-2 
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A) 

8) 

C) POout-

DESIGN CONSIDERATIONS 

PHASE-LOCKED LOOP-LOW-PASS FILTER DESIGN 

mn V K,pKVCO 
NR1C 

~ = 
Nmn 

2~KVCO 

F(s) = _1_ 
R1 SC+1 

mn= 
~KVCO 

NC(R1+R2l 

~ = O.5mn ( 

R2SC +1 
F(s) = 

(R1+R2l sC + 1 

mn= V ~KVCO 
NCR1 

VCO ~ = mnR2C 

N 
R2C+~ 

<I> VCO 

ASSUMING GAIN A IS VERY LARGE, THEN: 

F(s) = 
R2SC+ 1 

R1SC 

.) 

NOTE: Sometimes R1 is split into two series resistors each R1 +2. A capacitor Cc is then placed from the midpoint to ground 
to further filter <l>v and <l>R. The value of Cc should be such that the comer frequency of this network does not significantly 
affect ron. 

DEFINITIONS: 
N = Total Division Ratio In feedback loop 
~ (Phase Detector Gain) = VDoI47t for PDout 
~ (Phase Detector Gain) = VDoI27t for <l>v and <l>R 

2nalvco 
KVCO (VCO Gain)= /!"vVCO 

for a typical design wn (Natural Frequency) '" 27tfr (at phase detector input). 
10 

Damping Factor: 1;=1 

RECOMMENDED READING: 
Gardner, Floyd M., Phaselock Techniques (second edition). New York, Wiley-Interscience, 1979. 
Manassewitsch, Vadim, Frequency Synthesizers: Theory and Design (second edition). New York, Wiley-Interscience, 1980. 
Blanchard, Alain, Phase·Locked Loops: Application to Coherent Receiver Design. New York, Wiley-Interscience, 1976. 
Egan, William F., Frequency Synthesis by Phase Lock. New York, Wlley-Intersclence, 1981. 
Rohde, Ulrich L., Digital PLL Frequency Synthesizers Theory and Design. Englewood Cliffs, NJ, Prentice·Hall, 1983. 
Be~ln, Howard M., Design of Phase·Locked Loop Circuits, with Experiments. Indianapolis, Howard W. Sams and Co., 1978. 
Kinley, Harold, The PLL Synthesizer Cookbook. Blue Ridge Summit, PA, Tab Books, 1980. 
AN535, Phase-Locked Loop Design Fundamentals, Motorola Semiconductor Products, Inc., 1970. 
AR254, Phase-Locked Loop Design Articles, Motorola Semiconductor Products, Inc., Reprinted with permission from Electronic DeSign, 

1987. 
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CRYSTAL OSCILLATOR CONSIDERATIONS 

The following options may be considered to provide a 
reference frequency to Motorola's CMOS frequency synthe
sizers. 

Use of a Hybrid Crystal Oscillator 
Commercially available temperature-compensated crystal 

oscillators (TCXOs) or crystal-controlled data clock 
oscillators provide very stable reference frequencies. An 
oscillator capable of sinking and sourcing 50 IlA at CMOS 
logic levels may be direct or dc coupled to OSCin. In general, 
the highest frequency capability is obtained utilizing a 
direct-coupled square wave having a rail-to-rail (VDD to VSS) 
voltage swing. If the oscillator does not have CMOS logic 
levels on the outputs, capacitive or ac coupling to OSCin may 
be used. OSCout, an unbuffered output, should be left 
floating. 

For additional information about TCXOs and data clock 
oscillators, please consult the latest version of the eem 
Electronic Engineers Master Catalog, the Gold Book, or 
similar publications. 

Design an Off-Chip Reference 
The user may design an off-chip crystal oscillator using 

ICs specifically developed for crystal oscillator applications, 
such as the MC12061 MECL device. The reference signal 
from the MECL device is ac coupled to OSCin. For large 
amplitude Signals (standard CMOS logic levels), dc coupling 
is used. OSCout, an unbuffered output, should be left floating. 
In general, the highest frequency capability is obtained with 
a direct-coupled square wave having rail-to-rail voltage 
swing. 

Use of the On-Chip Oscillator Circuitry 
The on-chip amplifier (a digital inverter) along with an 

appropriate crystal may be used to provide a reference source 
frequency. A fundamental mode crystal, parallel resonant at 
the desired operating frequency, should be connected as 
shown in Figure 7. 

ForVDD= 5.0 V, the crystal should be specified for a loading 
capacitance, CL, which does not exceed 32 pF for 
frequencies to approximately 8.0 MHz, 20 pF for frequencies 
in the area of 8.0 to 15 MHz, and 10 pF for higher frequencies. 
These are guidelines that provide a reasonable compromise 
between IC capacitance, drive capability, swamping varia
tions in stray and IC input/output capacitance, and realistic 
CL values. The shunt load capacitance, CL, presented across 
the crystal can be estimated to be: 

CL - CinCout C C C1 • C2 
- Cin+Cout + a + 0 + C1 + C2 

where 
Cin = 5.0 pF (see Figure 8) 

Cout = 6.0 pF (see Figure 8) 
Ca = 1.0 pF (see Figure 8) 
Co = the crystal's holder capacitance (see Figure 9) 

C1 and C2 = extemal capacitors (see Figure 7) 

The oscillator can be "trimmed" on-frequency by making a 
portion or all of C1 variable. The crystal and associated 
components must be located as close as possible to the OSCin 
and OSCout pins to minimize distortion, stray capacitance, 
stray inductance, and startup stabilization time. In some 
cases, stray capacitance should be added to the value for Cin 
and Couto 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Power is dissipated in the effective series resistance of the 
crystal, Re, in Figure 9. The drive level specified by the crystal 
manufacturer is the maximum stress that a crystal can 
withstand without damaging or excessive shift in frequency. 
R1 in Figure 7 limits the drive level. The use of R1 may not 
be necessary in some cases (Le., R1=0 al. 

To verify that the maximum dc supply voltage does not 
overdrive the crystal, monitor the output frequency as a 
function of voltage at OSCout. (Care should be taken to 
minimize loading.) The frequency should increase very 
slightly as the dc supply voltage is increased. An overdriven 
crystal will decrease in frequency or become unstable with 
an increase in supply voltage. The operating supply voltage 
must be reduced or R1 must be increased in value if the 
overdriven condition exists. The user should note that the 
oscillator start-up time is proportional to the value of R1. 

Through the process of supplying crystals for use with 
CMOS inverters, many crystal manufacturers have devel
oped expertise in CMOS oscillator design with crystals. 
Discussions with such manufacturers can prove very helpful. 
(see Table 1). 

- FREQUENG,Xl 
SYNTHESIZER 

,--J\N"\r-----, I 

~ 
OSCin 

0 
RIO OSCout 

CIT 
T

C2 

"May be deleted in certain cases. See text. 

Figure 7. Pierce Crystal Oscillator Circuit 

Ca 

0 [l17o 0 I I Cin 

I I Cout 

Figure 8. Parasitic Capacitances of the Amplifier 

I D 2 <>-l 1-0 

Co 

Note: Values are supplied by crystal manufacturer 
(parallel resonant crystal). 

Figure 9. Equivalent Crystal Networks 
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Table 1. Partial List of Crystal Manufacturers 

Name Address Phone 

United States Crystal Corp. 3605 McCart St., Ft. Worth, TX 76110 (817) 921-3013 
Crystek Crystal 2371 Crystal Dr., Ft. Myers, FL 33907 (813) 936-2109 
Statek Corp. 512 N. Main St., Orange, CA 92668 (714) 639-7810 

Note: Motorola cannot recommend one supplier over another and in no way suggests that this 
is a complete listing of crystal manufacturers. 

3.S8105MHz 

r--..--1Dr--.-~ 
UHFNHF 
TUNER 

OR CATV 
FRONT END 

MC12071 
PRESCALER 

112 MCl458 

Figure 10. TV/CATV Tuning System 

RECOMMENDED READING 
Technical Note TN-24, Statek Corp. 
Technical Note TN-7, Statek Corp. 
E. Hafner, ''The Piezoelectric Crystal Unit - Definitions and 

Method of Measurement", Proc. IEEE, Vol. 57, No.2 Feb., 
1969. 

D. Kemper, L. Rosine, "Quartz Crystals for Frequency 
Control", Electro-Technology, June, 1969. 

P. J. Ottowitz,"A Guide to Crystal Selection", Electronic 
Design, May, 1966. 
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APPLICATIONS 
The features ofthe MCl45145-2 permit bus operation with 

a dedicated wire needed only for the strobe input. In a 
microprocessor-controlled system this strobe input is 
accessed when the PLL is addressed. The remaining data 
and address inputs will directly interface to the microproces
sor's data and address buses. 

The + R programmability is used to advantage in Figure 
10. Here, the nominal +R value is 3667, but by 
programming small changes in this value, fine tuning is 
accomplished. BeUer tuning resolution is achievable with 
this method than by changing the +N, due to the use of 
the large fixed prescaling value of +256 provided by the 
MC12071. 

The two loop synthesizer, in Figure 11, takes advantage 
of .these features to control the phase locked loop with a 
minimum of dedicated lines while preserving optimal loop 
performance. Both 25-Hz and 100-Hz steps are provided 
while the relatively large reference frequencies of 10kHz 
or 10.1 kHz are maintained. 

MOTOROLA COMMUNICATIONS DEVICE DATA 



10.1000 cb ± 
MHz T 

OSCout 

OSCin 

,,/ DO 

01 
-: 

02 

,-0- 03 

AO 

Al 

A2 
ST 

.l 

i 
OSCout 

OSCin 

DO 

01 

02 

f-o- 03 

AO 

Al 

A2 
ST 

t 
ADDRESS AND DATA CHIP SELECT 

v~----_.J/ 

TO CONTROLLER 

NOTES: 

I 
REFout LD 

PDout 

MC145145·2 <l>R 
LOOP 1 

<l>v 

finl 
VDD VSS 

I I 

I I 
REFout LD 

PDout 

MC145145·2 <l>R 
LOOP 2 

<l>v 

fin2 

VDD VSS 

I I 

-

-
-

:-1 

7.9996 TO 1.9999 TO 
32.0184 MHz 8.0046 MHz 

(100·Hz STEPS) (25·Hz STEPS) 

3.9996 TO 4.9995 MHz 
AND --I--------lX 

16.0085 TO 17.0084 MH z 
(10.1kHz STEPS) 

CHOICE OF 
DETECTOR 
RORSIGNALS ER 

r-

r--
r-

H 

4.000 to 15.0100 MHz 
(10·kHz STEPS) 

1. Table 2 provides program sequence for the + Nl (Loop 1) and + N2 (Loop 2) Counters. 
2. +Rl =1000, fRl =10.1 kHz, +R2=1010, fR2=10 kHz. 
3. fVCOl = Nl (fRl)+ N2(fR2)= Nl (fR2 +lif) + N2(fR2) where L'>f= 100 Hz 
4. Other fRl and fR2 values may be used with appropriate +Nl and +N2 changes. 

Figure 11. Two Loop Synthesizer Provides 25- and 100-Hz Frequency Steps While Maintaining High 
Detector Comparison Frequencies of 10 and 10.1 kHz 
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396 
397 

+ 495 

1585 
1586 

+ 1684 

Table 2. Programming Sequence for Two-Loop Synthesizer of Figure 11 

flnl (MHz) +N2 fve02 (MHz) fveOl (MHz) 

"~,, 3.9996 400 4.0000 7.9996 
4.0097 399 3.9900 7.9997 

! + + + + 4.9995 301 3.0100 8.0095 , 401 4.0100 8.0096 
"B" 400 4.0000 8.0097 

! + 3.0tOO 8.t195 303 , 402 4.0200 8.0196 
"B" "C" 401 "0" 4.0100 8.0197 

! + + + 303 3.0300 8.0295 

+ 

lL 15.100 

Increasing 
"B" In 1 OO-Hz Steps 

! lJ.9995 

+ 1600 16.0000 19.9996 
"B" 1599 15.9900 19.9997 

r + + + 1501 15.0100 20.0095 

,,~ 16.0085 20.0085 
16.0186 20.0086 

! + 201184 17.0084 

"~,, 20.0185 
20.0186 

"C" "0" + 20.0284 

Increasing 
In 1 OO-Hz Steps 

3i.0084 

+ 32.0085 
"P' 32.0086 

! 321184 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
4·Bit Data Bus Input 
PLL Frequency Synthesizer 
Interfaces with Dual-Modulus Prescalers 

The MC145146-2 is programmed by a 4-bit input, with strobe and address 
lines. The device features consist of a reference oscillator, 12-bit programmable 
reference divider, digital phase detector, 10-bit programmable divide-by-N 
counter, 7-bit divide-by-A counter and the necessary latch circuitry for accepting 
the 4-bit input data. When combined with a loop filter and VCO, the MC145146-2 
can provide all of the remaining functions for a PLL frequency synthesizer 
operating up to the device frequency limit. For higher VCO frequency operation, 
a down mixer or a dual-modulus prescaler can be used between the VCO and 
the MC145146-2. 

The MC145146-2 is an improved performance drop-in replacement for the 
MC145146-1. Power consumption has decreased and ESD and latch-up 
performance have improved. 
• General Purpose Applications 

CATV TV Tuning 
AM/FM Radios Scanning Receivers 
Two Way Radios Amateur Radio 

• Low Power Consumption Through the Use of CMOS Technology 
• 3.0 to 9.0 V Supply Range 
• Programmable Reference Divider for Values Between 3 and 4095 
• On- or Off-Chip Reference Oscillator Operation 
• Dual-Modulus 4-Bit Data Bus Programming 
• + N Range = 3 to 1023, + A Range = 0 to 127 
• "Linearized" Digital Phase Detector Enhances Transfer Function Linearity 
• Two Error Signal Options: 

Single Ended (Three State) 
Double Ended 

• Chip Complexity: 5,692 FETs or 1,423 Equivalent Gates 

BLOCK DIAGRAM 

OSCin - ...... --1 

OSCout _____ .J 

OO--------~~r+--_, 
Ot----------1~r+--_io 

02----------1~~--_44, 

03==r~n~=t11tr==ttFh.-l~§~ A2 
At 
AO 
ST _.....!::::::::::::::::T-'-'-"-' ,-:-:-,.--:-!-lrli.-, 

~n 

LO 

MC145146·2 

PSUFFIX 
PLASTIC DIP 

CASE73B 

DWSUFFIX 
SOG 

CASE 75tD 

ORDERING INFORMATION 
MCt45t46P2 Plastic DIP 
MCt45t46DW2 SOG Package 

PIN ASSIGNMENT 

01 

DO 

lin 

VSS 

POout 

VOO 

OSCin 

OSCout 

AO 

At 

1. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

20 ~ 

19 ~ 

18 ~ 

17 0 
16 b 
15 ~ 

14 0 
13 0 
12 0 
11 P 

02 03 
IR 

<l>R 

<l>v 

tv 
MC 

LO 

ST 

A2 

POout 

tv 

"'V 
"'R 

>---- MODULUS CONTROL (MC) 

This document contains infonmatlon on a new product. Specifications and Infonmation herein are subject to change wHhout notice. 
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MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Value Unit 

VDD DC Supply Voltage -0.Sto+l0 V 

Vln, Vout Input or Output Voltage (DC or Transient) -0.5 to VDD+O.S V 

lin, lout Input or Output Current (DC or Transient), per Pin ±10 rnA 

IDD,ISS Supply Current, VDD or VSS Pins ±30 rnA 

Po Power Dissipation, per Packaget 500 mW 

Tstg Storage Temperature -65 to +150 ·C 

TL Lead Temperature, 1 mm from Case for 10 Seconds 260 ·C 

* Maximum Ratings are those values beyond which damage to the deVIce may occur. Functional 
operation should be restricted to the limits In the Electrical Characteristics tables or Pin Descrip

t tions section. 
Power Dissipation Temperature Derating: 

Plastic DIP: -12 mWI"C from 65 to 8S·C 
SOG Package: -7.0 mWI"C from 55 to 85·C 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to VSS) 

Symbol Parameter Test Condition 

VDD Power Supply Voltage Range 

Iss Dynamic Supply Current fin=OSCin= 10 MHz, 
1 Vp-p ae-coupled sine wave 
R=128, A=32, N=128 

ISS Quiescent Supply Current Vin=VDDorVss 
10ut=0 I1A 

Yin Input Voltage - ~n, OSCln Input ac-coupled sine wave 

VIL Low-Level Input Voltage - Vout~2.1 V Input dc-
fln,OSCln Vout~3.SV coupled 

Vout~6.3V square wave 

VIH High-Level Input Voltage- VoutSO.9V Input dc-
fln,eSCln VoutSl.5V coupled 

VoutS2.7V square wave 

VIL Low-Level Input Voltage -
except fin, OSCin 

VIH High-Level Input Voltage-
except ~n, OSCin 

lin Input Current (fin, OSCin) Vin=VDD orVSS 

IlL Input Leakage Current Vln=VSS 
(all Inputs except fin, OSCln) 

IIH Input Leakage Current Vln=VDD 
(all Inputs except ~n, OSCln) 

Cln Input Capacitance 

VDD -40·C 

V Min Max 

- 3.0 9.0 

3.0 - 3.5 
5.0 - 10 
9.0 - 30 

3.0 - 800 
5.0 - 1200 
9.0 - 1600 

- 500 -
3.0 - 0 
5.0 - 0 
9.0 - 0 

3.0 3.0 -
5.0 5.0 -
9.0 9.0 -
3.0 - 0.9 
5.0 - 1.5 
9.0 - 2.7 

3.0 2.1 -
5.0 3.5 -
9.0 6.3 -
9.0 ±2.0 ±50 

9.0 - -0.3 

9.0 - 0.3 

- - 10 

These devices contain protection cir
cuitry to guard against damage due to 
high static voltages or electric fields. 
However, precautions must be taken to 
avoid applications of any voltage higher 
than maximum rated voltages to these 
high-impedance circuits. For proper 
operation, Yin and Vout shOUld be con
strained to the range V SS S (Vin or 
Vou!lSVDD· 

Unused Inputs must always be tied to 
an appropriate logic voltage level (e.g., 
eHher VSS or VDD), except for Inputs 
wHh pull-up devices. Unused outputs 
must be left open. 

25·C +8S·C 

Min Max Min Max Unit 

3.0 9.0 3.0 9.0 V 

- 3.0 - 3.0 mA 
- 7.5 - 7.5 

- 24 - 24 

- 800 - 1600 I1A 
- 1200 - 2400 
- 1600 - 3200 

500 - 500 - mVp-p 

- 0 - 0 V 
- 0 - 0 
- 0 - 0 

3.0 - 3.0 - V 
5.0 - 5.0 -
9.0 - 9.0 -
- 0.9 - 0.9 V 

- 1.5 - 1.5 
- 2.7 - 2.7 

2.1 - 2.1 - V 
3.5 - 3.5 -
6.3 - 6.3 -

±2.0 ±25 ±2.0 ±22 I1A 

- -0.1 - -1.0 I1A 

- 0.1 - 1.0 I1A 

- 10 - 10 pF 

(continued) 
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ELECTRICAL CHARACTERISTICS-Continued (Voltages Referenced to VSS) 

Voo -40·C 

Symbol Perameter Test Condition V Min Max 

VOL low-level Output Voltage lout" 0 J1A 3_0 - 0.9 
-OSCout Vln=VDD 5.0 - 1.5 

9.0 - 2.7 

VOH High-level Output Voltage 10ut"0 IiA 3.0 2.1 -
-OSCout Vln=VSS 5.0 3.5 -

9.0 6.3 -
VOL low-level Output Voltage 10ut"0 IiA 3.0 - 0.05 

- Other Outputs 5.0 - 0.05 
9.0 - 0.05 

VOH High-level Output Voltage lout" 0 J1A 3.0 2.95 -
- Other Outputs 5.0 4.95 -

9.0 S.95 -
10l low-level Sinking Current Vout=0.3V 3.0 1.3 -

- Modulus Control (MC) Vout=0.4V 5.0 1.9 -
Vout=0.5V 9.0 3.B -

10H High-level Sourcing Current Vout=2.7V 3.0 -0.6 -
- Modulus Control (MC) Vout=4.6V 5.0 -0.9 -

Vout=B.5V 9.0 -1.5 -
10l low-level Sinking Current Vout=0.3V 3.0 0.25 -

- lock Detect (lD) Vout=0.4V 5.0 0.64 -
Vout=0.5V 9.0 1.3 -

10H High-level Sourcing Current Vout=2.7V 3.0 -0.25 -
- lock Detect (lD) Vout=4.6V 5.0 -0.64 -

Vout=B.5V 9.0 -1.3 -
10l low-level Sinking Current Vout=0.3V 3.0 0.44 -

- Other Outputs Vout=0.4V 5.0 0.64 -
Vout=0.5V 9.0 1.3 -

10H High-level Sourcing Current Vout=2.7V 3.0 -0.44 -
- Other Outputs Vout=4.6V 5.0 -0.64 -

Vout=B.5V 9.0 -1.3 -
10Z Output leakage Current Vout= VDD or VSS 9.0 - ±0.3 

-PDout Output In Off State 

COul Output Capacitance - PDout PDout - Three-State - - 10 
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25·C 

Min Max 

- 0.9 
- 1.5 
- 2.7 

2.1 -
3.5 -
6.3 -
- 0.05 
- 0.05 
- 0.05 

2.95 -
4.95 -
S.95 -
1.1 -
1.7 -
3.3 -

-0.5 -
-0.75 -
-1.25 -

0.2 -
0.51 -
1.0 -

-0.2 -
-0.51 -
-1.0 -
0.35 -
0.51 -
1.0 -

-0.35 -
-0.51 -
-1.0 -
- ±0.1 

- 10 

+S5·C 

Min 

-
-
-
2.1 
3.5 
6.3 

-
-
-

2.95 
4.95 
S.95 

0.66 
1.0B 
2.1 

-0.3 
-0.5 
-O.B 

0.15 
0.36 
0.7 

-0.15 
-0.36 
-0.7 

0.22 
0.36 
0.7 

-0.22 
-0.36 
-0.7 

-

-

Max Unit 

0.9 V 
1.5 
2.7 

- V 
-
-

0.05 V 
0.05 
0.05 

- V 
-
-
- mA 
-
-
- mA 
-
-
- mA 
-
-
- mA 
-
-
- mA 
-
-
- mA 
-
-

±1.0 J1A 

10 pF 

MC145146-2 
2-515 



AC ELECTRICAL CHARACTERISTICS (CL =50 pF, Input tr=tf= 10 ns) 

Figure VDD Guaranteed Limit Guaranteed Limit 
Symbol Parameter # V 25°e -40oe to + osoe Unit 

tpLH, tpHL Maximum Propagation Delay, fin to MC 1,6 3.0 110 120 ns 
5.0 60 70 
9.0 35 40 

tw Output Pulse Width, ~R, ~V, and LD with fR in 2,6 3.0 25 to 200 25 to 260 ns 
Phase with tv 5.0 20 to 100 20 to 125 

9.0 10t070 10t060 

trLH Maximum Outpu1 Transition lime, MC 3,6 3.0 115 115 ns 
5.0 60 75 
9.0 40 60 

trHL Maximum Output Transition lime, MC 3,6 3.0 60 70 ns 
5.0 34 45 
9.0 30 36 

trLH, trHL Maximum Output Transition lime, LD 3,6 3.0 160 200 ns 
5.0 90 120 
9.0 70 90 

trLH, trHL Maximum Output Transition lime, Other Outputs 3,6 3.0 160 175 ns 
5.0 60 100 
9.0 60 65 

tsu Minimum Set-Up Time, Data to ST 4 3.0 10 TBD ns 
5.0 10 TBD 
9.0 10 TBD 

tsu Minimum Set-Up Time, Address to ST 4 3.0 25 TBD ns 
5.0 20 TBD 
9.0 15 TBD 

th Minimum Hold lime, Address to ST 4 3.0 10 TBD ns 
5.0 10 TBD 
9.0 10 TBD 

It! Minimum Hold lime, Data to ST 4 3.0 25 TBD ns 
5.0 20 TBD 
9.0 15 TBD 

tw Minimum Input Pulse Width, ST 5 3.0 40 TBD ns 
5.0 30 TBD 
9.0 20 TBD 

SWITCHING WAVEFORMS 

INPUT 
VDD 

. - VSS 

tpLH-+t ~i 

OUTPUT ~ • '--
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Figure 1. 

Figure 3. 

Figure 5. 

trHL 

~A'~V'Ld~50-%-- tw---~r 
'fA in phase with tv "----------'-

Figure 2. 

DATAOA~50% t ADDAESS _ . _ 
VSS 

VDD 

- VDD tSU~1h 
ST 50% '-____ _ 

-----' VSS 

DEVICE 
UNDER 
TEST 

Figure 4. 

TEST POINT 

OUTPUT 

'Includes all probe and jig capacitance. 

Figure 6. Test Circuit 
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FREQUENCY CHARACTERISTICS (Voltages Relerenced to VSS, CL =50 pF, Input tr=tl= 1 0 ns unless otherwise specilied) 

Symbol 

Ii 

Voo -40'C 25'C +S5'C 

Parameter Test Condition V Min Max Min Max Min 

Input Frequency (lin, aSCin) R;,S, A;,O, N;,a 3.0 - 6.0 - 6.0 -
Yin = 500 mVp-p ac-coupled 5.0 - 15 - 15 -
sine wave 9.0 - 15 - 15 -

R;,a, A;,O, N"a 3.0 - 12 - 12 -
Yin = 1.0 Vp-p ac-coupled 5.0 - 22 - 20 -
sine wave 9.0 - 25 - 22 -

R"a, A"O, N"a 3.0 - 13 - 12 -
Vin=VOO to VSS 5.0 - 25 - 22 -
dc-coupled square wave 9.0 - 25 - 25 -

fA n n n n, - VVHL A~~~~~~~ ______ ~ ~--------~i ~ ______ ~ ~ ________ ~I ~ 
tv 

FEEDBACK 
(fin +N) ____ -'-..J 

VL 

Max 

6.0 
15 
15 

7.0 
20 
22 

a.o 
22 
25 

Unit 

MHz 

MHz 

MHz 

n PDoul -------I n -VH 

i-------------+------ HIGH IMPEDANCE ' , 

W 
~A U 
~V I 
LD LJ 

VH = High voltage level 
VL = Low voltage level 

-VL 
r----------r------------,------VH 

U : I , , , , 

' I U , , , 

U U 

• At this pOint, when both IR and fV are in phase, the output is lorced to near mid supply. 
Note: The POout generates error pulses during out-ol-Iock conditions. When locked in phase and Irequency, 

the output is high impedance and the voltage at that pin is determined by the low-pass lilter capacitor. 

Figure 7. Phase/Frequency Detectors and Lock Detector Output Waveforms 
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PIN DESCRIPTIONS 

Do-D3 
Data Inputs (Pins 2, 1,20,19) 

Information at these inputs is transferred to the internal 
latches when the ST input is in the high state. 03 (Pin 19) 
is the most significant bit. 

fin 
Frequency Input (Pin 3) 

Input to +N Portion of Synthesizer. fin is typically derived 
from loop VCO and is ac coupled into Pin 3. For larger 
amplitude signals (standard CMOS-logic levels) dc coupling 
may be used. 

VSS 
Ground (Pin 4) 

Circuit Ground. 

PDout 
Single-Ended Phase Detector Output (Pin 5) 

Three-state output of phase detector for use as loop error 
signal. 

Frequency fV>fR or fV Leading: Negative Pulses 
Frequency fV <fR or fV Lagging: Positive Pulses 
Frequency fV=fR and Phase Coincidence: 

High-Impedance State 

VDD 
Positive Power Supply (Pin 6) 

The positive supply voltage may range from 3.0 to 9.0 V 
with respect to VSS. 

OSCin/OSCout 
Reference Oscillator Input/Output (Pins 7 and 8) 

These pins form an on-chip reference oscillator when 
connected to terminals of an external parallel resonant 
crystal. Frequency setting capacitors of appropriate value 
must be connected from OSCin to ground and OSCout to 
ground. OSCin may also serve as input for an externally-gen
erated reference signal. This signal is typically ac coupled 
to OSCin, but for larger amplitude signals (standard 
CMOS-logic levels) dc coupling may also be used. In the 
external reference mode, no connection is required to 
OSCout· 

Ao-A2 
Address Inputs (Pins 9, 10, 11) 

AO, A 1 , and A2 are used to define which latch receives the 
information on the data input lines. The addresses refer to the 
following latches: 

A2 A1 AD 

0 D 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

MC145146-2 
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Selected Function 

Latch 0 +ABits 

Latch 1 +A Bits 

Latch 2 +N Bits 

Latch 3 +N Bits 

Latch 4 +N Bits 

Latch 5 Reference Bits 

Latch 6 Reference Bits 

Latch 7 Reference Bits 

00 01 02 03 

0 1 2 3 

4 5 6 -

0 1 2 3 

4 5 6 7 

B 9 - -

0 1 2 3 

4 5 6 7 

B 9 10 11 

ST 
Strobe Transfer (Pin 12) 

The rising edge of strobe transfers data into the addressed 
latch. The falling edge of strobe latches data into the latch. 
This pin should normally be held low to avoid loading latches 
with invalid data. 

LD 
Lock Detector (Pin 13) 

High level when loop is locked (fR, fV of same phase and 
frequency). Pulses low when loop is out of lock. 

MC 
Modulus Control (Pin 14) 

Signal generated by the on-chip conirol logic circuiiry ior 
controlling an external dual-modulus prescaler. The modulus 
control level is low at the beginning of a count cycle and 
remains low until the +A counter has counted down from its 
programmed value. At this time, modulus control goes high 
and remains high until the + N counter has counted the rest 
of the way down from its programmed value (N-A additional 
counts since both + Nand + A are counting down during the 
first portion of the cycle). Modulus control is then set back 
low, the counters preset to their respective programmed 
values, and the above sequence repeated. This provides for 
a total programmable divide value (NT)=N. P+A where P 
and P + 1 represent the dual-modulus prescaler divide values 
respectively for high and low modulus control levels; N the 
number programmed into the + N counter and A the number 
programmed into the + A counter. 

fV 
+ N Counter Output (Pin 15) 

This pin is the output of the + N counter that is internally 
connected to the phase detector input. With this output 
available, the + N counter can be used independently. 

<PV,<PR 
Phase Detector Outputs (Pins 16 and 17) 

These phase detector outputs can be combined externally 
for a loop error signal. A single-ended output is also available 
for this purpose (see PDout). 

If frequency fV is greater than fR or if the phase of fV is 
leading, then error information is provided by <PV pulsing low. 
<PR remains essentially high. 

If the frequency fV is less than fR or if the phase of fV is 
lagging, then error information is provided by <PR pulsing low. 
<PV remains essentially high. 

If the frequency of fV = fR and both are in phase, then both 
<PV and <PR remain high exceptfor a small minimum time period 
when both pulse low in phase. 

fR 
+ R Counter Output (Pin 18) 

This is the output of the + R counter that is internally 
connected to the phase detector input. With this output 
available, the + R counter can be used independently. 
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A) 

B) 

C) PDoul-

DESIGN CONSIDERATIONS 

PHASE·LOCKED LOOP - LOW·PASS FILTER DESIGN 

VCO 

1Iln= 
~KVCO 

NR1C 

~ = NIIln 
2~KVCO 

F(s)= _1_ 
R1SC+1 

1Iln= 
~KVCO 

NC(R1+R2) 

~= O.511ln ( 

R2sC+ 1 
F(s) = -:::(R=-1 +"::R:-:2)~SC::-+""';'1 

1Iln= 
~KVCO 

NCR1 

~ = IIlnR2C 
2 

ASSUMING GAIN A IS VERY LARGE, THEN: 

F(s) = R2SC + 1 
R1 SC 

NOTE: Somellmes R1 is split Into two series resistors each R1+2. A capacitor Cc is then placed from the midpoint to ground 
to further filter $v and .pR. The value of Cc should be such thai the comer frequency of this network does not significantly 
affectllln' 

DEFINITIONS: 
N = Total Division Ratio in feedback loop 
K.p (Phase Delector Gain)=VDD/41t for PDout 
K.p (Phase Detector Gain)=VDD/21t for $v and 4>R 

2MtvCO 
KVCO (VCO Gain) = !J.VVCO 

for a typical design wn (Natural Frequency) = 21tfr (at phase detector Input). 
10 

Damping Factor: ~ = 1 

RECOMMENDED READING: 
Gardner, Floyd M., Phase/oc/( Techniques (second edition). New York, Wiley·lntersclence, 1979. 
Manassewitsch, Vadim, Frequency Synthesizers: Theory and Design (second edition). New York, Wlley-Intersclence, 1980. 
Blanchard, Alain, Phase-Locked Loops: Application to Coherent Receiver Design. New York, Wiley-Interscience, 1976. 
Egan, William F., Frequency Synthesis by Phase Lock. New York, Wiley-Interscience, 1981. 
Rohde, Ulrich L., Digital PLL Frequency Synthesizers Theory and Design. Englewood Cliffs, NJ, Prentice-Hail, 1983. 
Berlin, Howard M., Design of Phase-Locked Loop Circuits, with Experiments. Indianapolis, Howard W. Sams and Co., 1978. 
Kinley, Harold, The PLL Synthesizer Cookbook. Blue Ridge Summit, PA, Tab Books, 1980. 
AN535, Phase·Locked Loop Design Fundamentals, Motorola Semiconductor Products, Inc., 1970. 
AR254, Phase-Locked Loop Design Articles, Motorola Semiconductor Products, Inc., Reprinted with permission from Electronic Design, 

1987. 
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DESIGN CONSIDERATIONS 

CRYSTAL OSCILLATOR CONSIDERATIONS 
The following options may be considered to provide a 

reference frequency to Motorola's CMOS frequency 
synthesizers. The most desirable is discussed first. 

Use Of A Hybrid Crystal Oscillator 
Commercially availE!ple temperature-compensated 

crystal oscillators (TCXOs) or crystal-controlled data clock 
oscillators provide very stable reference frequencies. An 
oscillator capable of sinking and sourcing 50 ~A at CMOS 
logic levels may be direct or dc coupled to OSCin. In 
general, the highest frequency capability is obtained 
utilizing a direct-coupled square wave having a rail-Io-rail 
(VDD to VSS) voltage swing. If the oscillator does not have 
CMOS logic levels on the outputs, capacitive or ac 
coupling to OSCin may be used. OSCout, an unbuffered 
output, should be left floating. 

For additional information about TCXOs and data clock 
oscillators, please consult the latest version of the eem 
Electronic Engineers Master Catalog, the Gold Book, or 
similar publications. 
Design An Off-chip Reference 

The user may design an off-chip crystal oscillator using 
ICs specifically developed for crystal oscillator applica
tions, such as the MC12061 MECl device. The reference 
signal from the MECl device is ac coupled to OSCin. For 
large amplitude signals (standard CMOS logic levels), 
dc coupling is used. OSCout, an unbuffered output, 
should be left floating. In general, the highest frequency 
capability is obtained with a direct-coupled square wave 
having rail-to-rail voltage swing. 

Use Of The On-chip Oscillator Circuitry 
The on-chip amplifier (a digital inverter) along with an 

appropriate crystal may be used to provide a reference 
source frequency. A fundamental mode crystal, parallel 
resonant at the desired operating frequency, should be 
connected as shown in Figure B. 

For VDD=5.0 V, the crystal should be specified for a 
loading capacitance, Cl, which does not exceed 32 pF for 
frequencies to approximately B.O MHz, 20 pF for frequen
cies in the area of B.O to 15 MHz, and 10 pF for higher 
frequencies. These are guidelines that provide a reason
able compromise between IC capacitance, drive cap
ability, swamping variations in stray and IC input/output 
capacitance, and realistic Cl values. The shunt load 
capacitance, Cl, presented across the crystal can be 
estimated to be: . 

CinCout C1 • C2 
Cl= -C, C +Ca+Co + C1 C2 m+ out + 

where 
Cin =5.0 pF (see Figure 9) 

Cout =6.0 pF (see Figure 9) 
Ca = 1.0 pF (see Figure 9) 
Co =the crystal's holder capacitance (see Figure 10) 

C1 and C2=external capacitors (see Figure B) 

The oscillator can be "trimmed" on-frequency by making 
a portion or all of C1 variable. The crystal and associated 
components must be located as close as possible to the 
OSCin and OSCout pins to minimize distortion, stray 
capacitance, stray inductance, and startup stabilization 
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time. In some cases, stray capacitance should be added 
to the value for Cin and Cout. 

Power is dissipated in the effective series resistance 
of the crystal, Re, in Figure 10. The drive level specified 
by the crystal manufacturer is the maximum stress that 
a crystal can withstand without damaging or excessive 
shift in frequency. R1 in Figure Blimits the drive level. The 
use of R1 may not be necessary in some cases (i.e., 
R1=0 ohms). 

To verify that the maximum dc supply voltage does not 
overdrive the crystal, monitor the output frequency as a 
function of voltage at OSCout. (Care should be taken to 
minimize loading.) The frequency should increase very 
slightly as ihe dc supply voltage is increased. An 
overdriven crystal will decrease in frequency or become 
unstable with an increase in supply voltage. The 
operating supply voltage must be reduced or R1 must be 
increased in value if the overdriven condition exists. The 
user should note that the oscillator start-up time is 
proportional to the value of R1. 

Through the process of supplying crystals for use with 
CMOS inverters, many crystal manufacturers have 
developed expertise in CMOS oscillator design with 
crystals. Discussions with such manufacturers can prove 
very helpful. See Table 1. 

OSCin RI" o I-+-'VIIIr--' 

OSCout 

CIJ J C2 
"May be deleted in certain cases. See text. 

Figure 8. Pierce Crystal Oscillator Circuit 

0 ~ 0 

c. l I 
InJ 

J 

Cout 

Figure 9. Parasitic Capacitances of the Amplifier 

Note: Values are supplied by crystal manufacturer 
(parallel resonant crystal). 

Figure 10. Equivalent Crystal Networks 
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Table 1. Partial List of Crystal Manufacturers 

Name Address Phone 

United States Crystal Corp. 3605 McCartSt., Ft. Worth, TX 76110 (817) 921·3013 
Crystek Crystal 2371 Crystal Dr., Ft. Myers, FL 33907 (813) 936-2109 
Statek Corp. 512 N. Main St., Orange, CA 92668 (714) 639-7810 

Note: Motorola cannot recommend one supplier over another and in no way suggests that this 
is a complete listing of crystal manufacturers. 

RECOMMENDED READING 
Technical Note TN-24, Statek Corp. 
Technical Note TN-7, Statek Corp. 
E. Hafner, "The Piezoelectric Crystal Unit - Definitions and 

Method of Measurement", Proc. IEEE, Vol. 57, No.2 Feb., 
1969_ 

D. Kemper, L. Rosine, "Quartz Crystals for Frequency 
Control", Electro-Technology, June, 1969. 

P. J. Otlowitz, "A Guide to Crystal Selection", Electronic 
Design, May, 1966. 

DUAL-MODULUS PRESCALING 

OVERVIEW 
The technique of dual-modulus prescaling is well estab

lished as a method of achieving high performance frequency 
synthesizer operation at high frequencies. Basically, the 
approach allows relatively low-frequency programmable 
counters to be used as high-frequency programmable 
counters with speed capability of several hundred MHz. This 
is possible without the sacrifice in system resolution and 
performance that results if a fixed (single-modulus) divider is 
used for the prescaler. 

In dual-modulus prescaling, the lower speed counters must 
be uniquely configured. Special control logic is necessary to 
select the divide value P or P+ 1 in the prescaler for the 
required amount of time (see modulus control definition). 
Motorola's dual-modulus frequency synthesizers contain this 
feature and can be used with a variety of dual-modulus 
prescalers to allow speed, complexity and cost to be tailored 
to the system requirements. Prescalers having P, P+ 1 divide 
values in the range of +3/+4 to +128/+129 can be controlled 
by most Motorola frequency synthesizers. 

Several dual-modulus prescaler approaches suitable for 
use with the MC145146-2 are: 

MC12009 +5/+6 440 MHz 
MC12011 +8/+9 500 MHz 

MC12013 +10/+11 500 MHz 

MC12015 +32/+33 225 MHz 

MC12016 +40/+41 225 MHz 

MC12017 +64/+65 225 MHz 
MC12018 +128/+129 520 MHz 
MC12022A +64/65 or +128/129 1.1 GHz 

MC12032A +64/65 or + 128/129 2.0 GHz 

MOTOROLA COMMUNICATIONS DEVICE DATA 

DESIGN GUIDELINES 
The system total divide value, Ntotal (NT) will be dictated 

by the application, I.e. 

NT = frequency into the prescaler = N • P+A 
frequency into the phase detector 

N is the number programmed into the + N counter, A is 
the number programmed into the + A counter, P and P + 1 
are the two selectable divide ratios available in the 
dual-modulus pre scalers. To have a range of NT values in 
sequence, the + A counter is programmed from zero through 
P -1 for a particular value N in the + N counter. N is then 
incremented to N + 1 and the + A is sequenced from 0 through 
P-1 again. 

There are minimum and maximum values that can be 
achieved for NT. These values are a function of P and the 
size of the + Nand + A counters. The constraint N '2A always 
applies. If Amax = P -1, then Nmin '2 P -1. Then NTmin = (P -1) 
P+A or (P-1) P since A is free to assume the value of O. 

NTmax = Nmax • P + Amax 

To maximize system frequency capability, the dual-modulus 
prescaler output must go from low to high after each group 
of P or P + 1 input cycles. The prescaler should divide by P 
when its modulus control line is high and by P + 1 when its 
modulus control is low. 

For the maximum frequency into the prescaler (fVCO max), 
the value used for P must be large enough such that: 

1. fVCO max divided by P may not exceed the frequency 
capability of fin (input to the + Nand + A counters). 

2. The period offVCO divided by P must be greaterthanthe 
sum of the times: 
a. Propagation delay through the dual-modulus 

prescaler. 
b. Prescaler setup or release time relative to its 

modulus control signal. 
c. Propagation time from fin to the modulus control 

output for the frequency synthesizer device. 

MC145146-2 
2-521 



A sometimes useful simplification in the programming code 
can be achieved by choosing the values for P of 8, 16, 32, 
or 64. For these cases, the desired value of NT results when 
NT in binary is used as the program code to the +N and +A 
counters treated in the following manner: 

1. Assume the +A counter contains "a" bits where 2a;;::P. 
2. Always program all higher order +A counter bits above 

"a" toO. 
3. Assume the +N counter and the +A counter (with all 

the higher order bits above "a" ignored) combined into 
a single binary counter of n+a bits in length 
(n '" number of divider stages in the + N counter). The 
MSB of this "hypothetical" counter is to correspond to 
the MSB of + N and the LSB is to correspond to the 
LSB of +A. The system divide value, NT, now results 
when the value of NT in binary is used to program the 
"new' n + a bit counter. 

By using the two devices, several dual-modulus values are 
achievable (shown in Figure 11). 

APPLICATIONS 
The features of the MC145146-2 permit bus operation with 

a dedicated wire needed only for the strobe input. In a 
microprocessor-controlled system this strobe input is ac
cessed when the phase lock loop is addressed. The remaining 
data and address inputs will directly interface to the 
microprocessor's data and address buses. 

The device architecture allows the user to establish any 
integer reference divide value between 3 and 4095. The 
wide selection of + R values permits a high degree of 
flexibility in choosing the reference oscillator frequency. 

13 

OSCout LD 

OSCin 

-=- MCl45146-2 6 

PDout 

<l>R 

<l>v 
VDD 

4 MOD 
VSS CONTROL 

-=- fin 

NOTES: 
1. For FM: Channel spacing = fR = 25 kHz, R = 160. 

For AM: Channel spacing=fR= 1 kHz, R=4000. 

As a result the reference oscillator can frequently be 
chosen to serve multiple system functions such as a 
second local oscillator in a receiver design or a 
microprocessor system clock. Typical applications that 
take advantage of these MC145146-2 features including 
the dual modulus capability are shown in Figures 12, 13, 
and 14. 

MC 

,.---!-l-,r-l 1 ! 
-1 DEVICE A I~ DEVICE B I-

DEVICE 

DEVICE~ MC12009 MC12011 MC12013 

MC10131 

MC10138 

MC10154 

+20/+21 

+50/+51 

+40/+41 
OR 

+80/+81 

+321+33 +40/+41 

+801+81 +100/+101 

+64/+65 +80/+81 
OR 

+128/+129 

NOTE: MC12009, MC12011, and MC12013 are pin equivalent. 

LD 

5 

17 

16 

14 

MC12015, MC12016, and MC12017 are pin equivalent. 

Figure 11. Dual Modulus Values 

OPTIONAL 
LOOP ERROR 

SIGNAL 

CONTROL VOLTAGE 
TO FM AND AM 
OSCILLATORS 

FROM 
FMOSC 

FROM 
AMOSC 

2. Various channel spacings and reference oscillator frequencies can be chosen since any 
R value from 3 to 4095 can be established. 

3. Data and address lines are inactive and high impedance when pin t2 is low. Their interface 
with the controller may therefore be shared wHh other system functions n desired. 

Figure 12. FMlAM Broadcast Radio Synthesizer 
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CHOICE OF 
REF.OSC. -- -} FOR USE WITH EXTERNAL FREQUENCY I (ON-CHIP OSC. _ PHASE DETECTOR (OPTIONAL) 
OPTIONAL) I ,-
L 

LOCK DETECT RECEIVER L.O. 
SIGNAL 443.325 __ 443.950 MHz 

(25 kHz STEPS) 

7 PDout 
OSCin 

~R 
TRANSMITIER SIGNAL 

MC145146-2 ~V 459.025-459.650 MHz 
VDD (25 kHz STEPS) 

MOD 
CONTROL 

VSS 
fin 

-= 03 DO ST 
12 

~---....,v CHIP 
TO SHARED CONTROLLER BUS SELECT TO 

CONTROLLER 
NOTES: 

1. Receiver I.F.=10.7 MHz, low side injection. 
2. Duplex operation with 5 MHz receive/transmit separation. 
3. fR=25 kHz, ... R chosen to correspond with desired reference oscillator frequency. 
4. Ntotal= 17,733 to 17,758=N. P+A; N=277, A=5 to 30 for P=64. 

Figure 13_ Synthesizer for UHF Mobile Radio Telephone Channels Demonstrates use of the MC145146-2 in 
Microprocessor/Microcomputer Controlled Systems Operating to Several Hundred MHz 

CHOICE OF 
REF.OSC. 

FREQUENCY 
(ON-CHIP OSC. 

OPTIONAL) 

4 

NOTES: 

OSCout 

OSCin 

VDD 

VSS 

MC145146-2 

- -- -} FOR USE WITH EXTERNAL 
r- - - PHASE DETECTOR (OPTIONAL) 

I LOCK DETECT 
...-----. SIGNAL 

PDout 

~R 

~V 

RECEIVER 
2ND. L.O. 

33.300 MHz 

CO~~~OL 1--"''----=:..::..:.::.:..:..::::.=:..:'-'='-----, 

, ./ CHIP 
SH v SELECTTO 

TO ARED CONTROLLER BUS CONTROLLER ~----~~-------
+321 +33 DUAL MODULUS PRESCALER 

1. Receiver 1 st I.F. = 45 MHz, low side injection; Receiver 2nd I.F. = 11.7 MHz, low side injection. 
2. Duplex operation with 45 MHz receive/transmit separation. 
3. fR=7.5 kHz, +R= 1480. 
4. Ntotal=N. 32+A=27,501 to 28,166; N=859 to 880; A=O to 31. 

TRANSMITIER SIGNAL 
825.030 -- 844.980 MHz 

(30 kHz STEPS) 

5. Only one implementation is shown. Various other configurations and dual modulus prescaling values to +128/+ 129 are possible. 

Figure 14. 666 Channel, Computer Controlled, Mobile Radio Telephone Synthesizer for 
BOO-MHz Cellular Radio Systems 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Dual PLL Frequency Synthesizer 
Interfaces with Dual-Modulus Prescalers 

The MC145149 contains two PLL Frequency Synthesizers which share a 
common serial data port and common reference oscillator. The device 
contains two 14-stage R counters, two 10-stage N counters, and two 7-stage 
A counters. ,.A. II six counters arc fully programmable thiOUgh a serial port. The 
divide ratios are latched into the appropriate counter latch according to the 
last data bits (control bits) entered. 

When combined with external low-pass filters and voltage controlled 
oscillators (VCOs), the MC145149 can provide all the remaining functions 
for two PLL frequency synthesizers operating up to the device's frequency 
limit. For higher VCO frequency operation, a down mixer or dual-modulus 
prescaler can be used between the VCO and the synthesizer IC. 

• Low Power Consumption Through Use of CMOS Technology 
• Wide Operating Voltage Range: 3 to 9 V 
• Operating Temperature Range: - 40 to + 85°C 

• + R Range=3 to 16,383 

• + N Range=3 to 1023 

• + A Range=O to 127 
• Two "Linearized" Three-State Digital Phase Detectors with No Dead Zone 
• Two Lock Detect Signals (LD1 and LD2) 
• Two Open-Drain Port Expander Outputs (SW1 and SW2) 
• Compatible with the Serial Peripheral Interface (SPI) on CMOS MCUs 

MC145149 

PSUFFIX 
PLASTIC DIP 

CASE 738 

OW SUFFIX 
SOG 

CASE751D 

ORDERING INFORMATION 
MC145149P Plastic DIP 
MC145149DW SOG Package 

PIN ASSIGNMENT 

lDl 

MCI 

ENB 

fint 

DATA 

ClK 

fin2 

StRout 

MC2 

lD2 

[1e 

[ 2 

[ 3 

[ 4 

[ 5 

[ 6 

[ 7 

[ 8 

[ 9 

[ 10 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

VSSI 

PDoul1 

VDDI 

SWI 

OSCout 

OSCin 

SW2 

VDD2 

PDout2 

VSS2 
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BLOCK DIAGRAM 

r-------~~~~--------------------------------------1~7SWI 

PIN 18 = VDDI 
PIN 20 = VSSI 

ENS .;03 _________________ +-1 --.., 

OSCin 

OSCout .!"-_--' 

DATA 

J-+-+--.-r---"" 

19 PDoutl 

"-- PLLl 

~ PLL2 

~------~~rr-l~--+_--------------------------~14SW2 
PIN 13=VDD2 
PIN 11 =VSS2 

12 PDout2 
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MAXIMUM RATINGS' (Voltages Referenced to VSS) 

Symbol Parameter Value 

VDD DC Supply Voltage -0.5 to +10 

Yin, Vout Input or Output Voltage (DC or Transient) except -0.5 to VDD+0.5 
SW1,SW2 

Vout Output Voltage (DC or Transient)-SW1, SW2 -0.5 to 15 

lin,lout Input or Output Current (DC or Transient), per Pin ±10 

IDD, ISS Supply Current, VDD or VSS Pins ±30 

PD Power Dissipation, per Package t 500 

Tsto Storage Temperature -65 to +150 

TL Lead Temperature (8-Second Soldering) 260 

• Maximum Ratings are those values beyond which damage to the device may occur. 
t Power Dissipation Temperature Derating: 

Plastic DIP: -12 mW/OC from 65 to 85°C 
SOG Package: -7 mW/oC from 65 to 85°C 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to VSS) 

Unit 

V 

V 

V 

rnA 

rnA 

mW 

°c 

°C 

Voo -40°C 

Symbol Characteristic V Min Max 

VDD Power Supply Voltage Range - 3 9 

VOL Output Voltage o Level 3 - 0.05 
Vin=O VorVDD 5 - 0.05 
10ut=0 ~A 9 - 0.05 

VOH 1 Level 3 2.95 -
5 4.95 -
9 8.95 -

VIL Input Voltage o Level 3 - 0.9 
Vout=0.5 V or VDD-0.5 V 5 - 1.5 

(Ail Outputs Except OSCoutl 9 - 2.7 

VIH 1 Level 3 2.1 -
5 3.5 -
9 6.3 -

IOH Output Current-MC1, MC2 
Vout=2.7V Source 3 -0.60 -
Vout=4.6V 5 -0.90 -
Vout=8.5 V 9 -1.50 -

IOL Vout=0.3V Sink 3 '1.30 -
Vout=O.4 V 5 1.90 -
Vout=0.5 V 9 3.80 -

IOL Output Current-SW1, SW2 
Vout=0.3 V Sink 3 0.80 -
Vout=O.4 V 5 1.50 -
Vout=0.5 V 9 3.50 -

IOH Output Current-Other Outputs 
Vout=2.7V Source 3 -0.44 -
Vout=4.6 V 5 -0.64 -
Vout=8.5 V 9 -1.30 -

IOL Vout=0.3 V Sink 3 0.44 -
Vout=O.4 V 5 0.64 -
Vout=0.5 V 9 1.30 -

lin Input Current-DATA, CLK, ENB 9 - ±0.3 

lin Input Current-fin, OSCin 9 - ±50 

Cin Input Capacitance - - 10 

Cout Three-State Output Capacitance-PDout - - 10 

This device contains circuitry to pro
tect against damage due to high static 
voltages or electric fields, however, it is 
advised that normal precautions be tak
en to avoid applications of any voltage 
higher than maximum rated voltages to 
this high-impedance circuil. For proper 
operation, it is recommended that Yin 
and Vout be constrained to the range 
VSS" (VinorVout)" VDDexceptSW1 
and SW2 which may range up to 15 V. 

Unused inputs must always be tied to 
an appropriate logic voltage level (e.g., 
either VSS or VDD). Unused outputs 
should be left fioating . 

25°C + 85°C 

Min Max Min Max Unit 

3 9 3 9 V 

- 0.05 - 0.05 V 
- 0.05 - 0.05 
- 0.05 - 0.05 

2.95 - 2.95 -
4.95 - 4.95 -
8.95 - 8.95 -

- 0.9 - 0.9 V 
- 1.5 - 1.5 
- 2.7 - 2.7 

2.1 - 2.1 -
3.5 - 3.5 -
6.3 - 6.3 -

mA 
-0.50 - -0.30 -
-0.75 - -0.50 -
-1.25 - -0.80 -
1.10 - 0.66 -
1.70 - 1.08 -
3.30 - 2.10 -

mA 
0.48 - 0.24 -
0.90 - 0.45 -
2.10 - 1.50 -

mA 
-0.35 - -0.22 -
-0.51 - -0.36 -
-1.00 - -0.70 -
0.35 - 0.22 -
0.51 - 0.36 -
1.00 - 0.70 -
- ±0.1 - ±1.0 ~ 

- ±25 - ±22 ~A 

- 10 - 10 pF 

- 10 - 10 pF 

(continued) 
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ELECTRICAL CHARACTERISTICS - continued (Voltages Referenced to VSS) 

Vee -40°C 25°C 

Symbol Characteristic V Min Max Min Max 

IDD Quiescent Current 3 - BOO - BOO 
Vin=OVorVDD 5 - 1200 - 1200 
10ut=0 IlA 9 - 1600 - 1600 

IOZ Three-State leakage Current-PDout Vout=O V or 9 V 9 - ±0.3 - ±0.1 

IOZ Off-State leakage Current-SW1, SW2 Vout=9 V 9 - 0.3 - 0.1 

SWITCHING CHARACTERISTICS (TA = 25°C, Cl = 50 pF) 

Vee 
Symbol Characteristic Figure # V 

trlH Output Rise Time, MC1 and MC2 1,6 3 
5 
9 

trHl Output Fall Time, MC1 and MC2 1,6 3 
5 
9 

trlH, Output Rise and Fall Time, lD and SIRout 1,6 3 
trHl 5 

9 

tplH, Propagation Delay Time, fin to MC1 or MC2 2,6 3 
tpHl 5 

9 

tsu Setup Time, DATA to ClK 3 3 
5 
9 

tsu Setup Time, ClK to ENB 3 3 
5 
9 

th Hold Time, ClK to DATA 3 3 
5 
9 

tree Recovery Time, ENB to ClK 3 3 
5 
9 

tr,tf Input Rise and Fall Times, Any Input 4 3 
5 
9 

tw Input Pulse Width, ENB and ClK 5 3 
5 
9 
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+85°C 

Min 

-

-
-

Min 

-
-
-
-
-
-
-
-
-

-
-
-
30 
20 
1B 

70 
32 
25 

12 
12 
15 

5 
10 
20 

-
-
-

40 
35 
25 

Max Unit 

1600 IlA 
2400 
3200 

±3.0 IlA 

3.0 IlA 

Max Unit 

115 ns 
60 
40 

60 ns 
34 
30 

140 ns 
BO 
60 

125 ns 
BO 
50 

- ns 
-
-
- ns 
-
-
- ns 
-
-

- ns 
-
-
5 Ils 
2 

0.5 

- ns 
-
-
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FREQUENCY CHARACTERISTICS (Voltages Relerenced to VSS, CL = 50 pF, Input tr = tl = 10 ns unless otherwise indicated) 

Vee -40°C 25°C +85°C 

Symbol Parameter Test Conditions V Min Max Min Max Min Max Unit 

Ii Input Frequency R;;,a, A;;,O, N;;,a 3 - 6 - 6 - 6 MHz 

(fin, aSCin) Vin=500 mVp·p 5 - 15 - 15 - 15 
ac·coupled sine wave 9 - 15 - 15 - 15 

R;;,a, A;;,O, N;;,a 3 - 6 - 6 - 6 MHz 
Vin=VOO to VSS 5 - 15 - 15 - 15 
dc·coupled square wave 9 - 15 - 15 - 15 

SWITCHING WAVEFORMS 

ANY 
OUTPUT 

DATA 

tsu 

ClK 

ENS 

tTlH trHl 

Figure 1. 

PREVIOUS DATA 
LATCHED 

Figure 3. 

Vss 

VSS 

VSS 

ENB, cl0"":s-o-OI<-0------_-_tw_-_-------.: ..... ~L VDD 

Vss 
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Figure 5. 

MC 

tr 

ANY 
INPUT 

DEVICE 
UNDER 
TEST 

Figure 2. 

Figure 4. 

OUTPUT 

Figure 6. 

r---VDD 
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PIN DESCRIPTIONS 

INPUTS 

OSCln, OSCout 
Reference Oscillator Input/Output (Pins 15,16) 

These pins form a reference oscillator when connected 
to terminals of an external parallel-resonant crystal. 
Frequency-setting capacitors of appropriate value must be 
connected from OSCin and OSCout to ground. 

OSCin may also serve as input for an externally-generated 
reference signal. The signal is typically ac-coupled to OSCin, 
but for signals with CMOS logic levels, de coupling may be 
used. When used with an external reference, OSCout should 
be left open. 

fin1, fin2 
Frequency Inputs (Pins 4, 7) 

Input frequency from an external VCO output. Each 
rising-edge signal on fin1 decrements the N counter, and 
when appropriate, the A counter of PLL 1. Similarly, fin2 
decrements the counters of PLL 2. 

These inputs have inverters biased on the linear region 
which allows ac coupling for signals as low as 500 mVp-p. 
With square wave signals which swing from VSS to VDD, 
dc coupling may be used. 

DATA,CLK 
Data, Clock Inputs (Pins 5, 6) 

Shift register data and clock inputs. Each low-to-high 
transition on the clock pin shifts one bit of data into the on-chip 
shift registers. Refer to Figure 7 for the following discussion. 

The last bit entered is a steering bit that determines which 
set of latches are activated. A logic high selects the latches 
for PLL 1. A logic low selects PLL 2. 

The second-to-Iast bit controls the appropriate port 
expander output, SW1 or SW2. A logic low forces the output 
low. A logic high forces the outputto the high-impedance state. 

The third-to-Iast bit determines which storage latch is 
activated. A logic low selects the +A and +N counter latches. 
A logic high selects the reference counter latch. 

When writing to either set of +A and ... N counter latches, 
20 clock cycles are typically used. However, if a byte-oriented 
MCU is utilized, 24 clock cycles may be used with the first 
4 bits being "Don't Care." 

When writing to either reference counter latch, 17 clock 
cycles are typically used. However, if a byte-Oriented MCU 
is utilized, 24 clock cycles may be used with the first 7 bits 
being "Don't Care". 

ENB 
Latch Enable Input (Pin 3) 

A positive pulse on this input transfers data from the shift 
registers to the selected latches, as determined by the control 
and steering data bits. A logic low level on this pin allows the 
user to shift data into the shift registers without affecting the 
data in the latches or counters. Enable is normally held low 
and is pulsed high to transfer data into the latches. 

OUTPUTS 

PDout1, PDout2 
Single-Ended Phase Detector Outputs (Pins 19, 12) 

Each single-ended (threlHltate) phase detector output 
produces a loop error signal that is used with a loop filter to 
control a VCO (see Figure 8). 

Frequency fV>fR or fV Leading: Negative Pulses 
Frequency fV<fR or fV Lagging: Positive Pulses 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Frequencyfv=fR and Phase Coincidence: High-Impedance 
State 

SlRout 
Shift Register Output (Pin 8) 

This output can be connected to an external shift register 
to provide band switching or control information. S/Rout may 
also be used to check the counter programming bit stream. 

MC1, MC2 
Modulus Control Outputs (Pins 2, 9) 

Each output generates a signal by the on-chip control logic 
circuitry for controlling an extemal dual-modulus prescaler. 
The modulus control level is low at the beginning of a count 
cycle and remains low until the ... A counter has counted down 
from its programmed value. At this time, modulus control 
goes high and remains high until the ... N counter has counted 
the rest of the way down from its programmed value (N-A 
additional counts since both +N and +A are counting down 
during the first portion of the cycle). Modulus control is then 
set back low, the counters are preset to their respective 
programmed values, and the above sequence is repeated. 
This provides for a total programmable divide value 
(NT) = N • P + A where P and P + 1 represent the dual-mo
dulus prescaler divide values respectively for high and low 
modulus control levels, N the number programmed into the 
+N counter, and A the number programmed into the +A 
counter. 

Note that when a prescaler is needed, the dual-modulus 
version offers a distinct advantage. The dual-modulus 
prescaler allows a higher reference frequency at the phase 
detector input, increasing system performance capability, 
and simplifying the loop filter design. 

LD1,LD2 
Lock Detect Signals (Pins 1, 10) 

Each output is essentially at a high logic level when the 
corresponding loop is locked (fR and fV of the same phase 
and frequency). Each output pulses low when the correspond
ing loop is out of lock (see Figure 8). 

SW1,SW2 
Latched Open-Drain Switch Outputs (Pins 17, 14) 

The state of each output is controlled by the "SW STATE" 
bit shown in Figure 7. If the bit is a logic high, the corresponding 
SW output assumes the high-impedance state. If the bit is low, 
the SW output goes low. 

To control output SW1, steering bit PLL 1/PLL 2 shown in 
Figure 7 must be high. To control SW2, bit PLL 1/PLL 2 must 
be low. 

These outputs have an output voltage range of VSS to 15 V. 

POWER SUPPLY 

VDD1, VDD2 
Positive Power Supply (Pins 18, 13) 

The most positive power supply potentials. Both of these 
pins are connected to the substrate of the chip. Therefore, 
both must be tied to the same voltage potential. This potential 
may range from 3 to 9 V with respect to the VSS pins. 

For optimum performance, VDD1 should be bypassed to 
VSS1 and VDD2 bypassed to VSS2. That is, two separate 
bypass capacitors should be utilized. 

VSS1,VSS2 
Negative Power Supply (Pins 20, 11) 

The most negative power supply potentials. Both of these 
pins should be tied to ground. 

MC145149 
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I~·--------+R--------~·I 
~ w . 
D- !< a: m m - ~ 0 

~ en 
::i ::t: ::;; 

~ C!I 
D- :;: 

L LAST BIT INTO 
SHIFT REGISTER 

14-1---- +A ---Ol4-I· ----- + N -------I-I 
~ w ~ ...J !< D- a: m m m m - ~ 0 ~ en ~ 

en 
::i ;;: ;;: ::;; ::;; 
D- en 9 

L LAST BIT INTO 
SHIFT REGISTER 

Figure 7. Bit Stream Formats 

REFEREN~~ n n n IL (OSC+R) 

FEEDBAC~ 
(fin+N) 

PDout r n 
l.J 

LD U U U 
Note: The PO output state is equal to either VOO or VSS when active. When not active, the output is high 

impedance and the voltage at that pin is determined by the low·pass filter capacitor. 

Figure 8. Phase Detector/Lock Detector Output Waveforms 
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A) 

B) vco 

DEFINITIONS: 
N= Total Division Ratio in feedback loop 
~ (Phase Detector Gain)=VDoI4lt for PDout 

2lt6fvco 
KVCO (VCO Gain)= -V--

I!. VCO 

for a typical design con (Natural Frequency) '" 21~r (at phase detector input). 

Damping Factor: ~ '" 1 

RECOMMENDED READING: 

ron = V Kq.Kvco 
NR1C 

~ = Nron 

2Kq.KVCO 

F(s) = _1_ 
R1sC+1 

ron = K",KVCO 
NC(R1+R2l 

~ = a.sron ( 

R2SC+ 1 F(s)= ___ ~-
(R1+R2) sC + 1, 

Gardner, Floyd M., Phaselock Techniques (second edition). New York, Wiley-Interscience, 1979. 
Manassewitsch, Vadim, Frequency Synthesizers: Theory and Design (second edition). New York, Wiley-Interscience, 1980. 
Blanchard, Alain, Phase-Locked Loops: Application to Coherent Receiver Des/gn. New York, Wiley-Interscience, 1976. 
Egan, William F., Frequency Synthesis by Phase Lock. New York, Wiley-Interscience, 1981. 
Rohde, Ulrich L., Digital PLL Frequency Synthesizers Theory and Design. Englewood Cliffs, NJ, Prentice-Hall, 1983. 
Berlin, Howard M., Design of Phase-Locked Loop Circuits, with Experiments. Indianapolis, Howard W. Sams and Co., 1978. 
Kinley, Harold, The PLL Synthesizer Cookbook. Blue Ridge Summit, PA, Tab Books, 1980. 
AN535, Phase-Locked Loop Design Fundamentals, Motorola Semiconductor Products, Inc., 1970. 
AR254, Phase-Locked Loop Design Articles, Motorola Semiconductor Products, Inc., Reprinted with permission from Electronic Design, 

1987. 

Figure 9. Phase-Locked Loop Low-Pass Filter Design 
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DESIGN CONSIDERATIONS 

CRYSTAL OSCILLATOR CONSIDERATIONS 
The following options may be considered to provide a 

reference frequency to Motorola's CMOS frequency synthe
sizers. 

Use Of A Hybrid Crystal Oscillator 
Commercially available temperature-compensate crystal 

oscillators (TCXOs) or crystal-controlled data clock oscillators 
provide very stable reference frequencies. An oscillator 
capable of sinking and sourcing 50 IlA at CMOS logic levels 
may be direct or dc coupled to OSCin. In general, the highest 
frequency capability is obtained utilizing a direct-coupled 
square wave having a rail-ta-rail (VOO to VSS) voltage swing. 
If the oscillator does not have CMOS logic levels on the 
outputs, capacitive or ac coupling to OSCin may be used. 
OSCout, an unbuffered output, should be left floating. 

For additional information about TCXOs and data clock 
oscillators, please consult the latest version of the eem 
Electronic Engineers Master Catalog, the Gold Book, or 
similar publications. 

Design An Off-chip Reference 
The user may design an off-chip crystal oscillator using ICs 

specifically developed for crystal oscillator applications, such 
as the MC12061 MECL device. The reference signalfrom the 
MECL device is ac coupled to OSCin. For large amplitude 
signals (standard CMOS logic levels), de coupling is used. 
OSCout, an unbuffered output, should be left floating. In 
general, the highest frequency capability is obtained with a 
direct-coupled square wave having rail-to-rail voltage swing. 

Use Of The On-chip Oscillator Circuitry 
The on-chip amplifier (a digital inverter) along with an 

appropriate crystal may be used to provide a reference source 
frequency. A fundamental mode crystal, parallel resonant at 
the desired operating frequency, should be connected as 
shown in Figure 10. 

For VDO = 5.0 V, the crystal should be specified for a 
loading capacitance, CL, which does not exceed 32 pF for 
frequencies to approximately 8 MHz, 20 pF for frequencies 
In the area of 8 to 15 MHz, and 10 pF for higher frequencies. 
These are guidelines that provide a reasonable compromise 
between IC capacitance, drive capability, swamping varia
tions in stray and IC inpuVoutput capacitance, and realistic 
CL values. The shunt load capacitance, CL, presented across 
the crystal can be estimated to be: 

CinCout C1 • C2 
CL = --=-=::.:...- + Ca + Co + ---

Cin+Cout C1+C2, 

where 
Cin=5 pF (see Figure 11) 

Cout=6 pF (see Figure 11) 
Ca=1 pF (see Figure 11) 
Co=the crystal's holder capacitance (see Figure 12) 

C1 and C2=external capacitors (see Figure 10) 

The oscillator can be "trimmed" on-frequency by making 
a portion or all of C1 variable. The crystal and associated 
components must be located as close as possible to the 
OSCin' and OSCout pins to minimize distortion, stray 
capacitance, stray inductance, and startup stabilization time. 
In some cases, stray capacitance should be added to the 

MC145149 
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value for Cin and Couto 
Power is dissipated in the effective series resistance of the 

crystal, Re, in Figure 12. The drive level specified by the 
crystal manufacturer is the maximum stress that a crystal can 
withstand without damaging or excessive shift in frequency. 
R1 in Figure 10 limits the drive level. The use of R1 may not 
be necessary in some cases (i.e., R1=0 0). 

To verify that the maximum dc supply voltage does not 
overdrive the crystal, monitor the output frequency as a 
function of voltage at OSCout. (Care should be taken to 
minimize load-ing.) The frequency should increase very 
slightly as the dc supply voltage is increased. An overdriven 
crystal will decrease in frequency or become unstable with 
an increase ill suppiy voiiage. The operaiing supply voiiage 
must be reduced or R1 must be increased in value if the 
overdriven condition exists. The user should note that the 
oscillator start-up time is proportionalto the value of R1. 

Through the process of supplying crystals for use with 
CMOS inverters, many crystal manufacturers have devel
oped expertise in CMOS oscillator design with crystals. 
Discussions with such manufacturers can prove very helpful 
(see Table 1). 

r - - - - - FREQUENCY'l 
I Rf ' SYNTHESliETR I 

I I 
L_ ___ _.J 

eSCin Rl' eSCout 

D~ 
C1J J C2 

'May be deleted in certain cases. See text. 

Figure 10. Pierce Crystal Oscillator Circuit 

0 ~ 0 

.l I 
Cln J J Cout 

Figure 11. Parasitic Capacitances of the Amplifier 

1 0 2 o--t 1-0 

Note: Values are supplied by crystal manufacturer 
(parallel resonant crystal). 

Figure 12. Equivalent Crystal Networks 
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Table 1. Partial List of Crystal Manufacturers 

Name Address Phone 

Unites States 3605 McCart St. (817) 921·3013 
Crystal Corp. Ft. Worth, TX 76110 

Crystek Crystal 2371 Crystal Dr. (813) 936-2109 
Ft. Myers. FL 33907 

Statek Corp. 512 N. Main St. (714) 639-7810 
Orange. CA 92668 

Note: Motorola cannot recommend one supplier over another and 
in no way suggests that this is a complete listing of crystal 
manufacturers. 

RECOMMENDED READING 
Technical Note TN-24, Statek Corp. 
Technical Note TN-7, Statek Corp. 
E. Hafner, ''The Piezoelectric Crystal Unit - Definitions and 

Method of Measurement", Proc. IEEE, Vol. 57, No.2 Feb., 
1969. 

D. Kemper, L. Rosine, "Quartz Crystals for Frequency 
Control", Electro-Technology, June, 1969. 

P. J. Ottowitz, "A Guide to Crystal Selection", Electronic 
Design, May, 1966. 

DUAL-MODULUS PRESCALING 
OVERVIEW 

The technique of dual-modulus prescaling is well estab
lished as a method of achieving high performance frequency 
synthesizer operation at high frequencies. Basically, the 
approach allows relatively low-frequency programmable 
counters to be used as high-frequency programmable 
counters with speed capability of several hundred MHz. This 
is possible without the sacrifice in system resolution and 
performance that results if a fixed (single-modulus) divider is 
used for the prescaler. 

In dual-modulus prescaling, the lower speed counters must 
be uniquely configured. Special control logic is necessary to 
select the divide value P or P+ 1 in the prescaler for the 
required amount of time (see modulus control definition). 
Motorola's dual-modulus frequency synthesizers contain this 
feature and can be used with a variety of dual-modulus 
prescalers to allow speed, complexity and cost to be tailored 
to the system requirements. Prescalers having P, P+ 1 divide 
values in the range of +3/+4 to +128/+129 can be controlled 
by most Motorola frequency synthesizers. 

Several dual-modulus prescaler approaches suitable for 
use with the MC145149 are: 

MC12009 +5/+6 440 MHz 
MC12011 +8/+9 500 MHz 
MC12013 +10/+11 500 MHz 
MC12015 +32/+33 225 MHz 
MC12016 +40/+41 225 MHz 
MC12017 +64/+65 225 MHz 
MC12018 +128/+129 520 MHz 
MC12022A +64/65 or +128/129 1.1 GHz 
MC12032A +64/65 or +128/129 2.0 GHz 

DESIGN GUIDELINES 
The system total divide value, Ntotal (NT) will be dictated 

by the application, i.e., 

N = frequency into the prescaler = N • P + A 
T frequency into the phase detector 
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N is the number programmed into the + N counter, A is the 
number programmed into the +A counter, P and P+1 are the 
two selectable divide ratios available in the dual-modulus 
prescalers. To have a range of NT values in sequence, the 
+A counter is programmed from 0 through P-1 for a 
particular value N in the + N counter. N is then incremented 
to N + 1 and the +A is sequenced from 0 through P-1 again. 

There are minimum and maximum values that can be 
achieved for NT. These values are a function of P and the size 
of the +N and +A counters. 

The constraint N ~ A always applies. If Amax = P - 1, then 
Nmin ~ P -1. Then NTmin = (P -1) P + A or (P -1) P since 
A is free to assume the value of O. 

NTmax = Nmax' P + Amax 
To maximize system frequency capability, the dual-modulus 

prescaler output must go from low to high aiter each group 
of P or P + 1 input cycles. The prescaler should divide by P 
when its modulus control line is high and by P + 1 when its 
modulus control is low. 

For the maximum frequency into the prescaler (fvcomax), 
the value used for P must be large enough such that: 

1. fVCO max divided by P may not exceed the frequency 
capability of fin (input to the + Nand +A counters). 

2. The period of fVCO divided by P must be greater than the 
sum of the times: 
a. Propagation delay through the dual-modulus prescaler. 
b. Prescaler setup or release time relative to its modulus 

control signal. 
c. Propagation time from fin to the modulus control output 

for the frequency synthesizer device. 
A sometimes useful Simplification in the programming code 

can be achieved by choosing the values for P of 8, 16, 32, 
or 64. For these cases, the desired value of NT results when 
NT in binary is used as the program code to the +N and +A 
counters treated in the following manner: 

1. Assume the +A counter contains "a" bits where 2a~ P. 
2. Always program all higher order + A counter bits above "a" 

to O. 
3. Assume the +N counter and the +A counter (with all the 

higher order bits above "a" ignored) combined into a 
single binary counter of n+a bits in length (n=number of 
divider stages in the + N counter). The MSB of this "hypo
thetical" counter is to correspond to the MSB of + Nand 
the LSB is to correspond to the LSB of +A. The system 
divide value, NT, now results when the value of NT in 
binary is used to program the "new" n + a bit counter. 

By using the two devices, several dual-modulus values are 
achievable: 

DEVICE 
B 

A DEVICE 

MC10 

MCl 

131 

0138 

MCl 0154 

MC12009 

+20/+21 

+50/+51 

+40/+41 
OR 

+80/+81 

Me 

MC12011 MC12013 

+32/+33 +40/+41 

+80/+81 +100/+101 

+64/+65 +80/+81 
OR 

+128/+129 

NOTE: MC12009, MC12011, and MC12013 are pin equivalent. 
MC12015, MC12016, and MC12017 are pin equivalent. 

MC145149 
2-533 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLL Frequency Synthesizers 
CMOS 

The devices described in this document are typically used as low-power, 
phase-locked loop frequency synthesizers. When combined with an external 
low-pass filter and voltage-controlled oscillator, these devices can provide all the 
remaining functions for a PLL frequency synthesizer operating up to the device's 
frequency limit. For higher VCO frequency operation, a down mixer or a prescaler 
can be used between the VCO and the synthesizer IC. 

These frequency synthesizer chips can be found in the following and other 
applications: 

CATV 
AM/FM Radios 
Two-Way Radios 

DEVICE DETAIL SHEETS 

TV Tuning 
Scanning Receivers 
Amateur Radio 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Parallel-Input PLL Frequency 
Synthesizer 
Interfaces with Single-Modulus Prescalers 

The MC145151-2 is programmed by 14 parallel-input data lines for the N 
counter and 3 input lines for the R counter. The device features consist of 
a reference oscillator, selectable-reference divider, digital-phase detector, 
and 14-bit programmable divide-by-N counter. 

The MC145151-2 is an improved-performance drop-in replacement forthe 
MC145151-1. The power consumption has decreased and ESD and latch-up 
performance have improved. 

• Low Power Consumption Through Use of CMOS Technology 
• 3.0 to 9.0 V Supply Range 
• On- or Off-Chip Reference Oscillator Operation 
• Lock Detect Signal 
• + N Counter Output Available 
• Single Modulus/Parallel Programming 
• 8 User-Selectable.,. R Values: 8,128,256,512,1024,2048,2410,8192 

• .,. N Range = 3 to 16383 
• "Linearized" Digital Phase Detector Enhances Transfer Function Linearity 
• Two Error Signal Options: Single Ended (Three-State) or Double Ended 
• Chip Complexity: 8000 FETs or 2000 Equivalent Gates 

PIN ASSIGNMENTS 

PLASTIC DIP 
and SOG PACKAGE PLCC 

fin LO 
"5 .s g 
oOen GU 

aSCin 
~$lg>~g~~ 

VOO aSCout 
4 3 2 1282726 

RAO 25 NIl 
NIl RAI 6 24 Nl0 

Nl0 
RA2 7 23 N13 

<l>R 22 N12 
RAI N13 <l>v 21 T/R 

RA2 N12 tv 10 20 N9 
NO 11 19 N8 

<l>R T/R 12 13 1415 16 1718 

<l>v N9 
....- N c<:> ~ 1.0 CD r-zzzzzzz 

tv N8 

NO N7 

Nl N6 

N2 N5 

N3 N4 
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MC145151-2 

P SUFFIX 
PLASTIC 

CASE 710 

DWSUFFIX 
SOG 

CASE 751F 

FN SUFFIX 
PLCC 

CASE 776 

ORDERING INFORMATION 

MC145151P2 Plastic DIP 
MC145151DW2 SOG Package 
MC145151 FN2 PLCC Package 

The PLCC (FN suffix) 
package will be phased 

out for this device and is 
NOT RECOMMENDED 
FOR NEW DESIGNS. 
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BLOCK DIAGRAM 

RA2 
RA1 14 x 8 ROM REFERENCE DECODER 

OSCout RAO 
14 LD 

OSCin 14·BIT + R COUNTER 

PDout 

14-BIT + N COUNTER 

14 W 
<l>R 

TIR 

tv 

NOTE: NO-N13 inputs and Inputs RAO, RA 1, and RA2 have pull·up resistors that are not shown. 

INPUT PINS 

fin 

PIN DESCRIPTIONS 

Frequency Input (Pin 1) 
Input to the + N portion of the synthesizer. fin is typically 

derived from loop VCO and is ac coupled into the device. For 
larger amplitude signals (standard CMOS logic levels) dc 
coupling may be used. 

RAD-RA2 
Reference Address Inputs (Pins 5, 6, 7) 

These three inputs establish a code defining one of eight 
possible divide values for the total reference divider, as 
defined by the table below. 

Pull-up resistors ensure that inputs left open remain at a 
logic 1 and require only a SPST switch to alter data to the 
zero state. 

Reference Address Code Totel 
Divide 

RA2 RA1 RAO Value 

0 0 0 8 
0 0 1 128 
0 1 0 256 
0 1 1 512 
1 0 0 1024 
1 0 1 2048 
1 1 0 2410 
1 1 1 8192 

ND-N11 
N Counter Programming Inputs (Pins 11-20, 22-25) 

These inputs provide the data that is preset into the + N 
counter when it reaches the count of zero. NO is the least 
significant and N13 is the most significant. Pull-up resistors 
ensure that inputs left open remain at a logic 1 and require 
only a SPST switch to alter data to the zero state. 

MC145151-2 
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T/R 
TransmiUReceive Offset Adder Input (Pin 21) 

This input controls the offset added to the data provided 
at the N inputs. This is normally used for offsetting the VCO 
frequency by an amount equal to the IF frequency of the 
transceiver. This offset is fixed at 856 when T/A is low and 
gives no offset when T/A is high. A pull-up resistor ensures 
that no connection will appear as a logic 1 causing no offset 
addition. 

OSCin, OSCout 
Reference Oscillator InpuUOutput (Pins 27, 26) 

These pins form an on-chip reference oscillator when 
connected to terminals of an external parallel resonant 
crystal. Frequency setting capacitors of appropriate value 
must be connected from OSCin to ground and OSCout to 
ground. OSCin may also serve as the input for an 
externally-generated reference signal. This signal is typically 
ac coupled to OSCin, but for larger amplitude signals 
(standard CMOS logic levels) dc coupling may also be used. 
In the external reference mode, no connection is required 
to OSCout. 

OUTPUT PINS 

PDout 
Phase Detector A Output (Pin 4) 

Three-state output of phase detector for use as loop error 
signal. Double-ended outputs are also available for this 
purpose (see cjlv and cjlA). 

Frequency Iv > fA or fV Leading: Negative Pulses 
Frequency fV < fA or fV Lagging: Positive Pulses 
Frequency fV = fA and Phase Coincidence: High-

Impedance State 
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4lR.41V 
Phase Detector B Outputs (Pins 8. 9) 

These phase detector outputs can be combined externally 
for a loop-error signal. A single-ended output is also available 
for this purpose (see PDout). 

If frequency fV is greater than fR or if the phase of fV is 
leading. then error information is provided by 4lv pulsing low. 
4lR remains essentially high. 

If the frequency fV is less than fR or if the phase of fV is 
lagging. then error information is provided by 4lR pulsing low. 
4lv remains essentially high. 

If the frequency of fV = fR and both are in phase. then both 
4lv and 4lR remain high except for a small minimum time 
period when both pulse low in phase. 

tv 
N Counter Output (Pin 10) 

This is the buffered output olthe ... N counter that is intemally 

connected to the phase detector input. With this output 
available. the ... N counter can be used independently. 

LD 
Lock Detector Output (Pin 28) 

Essentially a high level when loop is locked (fR. fV of same 
phase and frequency). Pulses low when loop is out of lock. 

POWER SUPPLY PINS 

VDD 
Positive Power Supply (Pin 3) 

The positive power supply potential. This pin may range 
from + 3 to + 9 V with respect to VSS. 

VSS 
Negative Power Supply (Pin 2) 

The most negative supply potential. This pin is usually 
ground. 

TYPICAL APPLICATIONS 

2.04BMHz 

D 

OSCin OSCout 

MCI45151·2 
VOLTAGE 

PDout I-WIr-_-.. CONTROLLED 
OSCILLATOR 

5-5.5 MHz 

I 
01110001000=5MHz 
10101111100=5.5 MHz 

Figure 1. 5 MHz to 5.5 MHz Local Oscillator Channel Spacing = 1 kHz 

I 
OSCout RA2 

1----1 OSCin 

10.0417 MHz 
(ON·CHIPOSC. 

OPTIONAL) 

VDD 
VSS 

RECEIVE a 
o TRANSMIT 
.L (ADDS 856 TO 

... NVALUE) 

NOTES: 

LOCK DETECT SIGNAL 

RAI RAO LD tv 

MCI45151·2 

CHANNEL PROGRAMMING 
... N = 2284 TD 3484 

PDout 

<l>R 
tv 

1. fR = 4.1667 kHz; ... R = 2410; 21.4·MHz low side injection during receive. 

TRANSMIT: 440.0 - 470.0 MHz 
RECEIVE: 41 B.6 - 448.6 MHz 

(25 kHz STEPS) 

2. Frequency values shown are for the 440-470 MHz band. Similar implementation applies to \he 406-440 MHz band. For 
470-512 MHz. consider reference oscillator frequency X9 for mixer Injection signal (90.3750 MHz). 

Figure 2. Synthesizer for Land Mobile Radio UHF Bands 

Data Sheet Continued on Page 2-556 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Parallel.lnput PLL Frequency 
Synthesizer 
Interfaces with Dual-Modulus Prescalers 

The MC145152-2 is programmed by sixteen parallel inputs for the Nand 
A counters and three input lines for the R counter. The device features consist 
of a reference oscillator, selectable-reference divider, two-output phase 
detector, 1 O-bit programmable divide-by-N counter, and 6-bit programmable 
+ A counter. 

The MC145152-2 is an improved-performance drop-in replacement for the 
MC145152-1. Power consumption has decreased and ESD and latch-up 
performance have improved. 
• Low Power Consumption Through Use of CMOS Technology 
• 3.0 to 9.0 V Supply Range 
• On- or Off-Chip Reference Oscillator Operation 
• Lock Detect Signal 
• Dual Modulus/Parallel Programming 
• 8 User-Selectable + R Values: 8, 64, 128, 256, 512, 1024, 1160, 2048 
• + N Range = 3 to 1023, + A Range = 0 to 63 
• Chip Complexity: 8000 FETs or 2000 Equivalent Gates 

PIN ASSIGNMENTS 

PLASTtCDtP 
and SOG PACKAGE 

fin 

VSS 

VOD 
RAO 

RA1 

RA2 

<l>R 

<PV 
MC 

AS 

NO 

N1 

N2 

N3 
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1· 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

28 LO 

27 OSCin 

26 OSCout 

25 A4 RA1 
RA2 

24 AS <PR 
23 AO <PV 

MC 
22 A2 AS 

21 A1 NO 

20 N9 

19 N8 

18 N7 

17 N6 

16 N5 

15 N4 

PLCC 

c '5 
00", 68 
~$lg?..§9~~ 

4 321282726 
5 25 

6 24 
7 23 
8 22 
9 21 
10 20 
11 19 

12 13 14 15 16 17 18 
__ (\f(f)'VU')(O""" 
zzzzzzz 

A4 
A3 
AO 
A2 
A1 
N9 
N8 

MC145152·2 

PSUFFIX 
PLASTIC 
CASE 710 

DWSUFFIX 
SOG 

CASE 751F 

FNSUFFIX 
PLCC 

CASE 776 

ORDERING INFORMATION 

MC145152P2 Plastic DIP 
MC145152DW2 SOG Package 
MC145152FN2 PLCC Package 

The PLCC (FN suffix) 
package will be phased 

out for this device and is 
NOT RECOMMENDED 
FOR NEW DESIGNS. 
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BLOCK DIAGRAM 

RA2 
RAI 

OSCout -~~----, RAO 
12 x 8 ROM REFERENCE DECODER 

12 

OSCin 12·BIT + R COUNTER LD 

L-.. ___ -::====~---~~- MC 

fin---I 

A5 A3 A2 AO NO N2 N4 N5 N7 N9 

NOTE: ND-N9, AD-A5, and RAD-RA2 have pull-up resistors that are not shown. 

INPUT PINS 

fin 

PIN DESCRIPTIONS 

Frequency Input (Pin 1) 
Input to the positive edge triggered + Nand + A counters. 

fin is typically derived from a dual-modulus prescaler and is 
ac-coupled into the device. For larger amplitude signals 
(standard CMOS logic levels) dc coupling may be used. 

RAO, RA1, RA2 
Reference Address Inputs (Pins 4, 5, 6) 

These three inputs establish a code defining one of eight 
possible divide values for the total reference divider. The total 
reference divide values are as follows: 

Reference Address Code Total 
Divide 

RA2 RAI RAO Value 

0 0 0 8 
0 0 1 64 
0 1 0 128 
0 1 1 256 
1 0 0 512 
1 0 1 1024 
1 1 0 1160 
1 1 1 2048 

No-N9 
N Counter Programming Inputs (Pins 11-20) 

The N inputs provide the data that is preset into the + N 
counter when it reaches the count of O. NO is the least 
significant digit and N9 is the most significant. Pull-up 
resistors ensure that inputs left open remain at a logic 1 and 
require only a SPST switch to alter data to the zero state. 

Ao-A5 
A Counter Programming Inputs 
(Pins 23, 21, 22, 24, 25, 10) 

The A inputs define the number of clock cycles of fin that 
require a logic 0 on the MC output (see Dual-Modulus 
Prescaling section). The A inputs all have internal pull-up 
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resistors that ensure that inputs left open will remain at a 
logic 1. 

OSCin, OSCout 
Reference Oscillator Input/Output (Pins 27, 26) 

These pins form an on-chip reference oscillator when 
connected to terminals of an external parallel resonant 
crystal. Frequency setting capacitors of appropriate value 
must be connected from OSCin to ground and OSCout to 
ground. OSCin may also serve as the input for an 
externally-generated reference signal. This signal is typically 
ac coupled to OSCin, but for larger amplitude signals 
(standard CMOS logic levels) dc coupling may also be used. 
In the external reference mode, no connection is required to 
OSCout· 

OUTPUT PINS 

«ilR,«ilV 
Phase Detector B Outputs (Pins 7, 8) 

These phase detector outputs can be combined externally 
for a loop-error signal. 

If the frequency fV is greater than fR or if the phase of fV 
is leading, then error information is provided by «ilv pulsing low. 
«ilR remains essentially high. 

If the frequency fV is less than fR or if the phase of fV is 
lagging, then error information is provided by «ilR pulsing low. 
«ilv remains essentially high. 

If the frequency of fV = fR and both are in phase, then both 
«ilv and «ilR remain high except for a small minimum time 
period when both pulse low in phase. 

MC 
Dual-Modulus Prescale Control Output (Pin 9) 

Signal generated by the on-chip control logic circuitry for 
controlling an external dual-modulus prescaler. The MC level 
will be low at the beginning of a count cycle and will remain 
low until the + A counter has counted down from its 
programmed value. At this time, MC goes high and remains 
high until the + N counter has counted the rest of the way 
down from its programmed value (N - A additional counts 
since both + Nand + A are counting down during the first 

MC145152-2 
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portion of the cycle). Me is then set back low, the counters 
preset to their respective programmed values, and the above 
sequence repeated. This provides for a total programmable 
divide value (NT) = N • P + A where P and P + 1 represent the 
dual-modulus prescaler divide values respectively for high 
and low MC levels, N the number programmed into the + N 
counter, and A the number programmed into the + A counter. 

LD 
Lock Detector Output (Pin 28) 

Essentially a high level when loop is locked (fR, fV of same 
phase and frequency). Pulses low when loop is out of lock. 

POWER SUPPLY PINS 

VDD 
Positive Power Supply (Pin 3) 

The positive power supply potential. This pin may range 
from + 3 to + 9 V with respect to VSS. 

VSS 
Negative Power Supply (Pin 2) 

The most negative supply potential. This pin is usually 
ground. 

TYPICAL APPLICATIONS 

D 10.24MHz· I 

OSCout 

YI---j OSCin 

+V 

NO CONNECTS 

~ 

RA2 RAI RAO LD 

MC145152·2 

'--------

'Off-chip oscillator optional. 

LOCK DETECT SIGNAL 

R2 C 

Rl 
<l>R I---J<W\,..-_--l 

Rl 
<l>v I---J<W\,..-_--l 

R2 

150-175 MHz 
5·kHz STEPS 

VCO 

Figure 1. Synthesizer for Land Mobile Radio VHF Bands 
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REF.OSC. 
15.360 MHz 

(ON·CHIP OSC. 
OPTIONAL 

+V 

NOTES: 

.--______________ RECEIVER 2nd L.a. 

OSCout 

OSCin 

VDD 

VSS 

30.720 MHz 

LOCK DETECT SIGNAL 

R2 C 

RA2 RAI RAO LD Rl 
~R 1-'\i'V\r~-l 

Rl 

MCI45152·:z(5) 

825.030 -7 844.980 MHz 
(30·kHz STEPS) 

I. Receiver 1st. I.F. = 45·MHz,low side injection; Receiver 2nd. I.F. = 11.7 MHz, low side injection. 
2. Duplex operation with 45·MHz receiver/transmit separation. 
3. fR = 7.5 kHz; + R = 2048. 
4. Ntotal = N .64 + A = 27501 to 28166; N = 429 to 440; A = 0 to 63. 
5. MC145158-2 may be used where serial data entry is desired. 
6. High frequency prescalers (e.g., MCI2018 [520 MHz] and MCI2022 [I GHz]) may be used for higher frequency VCO and fref 

implementations. 

Figure 2. 666-Channel, Computer-Controlled, Mobile Radiotelephone Synthesizer 
for aOO·MHz Cellular Radio Systems 

Data Sheet Continued on Page 2-556 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Serial-Input PLL Frequency 
Synthesizer 
Interfaces with Single-Modulus Prescalers 

The MC145155-2 is programmed by a clocked, serial input, 16-bit data 
stream. The device features consist of a reference oscillator, selectable
reference divider, digital-phase detector, 14-bit programmable divide-by-N 
counter, and the necessary shift register and latch circuitry for accepting 
serial input data. 

The MC145155-2 is an improved-performance drop-in replacement for 
the MC145155-1. Power consumption has decreased and ESD and latch-up 
performance have improved. 

• Low Power Consumption Through Use of CMOS Technology 
• 3.0 to 9.0 V Supply Range 
• On- or Off-Chip Reference Oscillator Operation with Buffered Output 
• Compatible with the Serial Peripheral Interface (SPI) on CMOS MCUs 
• Lock Detect Signal 
• Two Open-Drain Switch Outputs 
• 8 User-Selectable + R Values: 16,512,1024,2048,3668,4096,6144,8192 
• Single Modulus/Serial Programming 
• + N Range = 3 to 16383 
• "Linearized" Digital Phase Detector Enhances Transfer Function Linearity 
• Two Error Signal Options: Single Ended (Three-State) or Double Ended 
• Chip Complexity: 6504 FETs or 1626 Equivalent Gates 

PIN ASSIGNMENTS 

RA1 

RA2 

<l>v 

<l>R 

VDD 

PDout 

VSS 

lD 

~n 

PLASTIC DIP 

h 18 

2 17 

3 16 

4 15 

5 14 

6 13 ] 

7 12 ] 

8 11 ] 

9 10 ] 

RAO 

OSCin 

OSCout 

REFout 

SW2 

SW1 

ENB 

DATA 

ClK 

SOGPACKAGE 

RA1 1· 20 RAO 

RA2 19 OSCin 

<l>v 3 18 OSCout 

<l>R 4 17 REFout 

VDD 5 16 NC 

PDout 6 15 SW2 

VSS 7 14 SW1 

NC 8 13 ENB 

lD 9 12 DATA 

~n 10 11 ClK 

MC145155-2 

• 1 

PSUFFIX 
PLASTIC 
CASE 707 

DWSUFFIX 
SOG 

CASE751D 

FNSUFFIX 
PLCC 

CASE 775 

ORDERING INFORMATION 
MC145155P2 Plastic DIP 
MC145155DW2 SOG Package 
MC145155FN2 PLCC Package 

The PLCC (FN suffix) 
package will be phased 

out for this device and is 
NOT RECOMMENDED 
FOR NEW DESIGNS. 

PLCC PACKAGE 

.S 

~ ;:;: 0 ~ 0 
UJ 

a: a: z a: 0 

3 2 1 20 19 
• 18 OSCout 

17 REFout 

16 SW2 

SW1 

ENB 
9 10 11 12 

c 
~ 

0 '" ~ --' z --' 
0 i5 

NC = NO CONNECTION 
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BLOCK DIAGRAM 

OSCout 

OSCin 

REFout 

fin 

ENB 

DATA 

CLK 

INPUT PINS 

fin 
Frequency Input 

RA2 
RAI 
RAO 

VDD 

PIN DESCRIPTIONS 

Input to the + N portion of the synthesizer. fin is typically 
derived from loop VCO and is ac coupled into the device. For 
larger amplitude signals (standard CMOS logic levels) dc 
coupling may be used. 

RAO, RA1, RA2 
Reference Address Inputs 

These three inputs establish a code defining one of eight 
possible divide values for the total reference divider, as 
defined by the table below: 

Reference Address Code Total 
Divide 

RA2 RAI RAO Value 

0 0 0 16 
0 0 1 512 
0 1 0 1024 
0 1 1 204B 
1 0 0 366B 
1 0 1 4096 
1 1 0 6144 
1 1 1 B192 

CLK,DATA 
Shift Register Clock, Serial Data Inputs 

Each low-to-high transition clocks one bit into the on-chip 
16-bit shift register. The Data input provides programming 
Information for the 14-bit + N counter and the two switch 
signals SWl and SW2. The entry fomnat is as follows: 

MOTOROLA COMMUNICATIONS DEVICE DATA 

14 x 8 ROM REFERENCE DECODER 

14 LD 

14-BIT + R COUNTER 

PDout 

14-BIT + N COUNTER 

<!Iv 

14 <!IR 

SW2 

LATCH SWI 

14 

14-BIT SHIFT REGISTER 

� .... ----- + N COUNTER BITS-----.... ·~I 

CD CD 

~ en 

~ ~ ::!i 
z z 
·f ·1· 

L LAST DATA BIT IN (BIT NO. 16) .1\~ IRST DATA BIT BIT F IN( NO) 

ENB 
Latch Enable Input 

When high (1), ENB transfers the contents of the shift 
register into the latches, and to the programmable counter 
inputs, and the switch outputs SWl and SW2. When low (0), 
ENB inhibits the above action and thus allows changes to 
be made in the shift register data without affecting the counter 
programming and switch outputs. An on-chip pull-up 
establishes a continuously high level for ENB when no 
external signal is applied. ENB is normally low and is pulsed 
high to transfer data to the latches. 

OSCin, OSCout 
Reference Oscillator Input/Output 

These pins form an on-chip reference oscillator when 
connected to terminals of an external parallel resonant 
crystal. Frequency setting capacitors of appropriate value 
must be connected from OSCin to ground and OSCout to 
ground. OSCin may also serve as the input for an 
externally-generated reference signal. This signal is typically 
ac coupled to OSCin, but for larger amplitude Signals 
(standard CMOS logic levels) dc coupling may also be used. 
In the external reference mode, no connection is required 
to OSCout. 
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OUTPUT PINS 

PDout 
Phase Detector A Output 

Three-state output of phase detector for use as loop error 
signal. Double-ended outputs are also available for this 
purpose (see $V and $R). 

Frequency fV > fR or fV Leading: Negative Pulses 
Frequency fV < fR or fV Lagging: Positive Pulses 
Frequency fV = fR and Phase Coincidence: 

High-Impedance State 

$R,$V 
Phase Detector B Outputs 

These phase detector outputs can be combined externally 
for a loop-error signal. A single-ended output is also available 
for this purpose (see PDout). 

If frequency fV is greater than fR or if the phase of fV is 
leading, then error information is provided by $V pulsing low. 
$R remains essentially high. 

If the frequency fV is less than fR or if the phase of fV is 
lagging, then error information is provided by $R pulsing low. 
$V remains essentially high. 

If the frequency of fV = fR and both are in phase, then both 
$V and $R remain high except for a small minimum time 
period when both pulse low in phase. 

LD 
Lock Detector Output 

Essentially a high level when loop is locked (fR, fV of same 
phase and frequency). LD pulses low when loop is out of lock. 

SW1,SW2 
Band Switch Outputs 

SW1 and SW2 provide latched open-drain outputs 
corresponding to data bits numbers one and two. These 
outputs can be tied through external resistors to voltages as 
high as 15 Vdc, independent of the VDD supply voltage. 
These are typically used for band switch functions. A logic 
1 causes the output to assume a high-impedance state, while 
a logic 0 causes the output to be low. 

REFout 
Buffered Reference Oscillator Output 

Buffered output of on-chip reference oscillator or externally 
provided reference-input signal. 

POWER SUPPLY PINS 

VDD 
Positive Power Supply 

The positive power supply potential. This pin may range 
from +3 to +9 V with respect to VSS. 

VSS 
Negative Power Supply 

The most negative supply potential. This pin is usually 
ground. 

TYPICAL APPLICATIONS 

UHFNHF 
TUNER OR 

CATV 
FRONT END 
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LED DISPLAY 

Figure 1. Microprocessor-Controlled Tv/CATV Tuning System with Serial Interface 
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Figure 2. AMlFM Radio Synthesizer 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Serial-Input PLL Frequency 
Synthesizer 
Interfaces with Dual-Modulus Prescalers 

The MC145156-2 is programmed by a clocked, serial input, 19-bit data 
stream. The device features consist of a reference oscillator, selectable
reference divider, digital-phase detector, 10-bit programmable divide-by-N 
counter, 7-bit programmable divide-by-A counter, and the necessary shift 
register and latch circuitry for accepting serial input data. 

The MC145156-2 is an improved-performance drop-in replacement for 
the MC145156-1. Power consumption has decreased and ESD and latch-up 
performance have improved. 
• Low Power Consumption Through Use of CMOS Technology 
• 3.0 to 9.0 V Supply Range 
• On- or Off-Chip Reference Oscillator Operation with Buffered Output 
• Compatible with the Serial Peripheral Interface (SPI) on CMOS MCUs 
• Lock Detect Signal 
• Two Open-Drain Switch Outputs 
• Dual Modulus/Serial Programming 
• 8 User-Selectable + R Values: 8, 64, 128, 256, 640, 1000, 1024, 2048 
• + N Range = 3 to 1023, + A Range = 0 to 127 
• "Linearized" Digital Phase Detector Enhances Transfer Function Linearity 
• Two Error Signal Options: Single Ended (Three-State) or Double Ended 
• Chip Complexity: 6504 FETs or 1626 Equivalent Gates 

PIN ASSIGNMENTS 

MC145156-2 
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PLASTIC DIP and 
SOGPACKAGE 
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MC 

LD 

1-

2 

3 

4 

5 

6 

7 

8 

9 

10 

20 ) 

19 ~ 
18 P 
17 P 
16 ~ 
15 ~ 
14 ~ 
13 ~ 
12 ~ 
11 P 

RAe 

eSCln 

eSCout 

REFout 

TEST 

SW2 

SWI 

ENB 

DATA 

elK 

+R 4 

VOO 5 

POout 6 

VSS 7 
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MC145156-2 

~- PSUFFIX 
PLASTIC 
CASE 738 

~. DWSUFFIX 
SOG 

CASE 751D 

• FN SUFFIX 
PLCC 

CASEn5 

ORDERING INFORMATION 

MC145156P2 Plastic DIP 
MC145156DW2 SOG Package 
MC145156FN2 PLCC Package 

The PLCC (FN suffix) 
package will be phased 

out for this device and is 
NOT RECOMMENDED 
FOR NEW DESIGNS. 

PLCC PACKAGE 
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SWI 
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BLOCK DIAGRAM 

RA2 
RA 1 12 x 8 ROM REFERENCE DECODER 
RAO 

12 

OSCin 12·BIT + R COUNTER lD 

OSCout 

REFout 

MC 

~n 

ENB 

DATA 

ClK 

INPUT PINS 

fin 

VDD 

PIN DESCRIPTIONS 

Frequency Input (Pin 10) 
Input to the positive edge triggered + Nand + A counters. 

fin is typically derived from a dual-modulus prescaler and is 
ac coupled into the device. For larger amplitude signals 
(standard CMOS logic levels) dc coupling may be used. 

RAO, RA1, RA2 
Reference Address Inputs (Pins 20,1,2) 

These three inputs establish a code defining one of eight 
possible divide values for the total reference divider, as 
defined by the table below: 

Reference Address Code Total 
Divide 

RA2 RAt RAO Value 

a a a 8 
a a t 64 
a 1 a 128 
a 1 1 256 
1 a a 640 
1 a 1 1000 
1 1 a 1024 
1 1 1 2048 

CLK, DATA 
Shift Register Clock, Serial Data Inputs (Pins 11, 12) 

Each low-to-high transition clocks one bit into the on-chip 
19-bit shift register. The Data input provides programming 
information for the 10-bit + N counter, the 7-bit + A counter, 
and the two switch signals SWI and SW2. The entry format 
is as follows: 

MOTOROLA COMMUNICATIONS DEVICE DATA 

PDout 

<l>V 

<l>R 

SW2 

SWI 

\-+ A COUNTER BITS-\-- + N COUNTER BITs-----J 

'" "'", '" rn rnrn ~ f: ~ ..... ::;; ..... 
c( c(z z t; 
·1· -I- ·1· i· 

L LAST DATA BIT IN (BIT NO. 19) t 
FIRST DATA BIT IN (BIT NO. 1)~ 

ENB 
Latch Enable Input (Pin 13) 

When high (1), ENB transfers the contents of the shift 
register into the latches, and to the programmable counter 
inputs, and the switch outputs SWI and SW2. When low (0), 
ENS inhibits the above action and thus allows changes to 
be made in the shift register data without affecting the counter 
programming and switch outputs. An on-chip pull-up 
establishes a continuously high level for ENS when no 
extemal signal is applied. ENB is normally low and is pulsed 
high to transfer data to the latches. 

OSCin, OSCout 
Reference Oscillator Input/Output (Pins 19, 18) 

These pins form an on-chip reference oscillator when 
connected to terminals of an external parallel resonant 
crystal. Frequency setting capacitors of appropriate value 
must be connected from OSCin to ground and OSCout to 
ground. OSCin may also serve as the input for an 
externally-generated reference signal. This signal is typically 
ac coupled to OSCin, but for larger amplitude Signals 
(standard CMOS logic levels) dc coupling may also be used. 
In the external reference mode, no connection is required 
to OSCout. 
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TEST 
Factory Test Input (Pin 16) 

Used in manufacturing. Must be left open or tied to VSS. 

OUTPUT PINS 

PDout . 
Phase Detector A Output (Pin 6) 

Three-state output of phase detector for use as loop error 
signal. Double-ended outputs are also available for this 
purpose (see eIlv and eIlR). 

Frequency fV > fR or Iv Leading: Negative Pulses 
Frequency fV < fR or Iv Lagging: Positive Pulses 
Frequency fV = fR and Phase Coincidence: High-

Impedance State 

eIlR,eIlV 
Phase Detector B Outputs (Pins 4, 3) 

These phase detector outputs can be combined extemally 
for a loop-error signal. A single-ended output is also available 
for this purpose (see PDout). 

If frequency Iv is greater than fR or if the phase of Iv is 
leading, then error information is provided by eIlv pulsing low. 
eIlR remains essentially high. 

If the frequency fV is less than fR or if the phase of Iv is 
lagging, then error information is provided by eIlR pulsing low. 
eIlv remains essentially high. 

If the frequency of fV = fR and both are in phase, then both 
eIlv and eIlR remain high except for a small minimum time 
period when both pulse low in phase. 

MC 
Dual-Modulus Prescale Control Output (Pin 8) 

Signal generated by the on-chip control logic circuitry for 
contrOlling an extemal dual-modulus prescaler. The MC level 
will be low at the beginning of a count cycle and will remain 
low until the ... A counter has counted down from its 
programmed value. At this time, MC goes high and remains 
high until the + N counter has counted the rest of the way 
down from its programmed value (N - A additional counts 

MC145156-2 
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since both ... Nand ... A are counting down during the first 
portion of the cycle). MC is then set back low, the counters 
preset to their respective programmed values, and the above 
sequence repeated. This provides for a total programmable 
divide value (NT) = N • P + A where P and P + 1 represent 
the dual-modulus prescaler divide values respectively for 
high and low MC levels, N the number programmed into the 
... N counter, and A the number programmed into the ... A 
counter. 

LD 
Lock Detector Output (Pin 9) 

Essentially a high level when loop is locked (fR, fV of same 
phase and frequency). LD pulses low when loop is out of lock. 

SW1,SW2 
Band Switch Outputs (Pins 14, 15) 

SW1 and SW2 provide latched open-drain outputs 
corresponding to data bits numbers one and two. These 
outputs can be tied through external resistors to voltages as 
high as 15 Vdc, independent of the VDD supply Voltage. 
These are typically used for band switch functions. A logic 
1 causes the output to assume a high-impedance state, while 
a logic 0 causes the output to be low. 

REFout 
Buffered Reference Oscillator Output (Pin 17) 

Buffered output of on-chip reference oscillator or extemally 
provided reference-input signal. 

POWER SUPPLY PINS 

VDD 
Positive Power Supply (Pin 5) 

The positive power supply potential. This pin may range 
from +3 to +9 V with respect to VSS. 

VSS 
Negative Power Supply (Pin 7) 

The most negative supply potential. This pin is usually 
ground. 
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+V 

TYPICAL APPLICATIONS 

3.2 MHz 

D 
I 

OSCin OSCout RA2 RA 1 RAO LD 

VOD 
VSS MC145156-2 

+12V 
LOCK DETECT SIGNAL 

+12V .......... ----FMB+ 

'------- AM B+ 

PDout 
OPTIONAL 
LOOP 
ERROR SIGNAL 

oIlRI-....I\Io./lr--..... -l 

oIlvl-....I\Io./lr--........ -l 
VCO 

NOTE: 
For AM: channel spacing = 5 kHz, + R = + 640 (code 100) 
For FM: channel spacing = 25 kHz, + R = + 128 (code 010) 

+V 

RIT 

3.2MHzl~) 

D 

OSCin OSCout 

VDD 

VSS 

Figure 1. AMlFM Radio Broadcast Synthesizer 

MC145156-2 

PDout 

oIlR 1---J\,i'l/lr---4t-1 

oIlv I---J\,i'l/lr-_t-I 

VCORANGE 
NAV: 97.300-107.250 MHz 
COM·T: 118.000-135.975 MHz 
COM·R: 139.400-157.375 MHz 

VCO 

NOTES: 
1. For NAV: fR = 50 kHz, + R = 64 using 10.7-MHz lowslde injection, Ntotal = 1946-2145. 

For COM-T: fR = 25 kHz, + R = 128, Nto1a1 = 472Q-5439. 
For COM·R: fR = 25 kHz, + R = 128, using 21.4-MHz highslde injection, Nto1a1 = 5576-6295. 

2. A+32133 dual modulus approach Is provided by substituting an MC12015 forthe MC12016. The devices are pin equivalent 
3. A 6.4·MHz oscillatorcrys1a1 can be used by selecting + R = 128 (code 010) for NAV and + R = 256 (code 011) for COM. 
4. MC12013 + MC10131 combination may also be used to form the + 40/41 prescaler. 

Figure 2. Avionics Navigation or Communication Synthesizer 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Serial-Input PLL Frequency 
Synthesizer 
Interfaces with Single-Modulus Prescalers 

The MC145157-2 has a fully programmable 14-bit reference counter, as 
well as a fully programmable + N counter. The counters are programmed 
serially through a common data input and latched Into the appropriate count
er latch, according to the last data bit (control bit) entered. 

The MC145157 -2 Is an improved-performance drop-In replacement for the 
MC145157-1. Power consumption has decreased and ESD and latch-up 
performance have improved. 

• Low Power Consumption Through Use of CMOS Technology 
• 3.0 to 9.0 V Supply Range 
• Fully Programmable Reference and + N Counters 
• + R Range = 3 to 16383 
• + N Range = 3 to 16383 
• fV and fR Outputs 
• Lock Detect Signal 
• Compatible with the Serial Peripheral Interface (SPI) on CMOS MCUs 
• "Linearized" Digital Phase Detector 
• Single-Ended (Three-State) or Double-Ended Phase Detector Outputs 
• Chip Complexity: 6504 FETs or 1626 Equivalent Gates 

PIN ASSIGNMENTS 

MC145157-2 

,. PSUFFIX 
PLASTIC 
CASE 648 16. DWSUFFIX 

SOG 
CASE 751G 

2. FNSUFFIX 
PLCC 

CASE 775 

ORDERING INFORMATION 

MC145157P2 Plastic DIP 
MC145157DW2 SOG Package 
MC145157FN2 PLCC Package 

The PLCC (FN suffix) 
package will be phased 

out for this device and is 
NOT RECOMMENDED 
FOR NEW DESIGNS. 

PLASTIC DIP and PLCC PACKAGE 
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BLOCK DIAGRAM 

ENB 

OSCin 

OSCout 

REFout 

fin 

DATA 

ClK 

INPUT PINS 

fin 
Frequency Input 

PIN DESCRIPTIONS 

Input frequency from VCO output. A rising edge signal on 
this input decrements the + N counter. This input has an 
inverter biased in the linear region to allow use with ac coupled 
signals as low as 500 mVp-p. For larger amplitude signals 
(standard CMOS logic levels) dc coupling may be used. 

ClK,DATA 
Shift Clock, Serial Data Inputs 

Each low-to-high transition of the clock shifts one bit of data 
into the on-chip shift registers. The last data bit entered 
determines which counter storage latch is activated; a logic 
1 selects the reference counter latch and a logic 0 selects the 
+ N counter latch. The entry format is as follows: 

I ~I~IIIIIIIII 
1 

FIRST DATA BIT INTO SHIFT REGISTER ---..J 

ENB 
Latch Enable Input 

A logic high on this pin latches the data from the shift register 
into the reference divider or + N latches depending on the 
control bit. The reference divider latches are activated if the 
control bit is at a logic high and the + N latches are activated 
if the control bit is at a logic low. A logic low on this pin allows 

MOTOROLA COMMUNICATIONS DEVICE DATA 

14-BITSHIFT REGISTER 

14 
fR 

REFERENCE COUNTER LATCH 

14 lD 

14·BIT + R COUNTER 

PDout 

14-BIT + N COUNTER ejlv 

ejlR 
14 

+ N COUNTER LATCH tv 

14 

14-BIT SHIFT REGISTER SJRout 

the user to change the data in the shift registers without 
affecting the counters. ENB is normally low and is pulsed high 
to transfer data to the latches. 

OSCin, OSCout 
Reference Oscillator Input/Output 

These pins form an on-chip reference oscillator when 
connected to terminals of an external parallel resonant 
crystal. Frequency setting capacitors of appropriate value 
must be connected from OSCin to ground and OSCout to 
ground. OSCin may also serve as the input for an 
externally-generated reference signal. This signal is typically 
ac coupled to OSCin, but for larger amplitude signals 
(standard CMOS logic levels) dc coupling may also be used. 
In the external reference mode, no connection is required 
to OSCout. 

OUTPUT PINS 

PDout 
Single-Ended Phase Detector A Output 

This single-ended (three-state) phase detector output 
produces a loop error signal that is used with a loop filter to 
control a VCO. 

Frequency fV > fR or fV Leading: Negative Pulses 
Frequency fV < fR or fV Lagging: Positive Pulses 
Frequency fV = fR and Phase Coincidence: High-

Impedance State 
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tPR,tPV 
Double-Ended Phase Detector B Outputs 

These outputs can be combined externally for a loop-error 
signal. A single-ended output is also available forthis purpose 
(see PDout). 

If frequency fV is greater than fR or if the phase of fV is 
leading, then error information is provided by tPV pulsing low. 
tPR remains essentially high. 

If the frequency fV is less than fR or if the phase of fV is 
lagging, then error information is provided by tPR pulsing low. 
tPV remains essentially high. 

If the frequency of fV = fR and both are in phase, then both 
tPV and tPR remain high except for a small minimum time 
period when both pulse low in phase. 

fR,fv 
R Counter Output, N Counter Output 

Buffered, divided reference and fin frequency outputs. The 
fR and fV outputs are connected internally to the + Rand + 
N counter outputs respectively, allowing the counters to be 
used independently, as well as monitoring the phase detector 
inputs. 

LD 
Lock Detector Output 

Thib output is essentially at a high level when the loop is 
locked (fR, fV of same phase and frequency), and pulses low 
when loop is out of lock. 

MC145157-2 
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REFout 
Buffered Reference Oscillator Output 

This output can be used as a second local oscillator, 
reference oscillator to another frequency synthesizer, or as 
the system clock to a microprocessor controller. 

S/Rout 
Shift Register Output 

This output can be connected to an external shift register 
to provide band switching, control information, and counter 
programming code checking. 

POWER SUPPLY PINS 

VDD 
Positive Power Supply 

The positive power supply potential. This pin may range 
.from +3 to +9 V with respect to VSS. 

VSS 
Negative Power Supply 

The most negative supply potential. This pin is usually 
ground. 

Data Sheet Continued on Page 2-556 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Serial-Input PLL Frequency 
Synthesizer 
Interfaces with Dual-Modulus Prescalers 

The MC145158-2 has a fully programmable 14-bit reference counter, as 
well as fully programmable + Nand + A counters. The counters are pro
grammed serially through a common data input and latched into the 
appropriate counter latch, according to the last data bit (control bit) entered. 

The MC145158-2 is an improved-performance drop-in replacement for 
the MC145158-1. Power consumption has decreased and ESD and latch-up 
performance have improved. 

• Low Power Consumption Through Use of CMOS Technology 
• 3.0 to 9.0 V Supply Range 
• Fully Programmable Reference and + N Counters 

• +RRange=3t016383 
• +NRange=3t01023 
• Dual Modulus Capability; + A Range = 0 to 127 

• fV and fR Outputs 
• Lock Detect Signal 
• Compatible with the Serial Peripheral Interface (SPI) on CMOS MCUs 
• "Linearized" Digital Phase Detector 
• Single-Ended (Three-State) or Double-Ended Phase Detector Outputs 
• Chip Complexity: 6504 FETs or 1626 Equivalent Gates 
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- PSUFFIX 
PLASTIC 16 CASE 648 

1. DWSUFFIX 
SOG 

CASE 751G 

• FNSUFFIX 
PLCC 1 CASEn5 

ORDERING INFORMATION 
MC145158P2 Plastic DIP 
MC145158DW2 SOG Package 
MC145158FN2 PLCC Package 

The PLCC (FN suffix) 
package will be phased 

out for this device and is 
NOT RECOMMENDED 
FOR NEW DESIGNS. 
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BLOCK DIAGRAM 

14-BIT SHIFT REGISTER 

14 

ENB ------f--~'__I 
REFERENCE COUNTER LATCH 

OSCin 

OSCOUI ----'------,-.. 

REFoul ----u<... 

DATA 

14 lD 

14-BIT + R COUNTER 

PDOUI 

"--- MC 

ClK -1~==~---L--=======:.J--=======::J 

INPUT PINS 

fin 
Frequency Input 

PIN DESCRIPTIONS 

Input frequency from VCO output A rising edge signal on 
this input decrements the + A and + N counters_ This input 
has an inverter biased in the linear region to allow use with 
ac coupled signals as low as 500 mVp-p_ For larger amplitude 
signals (standard CMOS logic levels) dc coupling may be 
used_ 

ClK,DATA 
Shift Clock, Serial Data Inputs 

Each low-to-high transition of the ClK shifts one bit of data 
into the on-chip shift registers_ The last data bit entered 
determines which counter storage latch is activated; a logic 
1 selects the reference counter latch and a logic 0 selects the 
+ A, + N counter latch_ The data entry fomnat is as follows: 
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I---- + A ---f. I"'. --+ N -----+1·1 
-' 
0 

ID g: ID IDID 
en en en z ~ ::E-' ::E 0 

u 

,--.1 FIRST DATA BIT INTO SHIFT REGISTER 

ENB 
latch Enable Input 

A logic high on this pin latches the data from the shift register 
into the reference divider or + N, + A latches depending on 
the control bit The reference divider latches are activated if 
the control bit is at a logic high and the + N, + A latches are 
activated if the control bit is at a logic low: A logic low on this 
pin allows the user to change the data in the shift registers 
without affecting the counters_ ENB is normally low and is 
pulsed high to transfer data to the latches_ 

OSCin, OSCout 
Reference Oscillator Input/Output 

These pins form an on-chip reference oscillator when 
connected to terminals of an external parallel resonant crystal. 
Frequency setting capacitors of appropriate value must be 
connected from OSCin to ground and OSCout to ground_ 
OSCin may also serve as the inputfor an externally-generated 
reference signal_ This signal is typically ac coupled to OSCin, 
but for larger amplitude signals (standard CMOS logic levels) 
dc coupling may also be used_ In the external reference mode, 
no connection is required to OSCout-
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OUTPUT PINS 

PDout 
Phase Detector A Output 

This single ended (three-state) phase detector output 
produces a loop error signal that is used with a loop filter to 
control a VCO. 

Frequency fV > fR or fV Leading: Negative Pulses 
Frequency fV < fR or fV Lagging: Positive Pulses 
Frequency fV = fR and Phase Coincidence: High-

Impedance State 

cjlR,cjlV 
Phase Detector B Outputs 

Double-ended phase detector outputs. These outputs can 
be combined externally for a loop-error signal. A single-ended 
output is also available for this purpose (see PDout). 

If frequency fV is greater than fR or if the phase of fV is 
leading, then error information is provided by cjlv pulsing low. 
cjlR remains essentially high. 

If the frequency fV is less than fR or if the phase of fV is 
lagging, then error information is provided by cjlR pulsing low. 
cjlv remains essentially high. 

If the frequency of fV = fR and both are in phase, then both 
cjlv and cjlR remain high except for a small minimum time 
period when both pulse 10.." in phase. 

MC 
Dual-Modulus Prescale Control Output 

This output generates a signal by the on-chip control logic 
circuitry for contrOlling an external dual-modulus prescaler. 
The MC level is low at the beginning of a count cycle and 
remains low until the + A counter has counted down from its 
programmed value. At this time, MC goes high and remains 
high until the + N counter has counted the rest olthe way down 
from its programmed value (N - A additional counts since both 
+ Nand + A are counting down during the first portion of the 
cycle). MC is then set back low, the counters preset to their 
respective programmed values, and the above sequence 
repeated. This provides for a total programmable divide value 
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(NT) = N • P + A where P and P + 1 representthe dual-modulus 
prescaler divide values respectively for high and low modulus 
control levels, N the number programmed into the + N counter, 
and A the number programmed into the + A counter. Note that 
when a prescaler is needed, the dual-modulus version offers 
a distinct advantage. The dual·modulus prescaler allows a 
higher reference frequency at the phase detector input, 
increasing system performance capability, and simplifying the 
loop filter design. 

fR,tv 
R Counter Output, N Counter Output 

~uffered, divided reference and fin frequency outputs. The 
fR and fV outputs are connected internally to the + Rand 
+ N counter outputs respectively, allowing the counters to be 
used independently, as well as monitoring the phase detector 
inputs. 

LD 
Lock Detector Output 

This output is essentially at a high level when the loop is 
locked (fR, fV of same phase and frequency), and pulses low 
when loop is out of lock. 

REFout 
Buffered Reference Oscillator Output 

This output can be used as a second local oscillator, 
reference oscillator to another frequency synthesizer, or as 
the system clock to a microprocessor controller. 

POWER SUPPLY PINS 

VDD 
Positive Power Supply 

The positive power supply potential. This pin may range 
from + 3 to + 9 V with respect to VSS. 

VSS 
Negative Power Supply 

The most negative supply potential. This pin is usually 
ground. . 
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MC14515X-2 FAMILY CHARACTERISTICS AND DESCRIPTIONS 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Value Unit 

VDD DC Supply Voltage - 0.5 to + 10.0 V 

Yin. Vout Input or Output Voltage (DC or Transient) - 0.5 to VDD + 0.5 V 
except SW1. SW2 

Vout Output Voltage (DC or Transient). -0.5to+15 V 
SW1. SW2 (Rpull-up = 4.7 kn) 

lin. lout Input or Output Current (DC or Transient). ±10 mA 
per Pin 

100. ISS Supply Current. VDD or VSS Pins ±30 mA 

Po Power Dissipation. per Packaget 500 mW 

Tstg Storage Temperature -65to+150 °c 

TL Lead Temperature. 1 mm from Case for 260 °c 
10 seconds 

• Maximum Ratings are !liose values beyond which damage to the device may occur. 
Functional operation should be restricted to the limits in the Electrical Characteristics 
tables or Pin Descriptions section. 

t Power Dissipation Temperature Derating: 
Plastic DIP: - 12 mWrC from 65 to 85°C 
PLCC Package: - 12 mWrC from 65 to 85°C 
SOG Package: - 7 mW/oC from 65 to 85°C 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to VSS) 

These devices contain protection circuit
ry to protect against damage due to high 
static voltages or electric fields. However. 
precautions must be taken to avoid appli
cations of any voltage higher than maxi
mum rated vOltag~ to these high-impe
dance circuits. For proper operation. Vln 
andVoutshouldbe nstrainedtotherange 
VSS S (Vin or Vout) S VDD exceptfor SWl 
andSW2. 

SWl and SW2 can be tied through exter
nal resistors to voltages as high as 15 V dc. 
Independent of the supply voltage. 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g .• either 
VSS orVDD). exceptfor inputs with pull-up 
devices. Unused outputs must be left open. 

VDD 
-40°C 25°C +85°C 

Symbol Parameter Test Condition 

VDD Power Supply Voltage 
Range 

Iss Dynamic Supply Current fin = OSCin = 10 MHz. 
1 Vp-p ac-coupled sine 

wave 
R = 128. A = 32. N = 128 

ISS Quiescent Supply Current Yin = VDD or VSS 
(not Including pull-up lout = 0 ~ 
current component) 

Yin Input Voltage - fin. OSCln Input ac-coupled sine wave 

VIL Low-Level Input Voltage - Vout 2: 2.1 V Input dc-
~n.OSCln Vout 2: 3.5 V coupled 

Vout:!:6.3V square wave 

VIH High-Level Input Voltage VoutSO.9V Input dc-
-fin.OSCin VoutSl.5V coupled 

VoutS2.7V square wave 

VIL Low-Level Input Voltage-
except ~n. OSCin 

VIH High-Level Input Voltage 
- except fin. OSCin 

lin Input Current (fin. OSCin) Yin = VDD orVss 

IlL Input Leakage Current Vln= VSS 
(Data. eLK. ENB-
without pull-ups) 
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V Min 

- 3 

3 -
5 -
9 -

3 -
5 -
9 -
- 500 

3 -
5 -
9 -

3 3.0 
5 5.0 
9 9.0 

3 -
5 -
9 -
3 2.1 
5 3.5 
9 6.3 

9 ±2 

9 -

Max Min Max Min Max Unit 

9 3 9 3 9 V 

3.5 - 3 - 3 mA 
10 - 7.5 - 7.5 
30 - 24 - 24 

800 - 800 - 1600 ~ 
1200 - 1200 - 2400 
1600 - 1600 - 3200 

- 500 - 500 - mVp-p 

0 - 0 - 0 V 
0 - 0 - 0 
0 - 0 - 0 

- 3.0 - 3.0 - V 
- 5.0 - 5.0 -
- 9.0 - 9.0 -
0.9 - 0.9 - 0.9 V 
1.5 - 1.5 - 1.5 
2.7 - 2.7 - 2.7 

- 2.1 - 2.1 - V 
- 3.5 - 3.5 -
- 6.3 - 6.3 -

±50 ±2 ±25 ±2 ±22 ~ 

-0.3 - -0.1 - -1.0 ~ 

(conllnued) 
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ELECTRICAL CHARACTERISTICS (Continued) 

VOO 
-40°C 

Symbol Parameter Test Condition V Min Max 

IIH Input Leakage Current (all Vin=VOD 9 - 0.3 
Inputs except fin, OSCin) 

IlL Pull-up Current (all inputs Vin=VSS 9 -20 -400 
with pull-ups) 

Cin Input Capacitance - - 10 

VOL Low-Level Output lout = 0 I'A 3 - 0.9 
Voltage - OSCout Vin=VOO 5 - 1.5 

9 - 2.7 

VOH High-Level Output lout=OI'A 3 2.1 -
Voltage - OSCout Vin=VSS 5 3.5 -

9 6.3 -
VOL Low-Level Output lout = 0 I'A 3 - 0.05 

Voltage - Other Outputs 5 - 0.05 
9 - 0.05 

VOH High-Level Output lout= 0 I1A 3 2.95 -
Voltage - Other Outputs 5 4.95 -

9 B.95 -
V(BR)DSS Drain-to-Source Rpull-up = 4.7 kQ - 15 -

Breakdown Voltage -
SW1,SW2 

10L Low-Level Sinking Vout=0.3V 3 1.30 -
Current-MC Vout= 0.4 V 5 1.90 -

Vout=0.5V 9 3.BO -
10H High-Level Sourcing Vout=2.7V 3 -0.60 -

Current-MC Vout=4.6V 5 -0.90 -
Vout=B.5V 9 -1.50 -

10L Low-Level Sinking Vout= 0.3 V 3 0.25 -
Current-LD Vout= 0.4 V 5 0.64 -

Vout=0.5V 9 1.30 -
10H High-Level Sourcing Vout=2.7V 3 -0.25 -

Current-LO Vout= 4.6 V 5 -0.64 -
Vout= B.5 V 9 -1.30 -

10L Low-Level Sinking Vout=0.3V 3 O.BO -
Current - SW1, SW2 Vout=0.4 V 5 1.50 -

Vout=0.5 V 9 3.50 -

10L Low-Level Sinking Vout= 0.3V 3 0.44 -
Current - Other Outputs Vout= 0.4V 5 0.64 -

Vout= 0.5V 9 1.30 -
10H High-Level Sourcing Vout=2.7V 3 -0.44 -

Current - Other Ou1puts Vout=4.6V 5 -0.64 -
Vout= B.5V 9 -1.30 -

10Z Output Leakage Current - Vout= VOD orVSS 9 - to.3 
POout Output in Off State 

10Z Output Leakage Current- Vout = VOO or VSS 9 - to.3 
SW1, SW2 Output in Off State 

Cout Output Capacitance - POout - Three-State - - 10 
PDout 
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25°C +85°C 

Min Max Min Max Unit 

- 0.1 - 1.0 I'A 

-20 -200 -20 -170 I1A 

- 10 - 10 pF 

- 0.9 - 0.9 V 
- 1.5 - 1.5 
- 2.7 - 2.7 

2.1 - 2.1 - V 
3.5 - 3.5 -
6.3 - 6.3 -
- 0.05 - 0.05 V 
- 0.05 - 0.05 
- 0.05 - 0.05 

2.95 - 2.95 - V 
4.95 - 4.95 -
B.95 - B.95 -

15 - 15 - V 

1.10 - 0.66 - mA 
1.70 - 1.0B -
3.30 - 2.10 -

-0.50 - -0.30 - mA 
-0.75 - -0.50 -
-1.25 - -O.BO -
0.20 - 0.15 - mA 
0.51 - 0.36 -
1.00 - 0.70 -

-0.20 - -0.15 - rnA 
-0.51 - -0.36 -
-1.00 - -0.70 -
O.4B - 0.24 - rnA 
0.90 - 0.45 -
2.10 - 1.05 -
0.35 - 0.22 - mA 
0.51 - 0.36 -
1.00 - 0.70 -

-0.35 - -0.22 - rnA 
-0.51 - -0.36 -
-1.00 - -0.70 -
- to.l - t 1.0 I1A 

- to.l - t3.0 I1A 

- 10 - 10 pF 
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AC ELECTRICAL CHARACTERISTICS (eL = 50 pF, Input tr = tf = 10 ns) 

VDD Guaranteed Limit Guaranteed Limit 
Symbol Parameter V 25°C -40to 85°C Unit 

tpLH, tpHL Maximum Propagation Delay, fin to Me 3 110 120 ns 
(Figures 1 and 4) 5 60 70 

9 35 40 

tPHL Maximum Propagation Delay, ENB to SW1. SW2 3 160 180 ns 
(Figures 1 and 5) 5 80 95 

9 50 60 

tw Output Pulse Width. $R, $V. and LD with fR in Phase with tv 3 25 to 200 25 to 260 ns 
(Figures 2 and 4) 5 20 to 100 20 to 125 

9 10 to 70 10t080 

trLH Maximum Output Transition TIme, Me 3 115 115 ns 
(Figures 3 and 4) 5 60 75 

9 40 60 

tTHL Maximum Output Transition TIme. Me 3 60 70 ns 
(Figures 3 and 4) 5 34 45 

9 30 38 

trLH. trHL Maximum Output Transition TIme, LD 3 180 200 ns 
(Figures 3 and 4) 5 90 120 

9 70 90 

trLH. trHL Maximum Output Transition TIme, Other Outputs 3 160 175 ns 
(Figures 3 and 4) 5 80 100 

9 60 65 

SWITCHING WAVEFORMS 

tPLH-l ~~r 
OUTPUT~ 'I L 

DEVICE 
UNDER 
TEST 

Figure 1. 

ANY 
OUTPUT 

TEST POINT 

OUTPUT 

-Includes ali probe and jig capacitance. 

Figure 4. Test Circuit 
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VDD 

Figure 3. 

$R, $V. LD' ~"' .... 1-5_0-,_y,-_-_~~_tw~~~_-_-_-_-I-,r-~ 
"fR in phase with tv. 

trHL 

DEVICE 
UNDER 
TEST 

Figure 2. 

VDD 
TEST POINT f 

OUTPUT 15kr.! 

'Includes ali probe and jig capacitance. 

Figure 5. Test Circuit 
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TIMING REQUIREMENTS (Inpul Ir = II = 10 ns unless otherwise indicaled) 

VDD 
Symbol Parameter V 

Iclk Serial Data Clock Frequency, Assuming 25% Duty Cycle 3 
NOTE: Reier 10 ClK Iw(H) below 5 

(Figure 6) 9 

Isu Minimum Selup Time, Data 10 ClK 3 
(Figure 7) 5 

9 

Ih Minimum Hold Time, ClK 10 Dala 3 
(Figure 7) 5 

9 

Isu Minimum Selup Time, ClK 10 ENB 3 
(Figure 7) 5 

9 

Irec Minimum Recovery Time, ENB 10 ClK 3 
(Figure 7) 5 

9 

Iw(H) Minimum Pulse Width, ClK and ENB 3 
(Figure 6) 5 

9 

Ir,11 Maximum Inpul Rise and Fall Times - Any Inpul 3 
(Figure 8) 5 

9 

SWITCHING WAVEFORMS 

~~~ 
Iw(H) 

~voo 
DATA 

Isu 

1 ' VSS 
. 4fclk CLK 

'Assumes 25% Duty Cycle. 

Figure 6. ENB 

If 
ANY 

OUTPUT 
VSS 

Figure 8. 
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Guaranteed Limit Guaranteed Limit 
25°C -40 to 85°C Unit 

dclo 5.0 dc 10 3.5 MHz 
dcl07.1 dcl07.1 
dclo 10 dclo 10 

30 30 ns 
20 20 
18 18 

40 40 ns 
20 20 
15 15 

70 70 ns 
32 32 
25 25 

5 5 ns 
10 10 
20 20 

50 70 ns 
35 35 
25 25 

5 5 I1S 
4 4 
2 2 

VSS 

VSS 

VSS 
PREVIOUS 

DATA 
LATCHED 

Figure 7. 
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FREQUENCY CHARACTERISTICS (Voltages Relerences to VSS, CL = 50 pF, Input tr = tl =1 0 ns unless otherwise indicated) 

Voo 
-40·C 25·C 85·C 

Symbol Parameter Test Condition V Min Max Min Max Min Max Unit 

Ii Input Frequency R<!:8,A<!:O, N<!:8 3 - 6 - 6 - 6 MHz 
(lin, OSCin) Yin = 500 mVp-p 5 - 15 - 15 - 15 

ac-coupled sine wave 9 - 15 - 15 - 15 

R <!: 8, A <!: 0, N <!: 8 3 - 12 - 12 - 7 MHz 
Yin = 1 Vp-p ac-coupled 5 - 22 - 20 - 20 
sine wave 9 - 25 - 22 - 22 

R <!: 8, A <!: 0, N <!: 8 3 - 13 - 12 - 8 MHz 
Yin = VOO to VSS 5 - 25 - 22 - 22 
dc-coupled square wave 9 - 25 - 25 - 25 

,I~ n n n ~ 
VH 

REFERENC 
OSC+R 

VL 

FEEDBAC~ VH 

(lin+ N) 
VL 

* VH 

PDout n n 
U I 

HIGH IMPEDANCE 

00 VL 
0 0 0 0 

VH 

<l>R U U I VL 
0 00 00 

VH 
<l>v I o I U 

0 00 00 
VL 

U U U 
VH 

LD 

VL 

VH = High Voltage Level 
VL = Low Voltage Level 
'At this point, when both.fR and tv are in phase, the output Is lorced to near mid-supply. 
NOTE: The POout generates error pulses during out-ol-Iock conditions. When locked in phase and Irequency 

the output is high and the voltage at this pin is determined by the low-pass fiiter capacitor. 

Figure 9. Phase Detector/Lock Detector Output Waveforms 
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PHASE-LOCKED LOOP-LOW-PASS FILTER DESIGN 

A) 

8) 

C) PDoul-

VCo 

Rl 

eon = V K", KVCO 
NR1C 

-~ ~ - 2~KVCO 
1 

F(s)= R1SC + 1 

eon - V KcI> KVCO 
- NC(Rl +R21 

~ =0.5 eon (R2C+ ~~VCO) 
_R-,,2,-SC_+_1_ 

F(s) = (Rl+R21 sC + 1 

eon = 
V ~KVCO 

NCRl 

r = eonR2C 
~ -2-

ASSUMING GAIN A IS VERY LARGE, THEN: 

F(s) = R2SC + 1 
RlsC 

Nole: Sometimes Rl is split Into two series resistors each Rl + 2. A capacitor Cc Is then placed from the midpoint to ground to further 
filter cl>v and cl>R. The value of Cc should be such that lhe corner frequency of this network does not significantly affect CIln. 

DEFINITIONS: 
N = Total Division Ratio in feedback loop 
~ (Phase Detector Gain) = VDoI41t for PDout 
~ (Phase Detector Gain) = VDoI21t for cl>v and cl>R 

KVCO (VCO Gain) = ~fvCO 
. . VCO 21tfr 

for a typical design wn (Natural Frequency) = 10 (at phase detector input). 

Damping Factor: ~ :; 1 

RECOMMENDED READING: 
Gardner, Floyd M., Phaselock Techniques (second edition). New York, Wiley-Intersclence, 1979. 
Manassewitsch, Vadim, Frequency Synthesizers: Theory and Design (second edition). New York, Wlley-Intersclence, 1980. 
Blanchard, Alaln, Phase-Locked Loops: Application to Coherent Receiver Design. New York, Wiley-Interscience, 1976. 
Egan, William F., Frequency Synthesis by Phase Lock. New York, Wiley-Intersclence, 1981. 
Rohde, Ulrich L., Digital PLL Frequency Synthesizers Theory and Design. Englewood Cliffs, NJ, Prentice-Hall, 1983. 
Berlin, Howard M., Design of Phase-Locked Loop Circuits, with Experiments. Indianapolis, Howard W. Sains and Co., 1978. 
Kinley, Harold, The PLL Synthesizer Cookbook. Blue Ridge Summit, PA, Tab Books, 1980. 
AN535, Phase-Locked Loop Design Fundamentals, Motorola Semiconductor Products, Inc., 1970. 
AR254, Phase-Locked Loop Design Articles, Motorola Semiconductor Products, Inc., Reprinted with permission from Electronic Design, 

1987. 
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DESIGN CONSIDERATIONS 

CRYSTAL OSCILLATOR CONSIDERATIONS 

The following options may be considered to provide a 
reference frequency to Motorola's CMOS frequency synthe
sizers. 

Use of a Hybrid Crystal Oscillator 
Commercially available temperature-compensated crystal 

oscillators (TCXOs) or crystal-controlled data clock oscillators 
provide very stable reference frequencies. An oscillator 
capable of sinking and sourcing 50 ~ atCMOS logic levels 
may be direct or dc coupled to OSCin. In general, the highest 
frequency capability is obtained utilizing a direct-coupled 
square wave having a rail-to-rail (VDD to VSS) voltage swing. 
If the oscillator does not have CMOS logic levels on the 
outputs, capacitive or ac coupling to OSCin may be used. 
OSCout, 
an unbuffered output, should be left floating. 

For additional Information about TCXOs and data clock 
oscillators, please consult the latest version of the eem 
Electronic Engineers Master Catalog, the Gold Book, or 
similar publications. 

Design an Off-Chip Reference 
The user may design an off-chip crystal oscillator using ICs 

specifically developed for crystal oscillator applications, such 
as the MC12061 MECL device. The reference signal from the 
MECL device is ac coupled to OSCin. For large amplitude 
signals (standard CMOS logic levels), dc coupling is used. 
OSCout, an unbuffered output, should be left floating. In 
general, the highest frequency capability is obtained with a 
direct-coupled square wave having rail-to-rail voltage swing. 

Use of the On-Chip Oscillator Circuitry 
The on-chip amplifier (a digital inverter) along with an 

appropriate crystal may be used to provide a reference source 
frequency. A fundamental mode crystal, parallel resonant at 
the desired operating frequency, should be connected as 
shown in Figure 10. 

r - - - - - FREQUENCYI 
I Rf SYNTHESIZE'R I 

I I 
L_ ___ _-.J 

OSCin R1' OSCout o I-+--'VIIIr--' 

'May be deleted in certain cases. See text. 

Figure 10_ Pierce Crystal Oscillator Circuit 

For VDD = 5.0 V, the crystal should be specified for a 
loading capacitance, CL, which does not exceed 32 pF for 
frequencies to approximately 8.0 MHz, 20 pF for frequencies 
in the area of 8.0 to 15 MHz, and 10 pF for higherfrequencies. 
These are guidelines that provide a reasonable compromise 
between IC capacitance, drive capability, swamping varia-
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tions in stray and IC input/output capacitance, and realistic 
CL values. The shunt load capacitance, CL, presented across 
the crystal can be estimated to be: 

C CinCout C C C1 • C2 
L= + a+ 0+---

Cin + Cout C1 + C2 

where: 
Cin = 5 pF (see Figure 11) 

Cout = 6 pF (see Figure 11) 
Ca = 1 pF (see Figure 11) 
Co = the crystal's holder capacitance (see Figure 12) 

C1 and C2 = external capacitors (see Figure 10) 

~O_-'I_-+~~a~ __ rl __ -OO 

Cin * *Cout 

.; .; 
Figure 11. Parasitic Capacitances of the Amplifier 

Co 

NOTE: Values are supplied by crystal manufacturer 
(parallel resonant crystal). 

Figure 12. Equivalent Crystal Networks 

The oscillator can be "trimmed" on-frequency by making a 
portion or all of C1 variable. The crystal and associated 
components must be located as close as possibletothe OSCin 
and OSCout pins to minimize distortion, stray capacitance, 
stray inductance, and startup stabilization time. In some 
cases, stray capacitance should be added to the value for Cin 
and Couto 

Power is dissipated in the effective series resistance of the 
crystal, Re, in Figure 12. The drive level speCified by the crystal 
manufacturer is the maximum stress that a crystal can 
withstand without damaging or excessive shift in frequency. 
R1 in Figure 10 limits the drive level. The use of R1 may not 
be necessary In some cases (I.e., R1 = 0 Q). 

To verify that the maximum dc supply voltage does not 
overdrive the crystal, monitor the output frequency as a 
function of voltage at OSCout. (Care should be taken to 
minimize loading.) The frequency should increase very slightly 
as the dc supply voltage is increased. An overdriven crystal 
will decrease in frequency or become unstable with an 
increase in supply voltage. The operating supply voltage must 
be reduced or R1 must be increased in value if the overdriven 
condition exists. The user should note that the oscillator 
start-up time is proportional to the value of R1. 

Through the process of supplying crystals for use with 
CMOS inverters, many crystal manufacturers have devel
oped expertise in CMOS oscillator design with crystals. 
Discussions with such manufacturers can prove very helpful 
(see Table 1). 

MOTOROLA COMMUNICATIONS DEVICE DATA 



Recommended Reading 
Technical Note TN-24, Statek Corp. 
Technical Note TN-7, Statek Corp. 
E. Hafner, "The Piezoelectric Crystal Unit - Definitions and 

Method of Measurement", Proc. IEEE, Vol. 57, No.2 Feb., 
1969. 

D. Kemper, L. Rosine, "Quartz Crystals for Frequency 
Control", Electro-Technology, June, 1969. 

P. J. Ottowitz, "A Guide to Crystal Selection", Electronic 
Design, May, 1966. 

Table 1. Partial List of Crystal Manufacturers 

Name Address Phone 

United States 3605 McCart St., (817) 921-3013 
Crystal Corp. Ft. Worth, TX 

76110 

Crystek Crystal 2371 Crystal Dr., (813) 936-2109 
Ft. Myers, FL 
33907 

Statek Corp. 512 N. Main St., 
Orange,CA 

(714) 639-7810 

92668 

NOTE: Motorola cannot recommend one supplier over another and In 
no way suggests that this is a complete listing of crystal man
ufacturers. 

DUAL-MODULUS PRESCALING 

Overview 
The technique of dual-modulus prescaling is well estab

lished as a method of achieving high performance frequency 
synthesizer operation at high frequencies. Basically, the 
approach allows relatively low-frequency programmable 
counters to be used as high-frequency programmable 
counters with speed capability of several hundred MHz. This 
is possible without the sacrifice in system resolution and 
performance that results if a fixed (single-modulus) divider is 
used for the prescaler. 

In dual-modulus prescaling, the lower speed counters must 
be uniquely configured. Special control logic is necessary to 
select the divide value P or P + 1 in the prescaler for the 
required amount of time (see modulus control definition). 
Motorola's dual-modulus frequency synthesizers contain this 
feature and can be used with a variety of dual-modulus 
prescalers to allow speed, complexity and cost to be tailored 
to the system requirements. Prescalers having P, P + 1 divide 
values in the range of + 3/+ 4 to + 128/+ 129 can be controlled 
by most Motorola frequency synthesizers. 

Several dual-modulus prescaler approaches suitable for 
use with the MC145152-2, MC145156-2, or MC145158-2 are: 

MC12009 +5/+6 440 MHz 
MC12011 +8/+9 500 MHz 
MC12013 + 10/+11 500 MHz 
MC12015 +32/+33 225 MHz 
MC12016 +40/+41 225 MHz 
MC12017 +64/+65 225 MHz 
MC12018 + 1281+ 129 520 MHz 
MC12022A + 64/65 or + 1281129 1.1 GHz 
MC12032A + 64/65 or + 1281129 2.0GHz 
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Design Guidelines 
The system total divide value, Ntotal (NT) will be dictated 

by the application: 

N = frequency into the prescaler = N • P + A 
T frequency into the phase detector 

N is the number programmed into the + N counter, A is the 
number programmed into the + A counter, P and P + 1 are 
the two selectable divide ratios available in the dual-modulus 
prescalers. To have a range of NT values in sequence, the 
+ A counter is programmed from zero through P - 1 for a 
particular value N in the + N counter. N is then incremented 
to N + 1 and the + A is sequenced from 0 through P -1 again. 

There are minimum and maximum values that can be 
achieved for NT. These values are a function of P and the size 
of the + Nand + A counters. 

The constraint N ;:: A always applies. If Amax = P - 1, then 
Nmin ;:: P - 1. Then NTmin = (P - 1) P + A or (P - 1) P since 
A is free to assume the value of o. 

NTmax = Nmax • P + Amax 

To maximize system frequency capability, the dual-modulus 
prescaler output must go from low to high after each group 
of P or P + 1 input cycles. The prescaler should divide by P 
when its modulus control line is high and by P + 1 when its 
MC is low. 

For the maximum frequency into the prescaler (fVCOmax), 
the value used for P must be large enough such that: 

1. fVCOmax divided by P may not exceed the frequency 
capability of fin (input to the + Nand + A counters). 

2. The period of fVCO divided by P must be greater than 
the sum of the times: 

a. Propagation delay through the dual-modulus pre
scaler. 

b. Prescaler setup or release time relative to its MC 
signal. 

c. Propagation time from fin to the MC output for the 
frequency synthesizer device. 

A sometimes useful simplification in the programming code 
can be achieved by choosing the values for P of 8, 16, 32, 
or 64. For these cases, the desired value of NT results when 
NT in binary is used as the program code to the + Nand + 
A counters treated in the following manner: 

1. Assume the + A counter contains "a" bits where 2a ;:: P. 

2. Always program all higher order + A counter bits above 
"a" to o. 

3. Assume the + N counter and the + A counter (with all the 
higher order bits above "a" ignored) combined into a 
single binary counter of n + a bits in length (n = number 
of divider stages in the + N counter). The MSB of this 
"hypothetical" counter is to correspond to the MSB of 
+ N and the LSB is to correspond to the LSB of + A. The 
system divide value, NT, now results when the value of 
NT in binary is used to program the "new" n + a bit 
counter. 

By using the two devices, several dual-modulus values are 
achievable (shown in Figure 13). 
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DEVICE 

MCl 

MCl 

MCl 

DEVICE 
B 

A MC12009 

0131 +20/+21 

0138 +50/+51 

+40/+41 
0154 or 

+80/+81 

Me 

MC12011 MC12013 

+32/+33 + 40/+ 41 

+80/+81 + 100/+ 101 

+641+65 +80/+81 
or 

+ 128/+ 129 

NOTE: MC12009, MC12011, and MC12013 are pin equivalent. 

MC145151-2 through MC145158-2 
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MC12015, MC12016, and MC12017 are pin equivalent. 

Figure 13. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Serial-Input PLL Frequency 
Synthesizer with Analog Phase 
Detector 
Interfaces with Dual-Modulus Prescalers 

The MC145159-1 has a programmable 14-bit reference counter, as well as fully 
programmable divide-by-N/divide-by-A counters. The counters are programmed 
serially through a common data input and latched into the appropriate counter 
latch, according to the last data bit (control bit) entered. 

When combined with a loop filter and VCO, this device can provide all the 
remaining functions for a PLL frequency synthesizer operating up to the device's 
frequency limit. For higher VCO frequency operations, a down mixer or a dual 
modulus prescaler can be used between the VCO and the PLL. 

• General Purpose Applications: 
CATV TV Tuning 
AM/FM Radios Scanning Receivers 
Two Way Radios Amateur Radio 

• Low Power Consumption Through Use of CMOS Technology 
• 3.0 to 9.0 V Supply Range 
• On- or Off-Chip Reference Oscillator Operation 
• Compatible with the Serial Peripheral Interface (SPI) on CMOS MCUs 
• + R Range = 3 to 16383 
• + N Range = 16 to 1023, + A Range = 0 to 127 
• High-Gain Analog Phase Detector 
• See Application Note AN969 

PIN ASSIGNMENTS 

PLASTIC DIP 
and SOG PACKAGE SSOP PACKAGE 

RO 1- 20 RR VSS' CR 

OSCin 2 19 VDD' SRout 

OSCout 3 18 CH ENB 

CHARGE 4 17 APDout DATA 

VDD 16 VSS' RR CLK 

FSO 6 15 CR ~n 

VSS 7 14 SRout LD 

MC 8 13 ENB MC 

LD 9 12 DATA VSS 

fin 10 11 CLK VDD FSO 

MOTOROLA COMMUNICATIONS DEVICE DATA 

MC145159-1 

~-
• 1 

~~ 

PSUFFIX 
PLASTIC 

CASE73B 

FNSUFFIX 
PLCC 

CASE 775 

OW SUFFIX 
SaG 

CASE 751D 

VFSUFFIX 
SSOP 

CASETBD 

ORDERING INFORMATION 
MC145159Pl Plastic DIP 
MC145159FNI PLCC 
MC145159DWI SOG 
MC145159VFl SSOP 

The PLCC (FN suffix) 
package will be phased 

out for this device and is 
NOT RECOMMENDED 
FOR NEW DESIGNS. 

PLCC PACKAGE 

'S 
.S;; 0 

'0 u u 
'" '" rP£,~ 0 0 

3 2 1 20 -

9 10 11 12 

0 
~ "" j:!i m .... .... z u ;5 w 

CH 

APDout 

VSS' 

CR 

SHout 

MC145159-1 
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BLOCK DIAGRAM 

~~~~~~~~~~]--t----::::::::=====SRO~ ,-------.-- CHARGE 

ENB ----------, 

OSCout -----------, 
CH 

ANALOG RR 
OSCin >:~-IIt-----!~~~~~~~~~~~jftj PHASE 

" R DETECTOR 

RO 
CR 
APDout 
VDD' 

L-++++~~~~~= VSS' MC 

FSO 

lD 

ClK --l-----~=====--l_=====:.J 
*FSO is not and cannot be used as a digital phase detector output. 

MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Value Unit 

VOO DC Supply Voltage - 0.5 to + 10.0 V 

Yin, Vout Input or Output Voltage (DC or Transient) - 0.5 to VOO + 0.5 V 

lin, lout Input or Output Current (DC or Transient), - ±10 mA 
per Pin 

100, ISS Supply Current, VOO or VSS Pins ±30 mA 

Po Power Dissipation, per Package 500 mW 

Tstg Storage Temperature -65to+ 150 ·C 

Tl Lead Temperature (B-Second Soldering) 260 ·C 

* Maximum Ratings are those values beyond which damage to the device may occur. 

MC145159-1 
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This device contains circuitry to protect 
the Inputs against damage due to high stat
Ic voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid applications of any voltage higher 
than maximum rated voltages to this high
Impedance circuit. For proper operation it is 
recommended that Yin and Vout be con
strained to the range VSS S (Vln or Voutl s 
VOO· 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSsorVOO)· 
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ELECTRICAL CHARACTERISTICS (Voltages Referenced to VSS except ICR and IAPD which are referenced to VSS') 

-40'C 

Characteristic Symbol Vee Min Max 

Power Supply Voltage Range VDD - 3 9 

Output Voltage o Level VOL 3 - 0.05 
Yin = OVorVDD 5 - 0.05 
lout = 0 IIA 9 - 0.05 

(Except OSCout and APDout) 1 Level VOH 3 2.95 -
5 4.95 -
9 8.95 -

Output Voltage o Level VOL 3 - 0.9 
OSCout 5 - 1.5 
Yin = 0 VorVDD 9 - 2.7 

1 Level VOH 3 2.1 -
5 3.5 -
9 6.3 -

aVoltage, VCH - VAPDout, IAPOout ~ 0 IIA aV - - -

Input Voltage o Level VIL 3 - 0.9 
Vout = 0.5 V or VDD - 0.5 V 5 - 1.5 
(All Outputs Except OSCout) 9 - 2.7 

1 Level VIH 3 2.1 -
5 3.5 -
9 6.3 -

Input Voltage' - OSCin VIL 
VO=2.1 VorO.9V o Level 3 - 0 
Vo = 3.5 Vor 1.5 V 5 - 0 
Vo = 6.3 Vor2.7 V 9 - 0 

Vo = 0.9 Vor 2.1 V 1 Level VIH 
Vo = 1.5 Vor3.5 V 3 3.0 -
Vo = 2.7Vor 6.3 V 5 5.0 -

9 9.0 -
Output Current - MC IOH 

Vout=2.7V Source 3 -0.60 -
Vout=4.6V 5 -0.90 -
Vout= 8.5 V 9 -1.50 -
Vout= 0.3 V Sink IOL 3 1.30 -
Vout= 0.4 V 5 1.90 -
Vout= 0.5 V 9 3.80 -

Output Current, CR, VCR = 4.5 V, RR = 240 k ICR 9 - -
Output Current, APDout IAPD 9 - -

RO = 240 k, VCH = 0 V, VAPDout = 4.5 V 

Output Current - Other Outputs IOH 
Vout=2.7V Source 3 -0.44 -
Vout=4.6V 5 -0.64 -
Vout=8.5V 9 -1.30 -
Vout=0.3V Sink IOL 3 0.44 -
Vout= 0.4 V 5 0.64 -
Vout= 0.5 V 9 1.30 -

Input Current - Data, CLK, ENB lin 9 - ±0.3 

Input Current - fin, OSCin lin 9 ±2 ±50 

Input Capacitance Cin - - 10 

Three-State Output Capacitance - FSO Cout - - 10 

Quiescent Current 100 3 - 800 
Yin = 0 VorVDD 5 - 1200 
lout = 0 IIA 9 - 1600 

Three-State Leakage Current, Vout = 0 V or 9 V IOZ 9 - ±0.3 

'DC-coupled square wave. 
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25'C 

Min Max 

3 9 

- 0.05 
- 0.05 
- 0.05 

2.95 -
4.95 -
8.95 -

- 0.9 
- 1.5 
- 2.7 

2.1 -
3.5 -
6.3 -
- 1.05 

- 0.9 
- 1.5 
- 2.7 

2.1 -
3.5 -
6.3 -

- 0 
- 0 
- 0 

3.0 -
5.0 -
9.0 -

-0.50 -
-0.75 -
-1.25 -
1.10 -
1.70 -
3.30 -
-90 -110 

170 350 

-0.35 -
-0.51 -
-1.00 -
0.35 -
0.51 -
1.00 -
- ±0.1 

±2 ±25 

- 10 

- 10 

- 800 
- 1200 
- 1600 

- ±0.1 

85'C 

Min 

3 

-
-
-

2.95 
4.95 
8.95 

-
-
-
2.1 
3.5 
6.3 

-
-
-
-
2.1 
3.5 
6.3 

-
-
-

3.0 
5.0 
9.0 

-0.30 
-0.50 
-0.80 

0.66 
1.08 
2.10 

-
-

-0.22 
-0.36 
-0.70 

0.22 
0.36 
0.70 

-
±2 

-
-
-
-
-
-

Max Unit 

9 V 

0.05 V 
0.05 
0.05 

-
-
-

0.9 V 
1.5 
2.7 

-
-
-
- V 

0.9 V 
1.5 
2.7 

-
-
-

V 
0 
0 
0 

V 
-
-
-

rnA 
-
-
-
-
-
-

- IIA 
- IIA 

rnA 
-
-
-

-
-
-

±1.0 IIA 
±22 IIA 
10 pF 

10 pF 

1600 IIA 
2400 
3200 

±3.0 IIA 
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SWITCHING CHARACTERISTICS (fA = 25°C, Cl = 50 pF) 

Characteristic Figure # Symbol VOO Min Max Unit 

Output Rise Time - MC 4,9 ITlH 3 - 115 ns 
5 - 60 
9 - 40 

Output Fall Time - MC 4,9 ITHl 3 - 60 ns 
5 - 34 
9 - 30 

Output Rise and Fall Time - lO and SRout 4,9 ITlH, 3 - 140 ns 

ITHl 5 - 80 
9 - 60 

Propagation Delay Time - fin to MC 5,9 tPlH, 3 - 125 ns 
tpHl 5 - 80 

9 - 50 

Setup Times - Data to ClK 6 tsu 3 30 - ns 
5 20 -
9 18 -

ClKtoENB 6 3 70 -
5 32 -
9 25 -

Hold Time - ClK to Data 6 th 3 12 - ns 
5 12 -
9 15 -

Recovery Time - ENB to ClK 6 trec 3 5 - ns 
5 10 -
9 20 -

Input Rise and Fall Times ~ ClK, OSCln, fin 7 tr,tf 3 - 5 I1S 
5 - 2 
9 - 0.5 

Input Pulse Width - ENB and ClK 8 tw 3 40 - ns 
5 35 -
9 25 -

NOTE: Refer to the graphs and text in application note AN969 for maximum frequency information. 

MC145159-1 
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INPUT PINS 

OSCin, OSCout 

PIN DESCRIPTIONS 

Oscillator Input and Oscillator Output 
These pins form an on-chip reference oscillator when con

nected to terminals of an external parallel-resonant crystal. 
Frequency-setting capacitors of appropriate value must be 
connected from OSCin to VssandOSCoutto VSS. OSCin may 
also serve as input for an externally-generated reference sig
nal. This signal will typically be ac coupled to OSCin, but for 
larger amplitude signals (standard CMOS logic levels), dc 
coupling may also be used. In the external reference mode, no 
connection is required to OSCout. 

fin 
Frequency Input 

Input to the positive edge triggered divide-by-N and divide
by-A counters. fin is typically derived from a dual modulus 
prescaler and is ac coupled. This input has an inverter biased 
in the linear region to allow use with ac-coupled signals as low 
as 500 mV peak-to-peak or direct- coupled signals swinging 
from VOO to VSS. 

DATA 
Serial Data Input 

Counter and control information is shifted into this input. The 
last data bit entered goes into the one-bit control shift register. 
A logic 1 allows the reference counter information to be loaded 
into its 14-bit latch when Enable goes high. A logic 0 entered 
as the control bit disables the reference counter latch. The di
vide-by-Aldivide-by-N counter latch is loaded, regardless of 
the contents of the control register, when ENS goes high. The 
data entry format is shown in Figure 1. 

ENB 
Transparent latch Enable 

A logic high on this input allows data to be entered into the 
divide-by-Aldivide-by-N latch and, if the control bit is high, 
into the reference counter latch. Counter programming is 
unaffected when ENS is low. ENS should be kept normally low 
and pulsed high to transfer data to the latches. 

ClK 
Shift Register Clock 

A low-to-high transition on this input shifts data from the 
serial data input into the shift registers. 

COMPONENT PINS 

CR 
Ramp Capacitor 

The capacitor connected from this pin to VSS' is charged 
linearly, at a rate determined by RR. The voltage on this 
capacitor is proportional to the phase difference of the 

frequencies present at the internal phase detector inputs. A 
polystyrene or mylar capacitor is recommended. 

RR 
Ramp Current Bias Resistor 

A resistor connected from this pin to VSS' determines the 
rate at which the ramp capacitor is charged, thereby affecting 
the phase detector gain (see Figure 2). 

CH 
Hold Capacitor 

The charge stored on the ramp capacitor is transferred to 
the capacitor connected from this pin to either VDD' or VSS'. 
The ratio of CR to CH should be large enough to have no affect 
on the phase detector gain (CR > 10 CH). A low-leakage 
capacitor should be used. 

RO 
Output Bias Current Resistor 

A resistor connected from this pin to VSS' biases the output 
N-Channel transistor, thereby setting a current sink on the 
analog phase detector output. This resistor adjusts the APDout 
bias current (see Figure 3). 

OUTPUT PINS 

APDout 
Analog Phase Detector Output 

This output produces a voltage that controls an external 
VCO. The voltage range of this output (VDD = + 9 V) is from 
below + 0.5 V to + 8 V or more. The source impedance of 
this output is the equivalent of a source follower with an exter
nally variable source resistor. The source resistor depends 
upon the output bias current controlled by the output bias cur
rent resistor, RO. The bias current is adjustable from 0.01 mA 
to 0.5 rnA. The output voltage is not more than 
1.05 V below the sampled point on the ramp. With a constant 
sample of the ramp voltage at 9 V and the hold capacitor of 
50 pF, the instantaneous output ripple is about 5 mV peak
to-peak. 

CHARGE 
Ramp Charge Indicator 

This output is high from the time fR goes high to the time 
fV goes high (fR and fV are the frequencies at the phase 
detector inputs). This high voltage indicates that the ramp 
capacitor, CR, is being charged. 

FSO 
Three·State Frequency Steering Output 

If the counted down input frequency on fin is higher than 
the counted down reference frequency of OSCin, this olltput 
goes low. If the counted down VCO frequency is lower than 
that of the counted down OSCin, this output goes high. 

The repetition rate of the frequency steering output pulses 
is approximately equal to the difference of the frequencies 

LATCHED WHEN 
CONTROL BIT = 1 

DATA IN 

Figure 1. Data Entry Format 
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The repetition rate of the frequency steering output pulses 
is approximately equal to the difference of the frequencies 
of the two counted down inputs from the VCO and OSCin. 
See Application Note AN969 for further information. 

LD 
Lock Detector Indicator 

This output is high during lock and goes low to indicate a 
non-lock condition. The frequency and duration olthe non-lock 
pulses will be the same as either polarity olthe frequency 
steering output. 

MC 
Dual Modulus Prescaler Control 

The modulus control level is low at the beginning of a count 
cycle and remains low until the divide-by-A counter has 
counted down from its programmed value. At that time, the 
modulus control goes high and remains high until the 
divide-by-N counter has counted the rest of the way down from 
its programmed value (N - A additional counts since both 
divide-by-N and divide-by-A are counting down during the first 
portion of the cycle). Modulus control is then set back low, 
the counters preset to their respective programmed values, 
and the above sequence repeated. This provides for a total 
programmable divide value of NT = N • P + A, where P and 
P + 1 represent the dual modulus prescaler divide values 
respectively for high and low modulus control levels, N is the 
number programmed into the divide-by-N counter, and A is 
the number programmed into the divide-by-A counter. 

1000 
700 

c; 500 
e 
w 300 

VDD=3V~5~ 9V 

u 

~ 200 

'" 1i5 
100 w 

II: 
70 D.. 

:::;: 
50 "'" II: 

II: 30 II: 

20 

" \ \ 
10 3 5 7 10 20 30 5070100 200300500 1k 2k 3k 

ICHARGE, CHARGE CURRENT (IlA) 

Figure 2. Charge Current versus Ramp Resistance 

SRout 
Shift Register Output 

This pin is the non-inverted output of the last stage of the 
32-bitserial data shift register. It is not latched by the ENB 
line. If unused, SRout should be floated. 

POWER SUPPLY PINS 

VDD 
Positive Power Supply 

Positive power supply input for all sections of the device 
except the analog phase detector. VDD and VDD' should be 
powered up at the same time to avoid damage to the 
MC145159-1. VDD must betiedtothe same potential as VDD'. 

VSS 
Negative Power Supply 

Circuit ground for all sections of the MC145159-1 except 
the analog phase detector. VSS must be tied to the same 
potential as VSS'. 

VSS' 
Analog Phase Detector Circuit Ground 

Separate power supply and ground inputs are provided to 
help reduce the effects in the analog section of noise coming 
from the digital sections of this device and the surrounding 
circuitry. 

VDD' 
Analog Power Supply 

Separate power supply and ground inputs are provided to 
help reduce the effects in the analog section of noise coming 
from the digital sections of this device and the surrounding 
circuitry. 

<i: 
56.0 
!z 
i'l! 5.0 
II: a 
'" 4.0 
"'" 10 
':; 3.0 
D.. 
f-a 2.0 
('J 

~ 1.0 

~ 

1 1 

~ V~D' = gl V 
\ 

" , 
"- " ...... 

....... 
VDD' = 5 V --

10 20 30 50 70 100 200 300 500 700 1000 

RO, OUTPUT RESISTANCE (kn) 

Figure 3. APDout Bias Current vs Output Resistance 

DESIGN EQUATION 
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where 

Kef> = ICHARGE 
21tfRCR 

Kef> = phase detector gain, ICHARGE is from Figure 2 
fR = reference frequency 
CR = ramp capacitor (in farads) 
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SWITCHING WAVEFORMS 

ANY 
OUTPUT 

tn-tL 

Figure 4. 

'------ Vss 
PREVIOUS 

DATA 
LATCHED 

Figure 6. 

ENS. CLK 1,'"":50=%===::-tw....;...-------=--=--=-L-VDD 

'J Vss 

Figure 8. 
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CLK 
OSCin. fin 

VDD 

-VSS 

tPLH-i I":..-.t..~ j+-
MC~ "4 '--

Figure 5. 

Figure 7. 

DEVICE 
UNDER 
TEST 

OUTPUT 

Figure 9. Test Circuit 

-VDD 

VSS 
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DESIGN CONSIDERATIONS 

CRYSTAL OSCILLATOR CONSIDERATIONS 

The following options may be considered to provide a 
reference frequency to Motorola's CMOS frequency synthe
sizers. 

Use Of A Hybrid Crystal Oscillator 
Commercially available temperature-compensated crystal 

oscillators (TCXOs) or crystal-controlled data clock oscilla
tors provide very stable reference frequencies. An oscillator 
capable of sinking and sourcing 50 I!A at CMOS logic levels 
may be direct or dc coupled to OSCin. In general, the highest 
frequency capability is obtained utilizing a direct-coupled 
square wave having a rail-to-rail (VDD to VSS) voltage swing. 
If the oscillator does not have CMOS logic levels on the 
outputs, capacitive or ac coupling to OSCin may be used. 
OSCout, an unbuffered output, should be left floating. 

For additional information about TCXOs and data clock 
oscillators, please consult the latest version of the eem 
Electronic engineers Master Catalog, the Gold Book, or 
similar publications. 

Design An Off-chip Reference 
The user may design an off-chip crystal oscillator using ICs 

specifically developed for crystal oscillator applications, such 
as the MC12061 MECL device. The reference signal from the 
MECL device is ac coupled to OSCin. For large amplitude 
signals (standard CMOS logic levels), dc coupling is used. 
OSCout, an unbuffered output, should be left floating. In 
general, the highest frequency capability is obtained with a 
direct-coupled square wave having rail-to-rail voltage swing. 

Use Of The On-chip Oscillator Circuitry 
The on-Chip amplifier (a digital inverter) along with an 

appropriate crystal may be used to provide a reference source 
frequency. A fundamental mode crystal, parallel resonant at 
the desired operating frequency, should be connected as 
shown in Figure 10. 

For VDD = 5 V, the crystal should be specified for a loading 
capacitance, CL, which does not exceed 32 pF for 
frequencies to approximately 8 MHz, 20 pF for frequencies 
in the area of 8 to 15 MHz, and 10 pF for higher frequencies. 
These are guidelines that provide a reasonable compromise 
between IC capacitance, drive capability, swamping varia
tions in stray and IC inpuVoutput capacitance, and realistic 
CL values. Assuming Rl = 0 n. the shunt load capacitance, 
CL, presented across the crystal can be estimated to be: 
where 

r - - - - - FREQUENCYl 
I Rf SYNTHESIZER I 

I I 
L_ ___ _~ 

eSCin R1* eSCout 

D~1r--' 

'May be deleted In certain cases. See text. 

Figure 10. Pierce Crystal Oscillator Circuit 
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CinCout Cl • C2 
CL = + Ca + Cstray + Cl C2 

Cin + Cout + 

Cin = 5 pF (see Figure 11) 
Cout = 6 pF (see Figure 11) 
Ca = 1 pF (see Figure 11) 
Cl and C2 = external capacitors (see Figure 10) 
Cstray = the total' equivalent external circuit stray capaci
tance appearing across the crystal terminals 

eSCin O-,-...LTI-'I--trr>><a)--"'TI-...LTI--oO eSCout 

Cln ~_I- L_-1 f-_.J T Cout 

Cstray 

Figure 11. Parasitic Capacitances of the Amplifier 
and Cstray 

1 D 2 o--j j-o 

NOTE: Values are supplied by crystal manufacturer 
(parallel resonant crystat). 

Figure 12. Equivalent Crystal Networks 

The oscillator can be "trimmed" on-frequency by making 
a portion or all of Cl variable. The crystal and associated 
components must be located as close as possible to the 
OSCin and OSCout pins to minimize distortion, stray 
capacitance, stray inductance, and startup stabilization time. 
Circuit stray capacitance can also be handled by adding the 
appropriate stray value to the values for Cin and Couto For 
this approach, the term Cstray becomes zero in the above 
expression for CL. , 

Power is dissipated in the effective series resistance of the 
crystal, Re, in Figure 12. The maximum drive level specified 
by the crystal manufacturer represents the maximum stress 
that a crystal can withstand without damaging or excessive 
shift in operating frequency. Rl in Figure 10 limits the drive 
level. The use of Rl is not necessary in most cases. 

To verify that the maximum dc supply voltage does not 
overdrive the crystal, monitor the output frequency as a 
function of voltage at OSCout. (Care should be taken to 
minimize loading.) The frequency should increase very 
slightly as the dc supply voltage is increased. An overdriven 
crystal will decrease in frequency or become unstable with 
an increase in supply voltage. The operating supply voltage 
must be reduced or Rl must be increased in value if the 
overdriven condition exists. The user should note that the 
oscillator start-up time is proportional to the value of Rl. 

Through the process of supplying crystals for use with 
CMOS inverters, many crystal manufacturers have devel
oped expertise in CMOS oscillator design with crystals. 
Discussions with such manufacturers can prove very helpful. 
See Table 1. 

MOTOROLA COMMUNICATIONS DEVICE DATA 



trol", Electro-Technology, June, 1969. RECOMMENDED READING 
Technical Note TN-24, Statek Corp. 
Technical Note TN-7, Statek Corp. 

P. J. Ottowitz, "A Guide to Crystal Selection", Electronic 
Design, May, 1966. 

E. Hafner, ''The Piezoelectric Crystal Unit - Definitions and 
Method of Measurement", Proc. IEEE, Vol. 57, No.2 Feb., 
1969. 

D. Babin, "Designing Crystal Oscillators", Machine Design, 
March 7,1985. 

D. Kemper, L. Rosine, "Quartz Crystals for Frequency Con-
D. Babin, "Guidelines for Crystal Oscillator Design", Ma

chine Design, April 25, 1985. 

Table 2. Partial List of Crystal Manufacturers 

Name Address Phone 

United States Crystal Corp. 3605 McCart St., Ft. Worth, TX 76110 (817) 921·3013 
Crystek Crystal 2371 Cryslal Dr., Ft. Myers, FL 33907 (813) 936-2109 

Stalek Corp. 512 N. Main St., Orange, CA 92668 (714) 639-7810 

NOTE: Motorola cannot recommend one supplier over another and in no way suggests thaI 
this is a complete listing of cryslal manufacturers. 

~n n FEEDBACK 
(fin+N) .'--________________________ ...J L __ _ 

REFEREN6~ n n (OSC+R) J II....-___________________ -J. 1... ____ _ 

SAMPLE ~--------------~I 
CHARGE n 

~----------------------~ ~----

DISCHARGE l ...... ____________ ....J 

CR-----J------------~------------~~ 
CH------~ ________________________________________ --Jr__ 

APDoul --------~ ______________________________________ ~ ______________ _Jr___ 

Figure 13. Timing Diagram for Minimum Divide Value (N = 16) 

MOTOROLA COMMUNICATIONS DEVICE DATA MC145159-1 
2-573 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
Dual PLLs for 46/49 MHz 
Cordless Telephones 
CMOS 

These devices are dual phase-locked loop (PLL) frequency synthesizers in
tended for use primarily in 46/49 MHz cordless phones with up to 10 channels. 
These parts contain two mask-programmable counter ROMs for receive and 
transmit loops with two independent phase detect circuits. A common reference 
oscillator and reference divider are shared by the receive and transmit circuits. 

Frequency selection is accomplished via a 4-bit parallel inputfor the MC145160 
and MC145166. The MC145167 utilizes a serial interface. 

Other features include a lock detect circuit for the transmit loop, illegal code 
default, and a 5 kHz tone output. 

• Synthesizes Up to Ten Channel Pairs 
• Maximum Operating Frequency: 60 MHz @ Vin=200 mVp-p 
• Operating Temperature Range: -40 to + 75°C 
• Operating Voltage Range: 2.5 to 5.5 V 
• On-Chip Oscillator Circuit Supports External Crystal 
• Lock Detect Signal 
• Operating Power Consumption: 3.0 mA @ 3.0 V 
• Standby Mode for Power Savings: 1.5 mA @ 3.0 V 

Part 4.0 kHz Transmit Channel 
Number Output Frequency Programming 

MC145160 Yes Hall 01 Fundamental BCD 
MC145166 No Fundamental BCD 
MC145167 No Fundamental Serial 

PIN ASSIGNMENTS 

MC145166P 
MCt45160P MC1451600W MC1451660W 

OSCout OSCin OSCoul OSCin OSCout 

MODE VDD MODE VDO MODE 

SB linl SB lint SB 

5k OSCB 5k OSCB 5k 

4k POt 4k POt DO 

DO VSS DO VSS 01 

Dt P02 Ot NC 02 

02 iJ) 02 P02 03 

D3 lin2 03 iJ) 

NC lin2 

NC = NO CONNECTION 

MC145160 
MC145166 
MC145167 

.. - PSUFFIX 
PLASTIC DIP 

CASE 707 
1 ... PSUFFIX 

PLASTIC DIP 
CASE 648 

.# OW SUFFIX 
SOG 

CASE751D IS. OW SUFFIX 
SOG 

CASE 751G 
1 

ORDERING INFORMATION 

MC145160P Plastic DIP 
MC145160DW SOG Package 

MC145166P Plastic DIP 
MC145166DW SOG Package 

MC145167P Plastic DIP 
MC145167DW SOG Package 

MC145167P 
MC1451670W 

OSCin OSCoul OSCin 

VOO MODE VOO 

lint SB lint 

POt 5k POt 

VSS DATA VSS 

P02 CLK P02 

iJ) NC iJ) 

lin2 ENB ~n2 

NC = NO CONNECTION 

This document contains information on a new product. SpeCifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM OF THE MC145160, MC145166, AND MC145167 
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: OSCB 
I 
I 4k L ___ _ 

MCl45160 
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5k 
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Vss 
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MOTOROLA COMMUNICATIONS DEVICE DATA 

PHASE 
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~ 
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IP LOCK 
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• 

PHASE 
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~ 
t'-- MCl45160 ONLY 

-

1 

DECODE 
LOGIC 
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,.------
I • 

I 0 
I • 

I 
01 

I • 

I 
0 

I • 
2 

I 
0 

~------

MODE 
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ONLY 

------- -., 

4·BITLATCH ~ENB 

I 
I 
I 
I 
I 
I 

CLK 
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MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Rating Value Unit 

VDD DC Supply Voltage -0.5 to +6.0 V 

Vln Input Voltage, All Inputs -0.5toVDD+0.5 V 

lin, lout DC Current Drain Per Pin 10 mA 

IDD,ISS DC Current Drain VDD or VSS Pins 30 mA 

Tsto Storage Temperature Range -65 to +150 ·C 

• Maximum Ratings are those values beyond which damage to the device may occur. Functional 
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip
tions section. 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to VSS, TA=25·C) 

Symbol Characteristic VDD 

VDD Power Supply Voltage Range -
VOL Output Voltage o Level 2.5 

(lout=O) 5.5 

VOH (Vin=VDDorO) 1 Level 2.5 
5.5 

VIL Input Voltage o Level 2.5 
(Vout=0.5 Vor VDD-0.5 V)" 5.5 

VIH 1 Level 2.5 
5.5 

IOH Output Current (Vout= 2.2 V) Source 2.5 
(Vout=5.0 V) 5.5 

IOL (Vout=0.3 V) Sink 2.5 
(Vout=0.5 V) 5.5 

IlL Input Current OSCin, flnl , ftn2 2.5 
(Vin=O) 5.5 

DATA, S8, Mode 2.5 
5.5 

IIH (Vin=VDD-0.5) OSCin, finl, fin2 2.5 
5.5 

DATA, S8, Mode 2.5 
5.5 

Cin Input Capacitance -
Cout Output Capacitance -
IDD Standby Current, SB=VSS or Open 2.5 

5.5 

Idd Operating Current 2.5 
(200 mVp-p input at finl and fin2, SB=VDD) 5.5 

IOZ Three-State Leakage Current 5.5 
(Vout=O or 5.5 V) 

This device contains protection cir
cuitry to guard against damage due to 
high static voltages or electric fields. 
However, precautions must be taken to 
avoid applications of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. For proper op
eration, Vin and Vout should be 
constrained to the range VSS" (Vin 
or VoW" VDD· 

Unused inputs must always be tied to 
an appropriate logic voltage level (e.g., 
either VSS or VDD). Unused outputs 
must be left open. 

Guaranteed Limit 

Min Max Unit 

2.5 5.5 V 

- 0.05 V 
- 0.05 

2.45 -
5.45 -
- 0.75 V 
- 1.65 

1.75 -
3.85 -

-0.18 - mA 
-0.55 -
0.18 -
0.55 -
- -30 pA 
- -66 

- -0.05 
- -0.11 

- 30 pA 
- 66 

- 50 
- 121 

- 8.0 pF 

- 8.0 pF 

- 1.4 rnA 
- 3.6 

- 2.8 mA 
- 6.2 

- ±1.0 I1A 

MC145160.MC145166.MC145167 
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SWITCHING CHARACTERISTICS (T A = 25°C, CL = 50 pF) 

Symbol Characteristic Figure # 

ITLH Output Rise Time 1,5 

ITHL Output Fall Time 1,5 

tr, tf Input Rise and Fall Time, OSCin 2 

fmax Input Frequency OSCin 
Input = Sine Wave 200 mVp·p finl 

~n2 

tsu Setup Time (MC145167) DATAtoCLK 3 

ENBtoCLK 

th Hold Time (MC145167), CLK to DATA 3 

tree Recovery Time (MC145167), ENB to CLK 3 

tw Input Pulse Width (MC145167), CLK and ENB 4 

SWITCHING WAVEFORMS 

ANY 
OUTPUT 

DATA 

Isu 

50"10 
CLK--':";'~ 

trHL 

Figure 1. 

03 

Guaranteed Limit 

VDD Min Max Unit 

3.0 - 200 ns 
5.0 - 100 

3.0 - 200 ns 
5.0 - 100 

3.0 - 5.0 I's 
5.0 - 4.0 

3.0-5.0 - 12 MHz 
3.0-5.0 - 60 
3.0-5.0 - 60 

3.0 100 - ns 
5.0 50 -
3.0 200 -
5.0 100 -
3.0 80 - ns 
5.0 40 -

3.0 80 - ns 
5.0 40 -

3.0 80 - ns 
5.0 60 -

If 

Figure 2. 

ENB-----------------------------------------~ 

ENB, 
CLK 

~50"lo 
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Figure 3. 

Iw 

Figure 4. 
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INPUTS 

OSCin/OSCout 

PIN DESCRIPTIONS 

Reference Oscillator InpuUOutput ' 
These pins form a reference oscillator when connected 

to an external parallel-resonant crystal. For a 46/49 MHz 
cordless phone application, a 10,24-MHz crystal is needed, 
OSCin may also serve as input for an externally gener
ated reference signal. This signal is typically ac coupled to 
OSCin, but for larger amplitude signals (standard CMOS logic 
levels) dc coupling may also be used. In the external 
reference mode, no connection is required for OSCout. 

MODE 
Mode is for determining whether the part is to be used in 

the base or handset of a cordless phone. Internally, this pin 
is used in the decoding logic for selecting the ROM address. 
When high, the device is set in the base mode, and when 
low, it is set in the handset mode. This input has an internal 
pull-down device. ' 

SB 
Standby Input 

The standby pin is used to save power when not 
transmitting, When high, both the transmit and receive loops 
are in operation. When low, the transmit loop is disabled, 
thereby reducing power consumption. This input has an 
internal pull-down device. 

DO-D3 
Data Inputs 

These inputs provide the BCD code for selecting the one 
of ten channels to be locked in both the transmit and receive 
loop. When address data other than 1-10 are input, the 
decoding logic defaults to channel 10. The frequency 
assignments with reference to Mode and DO-D3 are shown 
in Table 1. These inputs have internal pull-down devices. 

fin1, fin2 
Frequency Inputs 

fin1 and fin2 are inputs to the divide-by-N receive and 
transmit counters, respectively. These signals are typically 
derived from the loop VCO and are ac coupled. For larger 
amplitude signals (standard CMOS logic levels), dc coupling 
may be used. The minimum input level is 200 mVp-p. 

ClK, DATA 
Clock, Data 

These pins provide the BCD input by using serial channel 
programming instead of parallel. Logical high represents a 1. 
Each low-to-high transition of the clock shifts one bit of data 
into the on-chip shift register. 

ENB 
Enable 

The enable pin controls the data transfer from the shift 
register to the 4-bit latch. A positive pulse latches the data. 

OUTPUTS 

5k,4k 
5-kHz and 4-kHz Tone Signals 

These are 5-kHz and 4-kHz tone signals derived from the 
reference oscillator, these are N-channel open-drain outputs. 

lD 
lock Detect Signal 

The lock detect signal is associated with the transmit loop. 
The lock output goes high to indicate an out-of-Iock condition. 
This is a P-channel open-drain output. 

PD1, PD2 
Phase Detector Outputs 

These are three-state outputs of the transmit and receive 
phase detectors for use as loop error signals. 

Frequency fv > fr or fv leading: Output = Negative pulses 
Frequency fv < fr or fv lagging: Output = Positive pulses 
Frequency fv = fr and phase coincidence: 

Output = High-impedance state 

OSCB 
Buffered Reference Oscillator 

Buffered output of the on-Chip reference oscillator or 
externally provided reference. This output is available on the 
MC145160 only. 

POWER SUPPLY 

VSS 
Negative Power Supply 

This pin is the negative supply potential and is usually 
ground. 

VDD 
Positive Power Supply 

This pin is the positive supply potential and may range from 
+ 2.5 to + 5.5 V with respect to VSS. 

Table 1_ MC145166/67 Divide Ratios and VCO Frequencies 

Channels Handset (Mode=O) 

fin2-Transmit 

03 02 01 DO CH# Fvco (MHz) +N 

0 0 0 1 1 49.670 9934 
0 0 1 0 2 49.845 9969 
0 0 1 1 3 49.860 9972 
0 1 0 0 4 49.770 9954 
0 1 0 1 5 49.875 9975 
0 1 1 0 6 49.830 9966 
0 1 1 1 7 49.890 9978 
1 0 0 0 8 49,930 9986 
1 0 0 1 9 49,990 9998 
1 0 1 0 10 49,970 9994 

NOTES: 
1. Other input combinations will be defaulted to channell 0 
2. Half the frequency of fin2 for MC145160 
3. 0 = logic low, 1 = logic high. 

MC145160.MC145166.MC145167 
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fin1-Receive 

Fvco (MHz) +N 

35.915 7183 
35.935 7187 
35.975 7195 
36.015 7203 
36.035 7207 
36.075 7215 
36.135 7227 
36,175 7235 
36,235 7247 
36,275 7255 

Base (Mode=l) 

fin2-Transmit fin1-Receive 

Fvco (MHz) +N Fvco (MHz) +N 

46.610 9322 38,975 7795 
46.630 9326 39,150 7830 
46.670 9334 39,165 7833 
46,710 9342 39,075 7815 
46,730 9346 39.180 7836 
46.770 9354 39.135 7827 
46.830 9366 39.195 7839 
46,870 9374 39,235 7847 
46,930 9386 39,295 7859 
46,970 9394 39,275 7855 
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lkn 

lOIlF ~ I O.OlI1F 39kn 

':' 27 pF 

47kn 

100kn 68 PFrYl 47 PFfLtMP:9::6C 

: 33 pF 3.3kQ 

lN5462A f ':' r ':' 
10 pF 

2.7kQ 

0 
10.24 MHz 

3 pF 
T02N0--l 
MIXER OSCout OSCin 

14 
V+ ~nl 

15 
VOO POl 

13 

DO PD2 
11 

MCl45166 
01 10 
02 

[0 

9 

12 
03 ~n2 
VSS 

':' 

V+ 
LOCK DETECT (LO) 

RFTxAMP 

MPS9426C MPS9426C 

Figure 5. MC145166 Circuit Example 

MOTOROLA COMMUNICATIONS DEVICE DATA 

VCC(3.6V) 

I 12 pF 
I ~ '----- TO 1ST 

L-__ : 1.. .----- MIXER 

MPS9426C 

2.7kn 

TO PIN 1 
r-----;~--_r-. OF 

MC2831A 

47kn 

lN5462A 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
Dual PLL for 30/39 MHz 
Cordless Telephones 
CMOS 

The MC145161 is a dual phase-locked loop (PLL) frequency synthesizer 
intended for use primarily in 30/39 MHz cordless phones with up to 10 channels. 
This part contains two mask-programmable counter ROMs for receive and 
transmit loops with two independent phase detect circuits. A common reference 
oscillator and reference divider are shared by the receive and transmit circuits. 

Frequency selection is accomplished via a 4-bit serial input. 
Other features include a lock detect circuit for the transmit loop, illegal code 

default, and a 5-kHz tone output. 

• Applications: Bases and Handsets of Cordless Phones for the 
Australian Market 

• Synthesizes Up to Ten Channel Pairs 
• Maximum Operating Frequency: 60 MHz @ Vin=200 mVp-p 
• Operating Temperature Range: -40 to + 75°C 
• Operating Voltage Range: 2.5 to 5.5 V 
• On-Chip Oscillator Circuit Supports External Crystal 
• Lock Detect Signal 
• Operating Power Consumption: 3.0 mA @ 3.0 V 
• Standby Mode for Power Savings: 1.5 mA @ 3.0 V 

MC145161 

PSUFFIX 
PLASTIC DIP 

CASE 648 

DWSUFFIX 
SOG 

CASE 751G 

ORDERING INFORMATION 

MC145161P 
MC145l61DW 

Plastic DIP 
SOG Package 

PIN ASSIGNMENT 

OSCout OSCin 

MODE VDD 

SB ~nl 

5k PDl 

DATA VSS 

ClK PD2 

NC ill 

ENB ~n2 

NC = NO CONNECTION 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM OF THE MC145161 

Iv=5kHz 
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MAXIMUM RATINGS' (Voltages Referenced to VSS) 

Symbol Rating Value Unit 

VOO DC Supply Voltage -0.5 to +6.0 V 

Yin Input Voltage, All Inputs -0.5 to VOO +0.5 V 

lin, lout DC Current Drain Per Pin 10 rnA 

IOO,ISS DC Current Drain VOO or VSS Pins 30 mA 

Tstg Storage Temperature Range -65 to +150 DC 

• Maximum Ratings are those values beyond which damage to the device may occur. Functional 
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip
tions section. 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to VSS, TA = 25DC) 

Symbol c Characteristic VOO 

VOO Power Supply Voltage Range -

VOL Output Voltage o Level 2.5 
(lout=O) 5.5 

VOH (Vin = VOO or 0) 1 Level 2.5 
5.5 

VIL I nput Voltage o Level 2.5 
(Vout=0.5 V or VOO-0.5 V) 5.5 

VIH 1 Level 2.5 
5.5 

IOH Output Current (Vout=2.2 V) Source 2.5 
(Vout=5.0 V) 5.5 

IOL (Vout=0.3 V) Sink 2.5 
(Vout=0.5 V) 5.5 

IlL Input Current OSCin, ~nl, fin2 2.5 
(Vin=O) 5.5 

Data, SB, Mode 2.5 
5.5 

IIH (Vin=VOO-0.5) OSCin, finl, fin2 2.5 
5.5 

Data, SB, Mode 2.5 
5.5 

Cin Input Capacitance -
Cout Output Capacitance -

100 Standby Current, SB= VSS or Open 2.5 
5.5 

Idd Operating Current 2.5 
(200 mVp-p input at finl and ~n2, SB=VOO) 5.5 

IOZ Three-State Leakage Current 5.5 
(Vout=O or 5.5 V) 

MOTOROLA COMMUNICATIONS DEVICE DATA 

This device contains protection 
circuitry to guard against damage due 
to high static voltages or electric fields. 
However, precautions must be taken to 
avoid applications of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. For proper op
eration, Yin and Vout should be con
strained to the range V SS:;; (Vin or 
Vout):;;VOO· 

Unused inputs must always be tied to 
an appropriate logic voltage level (e.g., 
either VSS or VOO). Unused outputs 
must be left open. 

Guaranteed Limit 

Min Max 

2.5 5.5 

- 0.05 
- 0.05 

2.45 -
5.45 -
- 0.75 
- 1.65 

1.75 -
3.85 -

-0.18 -
-0.55 -
0.18 -
0.55 -
- -30 
- -66 

- -0.05 
- -0.11 

- 30 
- 66 

- 50 
- 121 

- 8.0 

- 8.0 

- 1.4 
- 3.6 

- 2.8 
- 6.2 

- ±1.0 

Unit 

V 

V 

V 

mA 

IlA 

IlA 

pF 

pF 

rnA 

mA 

IlA 

MC145161 
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SWITCHING CHARACTERISTICS (TA=25·C, Cl =50 pF) 

Symbol 

lTlH 

lTHl 

Ir,ll 

Imax 

tsu 

III 

tree 

tw 

ANY 
OUTPUT 

DATA 

Characteristic 

OUlpul Rise Time 

OUlpUI Fall Time 

Inpul Rise and Fall Time, OSCin 

Inpul Frequency 
Input = Sine Wave 200 mVp-p 

Setup Time 

Hold Time, ClK to DATA 

Recovery Time, ENB to ClK 

Input Pulse Width, ClK and ENB 

trHl 

Figure 1. 

D3 

tsu 

ClK _....:5",0"1..:::.. oJ 

Figure # 

1,5 

1,5 

2 

OSCin 
~nl 
~n2 

DATAtoClK 3 

ENBtoClK 

3 

3 

4 

SWITCHING WAVEFORMS 

Guaranteed Limit 

VOO Min Max Unit 

3.0 - 200 ns 
5.0 - 100 

3.0 - 200 ns 
5.0 - 100 

3.0 - 5.0 I1S 
5.0 - 4.0 

3.0--5.0 - 12 MHz 
3.0-5.0 - 60 
3.0--5.0 - 60 

3.0 100 - ns 
5.0 50 -
3.0 200 -
5.0 100 -
3.0 80 - ns 
5.0 40 -
3.0 80 - ns 
5.0 40 -

3.0 80 - ns 
5.0 60 -

tf 

Figure 2. 

50% 

Isu~trec 

ENB-----------------------------
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INPUTS 

OSCin/OSCout 

PIN DESCRIPTIONS 

Reference Oscillator Input/Output (Pins 16, 1) 
These pins form a reference oscinator when connected 

to an external parallel-resonant crystal. For a 30/39 MHz 
cordless phone application, a 10.24-MHz crystal is 
needed. OSCin may also serve as input for an externally 
generated reference signal. This signal is typically ac 
coupled to OSCin, but for larger amplitude signals 
(standard CMOS logic levels) dc coupling may also be 
used. In the external reference mode, no connection is 
required for OSCout. 

MODE 
(Pin 2) 

Mode is for determining whether the part is to be used in 
the base or handset of a cordless phone. Internally, this pin 
is used in the decoding logic for selecting the ROM address. 
When high, the device is set in the base mode, and when low, 
it is set in the handset mode. This input has an internal 
pull-down device. 

SB 
Standby Input (Pin 3) 

The standby pin is used to save power when not 
transmitting. When high, both the transmit and receive 
loops are in operation. When low, the transmit loop is 
disabled, thereby reducing power consumption. This input 
has an internal pull-down device. 

finl, fin2 
Frequency Inputs (Pins 14, 9) 

fin1 and fin2 are inputs to the divide-by-N receive and 
transmit counters, respectively. These signals are 
typically derived from the loop VCO and are ac coupled. 
For larger amplitude signals (standard CMOS logic 
levels), dc coupling may be used. The minimum input level 
is 200 mVp-p. 

ClK, DATA 
Clock, Data (Pins 6, 5) 

These pins provide the BCD input by using serial channel 
programming. Logical high represents a 1. Each low-to-high 
transition of the clock shifts one bit of data into the on-chip 
shift register. 

ENB 
Enable (Pin 8) 

The enable pin controls the data transfer from the shift 
register to the 4-bit latch. A positive pulse latches the data. 

OUTPUTS 

5k 
5-kHz Tone Signal (Pin 4) 

This 5-kHz tone signal is derived from the reference 
oscillator; this is an N-channel open-drain output. 

lD 
lock Detect Signal (Pin 10) 

The lock detect signal is associated with the transmit loop. 
The lock output goes high to indicate an out-of-Iock condition. 
This is a P-channel open-drain output. 

POl, PD2 
Phase Detector Outputs (Pins 13, 11) 

These are three-state outputs of the transmit and receive 
phase detectors for use as loop error signals. 

Frequency fv>fr or fv leading: Output=Negative pulses 
Frequency fv<fr or fv lagging: Output=Positive pulses 
Frequency fv=fr and phase coincidence: Output High-

Impedance state 

POWER SUPPLY 

VSS 
Negative Power Supply (Pin 12) 

This pin is the negative supply potential and is usually 
ground. 

VDD 
Positive Power Supply (Pin 15) 

. This pin is the positive supply potential and may range from 
+2.5 to +5.5 V with respect to VSS. 

Table 1. Divide Ratios and VCO Frequencies (used for the Australian Market) 

Channels Handset (Mode=O) 

fin~Transmit fln1-Receive 

03 02 01 DO CHI FVCO(MHz) +N FVCO(MHz) +N 

0 0 0 1 1 39.775 7955 19.380 3876 
0 0 1 0 2 39.825 7965 19.430 3886 
0 0 1 1 3 39.875 7975 19.480 3896 
0 1 0 0 4 39.925 7985 19.530 3906 
0 1 0 1 5 39.975 7995 19.580 3916 
0 1 1 0 6 39.800 7960 19.405 3881 
0 1 1 1 7 39.850 7970 19.455 3891 
1 0 0 0 8 39.900 7980 19.505 3901 
1 0 0 1 9 39.950 7990 19.555 3911 
1 0 1 0 10 40.000 8000 19.605 3921 

NOTES: 
1. Other input combinations will be defaulted to channel 1 0 
2. 0 = logic low, 1 = logic high 
3. First IF = 10.695 MHz 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Base (Mode=l) 

fin~Transmlt 

FVCO(MHz) +N 

30.075 6015 
30.125 6025 
30.175 6035 
30.225 6045 
30.275 6055 
30.100 6020 
30.150 6030 
30.200 6040 
30.250 6050 
30.300 6060 

'inl-Receive 

FVCO(MHz) 

29.080 
29.130 
29.180 
29.230 
29.280 
29.105 
29.155 
29.205 
29.255 
29.305 

+N 

5816 
5826 
5836 
5846 
5856 
5821 
5831 
5841 
5851 
5861 

MC145161 
2-585 



1\)5: 
0.0 
CICI ... 0).,.. 

UI ... 
0) ... 

s:: 

a 
:Il o 
> g 
s:: s:: c z 
o 
~ 
5 z 
CJl 
o 
~ o 
m 
o 
~ > 

!! ca c 
iii 
.!" 
c 
"'II 

F 
~ 
"2-

I 
:::I 

5' 
c.> 

~ co 

== Ii 
g 
a. 
m 
"'II s 
:::I 
«II ~ 

~ 
DC 

0.455 MHz 

MC145161 

PHASE 
DET 
A 

PO-R 

11"":>, --;=l ~ -1 05kHZ 

PHASE I I PD·T 
DET 
B 

MODE DATA ClK ENB VDD [i) 

L.P.FllTER 

r r 
L.P. FilTER 

.L .L r r 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
60 MHz Universal Programmable 
Dual PLL Frequency Synthesizer 
CMOS 

The MC145162 is a dual phase-locked loop (PLL) frequency synthesizer 
especially designed for CT-1 cordless phone applications worldwide. This 
frequency synthesizer is also for any products with frequency operation at 60 MHz 
or below. 

The device features fully programmable receive, transmit, reference, and 
auxiliary reference counters accessed through an MCU serial interface. This 
feature allows this device to operate In any CT -1 cordless phone application. The 
device consists of two independent phase detectors for transmit and receive 
loops. A common reference oscillator, driving two independent reference 
frequency counters, provides independent reference frequencies for transmit and 
receive loops. The auxiliary reference counter allows the user to select an 
additional reference frequency for receive and transmit loops if required. 

• Operating Voltage Range: 2.5 to 5.5 V 
• Operating Temperature Range: - 40 to + 75°C 
• Operating Power Consumption: 3.0 mA @ 2.5 V 
• Maximum Operating Frequency: 60 MHz @ 200 mVp-p, VDD = 2.5 V 
• 3 or 4 Pins Used for Serial MCU Interface 
• Buill-In MCU Clock Output with Frequency of Reference Oscillator + 3/+ 4 
• Power Saving Mode Controlled by MCU 
• Lock Detect Signal 
• On-Chip Reference Oscillator Supports External Crystals to 16.0 MHz 
• Reference Frequency Counter Division Range: 16to 4095 
• Auxiliary Reference Frequency Counter Division Range: 16to 16,383 
• Transmit Counter Division Range: 16 to 65,535 
• Receive Counter Division Range: 16to 65,535 

MC145162 

.-1 

PSUFFIX 
PLASTIC DIP 

CASE 648 

DSUFFIX 
SOG 

CASE 7519 

ORDERING INFORMATION 
MC145162P 
MC145162D 

Plastic DIP 
SOG 

PIN ASSIGNMENT 

ClK 

ADin 

Din 

ENB 

MCUCLK 

VSS 

aSCout 

aSCin 

[ 1· 

[ 2 

[ 3 

4 

S 

6 

7 

8 

16P 

ISP 

14~ 
13 

12 

11 

10 

9 

ill 

TxPDout 

~n·T 
TxPS/trx 

VDD 

RxPs/fRx 

RxPDout 

fin·R 

This document contains Information on a new product. Specifications and Information herein are subject to change without notice. REV. 1 
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OSCin 

OSCout 

MCUCLK 

ADin 

CLK 

Din 

ENB 

TxPSlfrx 

RxPSlfRx 
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BLOCK DIAGRAM 

7 

2 

MCU INTERFACE PROGRAMMING 
MODE CONTROL 

4 CONTROL REGISTER 

TRANSMIT 
SELECT 

RECEIVE 
SELECT 

VDD=PIN 12 
VSS=PIN6 

Tx 
PHASE 15 TxPDout 

DETECTOR 

16 
iJ'i 

Rx 10 
PHASE RxPDout 

DETECTOR 
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MAXIMUM RATINGS' (Voltages Referenced to VSS) 

Symbol Rating Value Unit 

VDD DC Supply Voltage -0.5to + 6.0 V 

Yin Input Voltage. All Inputs - 0.5 to VDD + 0.5 V 

lin. lout DC Current Drain Per Pin 10 rnA 

IDD. ISS DC Current Drain VDD or VSS Pins 30 rnA 

Tstg Storage Temperature Range -65 to +150 'C 

'Maximum Ratings are those values beyond which damage to the device may occur. Func
tional operation should be restricted to the limits in the Electrical Characteristics tables or 
Pin Descriptions section. 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to VSS. TA = 25'C) 

Symbol Characteristic 

VDD Power Supply Voltage Range 

VOL Output Voltage o Level 
(lout = 0) 

VOH (Vin = VDD or 0) 1 Level 

VIL Input Voltage o Level 
(Vout = 0.5 V or VDD - 0.5 V) 

VIH 1 Level 

10H Output Current (Vout = 2.2 V) Source 
(Vout = 5.0 V) 

10L (Vout = 0.3 V) Sink 
(Vout = 0.5 V) 

IlL Input Current OSCin. fin-To fin-R 
(Vin = 0) 

ADin. CLK. Din. ENB 

IIH (Vin = VDD - 0.5) OSCin. fin-To fin-R 

ADin. CLK. Din. ENB 

10Z Three-State Leakage Current (Vout = 0 V or 5.5 V) 

Cin Input Capacitance 

Cout Output Capacitance 

IDD(stdby) Standby Current 
(All Counters are in Power-Down Mode with Oscillator On) 

IDD Operating Current 
(200 mVp-p input at fin-T = 60 MHz and fin-R = 60 MHz. OSC = 10.24 MHz) 

MOTOROLA COMMUNICATIONS DEVICE DATA 

This device contains protection circuitry 
to guard against damage due to high static 
voltages or electric fields. However. pre
cautions must be taken to avoid applica
tion of any voltage higher than maximum 
rated voltages to this high-impedance cir
cuit. For proper operation. Yin and Vout 
should be constrained to the range VSS ,; 
(Vin or Vout) ,; VDD· 

Unused pins must always be tied to an 
appropriate logic voltage level (e.g .• either 
VSS or VDD). Unused outputs must be left 
open. 

Guaranteed Limit 

VDD Min Max 

- 2.5 5.5 

2.5 - 0.1 
5.5 - 0.1 

2.5 2.45 -
5.5 5.45 -

2.5 - 0.75 
5.5 - 1.65 

2.5 1.75 -
5.5 3.85 -

2.5 -0.18 -
5.5 -0.55 -

2.5 0.18 -
5.5 0.55 -
2.5 - -30 
5.5 - -66 

2.5 - -1.0 
5.5 - -1.0 

2.5 - 30 
5.5 - 66 

2.5 - 5.0 
5.5 - 5.0 

5.5 - ±100 

- - 8.0 

- - 8.0 

2.5 - 0.3 
5.5 - 1.5 

2.5 - 3.0 
5.5 - 10 

Unit 

V 

V 

V 

rnA 

J.tA 

I'A 

nA 

pF 

pF 

rnA 

rnA 
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SWITCHING CHARACTERISTICS (TA = 25"C. Cl = 50 pF) 

Guaranteed Limit 

Symbol Characteristic Figure # Vee Min Max Unit 

tTlH Output Rise Time 1 2.5 - 200 ns 
5.5 - 100 

ITHl Output Fall Time 1 2.5 - 200 ns 
5.5 - 100 

tr• tf Input Rise and Fall Time. OSCin 2 2.5 - 5.0 ~s 

5.5 - 4.0 

tw Input Pulse Width. ClK and ENS 3 2.5 80 - ns 
5.5 60 -

fmax Input Frequency OSCin 2.5-5.5 - 16 MHz 
(Input = Sine Wave @ ;, 200 mVp-p fin-T 2.5-5.5 - 60 

fin-R 2.5-5.5 - 60 

tsu Setup Time Data to ClK 5 2.5-5.5 100 - ns 
ENSto ClK 2.5-5.5 200 -

th Hold Time. ClK to Data 5 2.5 80 - ns 
5.5 40 -

trec Recovery Time. ENS to ClK 5 2.5 80 - ns 
5.5 40 -

tsul Setup Time. ENS to ClK 4 2.5-5.5 80 - ns 

thl Hold Time. ClK to ENS 4 2.5-5.5 600 - ns 

SWITCHING WAVEFORMS 

ANY 
OUTPUT 

ENS. cJ 50% 

ClK 

Figure 1. 

tw 

Figure 3_ 

ENS 
TIl 

tTHl 

lVDD 

VSS 

- VDD 

Vss 

t'oo 
Vss 

Figure 4_ ENB High During Serial Transfer 
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ClK. OSCin. ~9:-0--%--------'- - VDD y_tr tf~ 
lin-T.lin-R 10% 

ADin. 
Din 

ClK 

ENS 

VSS 

Figure 2. 

- VDD 

Vss 

~1 -tree 

___ ---It 50% '--____ - VDD 

- VSS 
PREVIOUS 

DATA 
lATCHED 

Figure 5_ ENB Low During Serial Transfer 
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PIN DESCRIPTIONS 

OSCln/OSCout 
Reference Oscillator Input/Output (Pins 8. 7) 

These pins form a reference oscillator when connected to 
an external parallel-resonant crystal. Figure 6 shows the rela
tionship of different crystal frequencies and reference 
frequencies for cordless phone applications in various coun
tries. OSCin may also serve as input for an extemally 
generated reference signal which is typically ac coupled. 

MCUCLK 
System Clock (Pin 5) 

This output pin provides a signal -of the crystal frequency 
(OSCoutl divided by 3 or 4 that is controlled by a bit in the con
trol register. 

This signal can be a ciock source for the MCU or other sys
temclocks. 

ADin. Din. CLK. ENB 
Auxiliary Data In. Data In. Clock. Enable (Pins 2. 3. 1. 4) 

These four pins provide an MCU serial interface for pro
gramming the reference counter, the transmit-channel 
counter, and the receive-channel counter. They also provide 
various controls of the PLL including the power saving mode 
and the programming format. 

TxPS/trx. RxPSlfRx 
Transmit Power Save. Receive Power Save (Pins 13. 11) 

For a normal application, these output pins provide the sta
tus of the internal power saving mode operation. If the 
transmit-channels counter circuitry is in power down mode, 
TxPS/trx outputs a high state. lithe receive-channels counter 
circuitry is in power down mode, RxPS/fRx is set high. These 
outputs can be applied for controlling the extemal power 
switch forthe transmitter and the receiver to save MCU control 
pins. 

In the TX/Rx channel counter test mode, the TxPS/trx and 
RxPS/fRx pins output the divided value of the transmit 

eSCln 

eSCout 

Crystal +NValue 

11.150 MHz 446 

11.150 MHz 223 

10.240 MHz 512 

12.000 MHz 600 

channel counter (trx) and the receive channel counter (fRx), 
respectively. This test mode operation is controlled by the con
trol register. Details of the counter test mode are in the TX/Rx 
Channel Counter Test section of this data sheet. 

fln-Tlfln-R 
Transmit/Receive Counter Inputs (Pins 14. 9) 

fin-T and fin-R are inputs to the transmit and the receive 
counters, respectively. These signals are typically driven from 
the loop VCO and ac-coupled. The minimum input signal level 
is 200 mVp-p @ 60.0 MHz. 

.TxPDout/RxPDout 
Transmit/Receive Phase Detector Outputs (Pins 15. 10) 

These are three-state outputs of the transmit and receive 
phase detectors for use as loop error signals (see Figure 7 for 
phase detector output waveforms). 

Frequency fV > fR or tv leading: output = negative pulse. 
Frequency fV < fR or tv lagging: output = positive pulse. 
Frequency fV = fR and phase coincidence: output = high-

impedance state. 
fR is the divided-down reference frequency at the phase de

tector input and fV is the divided-down VCO frequency at the 
phase detector input. 

LD 
Lock Detect (Pin 16) 

The lock detect signal is associated with the transmit loop. 
The output at a high level indicates an out-of-Iock condition 
(see Figure 7 for the IT> output waveform). 

VDD 
Positive Power Supply (Pin 12) 

VDD is the most positive power supply potential ranging 
from 2.5 to 5.5 V with respect to VSS. 

VSS 
Negative Power Supply (Pin 6) 

VSS is the most negative supply potential and is usually con
nected to ground. 

A 

B~ fAt 

C 

0"'-0-- fA2 

fRl-+B fR2-+C 

6.25 kHz ".0 kHz 

12.5 kHz 

5.0 kHz 

5.0 kHz 

Figure 6. Reference Frequencies for Cordless Phone Applications of Various Countries 
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. IR, REFERENCE 
(OSCin + REFERENCE COUNTER) 

lv, FEEDBACK 
(~n - T + Tx COUNTER OR 

lin - R + Rx COUNTER) __ -';'...:..J 

, 
, 
* 

TXPDB~ 

RxPDout ~~~h~~u~--~--
VH 

HIGH IMPEDANCE 
• I I I I 

rn~~~h~' __ ~n~' ____ ~ __ 
VH = High voltage level 
VL = Low voltage level 
"At this point, when both 'R and Iv are in phas.e, the output is lorced to near mid supply. 
Note: The TxPDout and RxPDout generate error pulses during out-ol-Iock conditions. When locked in phase and frequency, the 
output is high impedance and the voltage at that pin is determined by the low-pass filter capacitor. 

Figure 7. Phase Detector/lock Detector Output Waveforms 

MCU PROGRAMMING SCHEME 
The MCU programming scheme is defined in two formats 

controlled by the ENB input. If the enable signal is high 
during the serial data transfer, control register/reference 
frequency programming is selected. If the ENB is low, 
programming of the transmit and receive counters is 
selected. During programming of the transmit and receive 
counters, both ADin and Din pins can input the data to the 
transmit and receive counters. Both counters' data is 
clocked into the Pll internal shift register at the leading 
edge of the ClK signal. It is not necessary to reprogram 
the reference frequency counter/control register when 
using the enable signal to program the transmiVreceive 
channels. 

In programming the control register/reference frequency 
scheme, the most significant bit (MSB) of the programming 
word identifies whether the input data is the control word 
or the reference frequency data word. If the MSB is 1, the 
input data is the control word (Figure 8). Also see Figure 
NO TAG and Table 1 for control register and bit function. 
If the MSB is 0, the input data is the reference frequency 
(Figure 9). 

The reference frequency data word is a 32-bit word 
containing the 12-bit reference frequency data, the 14-bit 
auxiliary reference frequency counter information, the 
reference frequency selection plus, the auxiliary reference 
frequency counter enable bit (Figure 9). 

If the AUX REF ENB bit is high, the 14-bit auxiliary 
reference frequency counter provides an additional phase 

MC145162 
2-592 

reference frequency output forthe loops. If AUX REF ENB 
bit is low, the auxiliary reference frequency counter is 
forced into power-down mode for current saving. (Other 
power down modes are also provided through the control 
register per Table 2 and Figure 8.) At the falling edge of 
the ENB signal, the data is stored in the registers. 

There are two. interfacing schemes for the universal 
channel mode: the three-pin and the four-pin interfacing 
schemes. The three-pin interfacing scheme is suited for 
use with the MCU SPI (serial peripheral interface) (Figure 
10), while the four-pin interfacing scheme is commonly 
used for general I/O port connection (Figure 11). 

For the three-pin interfacing scheme, the auxiliary data 
select bit is set to O. All 32 bits of data, which define both 
the 16-bittransmit counter and the 16-bit receive counter, 
latch into the Pll internal register through the data in pins 
at the leading edge of ClK. See Figures 12 and 13. 

For the four-pin interfacing scheme, the auxiliary data 
select bit is set to 1. In this scheme, the 16-bit transmit 
counter's data enters into the ADin pin at the same time 
as the 16-bit receive counter's data enters into the Din pin. 
This simultaneous entry of the transmit and receive 
counters causes the programming period of the four-pin 
scheme to be half that of the three-pin scheme (see 
Figures 14 and 15). 

While programming Tx/Rx Channel Counter, the ENB 
pin must be pulsed to provide falling edge to latch the 
shifted dataafterthe rising edge of the last clock. Maximum 
data transfer rate is 500 kbps. 
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CONTROL REGISTER IDENTIFIER = 1 

MSB lSB 

ClK 

ENB J L 
Note: ENB must be high during the serial transfer. 

Figure S. Programming Format of the Control Register 

Table 1. Control Register Function Bits Description 

Test Bit Set to 1 for TxlRx channel counter test mode 
Set to 0 for normal application 

Aux Data Select Set to 1 lor both ADin and Din pins inputting the transmit 16·bits data and receive 16-bits data respectively. 
Set to 0 lor normal application interfacing with MCU serial peripheral Interface. Does not use ADin pin; tie ADin to VSS. 

REFout + 3/+ 4 Iisello 1, REFout output Irequency is equal to OSCout + 3. 
II set to 0, REFout output is OSCout + 4. 

TxPD Enable II set to 1, the transmit counter, transmit phase detector, and the associated circuitry is in power·down mode. 
Tx PS/trx is set "High". 

RxPD Enable If set to 1, the receive counter, receive phase detector, and the associated circuitry is In power·down mode. 
Rx PS/IRx is set "High". 

Rei PO Enable If set to 1, both 12-bit and 14-bit relerence frequency counters are in power-down mode. 

Table 2. Control Register Power Down Bits Function 

TxPD RxPD REF PO Relerence 
Enable Enable Enable Tx·Channel Counter Rx-Channel Counter Frequency Counter 

0 0 0 - - -
0 0 1 - - Power Down 

0 1 0 - Power Down -
0 1 1 - Power Down Power Down 

1 0 0 Power Down - -
1 0 1 Power Down - Power Down 

1 1 0 Power Down Power Down -

1 1 1 Power Down Power Down Power Down 

MOTOROLA COMMUNICATIONS DEVICE DATA MC145162 
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REFERENCE FREQUENCY COUNTER 
IDENTIFIER = 0 

ClK 

ENB ~ 

REFERENCE 
FREQUENCY 

SELECT 

No1e: ENB must be high during the serial transfer. 

REFERENCE 
FREQUENCY 

COUNTER 
DIVIDE RATIO 

REFERENCE 
FREQUENCY 

SELECT 

AUX REFERENCE 
FREQUENCY COUNTER 

DIVIDE RATIO 
r-____ -JA~ ____ ~, 

14-BITS AUX REF FREQ 
DATA 

Figure 9. Programming Format of the AuxlllarylReference Frequency Counters 

MCU 
USING 

SERIALj'ERIPHERAL 
INTERrACE PORT 

MCU 
USING 

NORMAL VO PORT 

Din -

C;lK 

ENB 

Figure 10. MCU Interface Using SPI 

ADin 

CLK 

ENB 

UNIVERSAL PLL 

AUX DATA BIT = 0 

UNIVERSAL Pll 

AUX DATA Blh 1 

Figure 11. MCU Interface Using Normal 110 Ports with Both Din and ADln for Faster Programming Time 

L 
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CONTROL REGISTER IDENTIFIER = 1 CONTROL REGISTER DATA 
r--------------------J~~--------------------~ 

AUX DATA SELECT = 0 ---------------------------' 

ClK 

Note: ENS must be high during the serial transfer. 

Figure 12. Programming Format for Control Register (3-Pin Interfacing Scheme) 

16·SIT Tx COUNTER 
OIVIDE RATIO 

16·SIT Rx COUNTER 
DIVIDE RATIO 

ClK 

ENS 

~~~ 
____ -----IlL 

Note: ENS must be low during the serial transfer. 

Figure 13. Programming Format for Transmit and Receive Counters (3-Pin Interfacing Scheme) 

CONTROL REGISTER IDENTIFIER = 1 CONTROL REGISTER DATA 

AUX DATA SELECT = 1 ---------------' 

ClK 

ENS ~ 
Note: ENS must be high during the serial transfer. 

Figure 14. Programming Format for Control Register (4-Pin Interfacing Scheme) 
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-< 16-SITTxCOUNTER ) 
~ _____ DI_VD_E_R_ATI_O __ ~. >------------------

Din -<.. ~6.SIT RxCOUNTER » __________ _ 
. DIVIDE RATIO 

CLK n r:l- LAST 
~ ~~ L_C_w_~ ____________ _ 

ENS _______________ ~n~ ______ _ 
Nole: ENS must be low during lhe serial transfer. 

Figure 15. Programming Format for Transmit and Receive Counters (4-Pln Interfacing Scheme) 

Table 3. Global CT-1 Reference Frequency Setting vs Channel Frequencies 

Country Channels Frequency 

U.S.A. 46149 MHz (10,15,25 Channels) 

France 26141 MHz 

Spain 31141 MHz 

Australia 30139 MHz 

U.K. 1.7147 MHz 

New Zealand 1.7134140 MHz 

REFERENCE FREQUENCY SELECTION 
AND PROGRAMMING 

Figure 16 shows the bit function of the reference frequency 
programming word. The user can either select the "fixed" 
reference frequency for all channels accordingly or provide 
a specific reference frequency for a particular channel by using 
two reference frequency counters (e.g., for an application in 
France, the base set transmit channel common fixed 
reference frequency is 6.25 kHz or 12.5 kHz). (See Table 3 
and Figure 6 for reference frequencies for various countries.) 
However, transmit channels 6, 8, and 14 can be set to 25 kHz, 
and channel 8 reference frequency can be set to 50 kHz. But 
this reference frequency may not be applied to the receiving 
side; therefore, the receiving side reference frequency must 
be generated by another reference frequency counter. The 
higher the reference frequency, the better the phase noise 
performance and faster the lock time, but the PLL consumes 
more current if both reference frequency counters are in 
operation. 
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fRi fR2 

5.0 kHz -
6.25 kHzl12.S kHz -

5.0 kHz -
5.0 kHz -
6.25 kHz 1.0 kHz 

6.25 kHz 1.0 kHz 

In general, the 12-bit reference frequency counter plus the 
+ 4 and + 25 module can offer all the reference frequencies 
for global CT-1 transmit and receive channel requirements. 
Users can select their own reference frequency by introducing 
the additional 14-bit auxiliary reference frequency counter. 

Again, the 14-bit auxiliary reference frequency counter can 
be shut down by the auxiliary reference enable bit in the 
reference counter programming word by setting the bit to O. 
At this state, the fR2 is automatically connected to point C (the 
+ 25 block output), and fRt can be connected to point A or 
B by setting the fR 1-S1 and fR1-S2 bits in the reference counter 
program word. The 14-bit auxiliary reference frequency 
counter data will be in "Don't Care" state. 

If the 14-bit auxiliary reference frequency counter is enabled 
(auxiliary reference enable = 1), then fR2 is automatically 
connected to point 0 (14-bit counter output), and fR1 can be 
selected to connect to point A, B, or C, depending on the bit 
setting of fR 1-S 1 and fR 1-S2. 

Table 4 and Figure 16 describe the functions of the auxiliary 
reference enable bit and the fR 1-S1 and fR1-S2 bits selection. 
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A 

~ OSCin 
X~~+--l12.BITPROGRAMMABLE· 

REFERENCE COUNTER 

D 
D L 14·BIT PROGRAMMABLE 

OSCout ------_~ AUXILlARYREFERENCE t------O 
COUNTER 

MAXIMUM 
CRYSTAL FREQUENCY 

16.0 MHz 

REF FREQUENCY COUNTER IDENTIFIER = 0 
REFERENCE 
FREQUENCY 

SELECT 

REFERENCE 
FREQUENCY 

COUNTER 

REFERENCE 
FREQUENCY 

SELECT 

Tx 
PHASE TxPDout 

DETECTOR 

0 Tx.() 
SELECT ill 

Rx 
PHASE RxPDout 

DETECTOR 

0 

AUXILIARY REFERENCE 
FREQUENCY COUNTER 

14·BITS AUX REF FREQ 
DATA 

CLK JL 
ENB~ 

Note: ENB must be high during the serial transfer. 

Figure 16. Reference Frequency Counter/Selection Programming Mode 

Table 4. Bit Function and the Reference Frequency Selection Bit Setting of the 
Reference Frequency Counter Programming Word 

AUXREF Auxiliary Reference Frequency Module fRl fRl 
Enable Counter Mode Select SI S2 fRl Routing 

0 14-Bit Auxiliary Reference Frequency fR2 -t C 0 0 N/A 
Counter Disable 0 1 fRI-tA 

1 0 fRI-t B 
1 1 N/A 

1 14-BII Auxiliary Reference Frequency fR2-t D 0 0 N/A 
Counter Enable 0 1 'RI-tA 

1 0 'RI-tB 
1 1 'RI-tC 

NlA = Not Applicable 
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POWER SAVING OPERATION 

This PLL has a programmable power-saving scheme. 
The transmit and receive counters and the reference 
frequency counter can be powered down individually by 
setting the TxPD enable, RxPD enable, and Ref PD 
enable bits of the control register. The functions of the 
power down control bits are explained in Table 2 and the 
programming format is in Figure 8. 

POWER SUPPLY 

The output pins TxPSIfTx and RxPS/fRx output the 
status of the internal power saving setting. If the bit TxPD 
enable is set "high" (transmit counter is set to power-down 
mode), then the TxPS/fTx pin will also output a "high" 
state. This TxPS/fTx output can control an external power 
switch to switch off the transmitter, as shown in Figure 
17. This scheme can be applied to the RxPS/fRx output 
to control the receiver power saving operation as 
required. 

UNIVERSAL DUAL PLL 

Tx POWER-DOWN 
ENABLE FLAG 

Rx POWER-DOWN 
ENABLE FLAG 

Figure 17. TxPS/fyx and RxPSlfRx Outputs to Control Power Switches 
of the Transmitter and the Receiver 
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TXlRX CHANNEL COUNTER TEST 

In normal applications. the TxPS/trx and the RxPS/fRxout
put pins indicate the power saving mode status. However. the 
user can examine the Tx and Rx channel counter outputs by 
setting the Test bit in the control register to 1. The final value 

trx 

TxPS 

IF TEST BIT IS SET TO 1. THE trx 
AND fRx ARE MUXED OUT AT PINS CONTROL REGISTER IDENTIFIER = 1 

TxPS/trx AND RxPS/fRx. 
RESPECTIVELY. FOR RxfTx 
CHANNEL COUNTER TEST. 

W\M~I-

RxPS 

of the transmit-channel counter and the receive-channel 
counter multiplex oulto TxPS/fTxand RxPS/fRx respectively. 
The user can verify the divided-down output waveform asso
ciated with the RF input level in the PLL circuitry 
implementation (Figure 18). 

16·BITTx PROGRAMMABLE 
CHANNELS COUNTER 

16·BIT Rx PROGRAMMABLE 
CHANNELS COUNTER 

Figure 18. RF Buffer Sensitivity 
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Table 5; France CT-1 Base Set Frequency 

TxChannei Tx Counter Value fin-R Input Rx Counter Value 
Channel Frequency (Ref. Freq. = Frequency (MHz) (Ref. Freq. = 
Number (MHz) 6.25 kHz) [lstlF=10.7 MHz] 6.25 kHz) 

1 26.4875 4238 30.7875 4926 

2 26.4750 4236 30.7750 4924 

3 26.4625 4234 30.7625 4922 

4 26.4500 4232 30.7500 4920 

5 26.4375 4230 30.7375 4918 

6 26.4250 4228 30.7250 4916 

7 26.4125 4226 30.7125 4914 

8 26.4000 4224 30.7000 4912 

9 26.3875 4222 30.6875 4910 

10 26.3750 4220 30.6750 4908 

11 26.3625 4218 30.6625 4906 

12 26.3500 4216 30.6500 4904 

13 26.3375 4214 30.6375 4902 

14 26.3250 4212 30.6250 4900 

15 26.3125 4210 30.6125 4898 

Table 6. France CT -1 Handset Frequency 

TxChannei Tx Counter Value fin-R Input Rx Counter Value 
Channel Frequency (Ref. Freq. = Frequency (MHz) (Ref. Freq. = 
Number (MHz) 6.25 kHz) [1st IF=10.7 MHz] 6.25 kHz) 

1 41.4875 6638 37.1875 5950 

2 41.4750 6636 37.1750 5948 

3 41.4625 6634 37.1625 5946 

4 41.4500 6632 37.1500 5944 

5 41.4375 6630 37.1375 5942 

6 41.4250 6628 37.1250 5940 

7 41.4125 6626 37.1125 5938 

8 41.4000 6624 37.1000 5936 

9 41.3875 6622 37.0875 5934 

10 41.3750 6620 37.0750 5932 

11 41.3625 6618 37.0625 5930 

12 41.3500 6616 37.0500 5928 

13 41.3375 6614 37.0375 5926 

14 41.3250 6612 37.0250 5924 

15 41.3125 6610 37.0125 5922 
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Table 7. Spain CT-1 Base Set Frequency 

TxChannel Tx Counter Value fln-R Input 
Channel Frequency (Rei. Freq. = Frequency (MHz) 
Number (MHz) 5.00 kHz) [1 stlF=l 0.695 MHz] 

1 31.0250 6205 29.2300 

2 31.0500 6210 29.2550 

3 31.0750 6215 29.2800 

4 31.1000 6220 29.3050 

5 31.1250 6225 29.3300 

6 31.1500 6230 29.3550 

7 31.1750 6235 29.3800 

8 31.2000 6240 29.4050 

9 31.2500 6250 29.4550 

10 31.2750 6255 29.4800 

11 31.3000 6260 29.5050 

12 31.3250 6265 29.5300 

Table 8. Spain CT-1 Handset Frequency 

TxChannel Tx Counter Value fln-R Input 
Channel Frequency (Ref. Freq. = Frequency (MHz) 
Number (MHz) 5.00 kHz) [lstlF=10.7 MHz] 

1 39.9250 7985 20.3300 

2 39.9500 7990 20.3550 

3 39.9750 7995 20.3800 

4 40.0000 8000 20.4050 

5 40.0250 8005 20.4300 

6 40.0500 8010 20.4550 

7 40.0750 8015 20.4800 

8 40.1000 8020 20.5050 

9 40.1500 8030 20.5550 

10 40.1750 8035 20.5800 

11 40.2000 8040 20.6050 

12 40.2250 8045 20.6300 

Table 9. New Zealand CT -1 Base Set Frequency 

TxChannel lin-R Input 
Channel Frequency Frequency (MHz) 
Number (MHz) Tx Counter Value [1st IF=10.7 MHz] 

1 1.7820 1782 ""'\ 29.7625 

2 1.7620 1762 29.7500 

3 1.7420 1742 > Rei Freq 29.7375 

4 1.7220 1722 = 1.0 kHz 29.7250 

5 1.7020 1702..-/ 29.7125 

6 34.3500 5496, 29.7000 

7 34.3625 5498 29.6875 

8 34.3750 5500 > Ref Freq 29.6750 

9 34.3875 5502 - 6.25 kHZ 29.6625 

10 34.4000 5504../ 29.6500 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Rx Counter Value 
(Rei. Freq. = 

5.00 kHz) 

5846 

5851 

5856 

5861 

5866 

5871 

5876 

5881 

5891 

5896 

5901 

5906 

Rx Counter Value 
(Rei. Freq. = 

5.00 kHz) 

4066 

4071 

4076 

4081 

4086 

4091 

4096 

4101 

4111 

4116 

4121 

4126 

Rx Counter Value 
(Rei. Freq. = 

6.25 kHz) 

4762 

4760 

4758 

4756 

4754 

4752 

4750 

4748 

4746 

4744 
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Channel 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Channel 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Channel 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Table 10. New Zealand CT -1 Handset Frequency 

Tx Channel Tx Counter Value 
Frequency (Ref. Freq. = fin-R Input 

(MHz) 6.25 kHz) Frequency (MHz) Rx Counter Value 

40.4625 6474 2.2370 ""'\ 2237 ""'\ 

40.4500 6472 2.2170 2217 

40.4375 6470 2.1970 >- Ref Freq 2197 >- Ref Freq 

40.4250 6468 2.1770 - 455 kHz 2177 = 1.0 kHz 

40.4125 6466 2.1570 J 2157J 

40.4000 6464 23.6500) 3784) 

40.3875 6462 23.6625 3786 

40.3750 6460 23.6750 (> Ref Freq 3788 (> Ref Freq 

40.3625 6458 23.6875 - 10.7 kHz 3790 - 6.25 kHz 

40.3500 6456 23.700a...J 3792J 

Table 11. Australia CT-1 Base Set Frequency 

Tx Channel Tx Counter Value fin-R Input Rx Counter Value 
Frequency (Ref. Freq. = Frequency (MHz) (Ref. Freq. = 

(MHz) 5.00 kHz) [1st IF=10.695 MHz] 5.00 kHz) 

30.0750 6015 29.0800 5816 

30.1250 6025 29.1300 5826 

30.1750 6035 29.1800 5836 

30.2250 6045 29.2300 5846 

30.2750 6055 29.2800 5856 

30.1000 6020 29.1050 5821 

30.1500 6030 29.1550 5831 

30.2000 6040 29.2050 5841 

30.2500 6050 29.2550 5851 

30.3000 6060 29.3050 5861 

Table 12. Australia CT-1 Handset Frequency 

Tx Channel Tx Counter Value fin-R Input Rx Counter Value 
Frequency (Ref. Freq. = Frequency (MHz) (Ref. Freq. = 

(MHz) 5.00 kHz) [1st IF=10.7 MHz] 5.00 kHz) 

39.7750 7955 19.3800 3876 

39.8250 7965 19.4300 3886 

39.8750 7975 19.4800 3896 

39.9250 7985 19.5300 3906 

39.9750 7995 19.5800 3916 

39.8000 7960 19.4050 3881 

39.8500 7970 19.4550 3891 

39.9000 7980 19.5050 3901 

39.9500 7990 19.5550 3911 

40.0000 8000 19.6050 3921 
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Table 13. U.K. CT-1 Base Set Frequency 

TxChannel Tx Counter Value fln-R Input 
Channel Frequency (Ref. Freq. = Frequency (MHz) 
Number (MHz) 1.00 kHz) [latlF=10.7 MHz) 

1 1.6420 1642 36.75625 

2 1.6620 1662 36.76875 

3 1.6820 1682 36.78125 

4 1.7020 1702 36.79375 

5 1.7220 1722 36.80625 

6 1.7420 1742 36.81875 

7 1.7620 1762 36.83125 

8 1.7820 1782 36.84375 

Table 14. U.K. CT-1 Handset Frequency 

TxChannel Tx Counter Value fin-R Input 
Channel Frequency (Ref. Freq. = Frequency (MHz) 
Number (MHz) 6.25 kHz) [1 at IF=455 kHz) 

1 47.45625 7593 2.097 

2 47.46875 7595 2.117 

3 47.48125 7597 2.137 

4 47.49375 7599 2.157 

5 47.50625 7601 2.177 

6 47.51875 7603 2.197 

7 47.53125 7605 2.217 

8 47.54375 7607 2.237 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Rx Counter Value 
(Ref. Freq. = 

6.25 kHz) 

5881 

5883 

5885 

5887 

5889 

5891 

5893 

5895 

Rx Counter Value 
(Ref. Freq. = 

1.00 kHz) 

2097 

2117 

2137 

2157 

2177 

2197 

2217 

2237 
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Channel 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Channel 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Tx Channel 
Frequency 

(MHz) 

46.610 

46.630 

46.670 

46.710 

46.730 

46.770 

46.830 

46.870 

46.930 

46.970 

Tx Channel 
Frequency 

(MHz) 

49.670 

49.845 

49.860 

49.770 

49.875 

49.830 

49.890 

49.930 

49.990 

49.970 

Table 15. U.S.A. CT-l Base Set Frequency 

Tx Counter Value fin-R Input Rx Counter Value 
(Ref. Freq. = Frequency (MHz) (Ref. Freq. = 

5.00 kHz) [1st IF=10.695 MHz] 5.00 kHz) 

9322 38.975 7795 

9326 38.150 7830 

9334 38.165 7833 

9342 39.075 7815 

9346 39.180 7836 

9354 39.135 7827 

9366 39.195 7839 

9374 39.235 7847 

9386 39.295 7859 

9394 39.275 7855 

Table 16. U.S.A. CT-l Handset Frequency 

Tx Counter Value fin-R Input Rx Counter Value 
(Ref. Freq. = Frequency (MHz) (Ref. Freq. = 

5.00 kHz) [1st IF=10.7 MHz] 5.00 kHz) 

9934 35.915 7183 

9969 35.935 7187 

9972 35.975 7195 

9954 36.015 7203 

9975 36.035 7207 

9966 36.075 7215 

9978 36.135 7227 

9986 36.175 7235 

9998 36.235 7247 

9994 36.275 7255 
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Table 17. Korea CT-1 Base Set Frequency 

TxChannel Tx Counter Value fin-R Input 
Channel Frequency (Ref. Freq. = Frequency (MHz) 
Number (MHz) 5.00 kHz) [1st IF=10.695 MHz] 

1 46.610 9322 38.975 

2 46.630 9326 38.150 

3 46.670 9334 38.165 

4 46.710 9342 39.075 

5 46.730 9346 39.180 

6 46.770 9354 39.135 

7 46.830 9366 39.195 

8 46.870 9374 39.235 

9 46.930 9386 39.295 

10 46.970 9394 39.275 

11 46.510 9302 39.000 

12 46.530 9306 39.015 

13 46.550 9310 39.030 

14 46.570 9314 39.045 

15 46.590 9318 39.060 

Table 18. Korea CT-1 Handset Frequency 

TxChannel Tx Counter Value fin-R Input 
Channel Frequency (Ref. Freq. = Frequency (MHz) 
Number (MHz) 5.00 kHz) [lstlF=10.7 MHz] 

1 49.670 9934 35.915 

2 49.845 9969 35.935 

3 49.860 9972 35.975 

4 49.770 9954 36.015 

5 49.875 9975 36.035 

6 49.830 9966 36.075 

7 49.890 9978 36.135 

8 49.930 9986 36.175 

9 49.990 9998 36.235 

10 49.970 9994 36.275 

11 49.695 9939 35.815 

12 49.710 9942 35.835 

13 49.725 9945 35.855 

14 49.740 9948 35.875 

15 49.755 9951 35.895 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Rx Counter Value 
(Ref. Freq. = 

5.00 kHz) 

7795 

7830 

7833 

7815 

7836 

7827 

7839 

7847 

7859 

7855 

7800 

7803 

7806 

7809 

7812 

Rx Counter Value 
(Ref. Freq. = 

5.00 kHz) 

7183 

7187 

7195 

7203 

7207 

7215 

7227 

7235 

7247 

7255 

7163 

7167 

7171 

7175 

7179 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
Dual PLLs for 46/49 MHz 
Cordless Telephones 
CMOS 

These devices are dual phase-locked loop frequency synthesizers intended 
for use primarily in 46/49 MHz cordless phones with up to 15 channels. These 
parts conlain two mask-programmable counter ROMs for receive and transmit 
loops with two independent phase detect circuits. A common reference oscillator 
and reference divider are shared by the receive and transmit circuits. 

Other features include a lock detect circuit for the transmit loop, illegal code 
default, a buffered oscillator output for mixing purposes in the system, and a 
5.0-kHz tone output. 

• Maximum Operating Frequency: 60 MHz @ Vin=200 mVp-p 
• Operating Temperature Range: -40 to + 75°C 
• Operating Voltage Range: 2.5 to 5.5 V 
• On-Chip Oscillator Circuit Supports External Crystal 
• Operating Power Consumption: 3.0 mA @ 3.0 V 
• Lock Detect Signal 
• Standby Mode for Power Savings: 1.5 mA @ 3.0 V 
• Two Versions: 

MC145168 - Up to 15-Channel ROM with 4-Bit Binary Code Input for 
Channel Pair Selection 

MC145169 - Up to 15-Channel ROM with Serial Interface for Channel 
Pair Selection 

• Custom 20-Channel ROM Versions of the MC145169 are Possible; Consult 
Factory 

MC145168 

OSCeut OSCin 

MODE VDD 

SB ~nl 

5k POI 

DO VSS 

01 PD2 

02 1J) 

03 ~n2 

OSCout 

MODE 

SB 

5k 

DATA 

CLK 

NC 

ENB 

MC145168 
MC145169 

PSUFFIX 
PLASTIC DIP 

CASE64B 

DWSUFFIX 
SOG 

CASE 751G 

ORDERING INFORMATION 

MCI4516BP 
MCI4516BDW 

MC145169P 
MC145169DW 

MC145169 

Plastic DIP 
SOG Package 

Plastic DIP 
SOG Package 

OSCin 

VDD 

linl 

POI. 

VSS 

PD2 

1J) 

'in2 

NC = NO CONNECTION 

This document contains inlonnation on a new product. Specifications and Inlonnatlon herein are subject to change without notice. 
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2-606 

MOTOROLA COMMUNICATIONS DEVICE DATA 



BLOCK DIAGRAM 

'A, 

IV 

14 
14-BIT DIVIDE-BY-N 
RECEIVE COUNTER r-

Ir 

1'14 

RECEIVE 
ROM 

3* 

--:J-----_ 
TRANSMIT 

ROM 

1'14 

9 Iv 
14-BIT DIVIDE-BY-N 

TRANSMIT COUNTER r--fin2 

-------

16 t>-OSCin 

1 REFERENCE 
COUNTER 11 BITS r--

DIVIDE-BY-2048 5kHz 
OSCOU! 

-

4 
5k PIN 12 = VSS 

PIN 15=VDD 

*On chip pull-down, 

PHASE 
DET1 

LOCK 
DET 

PHASE 
DET2 

! 
DECODE 

LOGIC 

13 
PD1 

VDO 

IP 10 
• ,ill 

---1 

11 
PD2 

2* 
MODE 

,..------ -, 
I 5* 

0 , , 
6* 

0 
I 

7* , 
, 0 , 

8* , 0 
L ______ 

-- - ----

MC145168 
(FOR MAXIMUM 
UP TO 15 
CHANNELS) 

5-BITLAT CH~ E NB 

5 

5-BIT SIR 
~CL K 

ATA, ~D 

~-----------------~ 

MC145169 
(FOR MAXIMUM 
UPT020 
CHANNELS") 

**The standard MC145169 is 15 channels; see Tables 1 and 2. Cus10m versions up to 20 channels are possible. 
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MAXIMUM RATINGS' (Voltages Referenced to VSS) 

Symbol Rating Value Unit 

VDD DC Supply Voltage -0.5 to +6.0 V 

Yin Input Voltage. All Inputs -0.5 to VDD+0.5 V 

lin. lout DC Current Drain Per Pin 10 mA 

IDD.ISS DC Current Drain VDD or VSS Pins 30 mA 

TstQ Storage Temperature Range -65 to + 150 °C 

• Maximum Ratings are those values beyond which damage to the device may occur. Functional 
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip
tions section. 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to VSS. TA = 25°C) 

Symbol Characteristic VOO 

VDD Power Supply Voltage Range -

VOL Output Voltage o Level 2.5 
(lout = 0) 5.5 

VOH (Vin = VDD or 0) 1 Level 2.5 
5.5 

VIL Input Voltage o Level 2.5 
(Vout = 0.5 V or VDD - 0.5 V) 5.5 

VIH 1 Level 2.5 
5.5 

10H Output Current (Vout = 2.2 V) Source 2.5 
(Vout = 5.0 V) 5.5 

10L (Vout = 0.3 V) Sink 2.5 
(Vout = 0.5 V) 5.5 

IlL Input Current OSCin. fin1. fin2 2.5 
(Vin = 0) 5.5 

DATA. S8. Mode 2.5 
5.5 

IIH (Vin = VDD - 0.5) OSCin. ~n1. fin2 2.5 
5.5 

DATA. S8. Mode 2.5 
5.5 

Cin Input Capacitance -

Cout Output Capacitance -
IDD Standby Current. S8 = VSS or Open 2.5 

5.5 

Idd Operating Current 2.5 
(200 mVp-p input at fin1. fin2. S8 = VDD) 5.5 

10Z Three-State Leakage Current 5.5 
(Vout = 0 V or 5.5 V) 

This device contains protection cir
cuitry to guard against damage due to 
high static voltages or electric fields. 
However. precautions must be taken to 
avoid applications of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. For proper op
eration. Yin and Vout should be con
strained to the range VSS:;; (Vin or 
Vout) ",VDD· 

Unused inputs must always be tied to 
an appropriate logic voltage level (e.g .• 
either VSS or VDD). Unused outputs 
must be left open. 

Guaranteed Limit 

Min Max Unit 

2.5 5.5 V 

- 0.05 V 
- 0.05 

2.45 -
5.45 -

- 0.75 V 
- 1.65 

1.75 -
3.85 -

-0.18 - mA 
-0.55 -
0.18 -
0.55 -

- -30 JlA 
- -66 

- -0.05 
- -0.11 

- 30 JlA 
- 66 

- 50 
- 121 

- 8.0 pF 

- 8.0 pF 

- 1.4 rnA 
- 3.6 

- 2.8 rnA 
- 6.2 

- ±1.0 JlA 

MC145168.MC145169 
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SWITCHING CHARACTERISTICS (TA=25'C, CL=50pF) 

Guaranteed Limit 

Symbol Characteristic Figure # VDD Min Max Unit 

lTLH Output Rise Time 1,5 3.0 - 200 ns 
5.0 - 100 

lTHL Output Fall Time 1,5 3.0 - 200 ns 
5.0 - 100 

tr,tl Input Rise and Fall Time, OSCin 2 3.0 - 5.0 Ils 
5.0 - 4.0 

Imax Input Frequency OSCin 3.0-5.0 - 12 MHz 
Input=Sine Wave 200 mVp·p linl 3.0-5.0 - 60 

lin2 3.0-5.0 - 60 

tsu Setup Time (MC145169) DATA to CLK 3 3.0 100 - ns 
5.0 50 -

ENStoCLK 3 3.0 200 -
5.0 100 -

th Hold Time (MC145169), CLK to DATA 3 3.0 80 - ns 
5.0 40 -

trec Recovery Time (MC145169), ENS to CLK 3 3.0 80 - ns 
5.0 40 -

tw Input Pulse Width (MC145169), CLK and ENS 4 3.0 80 - ns 
5.0 60 -

SWITCHING WAVEFORMS 

trlH trHl tl 

ANY 
OUTPUT __ Jr 

Figure 1. Figure 2. 

DATA 

ClK --="'-' 

50% 

tsue;trec 

ENS ---------------------------~ 

Figure 3. 

ENS, ~O% 
ClK ~ 

tw 

Figure 4. 
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PREVIOUS 
DATA LATCHED 
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INPUTS 

OSCln/OSCout 

PIN DESCRIPTIONS 

Reference Oscillator Input/Output (Pins 16, 1) 
These pins form a reference oscillator when connected to 

an external parallel-resonant crystal. For a 46/49 MHz 
cordless phone application, a 10.24 MHz crystal is needed. 
OSCin may also serve as input for an externally generated 
reference signal. This signal is typically ac coupled to OSCin, 
but for larger amplitude signals (standard CMOS logic levels) 
dc coupling may also be used. In the external reference 
mode, no connection is required for OSCout. 

MODE 
Mode Select (Pin 2) 

Mode is for determining whether the part is to be used in the 
base or handset of a cordless phone. Internally, this pin is 
used in the decoding logic for selecting the ROM address. 
When high, the device is set in the base mode, and when low, 
it is set in the handset mode. This input has an internal 
pull-down device. 

S8 
Standby (Pin 3) 

The standby pin is used to save power when not 
transmitting. When high, both the transmit and receive loops 
are in operation. When low, the transmit loop is disabled, 
thereby reducing power consumption. This input has an 
internal pull-down device. 

00-03 (MC145168 ONLy) 
Data Inputs (Pins 5, 6, 7, 8) 

These inputs provide the 4-bit binary code for selecting the 
one of 15 channels for the transmit and receive loops. When 
address data other than 1-15 are input, the decoding logic 
defaults to channel 1. The frequency aSSignments, with 
reference to Mode and 00-03, are shown in Tables 1 and 2. 
These inputs have internal pull-down devices. 

fin1, fin2 
Frequency Inputs (Pins 14, 9) 

fin1 andfin2areinputstothedivide-by-Nreceiveandtransmit 
counters, respectively. These signals are typically derived 
from the loop VCO and are ac coupled. The minimum input 
level is 200 mVp-p. For larger amplitude Signals (standard 
CMOS logic levels), dc coupling may be used. 

MC145168.MC145169 
2·610 

DATA, ClK (MC145169 ONLy) 
Data, Clock (Pins 5, 6) 

These pins provide the binary input by using serial channel 
programming. A logic high represents a 1. Each low-to-high 
transition olthe clock shifts·one bit of data into the on-chip shift 
register. Data is entered MSB first (see Figure 3). 

ENB (MC145169 ONLy) 
Enable (Pin 8) 

The enable pin controls the data transfer from the shift 
register to the latch. A positive pulse transfers the data. This 
pin should normally be held low to avoid loading erroneous 
data into the latch. 

OUTPUTS 

5k 
5·kHz Tone Signal (Pin 4) 

This is a 5 kHz tone signal derived from the reference 
oscillator. This pin is a push-pull output. 

lD 
lock Detect Signal (Pin 10) 

The lock detect signal is associated with the transmit loop. 
The lock output goes high to indicate an out-of-Iock condition. 
This is a P-channel open-drain output. 

PD1/PD2 
Transmit/Receive Phase Detector Outputs (Pins 13, 11) 

These are three-state outputs of the transmit and receive 
phase detectors for use as loop error signals. 

Frequency fv > fr or fv leading: Negative pulses 
Frequency fv < fr or fv lagging: Positive pulses 
Frequency fv = fr and phase coincidence: High-impedance 

state 
NOTE: Iv is the output 01 the N counter. fr is the output 01 the 

reference counter. 

POWER SUPPLY 

VDD (Pin 15) 
This pin is the positive supply potential and may range from 

+2.5 to +5.5 V with respect to VSS. 

VSS (Pin 12) 
This pin is the negative supply potential and is usually 

ground. 
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Table 1. Handset Frequencies of Each Corresponding Channel in a 46149 MHz 
Cordless Phone for the Korean Market 

Channels RXFreq. Receive (Note 3) TXFreq. Transmit 

03 02 01 00 CHI (MHz) fln1 (MHz) +N (MHz) fln2(MHz) +N 

0 0 0 1 1 46.610 35.915 7183 49.670 49.670 9934 

0 0 1 0 2 46.630 35.935 7187 49.845 49.845 9969 

0 0 1 1 3 46.670 35.975 7195 49.860 49.860 9972 

0 1 0 0 4 46.710 36.015 7203 49.770 49.770 9954 

0 1 0 1 5 46.730 36.035 7207 49.875 49.875 9975 

0 1 1 0 6 46.770 36.075 7215 49.830 49.830 9966 

0 1 1 1 7 46.830 36.135 7227 49.890 49.890 9978 

1 0 0 0 8 46.870 36.175 7235 49.930 49.930 9986 

1 0 0 1 9 46.930 36.235 7247 49.990 49.990 9998 

1 0 1 0 10 46.970 36.275 7255 49.970 49.970 9994 

1 0 1 1 11 46.510 35.815 7163 49.695 49.695 9939 

1 1 0 0 12 46.530 35.835 7167 49.710 49.710 9942 

1 1 0 1 13 46.550 35.855 7171 49.725 49.725 9945 

1 1 1 0 14 46.570 35.875 7175 49.740 49.740 9948 

1 1 1 1 15 46.590 35.895 7179 49.755 49.755 9951 

NOTES: 
1. O=logic low, 1 = logic high. 
2. Power-up and Illegal inputs are defaulted to channell in the MC145169. Illegal inputs are defaulted to channell in MC145168. 
3.-First IF frequency of receive is 10.695 MHz; Second IF is 455 kHz. 

fin 
4. +N= fref where ~n is the VCO frequency and fref Is the reference frequency (5.0 kHz). 

Channels 

03 02 01 

0 0 0 

0 0 1 

0 0 1 

0 1 0 

0 1 0 

0 1 1 

0 1 1 

1 0 0 

1 0 0 

1 0 1 

1 0 1 

1 1 0 

1 1 0 

1 1 1 

1 1 1 

NOTES: 

Table 2. Base Frequencies of Each Corresponding Channel in a 46149 MHz 
Cordless Phone for the Korean Market 

RX Freq. ReceIve (Note 3) TXFreq. TransmIt 

00 CHI (MHz) fin1 (MHz) +N (MHz) fin2(MHz) 

1 1 49.670 38.975 7795 46.610 - 46.610 

0 2 49.845 39.150 7830 46.630 46.630 

1 3 49.860 39.165 7833 46.670 46.670 

0 4 49.770 39.075 7815 46.710 46.710 

1 5 49.875 39.180 7836 46.730 46.730 

0 6 49.830 39.135 7827 46.770 46.770 

1 7 49.890 39.195 7839 46.830 46.830 

0 8 49.930 39.235 7847 46.870 46.870 

1 9 49.990 39.295 7859 46.930 46.930 

0 10 49.970 39.275 7855 46.970 46.970 

1 11 49.695 39.000 7800 46.510 46.510 

0 12 49.710 39.015 7803 46.530 46.530 

1 13 49.725 39.030 7806 46.550 46.550 

0 14 49.740 39.045 7809 46.570 46.570 

1 15 49.755 39.060 7812 46.590 46.590 

1. 0 = logic low, 1 = logic high. 

+N 

9322 

9326 

9334 

9342 

9346 

9354 

9366 

9374 

9386 

9394 

9302 

9306 

9310 

9314 

9318 

2. Power·up and Illegal inputs are defaulted to channell in the MC145169.lIIegal inputs are defaulted to channell in MC145168. 
3. First IF frequency of receive is 10.695 MHz; Second IF is 455 kHz. 

~n 
4. +N = fref where fin is the VCO frequency and fref is the reference frequency (5.0 kHz). 

Mode 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Mode 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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lkn 

IOI1F J I O.OII1F 

':' 27pF 

47kQ @~ M~; Ii ::1"~ ~ 2.7kQ 

1N5462A MPS9426C 

D 
10.24 MHz 

3pF 
T02N0--l 
MIXER OSCout OSCin 

finl 
14 

15 
VOO POI 

13 
5 

00 11 
P02 

01 
[5 10 

02 

12 
03 

VSS 
fin2 

':' MC145168 

LOCK OETECT (LO) 
10pF 

RFTxAMP 

MPS9426C MPS9426C 

10 pF 

V+ 

VCC (3.6 V) 

I 12 pF 

If~T01ST I ~MIXER 
,--~_I 

MPS9426C 

2.7kO 

TO PIN 1 
,-----II---t--. OF 

MC2831A 

47kO 

lN5462A 

Figure 5. MC145168 Circuit Example 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
PLL Frequency Synthesizer 
with Serial Interface 
CMOS 

The MC145170 is a single-chip synthesizer capable of direct usage in the MF, 
HF, and VHF bands. A special architecture makes this PLL the easiest to program 
in the industry. Either a bit- or byte-oriented format may be used. Due to the 
patented BitGrabber™ registers, no address/steering bits are required for 
random access of the three registers. Thus, tuning can be accomplished via a 
2-byte serial transfer to the 16-bit N register. 

The device features fully programmable Rand N counters, an amplifier at the 
fin pin, on-chip support of an external crystal, a programmable reference output, 
and both single- and double-ended phase detectors with linear transfer functions. 
A new feature on the MC145170 is the C register (configuration register). The 
C register allows the part to be configured to meet various applications. A 
patented feature allows the C register to shut off unused outputs, thereby 
minimizing noise and interference. 

In order to reduce lock times and prevent erroneous data from being loaded 
into the counters, a patented jam-load feature is included. Whenever a new divide 
ratio is loaded into the N register, both the Nand R counters are jam loaded 
with their respective values and begin counting down together. The phase 
detectors are also initialized during the jam load. 

• Operating Voltage Range: 2.5 to 6.0 V 
• Maximum Operating Frequency: 

160 MHz @ Vin = 500 mVp-p, 4.5-V Minimum Supply 
100 MHz @ Vin = 500 mVp-p, 3.0-V Minimum Supply 

• Operating Temperature Range: - 40 to 85°C 
• R Counter Division Range: 5 to 32,767 Plus Direct Access to Phase Detector 

Input 
• N Counter Division Range: 40 to 65,535 

Direct Interface to Motorola SPI and National MICROWIRETM Serial Data 
Ports 

• 180 MHz Versions Available (Part Numbers MC145170P1 and MC145170D1), 
Consult Factory* 

• Chip Complexity: 4800 FETs or 1200 Equivalent Gates 
• See Application Note AN1207 

MC145170 

16 

P SUFFIX 
PLASTIC DIP 

CASE 648 

DSUFFIX 
SOG 

CASE 7518 

ORDERING INFORMATION 

MC145170P Plastic DIP 
MC145170D SOG Package 

PIN ASSIGNMENT 

OSCin 1· 16 VDD 

OSCoul 2 15 <l>v 
REFoul 14 <l>R 

fin 4 13 PDOU! 

Din 12 VSS 

ENS l 11 LD 

CLK 7 10 tv 
DOU! IR 

*The functional voltage range for the suffix-l devices is 2.7 to 5.5 V. 180 MHz operation is with a 4.5 V minimum supply. 
BitGrabber is a trademark of Motorola. Inc. MICROWIRE is a trademarl< of National Semiconductor Corp. 
This document contains information on a new product. Specifications and Information herein are subject to change without notice. 
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OSCin 

OSCout 

REFout 

ClK 

Din 

Dout 

ENB 

fin 4 

SHIFT 
REGISTER 

AND 
CONTROL 16 

lOGIC 

~ AMP 

MAXIMUM RATINGS' (Voltages Referenced to VSS) 

Symbol Parameter 

VDD DC Supply Voltage 

Vin DC Input Voltage 

Vout DC Output Voltage 

lin DC I nput Current, per Pin 

lout DC Output Current, per Pin 

IDD DC Supply Current, VDD and VSS Pins 

PD Power Dissipation, per Package 

Tstg Storage Temperature 

TL Lead Temperature, 1 mm from Case 
for 1 0 seconds 

BLOCK DIAGRAM 

Value Unit 

-0.5 to +6.0 V 

-0.5 to VDD +0.5 V 

-0.5 \0 VDD +0.5 V 

±10 mA 

±20 rnA 

±30 rnA 

300 mW 

-65 to +150 DC 

260 DC 

• Maximum Ratings are those values beyond which damage to the device may occur. Functional 
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip
tions section. 

lD 

PDout 

CPR 

CPV 

tv 

This device contains protection cir
cuitry to guard against damage due to high 
static voltages or electric fields. However, 
precautions must be taken to avoid ap
plications of any voltage higher than maxi
mum rated voltages to this high-impedance 
circuit. For proper operation, Vin and Vout 
should be constrained to the range VSS!!> 
(Vin or Vout)!!> VDD· 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSS or VDD). Unused outputs must be left 
open. 

MC145170 
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ELECTRICAL CHARACTERISTICS (Voltages Relerenced to VSS. TA = -40 to + 85°C) 

Vee Guaranteed 

Symbol Parameter Test Condition V Limit Unit 

VDD Power Supply Voltage Range - 2.5 to 6.0 V 

Vil Maximum low-level Input Voltage 2.5 0.50 V 
(Din. ClK. ENB) 4.5 1.35 

6.0 1.80 

VIH Minimum High-level Input Voltage 2.5 2.00 V 
(Din. ClK. ENB) 4.5 3.15 

6.0 4.20 

VHys Minimum Hysteresis Voltage (ClK. EN B) 2.5 0.15 V 
6.0 0.20 

VOL Maximum low-level Output Voltage lout = 20 ).LA 2.5 0.1 V 
(Any Output) 6.0 0.1 

VOH Minimum High-level Output Voltage lout = -20 ).LA 2.5 2.4 V 
(Any Output) 6.0 5.9 

IOl Minimum low-level Output Current Vout= 0.3 V 2.5 0.12 mA 
(PDout. REFout. IR. IV. lD. oilR. oilv) Vout=0.4V 4.5 0.36 

Vout=0.5V 6.0 0.50 

IOH Minimum High-level Output Current Vout= 2.2 V 2.5 -0.12 mA 
(PDout. REFout. IR.Iv. lD. oilR. oilv) Vout=4.1 V 4.5 -0.36 

Vout=5.5V 6.0 -0.50 

IOl Minimum low-level Output Current Vout= 0.4 V 4.5 1.6 mA 
(Doutl 

IOH Minimum High-level Output Current Vout= 4.1 V 4.5 -1.6 mA 
(Doutl 

lin Maximum Input leakage Current Yin = VDD or VSS 6.0 ±1.0 ).LA 
(Din. ClK. ENB. OSCin) 

lin Maximum Input Current Yin = VDD or VSS 6.0 ±120 ).LA 
(lin) 

IOZ Maximum Output leakage Current (PDoutl Yin = VDD or VSS. 6.0 ± 100 nA 
Output in High-Impedance State 

(Doutl 6.0 ±5 ).LA 

IDD Maximum Quiescent Supply Current Yin = VDD or VSS; Outputs Open; 6.0 100 ).LA 
Excluding lin Amp Input Current Component 

Idd Maximum Operating Supply Current lin = 160 MHz @ 500 mVp-p; 5.0 . mA 
OSCin = 10 MHz @ 1 Vp-p; 
IR.Iv. REFout = Inactive and No Connect; 
OSCout. oI>v. <!lR. PDout. lD = No Connect; 
Din. ENB. ClK = VDD or VSS 

• The nominal value is 7 mAo This is not a guaranteed limit. 
Current consumption is reduced at lower Irequencles and/or lower supply voltages (i.e .• at 100 MHz with a 3-V supply. the device draws 
about 2.5 mAl. 
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AC INTERFACE CHARACTERISTICS (TA =- 40 to + 85°C, Cl = 50 pF, InpUllr = tl= 10 ns unless otherwise indicated) 

Voo Guaranteed 
Symbol Parameter Figure # V Limit Unit 

Ielk Serial Data Clock Frequency (Note: Refer to Clock tw below) 1 2.5 dc to TBD MHz 
4.5 dc to 4.0 
6.0 dc to 4.0 

tplH, tpHl Maximum Propagation Delay, ClK to Dout 1,5 2.5 TBD ns 
4.5 85 
6.0 85 

tpLZ, tPHZ Maximum Disable Time, Dout Active to High Impedance 2,6 2.5 TBD ns 
4.5 200 
6.0 200 

tPZl, tpZH Access Time, Dout High Impedance to Active 2,6 2.5 TBD ns 
4.5 o to 100 
6.0 o to 100 

ITlH, ITHl Maximum Output Transition Time, Dout Cl = 50 pF 1,5 2.5 TBD ns 
4.5 50 
6.0 50 

Cl = 200 pF 1,5 2.5 TBD ns 
4.5 150 
6.0 150 

Cin Maximum Input Capacitance - Din, ENB, ClK, - 10 pF 

Cout Maximum Output Capacitance - Dout - 15 pF 

TIMING REQUIREMENTS (TA = -40 10 + 85°C, Inpullr = If = 10 ns unless otherwise indicated) 

Voo Guaranteed 
Symbol Parameter Figure # V limit Unit 

Isu, th Minimum Setup and Hold Times, Din vs ClK 3 2.5 TBD ns 
4.5 40 
6.0 40 

tsu, th, trec Minimum Setup, Hold, and Recovery Times, ENB vs ClK 4 2.5 TBD ns 
4.5 100 
6.0 100 

Iw(H) Minimum Inactive-High Pulse Width, ENB 4 2.5 TBD ns 
4.5 300 
6.0 300 

Iw Minimum Pulse Width, ClK 1 2.5 TBD ns 
4.5 125 
6.0 125 

tr,tl Maximum Input Rise and Fall Times, ClK 1 2.5 100 f1S 
4.5 100 
6.0 100 

MC145170 
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SWITCHING WAVEFORMS 

ClK 
VSS 

Dout 

Figure 1. 

.--r-VALlD~ 

0, ~"-r.::=i-::: 
....;.;,,----VDD 

ClK 50% 
- -VSS 

DEVICE 
UNDER 
TEST 

Figure 3. 

TEST POINT 

'Includes all probe and fixture capacitance. 

Figure 5. Test Circuit 
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ENB 

tpZl 

Dout 

tpZH 

Dout 

tpLZ 

tpHZ 

Figure 2. 

~---VDD 

HIGH 
IMPEDANCE 

HIGH 
IMPEDANCE 

~ 
_tw(H)_ 

- VDD 

ENB SO% ,Ir----.....J 

- tsu 
VSS 

ClK 

DEVICE 
UNDER 
TEST 

- VDD 

VSS 

Figure 4. 

TEST POINT 

7.Skn 
{

CONNECTTO VDD 
WHEN TESTING tpLZ 
and tpZL. CONNECT 
TO VSS WHEN TEST· 
ING tpHZ AND tpZH. 

'Includes all probe and fixture capacitance. 

Figure 6. Test Circuit 
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LOOP SPECIFICATIONS (TA = -40 to +85°C) 

Symbol Parameter 

I Input Frequency, lin 

I Input Frequency, OSCin 
Extemally Driven with ac-coupled 
signal 

IxTAL Crystal Frequency, OSCin and 
OSCout 

lout Output Frequency, REFout 

I o~erating Frequency 01 the 
P ase Detectors 

tw Output Pulse Width, CPR, CPV, and LD 

tTLH, 
ITHL 

Output Transition 'Times, 
CPR, CPV, LD, IR, and tv 

Cin Input Capacitance I' 
OSC:~ 

MCI45170 

* Characteristic impedance 

Figure 7. Test Circuit 

.------IOSCln 

MCI45170 

Figure g. Test Circuit 

Test Condition 

Vi~ 500 mVp-p Sine Wave, 
N unter set to divide ratio 
such that tv s 2 MHz 

Vig <!: 1 Vp--p Sine Wave, 
o Cout = No Connect, 
R Counter set to divide ratio 
such that IR s 2 MHz 

Cl S30pF 
C2S30pF 
Includes Stray Capacitance 

CL =30 pF 

~ in Phase with tv 
L = 50 pF 

CL=50pF 

TEST 
POINT 

REFout 

~.E-----tw ~t 90% 
OUTPUT .50% ;.,:1"'0%""0 _____ _ 

I- trHL trLH 

DEVICE 
UNDER 
TEST 
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Figure 11. SWitching Waveform 

VDD Guaranteed Range 

Fig# V Min Max 

7 2.5 TBD TBD 
3.0 TBD 100 
4.5 TBD 160 
6.0 TBD 160 

8 2.5 1 12 
3.0 1 14 
4.5 1 20 
6.0 1 20 

9 2.5 2 12 
3.0 2 12 
4.5 2 15 
6.0 2 15 

10,12 2.5 dc TBD 
3.0 dc TBD 
4.5 dc 10 
6.0 dc 10 

2.5 dc TBD 
3.0 dc TBD 
4.5 dc 2 
6.0 dc 2 

11,12 2.5 TBD TBD 
3.0 TBD TBD 
4.5 20 100 
6.0 16 90 

11,12 2.5 - TBD 
3.0 - TBD 
4.5 - 65 
6.0 - 60 

- - - 5 
- - - 5 

Figure 8. Test Circuit 

Unit 

MHz 

MHz 

MHz 

MHz 

MHz 

ns 

ns 

pF 

TEST 
POINT 

Figure 10. Switching Waveform 

TEST POINT 
OUTPUT 

"Includes all probe and 
fixture capacitance. 

Figure 12_ Test Circuit 
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PIN DESCRIPTIONS 

DIGITAL INTERFACE PINS 

Din 
Serial Data Input (Pin 5) 

The bit stream begins with the most significant bit (MSS) 
and is shifted in on the low-to-high transition of ClK. The bit 
pattern is 1 byte (8 bits) long to access the C or configuration 
register, 2 bytes (16 bits) to access the N register, or 3 bytes 
(24 bits) to access the R register. Optionally, the R register 
can be accessed with a 15-bit transfer (see Table 1). The 
values in the C, N, and R registers do not change during 
shifting because the transfer of data to the registers is 
controlled by ENS. 

The bit stream needs neither address nor steering bits due 
to the innovative SitGrabber registers. Therefore, all bits in 
the stream are available to be data for the three registers. 
Random access of any register is provided (i.e., the registers 
may be accessed in any sequence). Data is retained in the 
registers over a supply range of 2.5 to 6.0 V. The formats are 
shown in Figures 13, 14, and 15. 

Din typically switches near 50% of VDD to maximize noise 
immunity. This input can be directly interfaced to CMOS 
devices with outputs guaranteed to switch near rail-to-rail. 
When interfacing to NMOS or TTL devices, either a level 
shifter (MC74HC14A, MC14504S) or pull-up resistor of 1 to 
10 kn must be used. Parameters to consider when sizing the 
resistor are worst-case IOl of the driving device, maximum 
tolerable power consumption, and maximum data rate. 

Table 1. Register Access 
(MSBs are shifted in first, co, NO, and RO are the LSBs) 

Number Accessed Bit 
of Clocks Register Nomenclature 

8 C Register C7, C6, C5, ... , CO 
16 N Register N15, N14, NI3, •.. , NO 

150r24 R Register R14, R13, R12, .•• , RO 
Other Values S 32 None 

Values> 32 TBD 

ClK 
Serial Data Clock Input (Pin 7) 

low-to-high transitions on Clock shift bits available at Din, 
while high-to-Iow transitions shift bits from Dout. The chip's 
16-1I2-stage shift register is static, allowing clock rates down 
to dc in a continuous or intermittent mode. 

Eight clock cycles are required to access the C register. 
Sixteen clock cycles are needed for the N register. Either 15 
or 24 cycles can be used to access the R register (see Table 
1 and Figures 13, 14, and 15). . 

ClK typically switches near 50% of VDD and has a 
Schmitt-triggered input buffer. Slow ClK rise and fall times 
are allowed. See the last paragraph of Din for more 
information. 

CAUTION 
To guarantee proper operation of the power-on reset 
(POR) circuit, the ClK pin must be held at the poten
tial of either the VSS or VDD pin during power up. 
Do not float or toggle the ClK input during power 
up. 

ENS 
Active low Enable Input (Pin 6) 

This pin is used to activate the serial interface to allow the 

MOTOROLA COMMUNICATiONS DEVICE DATA 

transfer of data tolfrom the device. When ENS is in an inactive 
high state, shifting is inhibited, Dout is forced to the 
high-impedance state, and the port is held in the initialized 
state. To transfer data to the device, ENS (which must start 
inactive high) is taken low, a serial transfer is made via Din 
and ClK, and ENS is taken back high. The low-to-high 
transition on ENS transfers data to the C, N, or R register 
depending on the data stream length per Table 1. 

CAUTION 
Transitions on ENS must notbe attempted while ClK 
is high. This puts the device out of synchronization 
with the microcontroller. Resynchronization occurs 
when ENS is high and ClK is low. 

This input is also Schmitt-triggered and switches near 50% 
of VDD, thereby minimizing the chance of loading erroneous 
data into the registers. See the last paragraph of Din for more 
information. 

Dout 
Three-State Serial Data Output (Pin 8) 

Data is transferred out of the 16-1/2 stage shift register 
through Dout on the high-to-Iow transition of ClK. This output 
is a No Connect, unless used in one of the manners discussed 
below. 

Dout could be fed back to an MCU/MPU to perform a 
wrap-around test of serial data. This could be part of a system 
check conducted at power up to test the integrity of the 
system's processor, PC board traces, solder joints, etc. 

The pin could be monitored atan in-line QA test during board 
manufacturing. 

Finally, Dout facilitates troubleshooting a system. 

REFERENCE PINS 

OSCinlOSCout 
Reference Oscillator Input/Output (Pins 1, 2) 

These pins form a reference oscillator when connected to 
terminals of an extemal parallel-resonant crystal. Frequency
setting capacitors of appropriate values as recommended by 
the crystal supplier are connected from each pin to ground 
(up to a maximum of 30 pF each, including stray capaci
tance). An external feedback resistor of 1 to 15 Mil is 
connected directly across the pins to ensure linear operation 
of the amplifier. The MC145170 is designed to operate with 
crystals up to 15 MHz with a 4.5 to 6.0 V supply. With supplies 
less than 4.5 V, up to 12-MHz crystals may be used. (See 
Figure 9.) 

If desired, an external clock source can be ac coupled to 
OSCin. A 0.01-I1F coupling capaCitor is used for measurement 
purposes and is the minimum size recommended for 
applications. An external feedback resistor of approximately 
10 Mil is required across the OSCin and OSCout pins in the 
ac-coupled case (see Figure 8). OSCout is an internal node 
on the device and should not be used to drive any loads (i.e., 
OSCout is unbuffered). However, the buffered REFout is 
available to drive external loads. 

The external signal level must be at least 1 Vp-p; the 
maximum frequencies are given in the Loop Specifications 
table. These maximum frequencies apply for R Counter divide 
ratios as indicated in the table. For very small ratios, the 
maximum frequency Is limited to the divide ratio times 2 MHz 
when the internal phaselfrequency detectors are used 
(Reason: the phaselfrequency detectors are limited to a 
maximum input frequency of 2 MHz). 

MC145170 
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If an external source is available which swings from at least 
the VIL to VIH levels listed in the Electrical Characteristics 
table, then dc coupling can be used. In the dc-coupled case, 
no external feedback resistor Is needed. OSCout must be a 
No Connect to avoid loading an internal node on the 
MC145170, as noted above. For frequencies below 1 MHz, 
dc coupling must be used. The R counter is a static counter 
and may be operated down to dc. However, wave shaping 
by a CMOS buffer may be required to ensure fast rise and 
fall times into the OSCin pin. 

Each rising edge on the OSCin pin causes the R counter 
to decrement by one. 

REFout 
Reference Frequency Output (Pin 3) 

This output is the buffered output of the crystal-generated 
reference frequency or externally provided reference source. 
This output may be enabled, disabled, or scaled via bits in 
the C register (see Figure 13). 

REFout can be used to drive a microprocessor clock input, 
thereby saving a crystal. Upon power up, the on-chip 
power-on-initialize circuit forces REFout to the OSCin 
divided-by-B mode. 

REFout is capable of operation to 10 MHz; see the Loop 
Specifications table. Therefore, divide values for the 
reference divider are restricted to two or higher for OSCin 
frequencies above 10 MHz. 

If unused, the pin should be floated and should be disabled 
via the C register to minimize dynamic power consumption 
and electromagnetic interference (EM I). 

COUNTER OUTPUT PINS 

fR 
R Counter Output (Pin 9) 

This signal is the buffered output of the 15-stage R counter. 
fR can be enabled or disabled via the C register (patented). 
The output is disabled (static low logic level) upon power up. 
If unused, the output should be left disabled and unconnected 
to minimize interference with extemal circuitry. 

The fR signal can be used to verify the R counter's divide 
ratio. This ratio extends from 5 to 32,767 and is determined 
by the binary value loaded Into the R register. Also, direct 
access to the phase detector via the OSCin pin is allowed by 
choosing a divide value of 1 (see Figure 14). The maximum 
frequency which the phase detectors operate is 2 MHz. 
Therefore, the frequency of fR must not exceed 2 MHz unless 
an external phase detector is used. The maximum frequency 
for driving external phase detectors is TBD. 

When activated, the fR signal appears as normally low and 
pulses high. 

tv 
N Counter Output (Pin 10) 

This signal is the buffered output of the 16-stage N counter. 
fV can be enabled or disabled via the C register (patented). 
The output is disabled (statiC low logic level) upon power up. 
If unused, the output should be left disabled and unconnected 
to minimize interference with external circuitry. 

The fV signal can be used to verify the N counter's divide 
ratio. This ratio extends from 40 to 65,535 and is determined 
by the binary value loaded into the N register. The maximum 
frequency which the phase detectors operate is 2 MHz. 
Therefore, the frequency of fV must not exceed 2 MHz unless 
an external phase detector is used. The maximum frequency 
for driving external phase detectors is TBD. 
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When activated, the fV signal appears as normally low and 
pulses high. 

LOOP PINS 

fin 
Frequency Input (Pin 4) 

This pin is a frequency input from the VCO. This pin feeds 
the on-chip amplifier which drives the N counter. This signal 
Is normally sourced from an extemal voltage-controlled 
oscillator (VCO), and is ac-coupled into fin. A 1 OO-pF coupling 
capacitor Is used for measurement purposes and is the 
minimum size recommended for applications (see Figure 7). 
The frequency capability of this Input is dependent on the 
supply voltage as listed in the Loop Specifications table. For 
small divide ratios, the maximum frequency is limited to the 
divide ratio times 2 MHz when the Intemal phaselfrequency 
detectors are used (Reason: the phaselfrequency detectors 
are limited to a maximum frequency of 2 MHz). 

For signals which swing from at least the VIL to VIH levels 
listed In the Electrical Characteristics table, dc coupling may 
be used. Also, for low frequency signals, dc coupling Is a 
requirement. The N counter is a static counter and may be 
operated down to dc. However, wave shaping by a CMOS 
buffer may be required to ensure fast rise and fall times into 
the fin pin. 

Each rising edge on the fin pin causes the N counter to 
decrement by 1. 

PDout 
Single-Ended Phase!Frequency Detector Output 
(Pin 13) 

This Is a three-state output for use as a loop error signal 
when combined with an external low-pass filter. Through use 
of a Motorola patented technique, the detector's dead zone 
has been eliminated. Therefore, the phaselfrequency detector 
is characterized by a linear transfer function. The operation 
of the phaselftequency detector Is described below and is 
shown in Figure 16. 

POL bit (C7) in the C register = low (see Figure 13) 
Frequency of fV > fR or Phase of Iv Leading fR: negative 
pulses from high impedance 
Frequency of fV < fR or Phase of fV Lagging fR: positive 
pulses from high impedance 
Frequency and Phase of fV = fR: essentially high-imped
ance state; voltage at pin determined by loop filter 

POL bit (C7) = high 
Frequency of Iv > fR or Phase of fV Leading fR: positive 
pulses from high impedance 
Frequency of fV < fR or Phase of Iv Lagging fR: negative 
pulses from high impedance 
Frequency and Phase of fV = fR: essentially high
impedance state; voltage at pin determined by loop filter 

This output can be enabled, disabled, and inverted via the 
C register. If desired, PDout can be forced to the high
impedance state by utilization of the disable feature in the C 
register (patented). 

q.Randq.v 
Double-Ended Phase/Frequency Detector Outputs 
(Pins 14, 15) 

These outputs can be combined externally to generate a 
loop error Signal. Through use of a Motorola patented 
technique, the detector's dead zone has been eliminated. 
Therefore, the phaselfrequency detector is characterized by 
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a linear transler lunction. The operation 01 the phase/frequen
cy detector is described below and is shown in Figure 16. 

POL bit (C7) in the C register = low (see Figure 13) 
Frequency 01 IV > IR or Phase 01 IV Leading 'R: Ijlv = 
negative pulses, IjlR = essentially high 
Frequency 01 IV < IR or Phase 01 IV Lagging 'R: Ijlv = 
essentially high, IjlR = negative pulses 
Frequency and Phase 01 IV = 'R: Ijlv and CPR remain 
essentially high, except lor a small minimum time period 
when both pulse low in phase 

POL bit (C7) = high 
Frequency 01 IV > fR or Phase 01 tv Leading 'R: IjlR = 
negative pulses, Ijlv = essentially high 
Frequency 01 IV < IR or Phase 01 IV Lagging 'R: CPR = 
essentially high, Ijlv = negative pulses 
Frequency and Phase 01 IV = 'R: CPv and CPR remain 
essentially high, except lor a small minimum time period 
when both pulse low in phase 

These outputs can be enabled, disabled, and interchanged 
via the C register (patented). 

LD 
Lock Detector Output (Pin 11) 

This output is essentially at a high level with narrow 
low-going pulses when the loop is locked (IR and IvaI the 
same phase and Irequency). The output pulses low when IV 
and fR are out of phase or different frequencies (see Figure 
16). 
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This output can be enabled and disabled via the C register 
(patented). Upon power up, on-chip initialization circuitry 
disables LD to a static low logic level to prevent a false "lock" 
signal. If unused, LD should be disabled and left open. 

POWER SUPPLY 

VDD 
Most Positive Supply Potential (Pin 16) 

This pin may range from +2.5 to 6.0 V with respect to VSS. 
For optimum performance, VDD should be bypassed to 

VSS using low-inductance capacitor(s) mounted very close 
fa the MC145170. Lead lengths on the capacitor(s) should 
be minimized. (The very fast switching speed of the device 
causes current spikes on the power leads.) 

VSS 
Most Negative Supply Potential (Pin 12) 

This pin is usually ground. For measurement purposes, the 
VSS pin is tied to a ground plane. 
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ENB l I 
ClK 

MSB lSB 

Din ~ C7 ~ C6 ~ CS ~ C4 ~ C3 ~ C2 ~ Ct ~ CO ~ 

C7 - POL: Selects the output polarity of the phaselfrequency detectors. When set high, this bit inverts 
PDout and interchanges the <PR function with <PV as depicted in Figure 16. Also see the phase 
detector output pin descriptions for more information. This bit is cleared low at power up. 

C6 - PDAlB: Selects which phaselfrequency detector is to be used. When set high, enables the output of 
phaselfrequency detector A (PDout) and disables phaselfrequency detector B by forcing <PR 
and <PV to the static high state. When cleared low, phaselfrequency detector B is enabled (<PR 
and <Pv) and phaselfrequency detector A is disabled with PDout forced to the high-impedance 
state. This bit is cleared low at power up. 

C5 - lDE: Enables the lock detector output when set high. When the bit is cleared low, the lD output is 
forced to a static low level. This bit is cleared low at power up. 

C4-C2,OSC2-OSCO: Reference output controls which determine the REF out characteristics as shown below. Upon 
power up, the bits are initialized such that OSCin/8 is selected. 
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C4 C3 C2 REFout Frequency 

0 0 0 dc (Static Low) 

9 0 1 OSCin 
0 1 0 OSCin /2 
0 1 1 OSCin/4 

1 0 0 OSCin /8 
1 0 1 OSCin /16 
1 1 0 OSCin /8 
1 1 1 OSCin /16 

Cl - tvE: Enables the fV output when set high. When cleared low, the fV output is forced to a static low 
level. The bit is cleared low upon power up. 

co - fRE: Enables the fR output when set high. When cleared low, the fR output is forced to a static low 
level. The bit is cleared low upon power up. 

Figure 13. C Register Access and Format (8 Clock Cycles are Used) 
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s:: 

a 
~ 
> 
C'l o s:: 
s:: 
c 
z 
C'i 
~ 
o z en 
o 
!:l! 
C'i m 
o 
~ » 

i!: o ... 
N"" .0'1 
01'" 
~C:i 

~ c 
ii1 ... ,. 
::II 
::II 

cZ 
iii 
;;' .. 
l: 
n 
CD 
1/1 
1/1 
II 
:I a. 
71 .. 
3 
!!l. 
III 

'iii ;:;: 
:::r 
CD .. 
N 

"" 0 .. ... 
en 
C'l 
0' 
n 
~ 

1 
CD 
III 

n 
II 
:::II 

III 
CD 
c: 
1/1 
CD 

.So 

ENB! I 
ClK 

Ojn 

ENB 

CLK 

Din 

DON7 CARE BITS SEE BELOW SEE BELOW SEE BELOW SEE BELOW 

I I 

0 
0 
0 
0 
0 
0 
0 
0 

7 
7 
! 

OCTAL VALUE .-J 

0 0 0 
0 0 
0 0 2 
.0 0 3 
0 0 4 
0 0 5 
0 0 6 
0 0 7 

F F E 
F F F 

'---v-----' 

NOTAUOWED 
R COUNTER = +1 (DIRECT ACCESS TO REFERENCE SIDE OF PHASEIFREQUENCY DETECTOR) 
NOTAUOWED 
NOTAUOWED 
NOT AUOWED 
R COUNTER = +5 
R COUNTER = +6 
RCOUNTER =+7 

R COUNTER =+32,766 
R COUNTER = +32,767 

! 

HEXADECIMAL VALUE L DECIMAL EQUIVALENT 



ENB ~~ ________________________________________________________________ ..J 

fR 
REFERENCE 

OSCin+ R 

Iv 
FEEDBACK 

(~n+N) 

PDout 

LD 

0 0 0 NOT ALLOWED 
0 0 1 NOT ALLOWED 
0 0 2 NOT ALLOWED 
0 0 3 NOT ALLOWED 

0 0 2 5 NOT ALLOWED 
0 0 2 6 NOT ALLOWED 
0 0 2 7 NOT ALLOWED 
0 0 2 8 N COUNTER = + 40 
0 0 2 9 N COUNTER =+41 
0 0 2 A N COUNTER = +42 
0 0 2 B N COUNTER = + 43 

F F F E N COUNTER = + 65,534 
F F F F N COUNTER = +65L 

DECIMAL EQUIVALENT 
HEXADECIMAL VALUE 

Figure 15. N Register Access and Format (16 Clock Cycles Are Used) 

VL 

n' n' * -VH 

______ -I' !-: ---------'I, ; Ur-' ------------+------ HIGH IMPEDANCE 

" -VL 
, I I I 

---~~~: ------~wr----,T'~---~---~~ 

I ! i U. -~~ 
LJ~' ------'U~' ----~ur' -----r---~: 

VH = High voltage level 
VL = Low voltage level 
'At this point, when both fR and tv are in phase, the output source is forced to near mid-supply. 
NOTE: The PDout generates error pulses during out-of-Iock conditions. When locked In phase and frequency, the output Is high impedance 

and the voltage althat pin is determined by the low-pass filter capacitor. PDout, q.R, and q.V are shown with the polarity bit (POL) = low; 
see Figure 13 for POL. 
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Figure 16. Phase/Frequency Detectors and Lock Detector Output Waveforms 
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DESIGN CONSIDERATIONS 

CRYSTAL OSCILLATOR CONSIDERATIONS 

The following options may be considered to provide a 
reference frequency to Motorola's CMOS frequency synthe
sizers. 

Use of a Hybrid Crystal Oscillator 
Commercially available temperature-compensated crystal 

oscillators (TCXOs) or crystal-controlled data clock oscillators 
provide very stable reference frequencies. An oscillator 
capable of CMOS logic levels at the output may be direct or 
dc coupled to OSCin. If the oscillator does not have CMOS 
logic levels on the outputs, capacitive or ac coupling to OSCin 
may be used (see Figure 8). 

For additional information about TCXOs and data clock 
oscillators, please consult the latest version of the eem 
Electronic Engineers Master Catalog, the Gold Book, or 
similar publications. 

Design an Off-Chip Reference 
The user may design an off-chip crystal oscillator using 

discrete transistors or ICs specifically developed for crystal 
oscillator applications, such as the MC12061 MECl device. 
The reference signal from the MECl device is ac coupled to 
OSCin (see Figure 8). For large amplitude signals (standard 
CMOS logic levels), dc coupling is used. 

Use of the On-Chip Oscillator Circuitry 
The on-Chip amplifier (a digital Inverter) along with an 

appropriate crystal may be used to provide a reference source 
frequency. A fundamental mode crystal, parallel resonant at 
the desired operating frequency, should be connected as 
shown in Figure 17. 

The crystal should be specified for a loading capacitance 
(Cl) which does not exceed 20 pF when used at the highest 
operating frequency. larger Cl values are possible for lower 
frequencies. Assuming R1 = 0 n. the shunt load capacitance 
(CLl presented across the crystal can be estimated to be: 

CinCout C1 • C2 Cl = _....::..:.--=:::o- + Ca + Cstray +---
Cin + Cout C1 + C2 

where 
Cin = 5 pF (see Figure 18) 

Cout = 6 pF (see Figure 18) 
Ca = 1 pF (see Figure 18) 

C1 and C2 =extemal capacitors (see Figure 17) 
Cstray =the total equivalent external circuit stray capaci

tance appearing across the crystal terminals 

The oscillator can be "trimmed" on-frequency by making a 
portion or all of C1 variable. The crystal and associated 
components must be located as close as possible to the 
OSCin and OSCout pins to minimize distortion, stray 
capacitance, stray inductance, and startup stabilization time. 
Circuit stray capacitance can also be handled by adding the 
appropriate stray value to the values for Cin and Couto For 
this approach, the term Cstray becomes 0 in the above 
expression for Cl. 

Power is dissipated in the effective series resistance of the 
crystal, Re, in Figure 19. The maximum drive level specified 
by the crystal manufacturer represents the maximum stress 
that the crystal can withstand without damage or excessive 
shift in operating frequency. R1 in Figure 17 limits the drive 
level. The use of R1 is not necessary in most cases. 
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To verify that the maximum dc supply voltage does not 
cause the crystal to be overdriven, monitor the output 
frequency at the REFout pin (OSCout is not used because 
loading impacts the oscillator). The frequency should increase 
very slightly as the dc supply voltage is increased. An 
overdriven crystal decreases in frequency or becomes 
unstable with an increase in supply voltage. The operating 
supply voltage must be reduced or R1 must be increased in 
value if the overdriven condition exists. The user should note 
that the oscillator start-up time is proportional to the value of 
R1. 

Through the process of supplying crystals for use with 
CMOS Inverters, many crystal manufacturers have devel
oped expertise in CMOS oscillator design with crystals. 
Discussions with such manufacturers can prove very helpful 
(see Table 2). 

I - - - - - FREQUENcil 
I SYNTHESIZER I 
L_ ___ _~ 

OSCin 
Rf 

OSCout 

'May be needed in certain cases. See text. 

Figure 17. Pierce Crystal Oscillator Circuit 

~ aSCin oe-""""I--rl--iDv--'--'j---'I--oe OSCout 
-Lt', I Ic -L 
I "In L __ II __ -1 out I 

.; II .; 
Cstray 

Figure 18. Parasitic Capacitances of the Amplifier 
andCstray 

Nete: Values are supplied by crystal manufacturer 
(parallel resonant crystal). 

Figure 19. Equivalent Crystal Networks 
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Recommended Reading 
Technical Note TN-24, Statek Corp. 
Technical Note TN-7, Statek Corp. 
E. Hafner, "The Piezoelectric Crystal Unit-Definitions and 

Method of Measurement", Proc. IEEE, Vol. 57, No.2, Feb. 
1969. 

D. Kemper, L. Rosine, "Quartz Crystals for Frequency 

Control", Electro-Technology, June 1969. 
P. J. Ottowitz, "A Guide to Crystal Selection", Electronic 

Design, May 1966. 
D. Babin, "Designing Crystal Oscillators", Machine Design, 

March 7, 1985. 
D. Babin, "Guidelines for Crystal Oscillator Design", 

Machine Design, April 25, 1985. 

Table 2. Partial List of Crystal Manufacturers 

Name Address Phone 

United States Crystal Corp. 3605 McCart Ave., Ft. Worth, TX 76110 (817) 921-3013 
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Crystek Crystal 2371 Crystal Dr., Ft. Myers, FL 33907 (813) 936-2109 
Statek Corp. 512 N. Main St., Orange, CA 92668 (714) 639-7810 
Fox Electronics 5570 Enterprise Parkway, Ft. Myers, FL 33905 (813) 693-0099 

Note: Motorola cannot recommend one supplier over another and In no way suggests that this is a 
complete listing of crystal manufacturers. 
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PHASE-LOCKED LOOP-LOW PASS FILTER DESIGN 

(A) PDoul 'r'OO RI 

C-:r 

"'n= 
KpKVCO 

NRIC 

N"'n 
t; = 

2K<j>KVCO 

F(s) = 
RISC+ I 

(9) PDOUI 

T~ RI 
R2 

C J 

KpKVCO 
"'n= NC(RI + R2) 

( N) t; = 0.5 "'n R2C+--
K<j>KVCO 

F(s) = 
R2sC + I 

(RI + R2)sC + I 

(C) 

<j>R 
"'n= 

<j>V ----'o/I."r-~t_I 
veo 

t; = 

ASSUMING GAIN A IS VERY LARGE, THEN: 

F(s) = 

NOTE: 
For (C), Rl is frequently split into two series resistors; each resistor is equal to Rl divided by 2. A capacitor Cc is then placed from the 
midpoint to ground to further filter the error pulses. The value of Cc should be such that the corner frequency of this network does nol 
significantly affect "'n. 

DEFINITIONS: 
N = Tolal Division Ratio in Feedback Loop 
K<j> (Phase Detector Gain) = VDDI 41t V/radian for PDout 
K<j> (Phase Detector Gain) = VDD/21t V/radian for <j>V and <j>R 

2MtvCO 
KVCO (VCO Gain) = ---

!NVCO 

For a nominal design starting point, the user rnighl consider a damping factor t;~0.7 and a natural loop frequency "'n ~ (21tfR/50) 
where fR is the frequency al the phase detector input. Larger "'n values result in faster loop lock times and, for similar sideband filter
ing, higher fA-related VCO sidebands. 

RECOMMENDED READING: 
Gardner, Floyd M., Phaselock Techniques (second edition). New York, Wiley-Interscience, 1979. 
Manassewilsch, Vadim, Frequency Synthesizers: Theory and Design (second edition). New York, Wiley-Interscience, 1980. 
Blanchard, Alain, Phase-Locked Loops: Application to Coherent Receiver Design. New York, Wiley-Inlerscience, 1976. 
Egan, William F., Frequency Synthesis by Phase Lock. New York, Wiley-Interscience, 1981. 
Rohde, Ulrich L., Digital PLL Frequency Synthesizers Theory and Design. Englewood Cliffs, NJ, Prentice-Hall, 1983. 
Berlin, Howard M., Design of Phase-Locked Loop Circuits, with Experiments. Indianapolis, Howard W. Sams and Co., 1978. 
Kinley, Harold, The PLL Synthesizer Cookbook. Blue Ridge Summit, PA, Tab Books, 1980. 
Seidman, Arthur H., Integrated Circuits Applications Handbook, Chapter 17, pp. 538-586. New York, John Wiley & Sons. 
Fadrhons, Jan, "Design and Analyze PLLs on a Programmable Calculator," EDN. March 5, 1980. 
AN535, Phase-Locked Loop Design Fundamentals, Molorola Semiconductor Products, Inc., 1970. 
AR254, Phase-Locked Loop Design Articles, Motorola Semiconductor Products, Inc., Reprinted with permission from Electronic Design, 

1987. 
AN1207, The MC145170 in Basic HF and VHF Oscillators, Motorola Semiconductor Products, Inc., 1992 
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V+ 

VDD 
16 

V+ 

15 } OPTIONAL 
<PV lOOP ERROR 

REFout 
14 SIGNALS 

<PR (NOTE 1) 
4 .. 13 

fin 
~ 

PDout 
12 

Din U VSS 
6 

:Ii 
ENB lD 11 

MCU 7 
ClK tv 

10 

1--- OPTIONAL ----"-i Dout fR 

NOTES: 
1. When used, the <PR and <PV outputs are fed to an external combiner/loop filter. See the Phase-Locked 

Loop - Low-Pass Filter Design page for additional information. 

2. For optimum performance, bypass the VDD pin to VSS (GND ) with one or more low-inductance capaci
tors. 

3. The R counter is programmed for a divide value = OSCinifR. Typically, fR is the tuning resolution required 
for the VCO. Also, the VCO frequency divided by fR = N, where N is the divide value of the N counter. 

Figure 20_ Example Application 
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TECHNICAL DATA 

Technical Summary 
Dual-Band PLL Frequency 
Synthesizer with ADC and 
Frequency Counter 
CMOS 

The MC145173 is a single-chip CMOS synthesizer with a four-wire serial 
interface for primary use in AM-FM broadcast receivers. The device also finds 
use in LW (long-wave) and SW (short-wave) receivers. Two inputs to the 
high-speed N counter are provided along with 2 phase detectors: one for a VHF 
loop up to 130 MHz and another for an HF loop up to 30 MHz. The VHF phase 
detector has a current source/sink output and both detectors feature linear 
transfer functions. An external crystal ties across on-chip circuitry which drives 
a reference counter that is completely programmable. Thus, a broad range of 
tuning resolution is possible. The crystal oscillator is buffered and fed to an 
open-drain output which is active in the HF mode only. 

Due to the patented BitGrabber™ registers, there are no address or steering 
bits in the serial data stream for random access of the registers. The serial port 
is byte-oriented to facilitate control via an MCU. Tuning across a band is 
accomplished with a two-byte transfer to the N register. 

The 6-bit analog-to-digital converter (ADC) has two input channels. The 
converter is read via a one-byte transfer which includes an end-of-conversion 
(EOC) bit. 

A 22-stage frequency counter is provided and accepts two IF (intermediate 
fre- quency) signals. Primary use for the frequency counter is for the 
seek-and-scan function on broadcast radio receivers. Reading the count is 
accomplished with a three-byte serial transfer which includes a count-complete 
(CC) bit. 

Four general purpose digital outputs are included. One of the outputs is 
open-drain; the others are totem-pole (push-pull). Two general purpose digital 
inputs are provided also. One input has a comparator with a switch point at 33% 
of VDD. 

• Operating Voltage Range: 4.5 to 5.5 V 
• Maximum Operating Frequency: VHFin = 130 MHz @ 210 mVp-p 

HFin = 30 MHz @ 210 mVp"p 
• Maximum Frequency of Reference Counter: 15 MHz 
• Maximum Frequency of Frequency Counter: 25 MHz 
• Maximum Supply Current: Operating Mode = 25 mA 

Standby Mode = 100 I1A 
• Approximate ADC Conversion TIme: 325 I1s 
• Operating Temperature Range: -40 to +85°C 
• R Counter Division Range: 1 and 5 to 16,383 
• N Counter Division Range: 40 to 32,767 
• Direct Interface to Motorola SPI Data Port 
• Order complete document as MC145173/D 

BltGrabber Is a trademark of Motorola. Inc. 

MC145173 

DWSUFFIX 
SOG 

CASE 751E 

ORDERING INFORMATION 
MC145173DW SOG Package 

PIN ASSIGNMENT 

OSCin OSCoul 

ENS REFout 

Din OUTPUTD 

ClK VHFPDout 

Dout Rx 

INPUTD VSS 

INPUTC HFPDoUI 

INPUTS VDD 

INPUT A HFin 

HFIFin VHFin 

VHFIFin OUTPUTC 

OUTPUT A OUTPUTS 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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Advance Information 
1.1 GHz PLL Frequency 
Synthesizers 
Include On-Board 64/65 Prescalers 

The MC145190 and MC145191 are single-package synthesizers with serial 
interfaces capable of direct usage up to 1.1 GHz. A special architecture makes 
these PLLs very easy to program because a byte-oriented format is utilized. Due 
to the patented BitGrabberTM registers, no address/steering bits are required for 
random access of the three registers. Thus, tuning can be accomplished via a 
3-byte serial transfer to the 24-bit A register. The interface is both SPI and 
MICROWIRETM compatible. 

Each device features a single-ended current source/sink phase detector output 
and a double-ended phase detector output. Both phase detectors have linear 
transfer functions (no dead zones). The maximum current of the single-ended 
phase detector output is determined by an extemal resistor tied from the Rx pin 
to ground. This current can be varied via the serial port. 

The MC145190 features logic-level converters and high-voltage phase/ 
frequency detectors; the detectorsupply may range up to 9.5 V. The MC145191 
has lower-voltage phase/frequency detectors optimized for single-supply 
systems of 5 V ±10%. 

Each part includes a differential RF input which may be operated in a 
single-ended mode. Also featured are on-board support of an external crystal and 
a programmable reference output. The R, A, and N counters are fully program
mable. The C register (configuration register) allows the parts to be configured 
to meet various applications. A patented feature allows the C register to shut off 
unused outputs, thereby minimizing system noise and interference. 

In order to have consistent lock times and prevent erroneous data from being 
loaded into the counters, on-board circuitry synchronizes the update of the A 
register if the A or N counters are loading. Similarly, an update of the R register 
is synchronized if the R counter is loading. 

The double-buffered R register allows new divide ratios to be presented to the 
three counters (R, A, and N) simultaneously. 
• Maximum Operating Frequency: 1100 MHz @ Vin = 200 mVp-p 
• Operating Supply Current: 7 mA Nominal 
• Operating Supply Voltage Range (VDD and VCC Pins): 4.5 to 5.5 V 
• Operating Supply Voltage Range of Phase Detectors (VPD Pin) -

MC145190: 8.0 to 9.5 V 
MC145191: 4.5 to 5.5 V 

• Current Source/Sink Phase Detector Output Capability: 2 mA Maximum 
• Gain of Current Source/Sink Phase/Frequency Detector Controllable via Serial Port 
• Operating Temperature Range: -40 to +85°C 
• R Counter Division Range: 5 to 8191 plus Direct Access to Phase Detector Input 
• Dual-Modulus Capability Provides Total Division up to 262,143 
• High-Speed Serial Interface: 4 Mbps 
• OUTPUT A Pin, When Configured as Data Out, Permits Cascading of Devices 
• Two General-Purpose Digital Outputs - OUTPUT A: Totem-Pole (Push-Pull) 

OUTPUT B: Open-Drain 
• Patented Power-Saving Standby Feature with Orderly Recovery for Minimizing 

Lock TImes, Standby Current: 50 !1A 
• The MC145190EVK is the evaluation platform for the MC145190 
• The MC145191EVK is the evaluation platform for the MC145191 

MC145190 
MC145191 

.# FSUFFIX 
SOG 

CASE 751J 

ORDERING INFORMATION 
MC145190F SOG Package 
MC145191F SOG Package 

PIN ASSIGNMENT 

REFoul 

LD 

<PR 

<PV 

VPD 

PDou! 

GND 
Rx 

TEST 1 

iiri 

[ 1· 

[ 2 

[ 3 

[ 4 

[ 5 

[ 6 

[ 7 

[ 8 

[ 9 

[ 10 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

REFln 

Din 

eLK 

ENB 

OUTPUT A 

OUTPUTB 

VDD 

TEST 2 

Vee 

~n 

This document contains Infonnatlon on a new product. Specifications and Information herein are subject to change without n(ltice. 
BltGrabber Is a trademark of Motorola Inc. MICROWIRE Is a trademark of NaUonal Semiconductor Corp. REV. 2 
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REFin 20 

REFout 

ClK 

Din 19 

OSCOR 
4-STAGE 
DIVIDER 

(CONFIGURABlE) 

~n __ .:.:11 __ -1 

iiii __ .:.:10'--_-1 

BLOCK DIAGRAM 

13·STAGE R COUNTER 

DATA OUT 

PORT 
SELECT 
lOGIC 16 OUTPUT A 

lD 

Rx 

PDoUI 

<i>R 

<i>v 

.> ___ .......:.15;.,. OUTPUT B 
(OPEN·DRAIN 
OUTPUn 

r-____ ......;;13. TEST2 

SUPPLY CONNECTIONS: L __ ~==:t=======~----..!.. PIN 12 = VCC (V+ TO INPUT AMP AND 64/65 PRESCALER) TEST 1 
PIN 5 = VPD (V+ TO PHASE/FREQUENCY DETECTORS A AND B) 
PIN 14 = VDD (V+ TO BALANCE OF CIRCUln 
PIN 7 = GND (COMMON GROUND) 

MAXIMUM RATINGS· (Voltages Referenced 10 GND, unless otherwise stated) 

Symbol Parameter Value 

VCC, VDD DC Supply Voltage (Pins 12 and 14) -0.5 to +6.0 

VpD DC Supply Voltage (Pin 5) MC145190 VDD -0.5 to +9.5 
MC145191 VDD -0.5 to + 6.0 

Yin DC Input Voltage -0.5 to VDD +0.5 

Vout DC Output Voltage (except OUTPUT B, PDout, <i>R, -0.5 to VDD +0.5 

<I>vl 
Vout DC Output Voltage (OUTPUT B, PDout, <i>R, <!>V) -0.5 to VpD + 0.5 

lin,IPD DC Input Current, per Pin (Includes VPD) ±10 

lout DC Output Current, per Pin ±20 

IDD DC Supply Current, VDD and GND Pins ±30 

PD Power Dissipation, per Package 300 

Tstg Storage Temperature -65to+150 

TL Lead Temperature, 1 mm from Case for 10 seconds 260 

• Maximum Ratings are those values beyond which damage to the device may occur. Func· 
tional operation should be restricted to the limits in the Electrical Characteristics tables or 
Pin Descriptions section. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Unit 

V 

V 

V 

V 

V 

mA 

mA 

mA 

mW 

DC 

DC 

This device contains protection clr· 
cuitry to guard against damage due to 
high static voltages or electric fields. 
However, precautions must be taken to 
avoid applications of any voltage high· 
erthan maximum rated voltages to this 
high·impedance circuit. 
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ELECTRICAL CHARACTERISTICS 
(VDD = VCC = 4.5 to 5.5 V. Voltages Referenced to GND. TA = -40 to +85°C. unless otherwise stated; 
MCI45190: VPD = 8.0 to 9.5 V; MC145191: VPD = 4.5 to 5.5 V with VDD S VPD. 

Symbol Parameter Test Condition 

VIL Maximum Low-Level Input Voltage Device In Reference Mode 
(Din. CLK. ENB. REFin) 

VIH Minimum High-Level Input Voltage Device In Reference Mode 
(Din. CLK. ENB. REFin) 

Vhys Minimum Hysteresis Voltage (CLK. ENB) 

VOL Maximum Low-Level Output Voltage lout = 20 flA. Device In Reference Mode 
(REFout. OUTPUT A) 

VOH Minimum High-Level Output Voltage lout = -20 !lA. Device In Reference Mode 
(REFout. OUTPUT A) 

IOL Minimum Low-Level Output Current Vout = 0.4 V 
(REFout. LD. oiJR. oiJV) 

IOH Minimum High-Level Output Current Vout = VDD - 0.4 V for REFout. LD 
(REFout. LD. oiJR. oiJV) Vout = VpD - 0.4 V for oiJR. ojJy 

IOL Minimum Low-Level Output Current Vout=0.4V 
(OUTPUT A. OUTPUT B) 

IOH Minimum High-Level Output Current Vout = VDD - 0.4 V 
(OUTPUT A. Only) 

lin Maximum Input Leakage Current Yin = VDD or GND. Device In XTAL Mode 
(Din. CLK. ENB. REFin) 

lin Maximum Input Current Vln = VDD or GND. Device In Reference Mode 
(REFin) 

IOZ Maximum Output Leakage Current (PDoutl Vout = VPD - 0.5 V or 0.5 V. MC145190 
Output in High-Impedance State MC145191 

IOZ Maximum Output Leakage Current Vout = VPD or GND. 
(OUTPUT B) Output in High-Impedance State 

ISTBY Maximum Standby Supply Current Vln = VDD or GND; Outputs Open; Device in Standby Mode. 
(VDD + VPD Pins) Shut-Down Crystal Mode or REFoutStatic-Low Reference 

Mode; OUTPUT B Controlling VCC per Rgure 21 

IpD Maximum Phase Detector Bit C6 = High Which Selects Phase Detector A. 
Quiescent Current (VPD Pin) POout = Open. PDout = Static Low or High. Bit C4 = Low 

Which is not Standby. IRx = 113!lA 

Bit C6 = Low Which Selects Phase Detector B. oIlR and 
ojJy = Open. oIlR and ojJy = Static low or High. Bit 
C4 = low Which Is not Standby 

IT Total Operating Supply Current fin = 1.1 GHz; REFln = 13 MHz @ 1 Vp-p; 
(VDD + VPD + VCC Pins) OUTPUT A = Inactive and No Connect; 

REFout + 8; oiJV. oIlR. PDout. lD = No Connect; 
Din. ENB. ClK = VDD or GND. Phase Detector B Selected 
(BItC6=low) 

'MC145191 only 
·*The nominal value = 7 mAo This is not a guaranteed limit. 

Guaranteed 
Limit Unit 

0.3xVDD V 

0.7xVDD V 

300 mV 

0.1 V 

VDD-O.l V 

0.36 mA 

-0.36 mA 

1.0 mA 

-0.6 mA 

±1.0 flA 

±150 !lA 

±150 nA 
±200 

±10 flA 

50· flA 

600· !lA 

30· 

" mA 
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ANALOG CHARACTERISTICS-CURRENT SOURCE/SINK OUTPUT -PDout 
(lout" 2 rnA, VDD = VCC = 4.5 to 5.5 V, VDD "VpD. Voltages Referenced to GND) 

Parameter Test Condition 

Maximum Source Current Variation (Part-to-Part) MC145190: Vout = 0.5 x VPD 

MC145191: Vout = 0.5 xVPD 

Maximum Sink-vs-Source Mismatch (Note 3) MC145190: Vout = 0.5 x VPO 

MC145191: Vout = 0.5 x VPO 

Output Voltage Range (Note 3) MC145190: lout variation" 20% 

MC145191: lout variation" 20% 

NOTES: 

VPO 

B.O 

9.5 

4.5 

5.5 

B.O 

9.5 

4.5 

5.5 

B.O 

9.5 

4.5 

5.5 

1. Percentages calculated using the following formula: (Maximum Value - Minimum Value)/Maximum Value. 
2. See Rx Pin Description for external resistor values. 
3. This parameter is guaranteed for any specific temperature within -40 to +B5°C. 
4. The analog characteristics for PDout are preliminary and subject to change for the MC145190. 

Guaranteed 
Limit Unit 

±20 % 

±20 

±20 % 

±20 

12 % 

12 

12 % 

12 

0.5 to 7.5 V 

0.5 to 9.0 

0.5 to 4.0 V 

0.5 to 5.0 

AC INTERFACE CHARACTERISTICS (VOD = 4.5 to 5.5 V, TA = - 40 to +B5°C, CL = 50 pF, Input tr = tf = 10 ns; 
MC145190: VPD = B.O to 9.5 V; MC145191: VpD = 4.5 to 5.5 V wilh VDD "VpD) 

Symbol Parameter 

fclk Serial Data Clock Frequency (Note: Refer to Clock tw below) 

tpLH, Maximum Propagation Delay, CLK to OUTPUT A (Selected as Data Out) 
tpHL 

tpLH, Maximum Propagation Delay, ENB to OUTPUT A (Selected as Port) 
tpHL 

tpZL, tpLZ Maximum Propagation Delay, ENB to OUTPUT B 

trLH, trHL Maximum Output Transition Time, OUTPUT A and OUTPUT B; 
trHL ONLY, on OUTPUT B 

Cin Maximum Input Capacitance - Din, ENB, CLK 

TIMING REQUIREMENTS 
(VDD = VCC = 4.5 to 5.5 V, TA = -40 to +B5°C, Inputtr = tf= 10 ns unless otherwise indicated) 

Symbol Parameter 

tsu, th Minimum Setup and Hold Times, Din vs CLK 

tsu, th, 
Minimum Setup, Hold and Recovery Times, ENB vs CLK 

trec 

tw Minimum Pulse Width, ENB 

tw Minimum Pulse Width, CLK 

tr, tf Maximum Input Rise and Fall Times - CLK, ENB 

'The minimum limit is 3 REFin cycles or 195 fin cycles, whichever is greater. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Figure # 

1 

1,5 

2,5 

2,6 

. 1,5,6 

Figure # 

3 

4 

4 

1 

1 

Guaranteed 
Limit Unit 

dc to 4.0 MHz 

105 ns 

100 ns 

120 ns 

100 ns 

10 pF 

Guaranteed 
Limit Unit 

20 ns 

100 ns 

. cycles 

125 ns 

100 I1s 
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SWITCHING WAVEFORMS 

ClK 

OUTPUT A 
(DATA OUT) 

Figure 1. 

-VDD 

GND 

=f'~'~ Din SO% ::: 

- tsu f. th VDD 
CLK SO% 

DEVICE 
UNDER 
TEST 

Figure 3. 

TEST POINT 

- GND 

'Includes all probe and fixture capacitance. 

Figure 5. Test Circuit 
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OUTPUT A 

OUTPUTB 

~--VDD 

---t r:::=;'T-~LZ __ tP-',z~,~ r 
310% ' '~ 

Figure 2. 

E~B SO% tw 

~'r----
tsu 

'=t - VDD 

GND 

CLK 

DEVICE 
UNDER 
TEST 

Figure 4. 

TEST POINT 

7.S kG 

V+ 

"Includes all probe and fixture capacitance. 

Figure 6. Test Circuit 

- VDD 

GND 
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LOOP SPECIFICATIONS (VDD = VCC = 4.5 to 5.5 V unless otherwise indicated, TA = -40 to +B5°C) 

Symbol Parameter Test Condition 

Vin Input Voltage Range, lin 100 MHz S lin < 250 MHz 
250 MHz S lin S 1100 MHz 

Irel Input Frequency, REFin Externally Driven In Vin = 400 mVp-p 
Relerence Mode Vin = 1 Vp-p 

R Counter set to divide ratio such that 
'R S 2 MHz; REF Counter set to di-
vide ratio sugh that REFout S 10 MHz 

txTAL Crystal Frequency, Crystal Mode C1 S 30 pF, C2 S 30 pF, Includes 
Stray Capacitance; R Counter and 
REF Counter same as above 

lout Output Frequency, REFout CL=30pF 

I Operating Frequency 01 the Phase Detectors 

tw Output Pulse Width, <l>R, <l>v, LD - MC145191 'R in Phase with tv, CL = 50 pF, 
VPD = 5.5 V, VDD = VCC = 5.0 V 

trLH, Output Transition limes, LD, <l>V, CL = 50 pF, VPD = 5.5 V, 
trHL <l>R-MC145191 VDD = VCC = 5.0 V 

Cin Input Capacitance, REFin 

'II lower Irequency IS desired, use wave shaping or higher amplitude sinusoidal signal. 

"Characteristic Impedance 

OUTPUT A 

DEVICE 
UNDER 
TEST 

TEST 
POINT 

(fv) 

Figure 

# 

7 

B 

9 

10,12 

11,12 

11,12 

Guaranteed 
Operating Range 

Min Max 

400 1500 
200 1500 

12 27 
4.5' 27 

2 15 

dc 10 

dc 2 

20 100 

- 65 

- 5 

REFin OUT 
DEVICgUTA 
UNDER 
TEST 

V+ 

Unit 

mVp-p 

MHz 

MHz 

MHz 

MHz 

ns 

ns 

pF 

TEST 
POINT 

Figure 7. Test Circuit Figure 8. Test Circuit-Reference Mode 

r-..... -+-I REFin OUTPUT A 
DEVICE 
UNDER 
TEST 

rC2 

TEST 
POINT 

(fR) 

V+ 

Figure g_ Test Circuit-Crystal Mode 

~O% tw ------t~;t 
OUTPUT 50"k ~1.::.0~:::.. ______ ....; 

- trHL trLH 

Figure 11. Switching Waveform 
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REFout 

DEVICE 
UNDER 
TEST 

Figure 10. Switching Waveform 

TEST POINT 

"Includes all probe and 
fixture capacitance. 

Figure 12. Test Circuit 
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PIN DESCRIPTIONS 
DIGITAL INTERFACE PINS 

Din 
Serial Data Input (Pin 19) 

The bit stream begins with the most significant bit (MSB) 
and is shifted in on the low-to-high transition of ClK. The bit 
pattern is 1 byte (8 bits) long to access the C or configuration 
register, 2 bytes (16 bits) to access the first buffer of the R 
register, or 3 bytes (24 bits) to access the A register (see Table 
1). The values in the C, R, and A registers do not change during 
shifting because the transfer of data to the registers is 
controlled by ENB. 

CAUTION 
The value programmed for the N-counter must be 
greater than or equal to the value of the A-counter. 

The 13 least significant bits (lSBs) of the R register are 
double-buffered. As indicated above, data is latched into the 
first buffer on a 16-bit transfer. (The 3 MSBs are not 
double-buffered and have an immediate effect after a 16-bit 
transfer.) The second buffer of the R register contains the 
13 bits forthe R counter. This second buffer is loaded with the 
contents of the first bufferwhen the A register is loaded (a 24-bit 
transfer). This allows presenting new values to the R, A, and 
N counters simultaneously. If this is not required, then the 
16-bittransfer may be followed by pulsing ENB low with no 
signal on the ClK pin. This is an alternate method of 
transferring data io the second buffer of the R register (see 
Figure 16). 

The bit stream needs neither address nor steering bits due 
to the innovative BitGrabber registers. Therefore, all bits in the 
stream are available to be data forthe three registers. Random 
access of any register is provided. That is, the registers may 
be accessed in any sequence. Data is retained in the registers 
over a supply range of 4.5 to 5.5 V. The formats are shown 
in Figures 13, 15, and 16. 

Din typically switches near 50% of VDD to maximize noise 
immunity. This input can be direclly interfaced to CMOS 
devices with outputs guaranteed to switch near rail-to-rail. 
When interfacing to NMOS orTTl devices, either a level shifter 
(MC74HCI4A, MC14504B) or pull-up resistor of 1 kO to 10 
kO must be used. Parameters to consider when sizing the 
resistor are worst-case IOl of the driving device, maximum 
tolerable power consumption, and maximum data rate. 

Table 1. Register Access 
(MSBs are shifted in first; CO, RO, and AO are the LSBs) 

Number Accessed Bit 
of Clocks Register Nomenclature 

8 C Register C7, C6, C5, ... , CO 
16 R Register R15, R14, R13, ... , RO 
24 A Register A23, A22, A21, ... , AO 

Other Values s 32 Not Allowed 
Values> 32 See Figures 

22-25 

ClK 
Serial Data Clock Input (Pin 18) 

low-to-high transitions on ClK shift bits available at the 
Din pin, while high-to-low transitions shift bits from 
OUTPUT A (when configured as Data Out, see Pin 16). The 
24-1/2-stage shift register is static, allowing clock rates 
down to dc in a continuous or intermittent mode. 

MC145190.MC145191 
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Eight clock cycles are required to access the C register. 
Sixteen clock cycles are needed for the first buffer of the R 
register. Twenty-four cycles are used to access the A register. 
See Table 1 and Figures 13, 15, and 16. The number of 
clocks required for cascaded devices is shown in Figures 23 
through 25. 

ClK typically switches near 50% of VDD and has a 
Schmitt-triggered input buffer. Slow ClK rise and fall times are 
allowed. See the last paragraph of Din for more information. 

CAUTION 
To guarantee proper operation of the Power-On 
Reset (POR) circuit, the ClKpin must begrounded 
or held low during power up. 

ENB 
Active low Enable Input (Pin 17) 

This pin is used to activate the serial interface to allow the 
transfer of data tolfrom the device. When ENB is in an inactive 
high state, shifting is inhibited and the port is held in the 
initialized state. To transfer data to the device, ENB (which 
must start inactive high) is taken low, a serial transfer is made 
via Din and ClK, and ENB is taken back high. The low-to-high 
transition on ENB transfers data to the C or A registers and 
first buffer of the R register, depending on the data stream 
length per Table 1. 

Transitions on ENB must not be attempted while ClK is high. 
This puts the device out of synchronization with the 
microcontroller. Resynchronization occurs when ENB is high 
and ClK is low. 

This input is also Schmitt-triggered and switches near 50% 
of VDD, thereby minimizing the chance of loading erroneous 
data into the registers. See the last paragraph of Din for more 
information. 

CAUTION 
ENB must not be floated ortoggled during power up. 
It is preferable to hold ENB althe potential olthe VDD 
pin during power up to guarantee proper operation of 
the POR circuit. 

OUTPUT A 
Configurable Digital Output (Pin 16) 

OUTPUT A is selectable as fR, fV, Data Out, or Port. Bits 
A22 and A23 in the A register control the selection; see 
Figure 15. 

I! A23 = A22 = high, OUTPUT A is configured as fRo This 
signal is the buffered output of the 13-stage R counter. The 
fR signal appears as normally low and pulses high, and can 
be used to verify the divide ratio olthe R counter. This ratio 
extends from 5t08191 and is determinedbythe binary value 
loaded into bits RO-RI2 in the R register. Also, direct 
access to the phase detectors via the REFin pin is allowed 
by choosing a divide value of 1 (see Figure 16). The 
maximum frequency at which the phase detectors operate 
is2 MHz. Therefore, thefrequencyoffR should not exceed 
2 MHz. 

If A23 = high and A22 = low, OUTPUT A is configured as 
fV. This signal is the buffered output of the 12-stage N counter. 
The fV signal appears as normally low and pulses high, and 
can be used to verify the operation of the prescaler, A counter, 
and N counter. The divide ratio between the fin input and the 
fV signal is N x 64 + A. N is the divide ratio of the N counter 
and A is the divide ratio of the A counter. These ratios are 
determined by bits loaded into the A register. See Figure 15. 
The maximum frequency atwhich the phase detectors operate 
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The maximum frequency at which the phase detectors operate 
is 2 MHz. Therefore, the frequency of fV should not exceed 
2 MHz. 

If A23 = low and A22 = high, OUTPUT A Is configured as 
Data Out. This signal is the serial output of the 24-1/2-stage 
shift register. The bit stream is shifted out on the high-to-Iow 
transition of the ClK input. Upon power up, OUTPUT A is 
automatically configured as Data Out to facilitate cascading 
devices. 

If A23 = A22 = low, OUTPUT A is configured as Port. This 
signal is a general-purpose digital output which may be used 
as an MCU port expander. This signal is low when the Port 
bit (C1) of the C register is low, and high when the Port bit 
is high. 

OUTPUTB 
Open-Drain Digital Output (Pin 15) 

This signal is a general-purpose digital output which may 
be used as an MCU port expander. This signal is low when 
the Out B bit (CO) of the C register is low. When the Out 
B bit is high, OUTPUT B assumes the high-impedance 
state. OUTPUT B may be pulled up through an external 
resistor or active circuitry to any voltage less than or equal 
to the potential of the VPD pin. Note: the maximum voltage 
allowed on the VPDPin is9.5VfortheMC145190and5.5 V 
for the MC145191. 

Upon power-up, power-on reset circuitry forces OUTPUT 
B to a low level. 

REFERENCE PINS 

REFin and REFout 
Reference Input and Reference Output (Pins 20 and 1) 

Configurable pins for a Crystal or an External Reference. 
This pair of pins can be configured in one of two modes: the 
crystal mode orthe reference mode. Bits R13, R14, and R15 
in the R register control the modes as shown in Figure 16. 

In crystal mode, these pins form a reference oscillator when 
connected totermlnals of an external parallel-resonant crystal. 
Frequency-setting capacitors of appropriate values as 
recommended by the crystal supplier are connected from each 
of the two pins to ground (up to a maximum of 30 pF each, 
including stray capacitance). An extemal resistor of 1 MQ to 
15 MQ is connected directly across the pins to ensure linear 
operation of the amplifier. The device is designed to operate 
with crystals up to 15 MHz; the required connections are 
shown in Figure 9. To tum on the oscillator, bits R15, R14, 
and R13 must have an octal value of one (001 in binary, 
respectively). This is the active-crystal mode shown in 
Figure 16. In this mode, the crystal oscillator runs and the R 
Counter divides the crystal frequency, unless the part is in 
standby. If the part Is placed in standby via the C register, the 
oscillator runs, but the R counter is stopped. However, if bits 
R15 to R13 have a value of 0, the oscillator is stopped, which 
saves additional power. This is the shut-down crystal mode 
(shown in Figure 16) and can be engaged whether in standby 
or not. 

In the reference mode, REFin (Pin 20) accepts a signal up 
to 27 MHz from an external reference oscillator, such as a 
TCXO. A signal swinging from at least the Vil to VIH levels 
listed In the Electrical Characteristics table may be directly 
coupled to the pin. If the signal is less than this level, ac 
coupling must be used as shown in Figure 8. Due to an 
on-board resistor which is engaged in the reference modes, 
an external biasing resistor tied between REFin and REFout 
is not required. 
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With the reference mode, the REFout pin is configured as 
the output of a divider. As an example, if bits R15, R14, and 
R13 have an octal value of seven, the frequency at REFout 
Is the REFin frequency divided by 16. In addition, Figure 16 
shows how to obtain ratios of eight, four, and two. A ratio of 
one-to-one can be obtained with an octal value of three. Upon 
power up, a ratio of eight is automatically initialized. The 
maximum frequency capability of the REFout pin is 10 MHz. 
Therefore, for REFln frequencies above 10 MHz, the 
one-to-one ratio may not be used. Likewise, for REFin 
frequencies above 20 MHz, the ratio must be more than two. 

If REFout is unused, an octal value of two should be used 
for R15, R14, and R13 and the REFout pin should be floated. 
A value of two allows REFin to be functional while disabling 
REFout, which minimizes dynamic power consumption and 
electromagnetic interference (EM I). 

LOOP PINS 

fin and fin 
Frequency Inputs (Pins 11 and 10) 

These pins are frequency inputs from the VCO. These pins 
feed the on-board RF amplifier which drives the 64/65 
prescaler. These inputs may be fed differentially. However, 
they usually are used in a single-ended configuration (shown 
in Figure 7). Note that fin is driven while fin must be tied to 
ground via a capacitor. 

Motorola does not recommend driving fin while terminating 
fin because this configuration is not tested for sensitivity. The 
sensitivity is dependent on the frequency as shown in the loop 
Specifications table. 

PDout 
Single-Ended Phase/Frequency Detector Output (Pin 6) 

This is a three-state current-source/sink output for use as 
a loop error signal when combined with an extemallow-pass 
filter. The phaselfrequency detector is characterized by a 
lineartransferiunction. The operation olthe phaselfrequency 
detector is described below and is shown in Figure 17. 

POL bit (C7) in the C register = low (see Figure 13) 
Frequency of fV > fR or Phase of fV leading fR: 

current-sinking pulses from high impedance . 
Frequency of fV < fR or Phase of fV Lagging fR: 

current-sourcing pulses from high Impedance 
Frequency and Phase of Iv = fR: essentially high

impedance state; voltage at pin determined by loop filter 
POL bit (C7) = high 
Frequency of fV > fR or Phase of Iv Leading fR: 

current-sourcing pulses from high impedance 
Frequency of fV < fR or Phase of Iv Lagging fR: 

current-sinking pulses from high impedance 
Frequency and Phase of fV = fR: essentially high

impedance state; voltage at pin determined by loop filter 
This output can be enabled, disabled, and inverted via the 

C register. If desired, PDout can be forced to the high
impedance state by utilization of the disable feature in the C 
register (bit C6). This is a patented feature. Similarly, PDout 
Is forced to the high-impedance state when the device is put 
into standby (STBY bit C4 = high). 

The PDout circuit is powered by VPD. The phase detec
tor gain is controllable by bits C3, C2, and C1: gain (in 
amps per radian) = PDout current divided by 27t. 
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eIIR and eIIv (Pins 3 and 4) 
Double-Ended Phase/Frequency Detector Outputs 

These outputs can be combined externally to generate 
a loop error signal. Through use of a Motorola patented 
technique, the detector's dead zone has been eliminated. 
Therefore, the phase/frequency detector is characterized 
by a linear transfer function. 'The operation of the 
phaselfrequency detector is described below and is shown 
in Figure 17. 

POL bit (C7) in the C register = low (see Figure 13) 
Frequencyoffy > fR or Phase ofiV Leading fR: eIIV= negative 

pulses, eIIR = essentially high 
Frequency of fV < fR or Phase of fV Lagging fR: eIIv = 

essentially high, eIIR = negative pulses 
Frequency and Phase of fV = fR: eIIv and eIIR remain 

essentially high, except for a small minimum time period 
when both pulse low in phase 

POL bit (C7) = high 
Frequencyoflv > fR or Phase ofiV Leading fR: eIIR = negative 

pulses, eIIv = essentially high 
Frequency of fV < fR or Phase of fV Lagging fR: eIIR = 

essentially high, eIIv = negative pulses 
Frequency and Phase of fV = fR: eIIv and eIIR remain 

essentially high, except for a small minimum time period 
when both pulse low in phase 

These outputs can be enabled, disabled, and interchanged 
via C register bits C6 or C4. This is a patented feature. Note 
that when disabled or in standby, eIIR and eIIv are forced to their 
rest condition (high state). 

The eIIR and eIIv output signal swing is approximately from 
GND to VpD. 

LD 
Lock Detector Output (Pin 2) 

This output is essentially at a high level with narrow 
low-going pulses when the loop is locked (fR and fV of the 
same phase and frequency). The output pulses low when 
fV and fR are out of phase ordifferentfrequencies. LD is the 
logical ANDing of eIIR and eIIV (see Figure 17). 

This output can be enabled and disabled via the C register. 
This is a patented feature. Upon power up, on-chip initialization 
circuitry disables LD to a static low logic level to prevent a false 
"lock" signal. If unused, LD should be disabled and left open. 

The LD output signal swing is approximately from GND to 
VDD· . 

Rx 
External Resistor (Pin 8) 

A resistortied between this pin and GND, in conjunction with 
bits in the C register, determines the amount of current that 
the PDout pin sinks and sources. When bits C2 and C3 are 
both set high, the maximum current is obtained at PDout; see 
Tables 2 and 3 for other values of current. To achieve a 
maximum current of 2 mA, the resistor should be about 47 kn 
when VPD is 9 V or about 18kn when VPD is 5.0 V. See Figure 
14 if lower maximum current values are desired. 

When the eIIR and eIIv outputs are used, the Rx pin may be 
floated. 
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TEST POINT PINS 

TEST 1 
Modulus Control Signal (Pin 9) 

This pin may be used in conjunction with the Test 2 pin for 
access to the on-board 64/65 prescaler. When Test 1 is low, 
the prescaler divides by 65. When high, the prescaler divides 
by 64. 

CAUTION 
This pin is an unbuffered output and mustbe floated 
in an actual application. This pin must be attached to 
an isolated pad with no trace. There is the possibility 
that the final production version of the device will 
have this lead clipped at the body of the package. 

TEST 2 
Prescaler Output (Pin 13) 

This pin may be used to access to the on-board 64/65 
prescaler output. . 

CAUTION 
This pin is an unbuffered output and must be floated 
in an actual application. This pin must be attached to 
an isolated pad with no trace. There is the possibility 
that the final production version of the device will 
have this lead clipped at the body of the package. 

POWER SUPPLY PINS 

VDD 
Positive Power Supply (Pin 14) 

This pin supplies powertothe main CMOS digital portion 
of the device. The voltage range is + 4.5 to + 5.5 V with 
respect to the GND pin. 

For optimum performance, VDD should be bypassed to 
GND using a low-inductance capacitor mounted very close 
to these pins. Lead lengths on the capacitor should be 
minimized. 

VCC 
Positive Power Supply (Pin 12) 

This pin supplies power to the RF amp and 64/65 
prescaler. The voltage range is +4.5 to +5.5 V with respect 
totheGNDpin.lnthestandbymode, the VCC pin still draws 
a few milliamps from the power supply. This current drain 
can be eliminated with the use of transistor Q1 as shown 
in Figure 21. 

For optimum performance, VCC should be bypassed to 
G NO using a low-inductance capacitor mounted very close 
to these pins. Lead lengths on the capacitor should be 
minimized. 

VPD 
Positive Power Supply (Pin 5) 

This pin supplies power to both phaselfrequency detectors 
A and B. The voltage applied on this pin must be no less than 
the potential applied to the VDD pin. The maximum voltage 
can be +9.5 V with respect to the GND pin for the MC145190 
and +5.5 V for the MC145191. 

Foroptimumperiormance, VPDshouldbebypassedtoGND 
using a low-inductance capacitor mounted very close to these 
pins. Lead lengths on the capacitor should be minimized. 

GND 
Ground (Pin 7) 

Common ground. 
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can be +9.5 V with respect to the GND pin for the MC145190 
and +5.5 V for the MC145191. 

For optimum performance, VPD should be bypassed to 
GND using a low-inductance capacitor mounted very close 
to these pins. Lead lengths on the capacitor should be 

minimized. 

GND 
Ground (Pin 7) 

Common ground. 

ENB~~ ____________________ ~r-
+ 
* elK 

MSB lSB 

• At this point, the new byte is transferred to the C register and stored. No other registers are affected. 

C7 - POL: Selects the output polarity of the phase/frequency detectors. When set high, this bit inverls 
PDout and interchanges the ~R function with W as depicted in Figure 17. Also see the phase 
detector output pin descriptions for more information. This bit is cleared low at power up. 

C6 - PDAlB: Selects which phase/frequency detector is to be used. When set high, enables the output of 
phaselfrequency detector A (PDout) and disables phase/frequency detector B by forcing ~R 
and ~V to the static high state. When cleared low, phase/frequency detector B is enabled (~R 
and ~V) and phaselfrequency detector A is disabled with PDout forced to the high·impedance 
state. This bit is cleared low at power up. 

CS - LDE: Enables the lock detector output (LD) when set high. When the bit is cleared low, the LD output 
is forced to a static low level. This bit is cleared low at power up. 

C4 - STBY: When set, places the CMOS section of device, which is powered by the VDD and VPD pins, 
in the standby mode for reduced power consumption: PDout is forced to the high·impedance 
state, ~R and ~V are forced high, the A, N, and R counters are inhibited from counting, and 
the Rx current is shut off. In standby, the state of LD is determined by bit CS. CS low forces 
LD low (no change). CS high forces LD static high. During standby, data is retained In the A, 
R, and C registers. The condition of REF/OSC circuitry Is determined by the control bits in 
the R register: R13, R14, and R1S. However, if REFout = static low i~ selected, the internal 
feedback resistor is disconnected and the Input is inhibited when in standby; in addition, the 
REFln input only presents a capacitive load. NOTE: Standby does not "affect the other modes 
of the REF/OSC circuitry. 

When C4 is reset low, the pari is taken out of standby in 2 steps. First, the REFin (only in one mode) resistor 
is reconnected, all counters are enabled, and the Rx current is enabled. Any fR and tv signals 
are inhibited from toggling the phaselfrequency detectors and lock detector. Second, when the 
first tv pulse occurs, the R counter is jam loaded, and the phaselfrequency and lock detectors 
are initialized. Immediately after the jam load, the A, N, and R counters begin counting down 
together. At this pOint, the fR and tv pulses are enabled to the phase and lock detectors. (Pat· 
ented feature.) 

C3, C2 -12, 11: Controls the PDout source/sink current per Tables 2 and 3. With both bits high, the maximum 
current (as set by Rx per Figure 14) is available. Also, see Cl bit description. 

Cl - Pori: When the OUTPUT A pin is selected as ·Porl" via bits A22 and A23, Cl determines the state 
of OUTPUT A. When Cl is set high, OUTPUT A is forced high; Cl low forces OUTPUT A 
low. When OUTPUT A Is NOT selected as ·Port," Cl controls whether the PDout step size 
is 10% or 2S%. (See Tables 2 and 3.) When low, steps are 10%. When high, steps are 2S%. 
Default is 10% steps when OUTPUT A is selected as ·Port." The Pori bit is not affected by 
the standby mode. 

CO - Out B: Determines the state of OUTPUT B. When CO is set high, OUTPUT B is high-impedance; CO 
low forces OUTPUT B low. The Out B bit Is not affected by the standby mode. This bit Is cleared 
low at power up. 

Figure 13. C Register Access and Format (8 Clock Cycles are Used) 
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~, \ PDout CURRENT SET TO 100%; 
PDout VOLTAGE IS FORCED TO ONE·HALF OF VpD. 

\ \ \ 
\ \' i\ , 

1\." \ \ 

'\ 
~ i\ " " " 

....... 
"'-I ........ 

r--.... ....... ~ " ........ ........ 
........ -r::: MC145191 r-~ I"- ........ 

'- VPD=S.SV -...... r- -r-t-r-. ---
VPD=S.OV -
Vpr4Y -, 

I I 
o 0.1 0.2 0.3 0.4 O.S 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.S 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 

lout, SOURCE CURRENT (rnA) 

NOTE: The MC145191 is optimized for Rx values in the 18 kn to 40 kQ range. For example, to achieve 0.3 rnA of output 
current, it is preferable to use a 30·kn resistor for Rx and bit settings for 25% (as shown In Table 3). 

Figure 14. Nominal Source Current for the PDout Pin 

Table 2. PDout Current, C1 = Low with OUTPUT A NOT 
Selected as "Port"; Also, Default Mode When 

OUTPUT A Selected as "Port" 

Table 3. PDout Current, C1 = High with OUTPUT A NOT 
Selected as "Port" 

C3 

0 
0 
1 
1 
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C2 PDout Current 

0 70% 
1 80% 
0 90% 
1 100% 

C3 C2 PDout Current 

0 0 25% 
0 1 50% 
1 0 75% 
1 1 100% 
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HIGH 
0 PORT 

0 I DOUT 
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IR 
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BINARY OUTPUT A 
VALUE FUNCTION 

(NOTE I) 

NOTES: 

o 
o 
o 

o 
o 

0 

0 

0 

0 

0 

0 

0 NOT ALLOWED 
I NOT ALLOWED 
2 NOT ALLOWED 
3 NOT ALLOWED 
4 NOT ALLOWED 

5 N COUNTER = +5 
N COUNTER =+6 

7 NCOUNTER =+7 

F F ENCOUNTER = +4094 

F F F N COUNTER = +4095 

'----v--------' 

HEXADECIMAL VALUE 
FOR N COUNTER 

1. A power-on initialize circuit forces the OUTPUT A function to default to Data Out. . 

0 ACOUNTER =+0 
A COUNTER = + I 

0 2 ACOUNTER =+2 

0 ACOUNTER =+3 

E A COUNTER = + 62 

F A COUNTER = + 63 

4 0 NOT ALLOWED 
4 I NOT ALLOWED 

F F NOT ALLOWED 

'----.----J 

HEXADECIMAL VALUE 
FOR A COUNTER 

2. The values programmed for the N counter must be greater than or equal to the values programmed for the A counter. This results in a total divide value = N x 64 + A. 

t 
NOTE 3 

3. At this point, the three new bytes are transferred to the A register. In addition, the 13 LSBs in the first buffer of the R register are transferred to the R register's second buffer. 
Thus, the R, N, and A counters can be presentetl new divide ratios at the same time. The first buffer of the R register is not affected. The C register is not affected. 



ENB l~, ________________________________ ~nLr 
t t 

NOTE NOTE 

ClK 4 5 

o 0 o 0 NOT ALLOWED CRYSTAL MODE, SHUT DOWN 
CRYSTAL MODE, ACTIVE o 0 o I DIRECT ACCESS TO REFERENCE SIDE OF PHASEIFREQUENCY DETECTORS 
REFERENCE MODE, REFin ENABLED and REFout 

STATIC lOW 
3 REFERENCE MODE, REFout = REFln (BUFFERED) 
4 REFERENCE MODE, REFout = REFIn12 
5 REFERENCE MODE, REFout = REFinl4 
6 REFERENCE MODE, REFout = REFjn18 (NOTE 3) 
7 REFERENCE MODE, REFout = REFinll6 

L OCTAL VALUE 

o 0 o 2 NOT ALLOWED 
o 0 o 3 NOT ALLOWED 
o 0 o 4 NOT ALLOWED 
o 0 o 5 RCOUNTER=+5 
o 0 o 6 RCOUNTER=+6 
o 0 o 7 RCOUNTER=+7 
o 0 o 8 RCOUNTER=+8 

IFF E RCOUNTER=+8190 
IF F F R COUNTER = +8191 

BINARY VALUE --.t H~ VALUE 

NOTES: 

I. Bits RI5 through RI3 control the configurable "OSO or 4-slage divider" block (see Block Diagram). 

2. Bits RI2 through RO controllhe "13-slage R counter" block (see Block Diagram). 

3. A power-on initialize circuit forces a default REFin to REFout ratio of eight. 

4. Atthlspoint,bitsRI3,RI4,andRI5arestoredandsenttothe"OSOor4-Slage Divider"blockinthe BlockDlagram. 
Bits RO through R 12 are loaded Into the first buffer In the double-buffered section of the R register. Therefore, the 
R counter divide ratio Is not altered yet and relalns the previous ratio loaded. The Oand A registers are notaff9CIed. 

5. At this point, bits RO through RI2 are transferred to the second buffer of the R register. The R counter begins 
dividing by the new ratio after completing the restofthe present count cycle. OlK must below during the ENB pulse, 
as shown. Also, see note 3 of Figure 15 for an alternate method of loading the second buffer In the R register. The 
o and A registers are not affected. The first buffer of the R register Is not affected. 
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Figure 16_ R Register Access and Format (16 Clock Cycles Are Used) 
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REFERENci~ n REFin+ R ~------~n~------~n~--------~~~~ 
FEEDBACl 

fin+(Nx64+A) 
, VL 

n , * - SOURCING CURRENT 

'-------In'------;, .---------t---- HIGH IMPEDANCE PDout , , 
, , 

~R U u: : W - SINKING CURRENT 
j------; i I VH 

" " -VL , 
~V I --'-i---""""';'; I-----.U VH 

-VL , 

LD U 'u' , U' j--: -----+-- VH 

-VL 

VH = High voltage level 
VL = Low voltage level 
• At this point, when both fR and tv are in phase, the output source and sink circuits are turned on for a short interval. 
NOTE: The PDouteilher sources or sinks current during out-of-Iockcondltions. When locked in phase and frequency, the 

output is high impedance and the voltage althat pin is determined by the low-pass filler capacitor. PDout, ~R, and 
<l>v are shown with the polarity bit (POL) = low; see Figure 13 for POL. 

Figure 17_ Phase/Frequency Detectors and Lock Detector Output Waveforms 

DESIGN CONSIDERATIONS 

CRYSTAL OSCILLATOR CONSIDERATIONS 

The following options may be considered to provide a 
reference frequency to Motorola's CMOS frequency synthe
sizers. 

Use of a Hybrid Crystal Oscillator 
Commercially available temperature-compensated crystal 

oscillators (TCXOs) or crystal-controlled data clock oscillators 
provide very stable reference frequencies. An oscillator 
capable of CMOS logic levels at the output may be direct or 
dc coupled to REFin. If the oscillator does not have CMOS 
logic levels on the outputs, capacitive or ac coupling to REFin 
may be used (see Figure 8). 

For additional infonmation about TCXOs and data clock 
oscillators, please consult the latest version of the eem 
Electronic Engineers Master Catalog, the Gold Book, or 
similar publications. 

Design an Off-Chip Reference 
The user may design an off-chip crystal oscillator using 

discrete transistors or ICs specifically developed for crystal 
oscillator applications, such as the MC12061 MECL device. 
The reference signal from the MECL device is ac coupled to 
REFin (see Figure 8). For large amplitude signals (standard 
CMOS logic levels), dc coupling may be used. 

Use of the On-Chip Oscillator Circuitry 
The on-chip amplifier (a digital inverter) along with an 

appropriate crystal may be used to provide a reference source 
frequency. A fundamental mode crystal, parallel resonant at 
the desired operating frequency, should be connected as 
shown in Figure 18. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

The crystal should be specified for a loading capacitance 
(CLl which does not exceed approximately 20 pF when used 
at the highest operating frequency of 15 MHz. Assuming 
Rl = 0 n, the shunt load capacitance (CLl presented across 
the crystal can be estimated to be: 

CinCout Cl • C2 
CL = --- + Ca + Cstray + ---

Cin+Cout Cl + C2 

where 
Cin =5 pF (see Figure 19) 

Cout ;" 6 pF (see Figure 19) 
Ca = 1 pF (see Figure 19) 

Cl and C2 =extemal capacitors (see Figure 18) 
Cstray =the total equivalent external circuit stray capaci

tance appearing across the crystal terminals 

The oscillator can be '1rimmed" on-frequency by making a 
portion or all of Cl variable. The crystal and associated 
components must be located as close as possible to the REFin 
and REFout pins to minimize distortion, stray capacitance, 
stray inductance, and startup stabilization time. Circuit stray 
capacitance can also be handled by adding the appropriate 
stray value to the values for Cin and Cout. For this approach, 
the tenm Cstray becomes 0 in the above expression for CL. 

Power is dissipated in the effective series resistance of the 
crystal, Re, in Figure 20. The maximum drive level specified 
by the crystal manufacturer represents the maximum stress 
that the crystal can withstand without damage or excessive 
shift in operating frequency. Rl In Figure 18 limits the drive 
level. The use of Rl is not necessary in most cases. 
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To verify that the maximum dc supply voltage does not 
cause the crystal to be overdriven, monitor the output 
frequency (fR) at OUTPUT A as a function of supply voltage. 
(REFout is not used because loading impacts the oscillator.) 
The frequency should increase very slightly as the dc supply 
voltage is increased. An overdriven crystal decreases in 
frequency or becomes unstable with an increase in supply 
voltage. The operating supply voltage must be reduced or R1 
must be increased in value if the overdriven condition exists. 
The user should note that the oscillator start-up time is 
proportional to the value of R 1. 

Through the process of supplying crystals for use with 
CMOS inverters, many crystal manufacturers have devel
oped expertise in CMOS oscillator design with crystals. 
Discussions with such manufacturers can prove very helpful 
(see Table 4). 

RECOMMENDED READING 
Technical Note TN-24, Statek Corp. 
Technical Note TN-7, Statek Corp. 
E. Hafner, "The Piezoelectric Crystal Unit-Definitions and 

Method of Measurement", Proc. IEEE, Vol. 57, No.2, Feb. 
1969. 

D. Kemper, L. Rosine, "Quartz Crystals for Frequency 
Control", Electro-Technology, June 1969. 

P. J. Ottowitz, "A Guide to Crystal Selection", Electronic 
DeSign, May 1966. 

D. Babin, "Designing Crystal Oscillators", Machine Design, 
March 7,1985. 

D. Babin, "Guidelines for Crystal Oscillator Design", 
Machine Design, April 25, 1985. 

I" - - - - - FREQUENCi"l 

I SYNTHESIZER I 
L_ ___ _~ 

REFin REFout 
Rf 

"May be needed in certain cases. See text. 

Figure 18. Pierce Crystal Oscillator Circuit 

~ REFin o>----"I--Tj--V--rj---""-I-o REFout 

-'- C· I Ic -'-I In L __ II __ .J out I 
.; II ..L 

Cstray 

Figure 19. Parasitic Capacitances of the Amplifier 
and Cstray 

1 0 2 o----l j--o 

Co 

Note: Values are supplied by crystal manufacturer 
(parallel resonant crystal). 

Figure 20. Equivalent Crystal Networks 

Table 4. Partial List of Crystal Manufacturers 

Name Address Phone 

United States Crystal Corp. 3605 McCart Ave., Ft. Worth, TX 76110 (817) 921·3013 
Crystek Crystal 2371 Crystal Dr., Ft. Myers, FL 33907 (813) 936-2109 
Statek Corp. 512 N. Main St., Orange. CA 92668 (714) 639-7810 
Fox Electronics 5570 Enterprise Parkway, Ft. Myers, FL 33905 (813) 693-0099 

Note: Motorola cannot recommend one supplier over another and in no way suggests that this is a 
complete listing of crystal manufacturers. 
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(A) 

NOTE: 

PHASE-LOCKED LOOP-LOW PASS FILTER DESIGN 

- V KIj>KVCO 
ron- NC 

_ B. V Kq.KvcoC 
I; - 2 N 

Z(s) = 1 +S~RC 

mnRC 

2 

For (A), using KIj> in amps per radian with the filter's impedance transfer function, Z(s), maintains units of volts per radian for the 
detectorlfiltercombinatlon. Additional sideband filtering can be accomplished by adding a capacitor C' across R. The corner (oc = l/RC' 
should be chosen such that (On is not significantly affected. 

Rl 
$R --"""''v---<~ 

V K!I!KVCO 
ron = NCR1 

(B) 

$V --"""''v----<.....-l 
vco ronR2C 

I; = --2-

ASSUMING GAIN A IS VERY LARGE, THEN: 

NOTE: 
For (B), Rl is frequently split into two series resistors; each resistor is equal to Rl divided by 2. A capacitor Cc is then placed from 

the mldpointto ground to further filter the error pulses. The value of Cc should be such thatthe corner frequency ofthis network does 
not significantly affect (On. 

DEFINITIONS: 
N = Total Division Ratio in Feedback Loop 
K$ (Phase Detector Gain) = IPDout/2lt amps per radian for PDout 
K$ (Phase Detector Gain) = VpD/2lt volts per radian for $V and $R 

2ltL\tvCO 
KVCO (VCO Transfer Function) = fj, VVCO radians per volt 

For a nominal deSign starting pOint, the user might consider a damping factor 1;=0.7 and a natural loop frequency (On = (2ltfR/50) 
where fR is the frequency at the phase detector input. Larger (On values result in faster loop lock times and, for similar sideband 
filtering, higher fR-related VCO sidebands. 

Either loop filter (A) or (B) is frequently followed by additional sideband filtering to further attenuate fwrelated VCO sidebands. 
This additional filtering may be active or passive. 

RECOMMENDED READING: 
Gardner, Floyd M., Phaselock Techniques (second edition). New York, Wiley-Interscience, 1979. 
Manassewitsch, Vadim, Frequency Synthesizers: Theory and Design (second edition). New York, Wiley-Interscience, 1980. 
Blanchard, Alain, Phase-Locked Loops: Application to Coherent Receiver Design. New York, Wiley-Interscience, 1976. 
Egan, William F., Frequency SyntheSiS by Phase Lock. New York, Wiley-Interscience, 1981. 
Rohde, Ulrich L., Digital PLL Frequency Synthesizers Theory and Design. Englewood Cliffs, NJ, Prentice-Hall, 1983. 
Berlin, Howard M., Design of Phase-Locked Loop Circuits, with Experiments. Indianapolis, Howard W. Sams and Co., 1978. 
Kinley, Harold, The PLL Synthesizer Cookbook. Blue Ridge Summit, PA, Tab Books, 1980. 
Seidman, Arthur H., Integrated Circuits Applications Handbook, Chapter 17, pp. 538-586. New York, John Wiley & Sons. 
Fadrhons, Jan, "Design and Analyze PLLs on a Programmable Calculator," EDN. March 5, 1980. 
AN535, Phase-Locked Loop Design Fundamentals, Motorola Semiconductor Products, Inc., 1970. 
AR254, Phase-Locked Loop Design Articles, Motorola Semiconductor Products, Inc., Reprinted with permission from 

Electronic Design, 1987. 
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D 
+5V 

r REFoul REFin 
20 r 

2 lD Din 
19 

18 MCU 
OPTIONAL lOOP { eIlR ClK 
ERROR SIGNALS 

4 17 (NOTE 1) eIlv ENB 

+V 16 GENERAL-PURPOSE 
VPD OUTPUT A DIGITAL OUTPUT 

PDout OUTPUTB 
15 

"::' 

7 
GND VDD 

14 

Rx TEST 2 
13 NC 

NC 
9 

TEST 1 VCC 
12 

r-l 10 ij;; fin 11 

"::' 1000 pF 

>--- UHF OUTPUT 
BUFFER 

NOTES: 
1. When used, the eIlR and eIlv outputs are fed to an extemal comblner/loop filter. See the Phase-Locked 

Loop - Low-Pass Filter Design page for additional information. 
2. TransistorOl is required onlyifthe standby feature is needed. 01 permits the bipolar section of the device 

to be shutdown via use of the general-purpose digital pin, OUTPUT B.lfthe standby feature Is not needed, 
tie pin 12 directly to the power supply. 

3. For optimum performance, bypass the Vee, VDD, and VPD pins to GND with low-inductance capacitors. 
4. The R counter Is programmed for a divide value = REFinflR. Typically, fR is the tuning resolution required 

for the veo. Also, the veo frequency divided by fR = NT = N x 64 + A; this determines the values (N, A) 
that must be programmed Into the N and A counters, respectively. 

Figure 21. Example Application 

DEVICE #1 DEVICE #2 

OUTPUT A OUTPUT A 
Din ClK ENB (DATAOUn Din ClK ENB (DATA OUT) 

I t 

CMOS 
MCU 

OPTIONAL 

Figure 22_ Cascading Two Devices 

• 
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C REGISTER BITS OF DEVICE #2 

IN FIGURE 22 

• At this point, the new bytes are transferred to the C registers of both devices and stored. No other registers are affected. 

Figure 23. Accessing the C Registers of Two Cascaded Devices 

C REGISTER BITS OF DEVICE #1 
IN FIGURE 22 

ENiil r 
• 

CLK ~JlflJ\MLJ\ML-fLNL1\JiFLs-fLMML 
Din ~ X H X ~:: a A23 H A22 H :: H A16 B A15 a:: n AS a A7 H:~ H AO ~ A23 B :~~ ~ A9 8 AS a :: a AO ~ 

'- /'-..... ~ 
~ -.....y-

A REGISTER BITS OF DEVICE #2 
IN FIGURE 22 

A REGISTER BITS OF DEVICE #1 
IN FIGURE 22 

·At this point, the new bytes are transferred to the A registers of both devices and stored. Additionally, for both devices, the 13 LSBs in each olthe first buffers olthe R registers are 
transferred to the respective R register's second buffer. Thus, the R, N, and A counters can be presented new divide ratios at the same time. The first buffer of each R register is not affected. 
Neither C register is affected. 

Figure 24. Accessing the A Registers of Two Cascaded Devices 
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Note 1 Note 2 

CLK ~JlfLfLJ1-MJifLfLs-fLfLfL~J1fL-
Din ~ x8 X ~:~ ~ R15 ~ R14 ~:~ a RB H R7 ~ ~~ H RO ~ X ~:~ B X ~ R15 H:~ H RB ~ R7 ~ :~ 8 RO ~ 

'-... 'V ./ ~ ~ 

NOTES APPLICABLE TO EACH DEVICE: 

R REGISTER BITS OF DEVICE 112 
IN FIGURE 22 

R REGISTER BITS OF DEVICE #1 
IN FIGURE 22 

1. Atthis point, bits R13, R14, and R15 are stored and sent to the "OSC or4-Stage Divider" block in the Block Diagram. Bits RO through R12 are loaded into the first buffer in the double
buffered section of the R register. Therefore, the R counter divide ratio is not altered yet and retains the previous ratio loaded. The C and A registers are not affected. 

2. At this point, the bits RO through R12 are transferred to the second buffer of the R register. The R counter begins dividing by the new ratio after completing the rest of the present count 
cycle. ClK must be low during the ENB pulse, as shown. Also, see note of Figure 24 for an alternate method of loading the second buffer in the R register. The C and A registers 
are not affected. The first buffer of the R register is not affected. 

Figure 25. Accessing the R Registers of Two Cascaded Devices 



MOTOROLA 
_ SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
Low·Voltage 1.1 GHz 
PLL Frequency Synthesizer 
Includes On-Board 64/65 Prescaler 

The MC145192 is a low-voltage single-package synthesizer with serial interface 
capable of direct usage up to 1.1 GHz. A special architecture makes this PLL very 
easy to program because a byte-oriented format is utilized. Due to the patented 
BitGrabber™ registers, no address/steering bits are required for random access 
of the three registers. Tuning can be accomplished via a 3-byte serial transfer to 
the 24-bit A register. The interface is both SPI and MICROWIRETM compatible. 

The device features a single-ended current source/sink phase detector A output 
and a double-ended phase detector B output. Both phase detectors have linear 
transfer functions (no dead zones). The maximum current of the single-ended 
phase detector output is determined by an external resistor tied from the Rx pin 
to ground. This current can be varied via the serial port. 

The MC145192 phase/frequency detector B C\>R and C\>v outputs can be powered 
from 2.7 to 5.5 V. This is optimized for 3-V systems. The phase/frequency detector 
A PDoutoutput must be powered from 4.5 to 5.5 V, and is optimized for a 5-V supply. 

This part includes a differential RF input which may be operated in a 
single-ended mode. Also featured are on-board support of an external crystal and 
a programmable reference output. The R, A, and N counters are fully program
mable. The C register (configuration register) allows the part to be configured to 
meet various applications. A patented feature allows the C register to shut off 
unused outputs, thereby minimizing system noise and interference. 

In order to have consistent lock times and prevent erroneous data from being 
loaded into the counters, on-board circuitry synchronizes the update of the A 
register if the A or N counters are loading. Similarly, an update of the R register is 
synchronized if the R counter is loading. 

The double-buffered R register allows new divide ratios to be presented to the 
three counters (R, A, and N) simultaneously. 

• Maximum Operating Frequency: 1100 MHz @ Vin = 200 mVp-p 
• Operating Supply Current: 6 mA Nominal at 2.7 V 
• Operating Supply Voltage Range (VDD and VCC Pins): 2.7 to 5.0 V 
• Operating Supply Voltage Range of Phase Freq. Detector A (VPD Pin): 4.5 to 5.5 V 
• Operating Supply Voltage Range of Phase Detector B (VPD Pin): 2.7 to 5.5 V 
• Current Source/Sink Phase Detector Output Capability: 2 mA Maximum 
• Gain of Current Source/Sink Phase/Frequency Detector Controllable via Serial Port 
• Operating Temperature Range: -40 to + 85°C 
• R Counter Division Range: 5 to 8191 Plus Direct Access to Phase Detector Input 
• Dual-Modulus Capability Provides Total Division up to 262,143 
• High-Speed Serial Interface: 2 Mbps 
• OUTPUT A Pin, When Configured as Data Out, Permits Cascading of Devices 
• Two General-Purpose Digital Outputs - OUTPUT A: Totem-Pole (Push-Pull) 

with Four Output Modes 
OUTPUT B: Open-Drain 

• Patented Power-Saving Standby Feature with Orderly Recovery for Minimizing 
Lock Times, Standby Current: 50 !iA 

MC145192 

4' FSUFFIX 
SOG 

CASE 751J 

ORDERING INFORMATION 

MC145192F SOG Package 

PIN ASSIGNMENT 

REFout 1. 20 REFin 

LD 19 Din 

<l>R 18 eLK 

<l>Y 17 ENB 

YPD 16 OUTPUT A 

PDou! 15 OUTPUTB 

GND 14 VDD 

Rx 13 TEST 2 

TEST 1 12 Vee 

iiii 10 11 fin 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
BitGrabber is a trademark of Motorola Inc. MICROWIRE is a trademark of National Semiconductor Corp. REV. 1 
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REFin 
20 

OSCOR 
4·STAGE 
DIVIDER 

(CONFIGURABlE) 
REFout 

ClK SHIFT 
REGISTER 

Din 
19 AND 

CONTROL 
lOGIC 

ENB 

fin __ 1;..:.1 __ -1 

t;;; _---'Ic:.0 __ -I 

SUPPLY CONNECTIONS: 

BLOCK DIAGRAM 
Data Out 

13·STAGE R COUNTER 
fR 

PORT 
fy 

24 

SELECT 16 OUTPUT A LOGIC 

lD 

Rx 

PDout 

~R 
~V 

>----....:..::. OUTPUT B 
(OPEN·DRAIN 
OUTPUT) 

r-____ ......;.;13. TEST 2 

PIN 12 = VCC (V+ TO INPUT AMP AND 64/65 PRESCAlER) '--------_--------------_ TEST 1 
PIN 5 = VpD (V+ TO PHASE/FREQUENCY DETECTORS A AND B) 
PIN 14 = VDD (V+ TO BALANCE OF CIRCUIT) 
PIN 7 = GND (COMMON GROUND) 

MAXIMUM RATINGS' (Voltages Referenced to GND, unless otherwise stated) 

Symbol Parameter Value 

VCC, VDD DC Supply Voltage (Pins 12 and 14) -0.5 to +6.0 

VPD DC Supply Voltage (Pin 5) VDD -0.5 to + 6.0 

Vin DC Input Voltage -0.5 to VDD + 0.5 

Vout DC Output Voltage (except OUTPUT B, PDout, ~R, ~) -0.5 to VDD +0.5 

Vout DC Output Voltage (OUTPUT B, PDout, ~R, ~V) -0.5 to VPD + 0.5 

lin,lPD DC Input Current, per Pin (Includes VpD) ±10 

lout DC Output Current, per Pin ±20 

IDD DC Supply Current, VDD and GND Pins . ±30 

PD Power Dissipation, per Package 300 

Tstg Storage Temperature -65 to + 150 

TL lead Temperature, 1 mm from Case for 10 seconds 260 

* Maximum Ratings are those values beyond which damage to the device may occur. Func· 
tional operation should be restricted to the limits in the Electrical Characteristics tables or 
Pin Descriptions section. 

Unit 

V 

V 

V 

V 

V 

rnA 

rnA 

rnA 

mW 

°C 

°C 

This device contains protection cir· 
cuitry to guard against damage due to 
high static voltages or electric fields. 
However, precautions must be taken to 
avoid applications of any voltage high· 
erthan maximum rated voltages to this 
high·impedance circuit. 

MC145192 
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ELECTRICAL CHARACTERISTICS 
(VDD = VCC = 2.7 to 5.0 V. Voltages Referenced to GND. TA = -40 to +85·C. unless othelWlse stated; 
Phase/Frequency Detector A VpD = 4.5 to 5.5 V with VDD ,; VpD; Phase/Frequency Detector B VPD = 2.7 to 5.5 V with VDD'; VpD. 

Symbol Parameter 

Vil Maximum low-level Input Voltage 
(Din. ClK, ENB. REFln) 

VIH Minimum High-level Input Voltage 
(Din. ClK. ENB, REFin) 

VHys Minimum Hysteresis Voltage (ClK. ENB) 

VOL Maximum low-level Output Voltage 
(REFout, OUTPUT A) 

VOH Minimum High-level Output Voltage 
(REFout. OUTPUT A) 

IOl Minimum low-level Output Current 
(REFout, lD) 

IOl Minimum low-level Output Current 
(~R,M 

IOl Minimum low-level Output Current 
(OUTPUT A) 

IOl Minimum low-level Output Current 
(OUTPUT B) 

IOH Minimum High-level Output Current 
(REFout, lD) 

IOH Minimum High-level Output Current 
(~R.M 

IOH Minimum High-level Output Current 
(OUTPUT A Only) 

lin Maximum Input leakage Current 
(Din. ClK. ENB. REFln) 

lin Maximum Input Current 
(REFin) 

IOZ Maximum Output leakage Current (PDout) 

(OUTPUT B) 

ISTBY Maximum Standby Supply Current 
(VDD + VPD Pins) 

IpD Maximum Phase Detector 
Quiescent Current (VPD Pin) 

IT Total Operating Supply Current 
(VDD + VPD + VCC Pins) 

• The nominal values are: 
6 mAat VDD = 2.7Vand VPD = 2.7 V 
9 mAat VDD= 5.0 V and VPD = 5.5 V 

These are not guaranteed limits. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Test Condition 

Device In Reference Mode 

Device in Reference Mode 

VDD=2.7V 
VDD=5.0V 

lout = 20 I1A. Device In Reference Mode 

lout = -20 I1A. Device In Reference Mode 

Vout=0.4 V 

Vout=0.4V 
VDD. VPD = 2.7 V 

Vout=0.4V 

Vout= 0.4 V 

Vout = VDD - 0.4 V 

Vout = VPD - 0.4 V 
VDD. VPD = 2.7 V 

Vout = VDD - 0.4 V 

Yin = VDD or GND, Device In XTAl Mode 

Yin = VDD or GND. Device In Reference Mode 

Vout = VpD - 0.5 V or 0.5 V, 
Output In High-Impedance State 

Vout = VPD or GND 
Output in High-Impedance State 

Yin = VDD or GND; Outputs Open; Device in Standby Mode. 
Shut-Down Crystal Mode or REFourStatic-low Reference 
Mode; OUTPUT B Controlling Vce per Figure 21 

Bit C6 = High Which Selects Phase Detector A. 
PDout = Open. PDout = Static low or High. Bit C4 = low 
Which is not Standby. lAx = 113 !LA. VPD = 5.5 V 

Bit C6 = low Which Selects Phase Detector B •• R and 
'ilv = Open •• R and 'ilv = Static low or High. Bit 
C4 = low Which Is not Standby 

fin = 1.1 GHz; REFin = 13 MHz @ I Vp-p; 
OUTPUT A = Inactive and No Connect; VDD = VCC. 
REFout •• V •• R. PDout. lD = No Connect; 
Din. ENB. ClK = VDD or GND. Phase Detector B Selected 
(BitC6=low) 

Guaranteed 
Limit Unit 

0.2xVDD V 

0.8xVDD V 

100 mV 
300 

0.1 V 

VDD-O.I V 

0.25 mA 

0.36 mA 

0.6 mA 

1.0 mA 

-0.25 mA 

-0.36 mA 

-0.35 mA 

±1.0 !LA 

±150 !LA 

±200 nA 

±IO !LA 

50 !LA 

600 !LA 

30 

* mA 

MC145192 
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ANALOG CHARACTERISTICS-CURRENT SOURCE/SINK OUTPUT -PDout 
(lout'" 2 rnA, VDD = VCC = 2.7 to 5.0 V, Voltages Referenced to GND, VDD = VCC '" VpD) 

Parameter Test Condition 

Maximum Source Current Variation (Part-to-Part) Vout = 0.5 x VPD 

Maximum Slnk-vs-Source Mismatch (Note 3) Vout = 0.5 x VpD 

Output Voltage Range (Note 3) lout variation", 20% 

NOTES: 

VPD 

4.5 

5.5 

4.5 

5.5 

4.5 

5.5 

1. Percentages calculated using the following formula: (Maximum Value - Minimum Value) I Maximum Value. 
2. See Rx Pin Description for external resistor values. 
3. This parameter is guaranteed for a given temperature within -40 to + 85°C. 

AC INTERFACE CHARACTERISTICS 
(VDD = VCC= 2.7 to 5.0 V, TA =-40to + 85°e, Cl =50 pF,lnputtr= tf= 10 ns; VPD = 2.7 to 5.5 V with VDD ",VPD) 

Symbol Parameter Figure # 

fclk Serial Data Clock Frequency (Note: Refer to Clock Iw below) 1 

tplH,tPHl Maximum Propagation Delay, ClK to OUTPUT A (Selected as Data Out) 1,5 

tPlH, tPHl Maximum Propagation Delay, ENB to OUTPUT A (Selected as Port) 2,5 

tpZl, tPLZ Maximum Propagation Delay, ENB to OUTPUT B 2,6 

trlH, trHl Maximum Output Transition Time, OUTPUT A and OUTPUT B; trHlonly, on OUTPUT B 1,5,6 

Cin Maximum Input Capacitance - Din, ENB, ClK, 

TIMING REQUIREMENTS 
(VDD = Vee = 2.7 to 5.0 V, TA = -40 to + 85°C, Inputtr = tf = 10 ns unless otherwise indicated) 

Symbol Parameter Figure # 

tsu, th Minimum Setup and Hold Times, Din vs elK 3 

tsu,th, tree Minimum Setup, Hold and Recovery Times, ENB vs ClK 4 

tw Minimum Pulse Width, ENB 4 

tw Minimum Pulse Width, ClK 1 

tr,tf Maximum Input Rise and Fall Times, CLK 1 

"The minimum limit is 3 REFin cycles or 195 fin cycles, whichever is greater. 

Guaranteed 
Umit Unit 

±20 % 

±20 

12 % 

12 

0.5 to 4.0 V 

0.5 to 5.0 

Guaranteed 
Umit Unit 

dcto 2.0 MHz 

200 ns 

200 ns 

200 ns 

200 ns 

10 pF 

Guaranteed 
Umit Unit 

50 ns 

100 ns 

* cycles 

125 ns 

100 I1S 

MC145192 
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SWITCHING WAVEFORMS 

elK 

OUTPUT A 
(DATA OUT) 

Din 

ClK 

Figure 1. 

-VALID 

50% 

-tsuyth 

50% 

DEVICE 
UNDER 
TEST 

Figure 3. 

TEST POINT 

GND 

VDD 

GND 

VDD 

- GND 

'Includes all probe and fixture capacitance. 

Figure 5. Test Circuit 
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OUTPUT A 

OUTPUTS 

~--VDD 

:0PLZ tPZl~ 
,'r) --5 

50% 
10% 

Figure 2. 

~'r----tw J: tw=t- VGDNDD 
ENS 50% 

) 
-tsu th-

-tree 

ClK 

DEVICE 
UNDER 
TEST 

Figure 4. 

+VPD 
TEST POINT J 

7.5kn 

'Includes all probe and fixture capacitance. 

Figure 6. Test Circuit 

- VDD 

GND 
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LOOP SPECIFICATIONS (VOO = VCC = 2.7 to 5.0 V unless otherwise indicated, TA = -40 to +85°C) 

Guaranteed 
Operating 

Range 

Symbol Parameter Test Condition Fig # Min Max Unit 

Vin Input Voltage Range, lin 100 MHz S ~n < 250 MHz 7 400 1500 mVp-p 
250 MHz S lin S 1100 MHz 200 1500 

Irel Input Frequency, REFin Externally Driven In Vin = 400 mVp-p, R Counter set to divide 8 MHz 
Relerence Mode ratio such that IR S 1 MHz, REF Counter set 

to divide ratio such that REFout S 5 MHz 
VOO=2.7V 1 20 
VOO=3.0V 4.5 20 
VOO=3.5V 5.5 20 

VOO =4.5 to 5 V 12 27 

Vin = 1 Vp-p, R Counter set to divide ratio 8 MHz 
such that IR S 1 MHz, REF Counter set to 
divide ratio such that REFout S 5 MHz 

VOO=2.7V 1 20 
VOO=3.0V 1.5 20 
VOO=3.5V 2 20 

VOO = 4.5 to 5 V 4.5 27 

txTAL Crystal Frequency, Crystal Mode Cl S 30 pF, C2 S 30 pF, Includes Stray 9 2 10 MHz 
Capacitance; R Counter and REF Counter 
same as above 

lout Output Frequency, REFout CL=30 pF 10, dc 5 MHz 
12 

I Operating Frequency 01 the Phase Detectors dc 1 MHz 

tw Output Pulse Width (<PR, <PV, and LO) IR in Phase with lV, CL = 50 pF, 11,12 20 140 ns 
VPO = 2.7 V, VOO = VCC = 2.7 V 

ITLH, Output Transition Times (LO, <PV, and <PR) CL = 50 pF, VPO = 2.7 V, 11,12 - 80 ns 

ITHL VOO=VCC=2.7V 

Cin Input Capacitance, REFin - 5 pF 

MC145192 
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TEST 
OUTPUT A POINT 

(Iv) 

'Characteristic Impedance 

Figure 7. Test Circuit 

r---1'-....... -l REFin OUTPUT A 

DEVICE UNDER 
TEST 

TEST 
POINT 

(IR) 

Figure 9. Test Circuit-Crystal Mode 

I~---~-----~~ 

OUTPUT 
90% 

10% 

Figure 11. Switching Waveform 

PIN DESCRIPTIONS 

DIGITAL INTERFACE PINS 

Din 
Serial Data Input (Pin 19) 

trLH 

The bit stream begins with the most significant bit (MSB) 
and is shifted in on the low-to-high transition of ClK. The bit 
pattern is 1 byte (8 bits) long to access the C or configuration 
register, 2 bytes (16 bits) to access the first buffer of the R reg
ister, or 3 bytes (24 bits) to access the A register (see Table 1). 
The values in the C, R, and A registers do not change during 
shifting because the transfer of data to the registers is con
trolled by ENB. 

CAUTION 
The value programmed for the N counter must be 
greater than or equal to the value of the A counter. 

The 13 least significant bits (lSBs) of the R register are dou
ble-buffered. As indicated above, data is latched into the first 
buffer on a 16-bit transfer. (The 3 MSBs are not double-buf
fered and have an immediate effect after a 16-bit transfer.) The 
second buffer of the R register contains the 13 bits for the R 
counter. This second buffer is loaded with the contents of the 
first buffer when the A register is loaded (a 24-bit transfer). 
This allows presenting new values to the R, A, and N counters 
simultaneously. If this is not required, then the 16-bit transfer 
may be followed by pulsing ENB low with no signal on the ClK 
pin. This is an alternate method of transferring data to the sec
ond buffer of the R register (see Figure 16). 

MOTOROLA COMMUNICATIONS DEVICE DATA 

V+ 

TEST 
POINT 

Figure 8. Test Circuit-Reference Mode 

REFout 

Figure 10. Switching Waveform 

DEVICE 
UNDER 
TEST 

TEST POINT 

'Includes all probe and 
fixture capacitance. 

Figure 12. Test Circuit 

The bit stream needs neither address nor steering bits due 
to the innovative BitGrabber registers. Therefore, all bits in the 
stream are available to be data for the three registers. Ran
dom access of any register is provided (i.e., the registers may 
be accessed in any sequence). Data is retained in the regis
ters over a supply range of 2.7 to 5.0 V. The formats are shown 
in Figures 13,15, and 16. 

Din typically switches near 50% of VDD to maximize noise 
immunity. This input can be directly interfaced to CMOS de
vices with outputs guaranteed to switch near rail-to-raii. When 
interfacing to NMOS or TTL devices, either a level shifter 
(MC74HC14A, MC14504B) or pull-up resistor of 1 kOto 10kO 
must be used. Parameters to consider when sizing the resistor 
are worst-case IOl of the driving device, maximum tolerable 
power consumption, and maximum data rate. 

Table 1. Register Access 
(MSBs are shifted in first· CO RO and AO are the lSBs) 

Number 
of Clocks 

8 
16 
24 

Other Values s; 32 
Values> 32 

Accessed 
Register 

C Register 
R Register 
A Register 

Not Allowed 
See Figures 

22-25 

Bit 
Nomenclature 

C7, C6, C5, ... , CO 
R15, R14, RI3, ... , RD 
A23, A22, A21, ... , AO 
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ClK 
Serial Data Clock Input (Pin 18) 

low-to-high transitions on ClK shift bits available at the Din 
pin, while high-to-Iow transitions shift bits from OUTPUT A 
(when configured as Data Out, see Pin 16). The 24-1 /2-stage 
shift register is static, allowing clock rates down to dc in a 
continuous or intermittent mode. 

Eight clock cycles are required to access the C register. 
Sixteen clock cycles are needed for the first buffer of the R 
register. Twenty-four cycles are used to access the A register. 
See Table 1 and Figures 13, 15, and 16. The number of clocks 
required for cascaded devices is shown in Figures 23 through 
25. 

ClK typically switches near 50% of VDD and has a 
Schmitt-triggered input buffer. Slow ClK rise and fall times 
are allowed. See the last paragraph of Din for more 
information. 

CAUTION 
To guarantee proper operation of the Power-On 
Reset (POR) circuit, the ClK pin must notbe floating 
or toggled during power up. It is prefereable to hold 
the ClK pin low during power up. 

ENB 
Active low Enable Input (Pin 17) 

This pin is used to activate the serial interface to allow the 
transfer of data to/from the device. When ENB is in an inactive 
high state, shifting is inhibited and the port is held in the 
initialized state. To transfer data to the device, ENB (which 
must start inactive high) is taken low, a serial transfer is made 
via Din and ClK, and ENB is taken back high. The low-to-high 
transition on ENB transfers data to the C or A registers and 
first buffer of the R register, depending on the data stream 
length per Table 1. 

Transitions on ENB must not be attempted while ClK is 
high. This puts the device out of synchronization with the 
microcontroller. Resynchronization occurs when ENB is high 
and ClK is low. 

This input is also Schmitt-triggered and switches near 50% 
of VDD, thereby minimizing the chance of loading erroneous 
data into the registers. See the last paragraph of Din for more 
information. 

CAUTION 
ENB must not be floated or toggled during power up. 
It is preferable to hold ENB althe potential olthe VDD 
pin during power up to guarantee proper operation of 
the POR circuit. 

OUTPUT A 
Conflgurable Digital Output (Pin 16) 

OUTPUT A is selectable as fR, fV, Data Out, or Port. Bits 
A22 and A23 in the A registercontrol the selection; see Figure 
15. 

If A23 = A22 = high, OUTPUT A is configured as fRo This 
signal is the buffered output of the 13-stage R counter. The 
fR signal appears as normally low and pulses high. The fR 
signal can be used to verify the divide ratio of the R counter. 
This ratio extends from 5 to 8191 and is determined by the 
binary value loaded into bits RO-RI2 in the R register. Also, 
direct access to the phase detectors via the REFin pin is 
allowed by choosing a divide value of 1 (see Figure 16). The 
maximum frequency at which the phase detectors operate is 
1 MHz. Therefore, the frequency of fR should not exceed 
1 MHz. 

MC145192 
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If A23 = high and A22 = low, OUTPUT A is configured as 
fV. This signal is the buffered output of the 12-stage N counter. 
The fV signal appears as normally low and pulses high. The 
fV signal can be used to verify the operation of the prescaler, 
A counter, and N counter. The divide ratio between the fin input 
and the fV Signal is N x 64 + A. N is the divide ratio of the N 
counter and A is the divide ratio of the A counter. These ratios 
are determined by bits loaded into the A register. See 
Figure 15. The maximum frequency at which the phase 
detectors operate is 1 MHz. Therefore, the frequency of fV 
should not exceed 1 MHz. 

If A23 = low and A22 = high, OUTPUT A is configured as 
Data Out. This signal is the serial output of the 24-1/2-stage 
shift register. The bit stream is shifted out on the high-to-Iow 
transition of the ClK input. Upon power up, OUTPUT A is 
automatically configured as Data Out to facilitate cascading 
devices. 

If A23 = A22 = low, OUTPUT A is configured as Port. This 
signal is a general-purpose digital output which may be used 
as an MCU port expander. This signal is low when the Port 
bit (Cl) of the C register is low, and high when the Port bit 
is high. 

OUTPUTB 
Open-Drain Digital Output (Pin 15) 

This signal is a general-purpose digital output which may 
be used as an MCU port expander. This signal is low when 
the Out B bit (CO) of the C register is low. When the Out B 
bit is high, OUTPUT B assumes the high-impedance state. 
OUTPUT B may be pulled up through an external resistor or 
active circuitry to any voltage less than or equal to the potential 
of the VPD pin. Note: the maximum voltage allowed on the 
VPD pin is 5.5 V for the MC145192. 

Upon power-up, power-on reset circuitry forces OUTPUT 
B to a low level. 

REFERENCE PINS 

REFin and REFout 
Reference Input and Reference Output (Pins 20 and 1) 

Configurable pins for a Crystal or an External Reference. 
This pair of pins can be configured in one of two modes: the 
crystal mode orthe reference mode. Bits R13, R14, and R15 
in the R register control the modes as shown in Figure 16. 

In crystal mode, these pins form a reference oscillator when 
connected to terminals of an external parallel-resonant crystal. 
Frequency-setting capaCitors of appropriate values, as 
recommended by the crystal supplier, are connected from 
each of the two pins to ground (up to a maximum of 30 pF 
each, including stray capacitance). An external resistor of 
1 Mn to 15 Mn is connected directly across the pins to ensure 
linear operation of the amplifier. The device is designed to 
operate with crystals up to 10 MHz; the required connections 
are shown in Figure 9. To turn on the oscillator, bits R15, R14, 
and R13 must have an octal value of one (001 in binary, 
respectively). This is the active-crystal mode shown in 
Figure 16. In this mode, the crystal oscillator runs and the R 
Counter divides the crystal frequency, unless the part is in 
standby. If the part is placed in standby via the C register, the 
oscillator runs, but the R counter is stopped. However, if bits 
R15 to R13 have a value of 0, the oscillator is stopped, which 
saves additional power. This is the shut-down crystal mode 
(shown in Figure 16) and can be engaged whether in standby 
or not. 
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With the reference mode, the REFout pin is configured as 
the output of a divider. As an example, if bits R15, R14, and 
R 13 have an octal value of seven, the frequency at REFout is 
the REFln frequency divided by 16. In addition, Figure 16 
shows how to obtain ratios of eight, four, and two. A ratio of 
one-to-one can be obtained with an octal value of three. Upon 
power up, a ratio of eight is automatically Initialized. The maxi
mum frequency capability of the REFout pin is 5 MHz for VDD 
to VSS swing. Therefore, for REFin frequencies above 5 MHz, 
the one-to-one ratio may not be used for large signal swing re
quirements. Likewise, for REFin frequencies above 10 MHz, 
the ratio must be more than two. 

lf REFout is unused, an octal value of two should be used for 
R15, R14, and R13 and the REFout pin should be floated. 
A value of two allows REFin to be functional while disabling 
REFout, which minimizes dynamic power consumption and 
electromagnetic interference (EM I). 
LOOP PINS 
fin and fin 
Frequency Inputs (Pins 11 and 10) 

These pins are frequency inputs from the VCO. These pins 
feed the on-board RF amplifier which drives the 64/65 pres
caler. These inputs may be fed differentially. However, they 
are usually used in a single-ended configuration (shown in 
Figure 7). Note that fin is driven while iiii must be tied to ground 
via a capaCitor. 

Motorola does not recommend driving iiii while terminating 
fin because this configuration is not tested for sensitivity. The 
sensitivity is dependent on the frequency as shown In the Loop 
Specifications table. 

PDout 
Single-Ended Phase/Frequency Detector Output (Pin 6) 

This is a three-state current-source/sink output for use as a 
loop error signal when combined with an external low-pass fil
ter. The phase/frequency detector is characterized by a linear 
transfer function. The operation of the phase/frequency detec
tor is described below and is shown in Figure 17. 

POL bit (C7) in the C register = low (see Figure 13) 
Frequency of fV > fR or Phase of fV Leading fR: current

sinking pulses from high impedance 
Frequency of fV < fR or Phase of fV Lagging fR: current

sourcing pulses from high impedance 
Frequency and Phase of fV = fR: essentially high-impe

dance state; voltage at pin determined by loop filter 
POL bit (C7) = high 
Frequency of fV > fR or Phase of fV Leading fR: current

sourcing pulses from high impedance 
Frequencyoffv < fR or Phase offV LaggingfR: current-sink

Ing pulses from high impedance 
Frequency and Phase of fV = fR: essentially high

impedance state; voltage at pin determined by loop filter 
This output can be enabled, disabled, and inverted via the 

C register. If desired, PDout can be forced to the high
impedance state by utilization of the disable feature in the C 
register (bit C6l. This is a patented feature. Similarly, PDout is 
forced to the high-impedance state when the device is put into 
standby (STBY bit C4 = high). 

The PDout circuit is powered by VPD. The phase detector 
gain is controllable by bits C3, C2, and C1: gain (In amps per 
radian) = PDout current divided by 21t. 
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eIIR and eIIv (Pins 3 and 4) 
Double-Ended Phase/Frequency Detector Outputs 

These outputs can be combined externally to generate a 
loop error signal. Through use of a Motorola patented tech
nique, the detector's dead zone has been eliminated. 
Therefore, the phaselfrequency detector is characterized by 
a linear transfer function. The operation olthe phase/frequen
cy detector is described below and is shown in Figure 17. 

POL bit (C7) in the C register = low (see Figure 13) 
Frequencyoffv>fRorPhaseoffvLeadingfR:eIIv=negative 

pulses, eIIR = essentially high 
Frequency offV < fR or Phase offV Lagging fR: eIIv = essen

tially high, eIIR = negative pulses 
Frequency and Phase of fV = fR: eIIv and eIIR remain essen

tially high, except for a small minimum time period when 
both pulse low in phase 

POL bit (C7) = high 
Frequencyoffv> fR or Phase offV LeadingfR: eIIR = negative 

pulses, eIIv = essentially high 
Frequency of fV < fR or Phase of fV Lagging fR: eIIR = essen

tially high, eIIv = negative pulses 
Frequency and Phase of fV = fR: eIIv and eIIR remain essen

tially high, except for a small minimum time period when 
both pulse low in phase 

These outputs can be enabled, disabled, and interchanged 
via C register bits C6 or C4. This is a patented feature. Note 
that when disabled or in standby, eIIR and eIIv are forced to their 
rest condition (high state). 

The eIIR and eIIv output Signal swing is approximately from 
GNDtoVpD· 

LD 
Lock Detector Output (Pin 2) 

This output is essentially at a high level with narrow low
going pulses when the loop is locked (fR and fV of the same 
phase and frequency). The output pulses low when tv and fR 
are out of phase or different frequencies. LD Is the logical 
ANDing of eIIR and eIIv (see Figure 17). 

This output can be enabled and disabled via the C register. 
This is a patented feature. Upon power up, on-chip initializa
tion circuitry disables LD to a static low logic level to prevent 
a false "lock" signal. If unused, LD should be disabled and left 
open. . 

The LD output signal swing is approximately from GND to 
VDD· 

Rx 
External Resistor (Pin 8) 

A resistor tied between thispinandGND, in conjunction with 
bits in the C register, determines the amount of current that the 
PDout pin sinks and sources. When bits C2 and C3 are both 
set high, the maximum current is obtained at PDout; see Tables 
2 and 3 for other current values. To achieve a maximum cur
rent of 2 rnA, the resistor should be about 18 kn when VPD Is 
5 V. See Figure 14 if lower maximum current values are de
sired. 

When the eIIR and eIIv outputs are used, the Rx pin may be 
floated. 
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TEST POINT PINS 

TEST 1 
Modulus Control Signal (Pin 9) .. 

This pin may be used in conjunction with the Test 2 pin for 
access to the on-board 64/65 prescaler. When Test 1 is low, 
the prescaler divides by 65. When high, the prescaler divides 
by 64. . 

CAUTION 
This pin is an unbuffered output and must be floated 
in an actual application. This pin must be attached to 
an isolated pad with no trace. There is the possibility 
that the final production version of the device will 
have this lead clipped at the body of the package. 

TEST 2 
Prescaler Output (Pin 13) 

This pin may be used to access to the on-board 64/65 
prescaler output. 

CAUTION 
This pin is an unbuffered output and must be floated 
in an actual application. This pin must be attached to 
an isolated pad with no trace. There is the possibility 
that the final production version of the device will 
have this lead clipped at the body of the package. 

POWER SUPPLY PINS 

VDD 
Positive Power Supply (Pin 14) 

This pin supplies power to the main CMOS digital portion 
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olthe device. The voltage range is +2.7 to +5.0 V with respect 
to the GND pin. 

Foroptimum performance, VDD should be bypassedtoGND 
using a low-inductance capacitor mounted very close to these 
pins. Lead lengths on the capacitor should be minimized. 

VCC 
Positive Power Supply (Pin 12) 

This pin supplies power to the RF amp and 64/65 prescaler. 
The voltage range is +2.7 to +5.0 V with respect to the GND 
pin. In standby mode, the VCC pin still draws a few milliamps 
from the power supply. This current drain can be eliminated 
with the use of transistor Q1 as shown in Figure 21. 

Foroptimum performance, V CC should be bypassed to GND 
using a low-inductance capacitor mounted very close to these 
pins. Lead lengths on the capacitor should be minimized. 

VPD 
Positive Power Supply (Pin 5) 

This pin supplies power to both phaselfrequency detectors 
A and B. The voltage applied on this pin must be no less than 
the potential applied to the VDD pin. The voltage range for VPD 
is 4.5 to 5.5 V with respect to the GND pin when using PDOUT 
and 2.7 to 5.5 V when using «!JR, W outputs. 

Foroptimum performance, VPD should be bypassed to GND 
using a low-inductance capacitor mounted very close to these 
pins. Lead lengths on the capacitor should be minimized. 

GND 
Ground (Pin 7) 

Common ground. 
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ENB l I 
+ 
* 

CLK 

MSB LSB 

Din ~ C7 ~ C6 ~ C5 ~ C4 ~ C3 ~ C2 ~ Cl ~ CO ~ 
• At this point, the new byte is transferred to the C register and stored. No other registers are affected. 

C7 - POL: Selects the output polarity of the phase/frequency detectors. When set high, this bit inverts PDout 
and interchanges the $R function with $V as depicted in Figure 17. Also see the phase detector output 
pin descriptions for more information. This bit is cleared low at power up. 

C6 - PDAlB: Selects which phase/frequency detector is to be used. When set high, enables the output of phase/fre
quency detector A (PDout) and disables phase/frequency detector B by forcing $R and $V to the static 
high state. When cleared low, phase/frequency detector B Is enabled ($R and $V) and phase/frequency 
detector A is disabled with PDout forced to the high-impedance state. This bit is cleared low at power 
up. 

C5 - LDE: Enables the lock detector output when set high. When the bit is cleared low, the LD output is forced 
to a static low level. This bit is cleared low at power up. 

C4 - STBY: When set, places the CMOS section of device, which is powered by the VDD and VPD pins, in the 
standby mode for reduced power consumption: PDout is forced to the high-impedance state, $R and 
<l>v are forced high, the A, N, and R counters are inhibited from counting, and the Rx current is shut 
off. In standby, the state of LD Is determined by bit C5. C5 low forces LD low (no change). C5 high 
forces LD static high. During standby, data is retained In the A, R, and C registers. The condition 
of REF/OSC circuitry is determined by the control bits in the R register: R13, R14, and R15. However, 
if REFout = static low is selected, the Internal feedback resistor is disconnected and the input is inhibited 
when in standby; In addition, the REFin input only presents a capacitive load. NOTE: Standby does 
not affect the other modes of the REF/OSC circuitry. 

When C4 Is reset low, the part is taken out of standby in 2 steps. First, the REFin (only in one mode) 
resistor is reconnected, all counters are enabled, and the Rx current is enabled. Any fR and tv signals 
are inhibited from toggling the phase/frequency detectors and lock detector. Second, when the first 
tv pulse occurs, the R counter is jam loaded, and the phase/frequency and lock detectors are initial
ized. Immediately aiter the jam load, the A, N, and R counters begin counting down together. At 
this point, the fR and tv pulses are enabled to the phase and lock detectors. (Patented feature.) 

C3, C2 -12, 11: Controls the PDout source/sink current per Tables 2 and 3. With both bits high, the maximum current 
(as set by Rx per Figure 14) Is available. Also, see Cl bit description. 

Cl - Port: When the OUTPUT A pin is selected as "Port" via bits A22 and A23, Cl determines the state of 
OUTPUT A. When Cl is set high, OUTPUT A Is forced high; Cl low forces OUTPUT A low. When 
OUTPUT A Is not selected as "Port," Cl controls whether the PDout step size is 10% or 25%. (See 
Tables 2 and 3.) When low, steps are 10%. When high, steps are 25%. Default is 10% steps when 
OUTPUT A is selected as "Port." The Port bit is not affected by the standby mode. 

CO - Out B: Determines the state of OUTPUT B. When CO Is set high, OUTPUT B Is high-Impedance; CO low 
forces OUTPUT B low. The Out B bit is not affected by the standby mode. This bit is cleared low 
at power up. 

Figure 13. C Register Access and Format (8 Clock Cycles are Used) 
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PDout VOLTAGE IS FORCED TO VpD DIVIDED BY 2. 
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""" VpD=5.5V -i"'--- r---l"-I'-- VpD = 5.0 V -- vpr4Y -

I I 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 I.B 1.9 2.0 2.1 2.2 2.3 

lout, SOURCE CURRENT (mA) 

NOTE: The MC145192 is optimized for Rx values in the 18 kn to 40 kn range. For example, to achieve 0.3 rnA of output 
current, it is preferable to use a 30-kn resistor for Rx and· bit settings for 25% (as shown in Table 3). 

Figure 14. Nominal Source Current for the PDout Pin 

Table 2. PDout Current, C1 = Low with OUTPUT A NOT 
Selected as "Port"; Also, Default Mode When 

OUTPUT A Selected as "Port" 
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C3 

a 
0 
1 
1 

C2 PDout Current 

a 70% 
1 80% 
a 90% 
1 100% 

Table 3. PDout Current, C1 = High with OUTPUT A NOT 
Selected as "Port" 

C3 C2 PDout CUrrent 

a a 25% 
a 1 50% 
1 0 75% 
1 1 100% 
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NOTE 3 

CLK 

Din 

0 0 0 NOT ALLOWED 0 0 ACOUNTER =+0 

0 0 NOT ALLOWED 0 1 ACOUNTER = +1 

I I 
'----...---' 

BOTH BITS 
MUST BE 

HIGH 

0 0 2 NOT ALLOWED 0 2 ACOUNTER =+2 
0 0 3 NOT ALLOWED 0 3 ACOUNTER =+3 

0 0 4 NOT ALLOWED 
0 0 PORr 0 0 5 N COUNTER = +5 
0 DalaOut 0 0 6 N COUNTER = +6 3 E ACOUNTER =+62 

0 fv 
1 fR 

0 0 7 N COUNTER =+7 F ACOUNTER =+63 

4 0 NOT ALLOWED 
~ ~ 4 1 NOT ALLOWED 
BINARY OUTPUT A 
VALUE FUNCTION 

F F E N COUNTER = +4094 

(NOTE 1) F F F N COUNTER = +4095 ., F F NOT ALLOWED 

HEXADECIMAL VALUE 
'--v--' 

FOR N COUNTER HEXADECIMAL VALUE 
FOR A COUNTER 

Notes: 
1. A power-on initialize circuit forces the OUTPUT A function to default to Data Out. 
2. The values programmed for the N counter must be greater than or equal to the values programmed for the A counter. This results in a total divide value = N x 64 + A. 
3. At this point, the three new bytes are transferred to the A register. In addition, the 13 LSBs in the first buffer of the R register are transferred to the R register's second buffer. 

Thus, the R, N, and A counters can be presented new divide ratios at the same time. The first buffer of the R register is not affected. The C register is not affected. 



ENB 

CLK 

Din 

l 

CRYSTAL MODE,"SHUT DOWN 
CRYSTAL MODE, ACTIVE 
REFERENCE MODE, REFin ENABLED and REFout 

STATIC LOW 
3 REFERENCE MODE, REFout = REFin (BUFFERED) 
4 REFERENCE MODE, REFout = REFinl2 
5 REFERENCE MODE, REFout = REFinl4 
6 REFERENCE MODE, REFout = REFinl8 (NOTE 3) 
7 REFERENCE MODE, REFout = REFinl16 

L OCTAL VALUE 

J1f 
NOTE NOTE 

4 5 

LSB 

RO 

o NOT ALLOWED o 
o 
o 
o 
o 
o 
o 
o 
o 

1 DIRECT ACCESS TO REFERENCE SIDE OF PHASE/FREQUENCY DETECTORS 
2 NOT ALLOWED 
3 NOT ALLOWED 
4 NOT ALLOWED 
5 R COUNTER = +5 
6 R COUNTER =+6 
7 R COUNTER =+ 7 
8 RCOUNTER=+8 

1 F F E RCOUNTER=+8190 
1 F F F R COUNTER =+8191 

BINARY VALUE --.J H~ VALUE 

NOTES: 
1, Bits R15 through R13 control the configurable "ose or 4-stage divider" block (see Block Diagram), 
2, Bits R12 through RO control the "13-stage R counter" block (see Block Diagram), 
3, A power-on initialize circuit forces a default REFin to REFout ratio of eight 
4, At this point, bits R13, R 14, and R15 are stored and sent to the "ose or 4-Stage Divider" block in the Block Diagram, Bits RO-R12 are loaded 

into the first buffer in the double-buffered section of the R register, Therefore, the R counter divide ratio is not altered yet and retains the pre
vious ratio loaded, The e and A registers are not affected, 

5, At this point, bits RO-R12 are transferred to the second buffer of the R register. The R counter begins dividing by the new ratio after com
pleting the rest of the present count cycle. eLK must be low during the ENB pulse, as shown. Also, see note 3 of Figure 15 for an alternate 
method of loading the second buffer in the R register. The e and A registers are not affected. The first buffer of the R register is not affected. 

fR 
REFERENCE 

REFin + R 

tv 
FEEDBACK 

fin+(Nx64+A) 

PDout 

$R 

Figure 16. R Register Access and Format (16 Clock Cycles Are Used) 

n 

n 
LJ , 

n 
VL 

n 
- SOURCING CURRENT , * 

, 

W 

'UI-, --------\---- HIGH IMPEDANCE 

- SINKING CURRENT 
r-------~:TI-----------r-----VH 

" -VL 

$v I : I ---~~---------~~--------;LJ VH 
" -VL 

LD 

VH = High voltage level 
VL = Low voltage level 

U 
, ' 
' ' 

U u'~' -----r----VH 

-VL 

• At this point, when both fR and tv are in phase. the output source and sink circuits are turned on for a short interval. 
NOTE: The PDout either sources or sinks current during out-of-Iock conditions. When locked in phase and frequency, the output is high 

impedance and the voltage at that pin is determined by the low-pass filter capacitor. PDout. $R, and $V are shown with the polarity bit 
(POL) = low; see Figure 13 for POL. 
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Figure 17. Phase/Frequency Detectors and Lock Detector Output Waveforms 
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DESIGN CONSIDERATIONS 

CRYSTAL OSCILLATOR CONSIDERATIONS 

The following options may be considered to provide a refer
ence frequency to Motorola's CMOS frequency synthesizers. 

Use of a Hybrid Crystal Oscillator 
Commercially available temperature-compensated crystal 

oscillators (TCXOs) or crystal-controlled data clock oscillators 
provide very stable reference frequencies. An oscillator capa
ble of CMOS logic levels at the output may be direct or dc 
coupled to REFin. If the oscillator does not have CMOS logic 
levels on the outputs, capacitive or ac coupling to REFin may 
be used (see Figure 8). 

For additional information about TCXOs and data clock 
oscillators, please consult the latest version of the eem Elec
tronic Engineers Master Catalog, the Gold Book, or similar 
publications. 

Design an Off-Chip Reference 
The user may design an off-chip crystal oscillator using dis

crete transistors or ICs specifically developed for crystal 
oscillator applications, such as the MC12061 MECL device. 
The reference signal from the MECL device is ac coupled to 
REFin (see Figure 8). For large amplitude signals (standard 
CMOS logic levels), dc coupling may be used. 

Use of the On-Chip Oscillator Circuitry 
The on-chip amplifier (a digital inverter) along with an appro

priate crystal may be used to provide a reference source 
frequency. A fundamental mode crystal, parallel resonant at 
the desired operating frequency, should be connected as 
shown in Figure 18. 

The crystal should be specified for a loading capacitance 
(CLl which does not exceed approximately 20 pF when used 
at the highest operating frequency of 10 MHz. Assuming 
R1 = 0 n, the shunt load capacitance (CLl presented across 
the crystal can be estimated to be: 

CinCout C1 • C2 
CL = ----=-=--=~ + Ca + Cstray + ----

Cin + Cout C1 + C2 

where 
Cin = 5 pF (see Figure 19) 

Cout = 6 pF (see Figure 19) 
Ca = 1 pF (see Figure 19) 

C1 and C2 =external capacitors (see Figure 18) 
Cstray =the total equivalent external circuit stray capaci

tance appearing across the crystal terminals 

The oscillator can be "trimmed" on-frequency by making a 
portion or all of C1 variable. The crystal and associated com
ponents must be located as close as possible tothe REFin and 
REFout pins to minimize distortion, stray capacitance, stray 
inductance, and startup stabilization time. Circuit stray capaci
tance can also be handled by adding the appropriate stray 
value to the values forCin and Couto Forthis approach, the term 
Cstray becomes 0 in the above expression for CL. 

Power is dissipated in the effective series resistance of 
the crystal, Re, in Figure20. The maximum drive level spe
cified by the crystal manufacturer represents the 
maximum stress that the crystal can withstand without 
damage or excessive shift in operating frequency. R1 in 
Figure 181imits the drive level. The use of R1 is not neces
sary in most cases. 
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To verify that the maximum dc supply voltage does not 
cause the crystal to be overdriven, monitor the output 
frequency (fR) at OUTPUT A as a function of supplyvoltage. 
(R EF out is not used because loading impacts the oscillator.) 
The frequency should increase very slightly as the dc sup
ply voltage is increased. An overdriven crystal decreases in 
frequency or becomes unstable with an increase in supply 
voltage. The operating supply voltage must be reduced or 
R 1 must be increased in value if the overdriven condition ex
ists. The user should note that the oscillator start-up time is 
proportional to the value of R1. 

Through the process of supplying crystals for use with 
CMOS inverters, many crystal manufacturers have devel
oped expertise in CMOS oscillator design with crystals. 
Discussions with such manufacturers can prove very help
ful (see Table 4). 

I 
L 

REFin Rf 

RI' 

CIT T C2 

REFout 

'May be needed in certain cases. See text. 

Figure 18. Pierce Crystal Oscillator Circuit 

REFin 0 ~ o REFout I I 
--L 

Cin I I Cout 
--L -r L __ II __ .J -1-

~ II ~ 
Cstray 

Figure 19. Parasitic Capacitances of the 
Amplifier and Cstray 

I 0 2 0---1 1---0 

Note: Values are supplied by crystal manufacturer 
(parallel resonant crystal). 

Figure 20. Equivalent Crystal Networks 
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Control", Electro-Technology, June 1969. RECOMMENDED READING 
Technical Note TN-24, Statek Corp. 
Technical Note TN-7, Statek Corp. 

P. J. Ottowitz, "A Guide to Crystal Selection", Electronic 
Design, May 1966. 

E. Hafner, "The Piezoelectric Crystal Unit-Definitions and 
Method of Measurement", Proc. IEEE, Vol. 57, No.2, Feb. 
1969. 

D. Babin, "Designing Crystal Oscillators", Machine Design, 
March 7, 1985. 

D. Kemper, L. Rosine, "Quartz Crystals for Frequency 
D. Babin, "Guidelines for Crystal Oscillator Design", 

Machine Design, April 25, 1985. 

Table 4. Partial List of Crystal Manufacturers 

Name Address Phone 

United States Crystal Corp. 3605 McCart Ave., Ft. Worth, TX 76110 (817) 921-3013 
Crystek Crystal 2371 Crystal Dr., Ft. Myers, FL 33907 (813) 936-2109 
Statek Corp. 512 N. Main St., Orange, CA 92668 (714) 639-7810 
Fox Electronics 5570 Enterprise Parkway, Ft. Myers, FL 33905 (813) 693-0099 

. . Note: Motorola cannot recommend one suppher over another and In no way suggests that thiS IS a complete hstlng of crystal manufacturers . 

(A) 

NOTE: 

PHASE-LOCKED LOOP-LOW-PASS FILTER DESIGN 

PDOut~VCO 

CJ 
~= V~ 

B.V K",KVCOC 
~ = 2 N 

Z(s) = 1 +s~RC 

~RC 

2 

For (A), using ~ in amps per radian with the filter's impedance transfer function, Z(s), maintains units of volts per radian for the detectorl 
filter combination. Additional sideband filtering can be accomplished by adding a capaCitor C' across R. The comer roc = 1IRC' should be 
chosen such that ron is not significantly affected. 

(8) 
R2 

Rl 
q,R --""""",fy-~t--I 

q,v --""""",fy-~t-I 

NOTE: 

VCo 

~= 

~ = 

V f<cIJKVCO 
NCR 1 

ASSUMING GAIN A IS VERY LARGE, THEN: 

R2SC +1 
F(S)=~ 

For (B), Rl Is frequently split into two series resistors; each resistor Is equal to Rl divided by 2. A capacitor Cc is then placed from the 
midpoint to ground to further filter the error pulses. The value of Cc should be such that the comer frequency of this network does not 
significantly affect ron. 

DEFINITIONS: 
N = Total Division Ratio in Feedback Loop 
Kq, (Phase Detector Gain) = IpDout/2lt amps per radian for PDout 
Kq, (Phase Detector Gain) = VPD/2lt volts per radian for q,V and q,R 

2MtvCO 
KVCO (VCO Transfer Function) = INVCO radians per volt 

For a nominal design starting point, the user might consider a damping factor ~=0.7 and a natural loop frequency ron = (2lt!R/50) 
where fR is the frequency at the phase detector input. Larger ron values result in faster loop lock times and, for similar sideband filtering, 
higher fR-related veo sidebands. 

Either loop filter (A) or (B) Is frequently followed by additional sideband filtering to further attenuate fR-related VCO sidebands. This 
additional filtering may be active or passive. 

RECOMMENDED READING: 
Gardner, Floyd M., Phaselock Techniques (second edition). New York, Wiley-Interscience, 1979. 
Manassewitsch, Vadim, Frequency Synthesizers: Theory and Design (second edition). New York, Wiley-Interscience, 1980. 
Blanchard, Alain, Phase-Locked Loops: Application to Coherent Receiver Design. New York, Wiley-Interscience, 1976. 
Egan, William F., Frequency Synthesis by Phase Lock. New York, Wiley-Interscience, 1981. 
Rohde, Ulrich L., Digital PLL Frequency Synthesizers Theory and Design. Englewood Cliffs, NJ, Prentice-Hall, 1983. 
Beriin, Howard M., Design of Phase-Locked Loop Circuits, with Experiments. Indianapolis, Howard W. Sams and Co., 1978. 
Kinley, Harold, The PLL Synthesizer Cookbook. Blue Ridge Summit, PA, Tab Books, 1980. 
Seidman. Arthur H., Integrated Circuits Applications Handbook, Chapter 17, pp. 538-586. New York, John Wiley & Sons. 
Fadrhons, Jan, "Design and Analyze PLLs on a Programmable Calculator," EDN. March 5, 1980. 
AN535, Phase-Locked Loop Design Fundamentals, Motorola Semiconductor Products, Inc., 1970. 
AR254, Phase-Locked Loop Design Articles, Motorola Semiconductor Products, Inc., Reprinted with permission from Electronic DeSign, 

1987. 
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D 
+3V 

r REFoul REFin 
20 r 

lD Din 
19 

18 MCU 
$R ClK 

4 $v ENS 
17 

16 GENERAL-PURPOSE 
+3V VPD OUTPUT A DIGITAL OUTPUT 

15 -= 
PDoul OUTPUTS 

GND VDD 
14 

Rx 
13 NC TEST 2 

NC TEST 1 VCC 
12 

0 10 l[;; fin 
11 

-= 1000 pF 

>-----i~ UHF OUTPUT 
SUFFER 

NOTES: 
1_ When used, the $R and $V outputs are fed to an external combiner/loop filter_ See the Phase-Locked 

loop - Low-Pass Filter Design page for additional information_ 

2_ Transistor01 is required only if the standby feature is needed_ 01 permits the bipolar section of the device 
to be shut down via use of the general-purpose digital pin, OUTPUT B. If the standby feature is not need
ed, tie pin 12 directly to the power supply. 

3. Foroptimum performance, bypass the Vee, VDD, andVpD pins to GND with low-inductance capacitors. 

4. The R counter is programmed for a divide value = REFin/fR. Typically, fR is the tuning resolution required 
for the veo. Also, the veo frequency divided by fR = NT = N x 64 + A; this determines the values (N, 
A) that must be programmed into the N and A counters, respectively. 

Figure 21, Example Application 

DEVICE #1 DEVICE #2 

OUTPUT A OUTPUT A 
Din ClK ENS (DATA OUT) Din ClK ENS (DATA OUT) 

I f 

CMOS 
MCU 

OPTIONAL 

Figure 22. Cascading TWo Devices 
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C REGISTER BITS OF DEVICE #2 

IN FIGURE 22 

*At this point, the new bytes are transferred to the C registers of both devices and stored. No other registers are affected. 

Figure 23. Accessing the C Registers of Two Cascaded Devices 

C REGISTER BITS OF DEVICE #1 
IN FIGURE 22 
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A REGISTER BITS OF DEVICE #2 
IN FIGURE 22 

A REGISTER BITS OF DEVICE #1 
IN FIGURE 22 

*Atthis point, the new bytes are transferred to theA registers of both devices and stored. AddHionally, for both devices, the 13 LSBs in each of the first buffers of the R registers are 
transferred to the respective R register's second buffer. Thus, the R, N, and A counters can be presented new divide ratios at the same time. The first buffer of each R register is not affected. 
NeHher C register is affected. 

Figure 24. Accessing the A Registers of TWo Cascaded Devices 
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Notes Applicable To Each Device: 

R REGISTER BITS OF DEVICE #2 
IN FIGURE 22 

R REGISTER BITS OF DEVICE #1 
IN FIGURE 22 

1. At this point. bits R13. R14, and R15 are stored and sent to the 'ose or 4-Stage Divider" block in the Block Diagram. Bits RD through R12 are loaded into the first buffer in the double
buffered section of the R register. Therefore, the R counter divide ratio is not altered yet and retains the previous ratio loaded. The e and A registers are not affected. 

2. At this point, the bits RD through R12 are transferred to the second buffer of the R register. The R counter begins dividing by the new ratio after completing the rest of the present count 
cycle. elK must be low during the ENB pulse, as shown. Also, see note of Figure 24 for an altemate method of loading the second buffer in the R register. The e and A registers 
are not affected. The first buffer of the R register is not affected. 
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TECHNICAL DATA 

Product Preview 
2.0 GHz PLL Frequency 
Synthesizers 
Include On-Board 64/65 Prescalers 

The MC145200 and MC145201 are single-package synthesizers with serial 
interfaces capable of direct usage up to 2.0 GHz. A special architecture makes 
these PLLs very easy to program because a by1e-oriented format is utilized. Due 
to the patented BitGrabber™ registers, no address/steering bits are required for 
random access of the three registers. Thus, tuning can be accomplished via a 
3-by1e serial transfer to the 24-bit A register. The interface is both SPI and 
MICROWIRETM compatible. 

Each device features a single-ended current source/sink phase detector output 
and a double-ended phase detector output. Both phase detectors have linear 
transfer functions (no dead zones). The maximum current of the single-ended 
phase detector output is determined by an external resistor tied from the Rx pin 
to ground. This current can be varied via 1he serial port. 

The MC145200 features logic-level converters and high-voltage phase/ 
frequency detectors; the detector supply may range up to 9.5 V. The MC145201 
has lower-voltage phase/frequency detectors optimized for single-supply systems 
of 5 V±10%. 

MC145200 
MC145201 

.# FSUFFIX 
SaG PACKAGE 

CASE 751J 1 

ORDERING INFORMATION 
MC145200F SaG Package 
MC145201F SaG Package 

PIN ASSIGNMENT 

REFaut REFin 

LD Din 
<PR eLK 

<PV ENB Each part includes a differential RF input which may be operated in a 
single-ended mode. Also featured are on-board support of an external crystal and 
a programmable reference output. The R, A, and N counters are fully program
mable. The C register (configuration register) allows the parts to be configured 
to meet various applications. A patented feature allows the C register to shut off 
unused outputs, thereby minimizing system noise and interference. 

VPD OUTPUT A 

PDaut OUTPUTB 

In order to have consistent lock times and prevent erroneous data from being 
loaded into the counters, on-board circuitry synchronizes the update of the A 
register if the A or N counters are loading. Similarly, an update of the R register 
is synchronized if the R counter is loading. 

The double-buffered R register allows new divide ratios to be presented to the 
three counters (R, A, and N) simultaneously. 

• Maximum Operating Frequency: 2000 MHz @ Yin = 200 mVp-p 
• Operating Supply Current: 12 mA Nominal 
• Operating Supply Voltage Range (VDD and VCC Pins): 4.5 to 5.5 V 
• Operating Supply Voltage Range of Phase Detectors (VPD Pin) -

MC145200: 8.0 to 9.5 V 
MC145201: 4.5 to 5.5 V 

• Current Source/Sink Phase Detector Output Capability: 2 mA Maximum 
• Gain of Current Source/Sink Phase/Frequency Detector Controllable via Serial Port 
• Operating Temperature Range: - 40 to +85°C 
• R Counter Division Range: 510 8191 plus Direct Access to Phase Detector Input 
• Dual-Modulus Capability Provides Total Division up to 262,143 
• High-Speed Serial Interface: 4 Mbps 
• OUTPUT A Pin, When Configured as Data Out, Permits Cascading of Devices 
• Two General-Purpose Digital Outputs - OUTPUT A: Totem-Pole (Push-Pull) 

OUTPUT B: Open-Drain 
• Power-Saving Standby Feature with Orderly Recovery for Minimizing Lock 

Times, Standby Current: 50 IlA 

GND VDD 

Rx TEST 2 

TEST 1 Vee 

fn fin 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 

BilGrabber is a trademark of Motorola. Inc. MICROWIRE is a trademark of National Semiconductor Corp. REV. 1 
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REFin 20 OSCOR 
4·STAGE 
DIVIDER 

(CONFIGURABlE) 
REFout 

ClK 
SHIFT 

REGISTER 

Din 
19 AND 

CONTROL 
lOGIC 

ENB 

fin __ 1",,1 __ -1 

iiri _---:1;:..0 _--I 

SUPPLY CONNECTIONS: 

BLOCK DIAGRAM 
DATA OUT 

13-5TAGE R COUNTER 
PORT 

24 

SELECT 
lOGIC 16 OUTPUTA 

Ax 

PDout 

>-____ 1~5~ OUTPUT B 
(OPEN·DRAIN 
OUTPUT) 

...-____ ---:13. TEST2 

PIN 12 = VCC (V+ TO INPUT AMP AND 64165 PRESCAlER) 
PIN 5 = VpD (V+ TO PHASEIFREQUENCY DETECTORS AAND B) L-_____ ~--------------=_ TEST 1 
PIN 14 = VDD 0/+ TO BALANCE OF CIRCUIT) 
PIN 7 = GND (COMMON GROUND) 

MAXIMUM RATINGS· (Voltages Referenced to GND, unless otherwise stated) 

Symbol Parameter Value Unit 

VCC, DC Supply Voltage (Pins 12 and 14) -0.5 to +6.0 V 
VDD 

VPD DC Supply Voltage (Pin 5) MCI45200 VDD -0.5 to + 9.5 V 
MCI45201 VDD -0.5 to + 6.0 

Vin DC Input Voltage -0.5 to VDD +0.5 V 

Vout DC Output Voltage -0.5 to VDD +0.5 V 
(except OUTPUT B, PDout, $R, $v) 

Vout DC Output Voltage (OUTPUT B, PDout, 'i>R, $v) -0.5 to VPD + 0.5 V 

Iln,lPD DC Input Current, per Pin (Includes VPD) ±10 mA 

lout DC Output Current, per Pin ±20 mA 

100 DC Supply Current, VDD and GND Pins ±30 mA 

Po Power Dissipation, per Package 300 mW 

Tstg Storage Temperature -65 to +150 ·C 

TL Lead Temperature, 260 ·C 
1 mm from Case for 10 seconds 

• Maximum Ratings are those values beyond which damage to the device may occur. Func
tional operation should be restricted to the limits in the Electrical Characteristics tables or 
Pin DeSCriptions section. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

This device contains protection circuitry 
to guard against damage due to high static 
voltages or electric fields. However, precau
tions must be taken to avoid applications of 
any voltage higher than maximum rated 
voltages to this high-impedance circuit. 
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ELECTRICAL CHARACTERISTICS 
(VDD = Vee = 4.5 to 5.5 V, Voltages Referenced to GND, TA = -40 to + 85"C, unless otherwise stated; 
MC145200: VpD= 8.0 to 9.5 V; MC145201: VPD = 4.5 to 5.5 V with VDD ,;VpD. 

Symbol Parameter Test Condition 

Vil Maximum low-level Input Voltage Device in Reference Mode 
(Din, ClK, ENB, REFin) 

VIH Minimum High-level Input Voltage Device in Reference Mode 
(Din, elK, ENB, REFin) 

Vhys Minimum Hysteresis Voltage (ClK, ENB) 

VOL Maximum low-level Output Voltage lout = 20 ItA, Device in Reference Mode 
(REFout, OUTPUT A) 

VOH Minimum High-level Output Voltage lout = -20 IlA, Device in Reference Mode 
(REFout, OUTPUT A) 

IOL Minimum low-level Output Current Vout= 0.4 V 
(REFout, lD, <PR, <PV) 

IOH Minimum High-level Output Current Vout = VDD - 0.4 V for REFout, lD 
(REFout, lD, <PR, <PV) Vout = VpD - 0.4 V for <PR, cJ>v 

IOl Minimum low-Level Output Current Vout= 0.4 V 
(OUTPUT A, OUTPUT B) 

IOH Minimum High-Level Output Current Vout = VDD - 0.4 V 
(OUTPUT A Only) 

lin Maximum Input Leakage Current Yin = VDD or GND, Device in XTAL Mode 
(Din, ClK, ENB, REFin) 

lin Maximum Input Current Yin = VDD or GND, Device in Reference Mode 
(REFin) 

IOZ Maximum Output Leakage Current (PDout) Vout = VpD - 0.5 or 0.5 V MC145200 
Output in High-Impedance State MC145201 

IOZ Maximum Output Leakage Current Vout = VpD or GND, 
(OUTPUT B) Output in High-Impedance State 

ISTBY Maximum Standby Supply Current Yin = VDD or GND; Outputs Open; Device in Standby Mode, 
(VDD + VPD Pins) Shut-Down Crystal Mode or REFout-Static-Low Reference 

Mode; OUTPUT B Controlling VCC per Figure 21 

IpD Maximum Phase Detector Bit C6 = High Which Selects Phase Detector A, 
Quiescent Current (VPD Pin) PDout = Open, PDout = Static Low or High, Bit C4 = Low 

Which is not Standby, IRx = 1131lA 

Bit C6 = Low Which Selects Phase Detector B, <PR and 
<PV = Open, cJ>R and <PV = Static Low or High, Bit 
C4 = Low Which is not Standby 

IT Total Operating Supply Current fin = 2.0 GHz; REFin = 13 MHz @ 1 Vp-p; 
(VDD + VPD +VCC Pins) OUTPUT A = Inactive and No Connect; 

REFout, <PV, cJ>R, PDout, LD = No Connect; 
Din, ENB, CLK = VDD or GND, Phase Detector B Enabled 

(Bit C6 = Low) 

*MCI452010NLY. 

**The nominal value = 12 mAo This is not a guaranteed limit. 

Guaranteed 
Limit Unit 

0.3xVDD V 

0.7xVDD V 

300 mV 

0.1 V 

VDD-O.1 V 

0.36 rnA 

-0.36 mA 

1.0 rnA 

-0.6 rnA 

± 1.0 IlA 

± 100 IlA 

± 150 nA 
±200 

±10 IlA 

50* IlA 

600* IlA 

30* 

** mA 

MC145200.MC145201 
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ANALOG CHARACTERISTICS-CURRENT SOURCE/SINK OUTPUT -PDout 
(lout" 2 mA, VDD = VCC = 4.5 to 5.5 V, VDD "VpD. Voltages Referenced to GND) 

Parameter Test Condition 

Maximum Source Current Variation MC145200: Vout = 0.5 x VpD 

MC145201: Vout = 0.5 x VPD 

Maximum Sink-vs-Source Mismatch (Note 3) MC145200: Vout = 0.5 x VPD 

MC145201: Vout = 0.5 x VPD 

Output Voltage Range (Note 3) MC145200: lout variation" 20% 

MC145201: lout variation" 20% 

NOTES: 

VPD 

8.0 

9.5 

4.5 

5.5 

8.0 

9.5 

4.5 

5.5 

8.0 

9.5 

4.5 

5.5 

1. Percentages calculated using the following formula: (Maximum Value - Minimum Value)/Maximum Value. 
2. See Rx Pin Description for external resistor values. 
3. This parameter is guaranteed for a given temperature within -40 to + 85°C. 

Guaranteed 
Limit Unit 

±20 % 

±20 

±20 % 

±20 

12 % 

12 

12 % 

12 

0.5 to 7.5 V 

0.5 to 9.0 

0.5 to 4.0 V 

0.5 to 5.0 

AC INTERFACE CHARACTERISTICS (VDD = 4.5 to 5.5 V, TA =- 40 to + 85°C, Cl = 50 pF, Inputtr = tf= 10 ns; 
MC145200: VpD = 8.0 to 9.5 V; MC145201: VpD = 4.5 to 5.5 V with VDO "VpO) 

Symbol Parameter 

fclk Serial Data Clock Frequency (Note: Refer to Clock tw below) 

tplH, tpHl Maximum Propagation Delay, ClK to OUTPUT A (Selected as Data Out) 

tplH, tpHl Maximum Propagation Delay, ENS to OUTPUT A (Selected as Port) 

tpZl, tpLZ Maximum Propagation Delay, ENS to OUTPUT S 

trlH, trHl Maximum Output Transition TIme, OUTPUT A and OUTPUT S; 
trHlonly, on OUTPUT B 

Cin Maximum Input Capacitance - Din, ENB, ClK, 

TIMING REQUIREMENTS 
(VDD = 4.5 to 5.5 V, TA = -40 to + 85°C, Input tr = tf = 10 ns unless otherwise indicated) 

Symbol Parameter 

tsu, th Minimum Setup and Hold TImes, Din vs ClK 

tsu, th, trec Minimum Setup, Hold and Recovery TImes, ENB vs ClK 

tw Minimum Pulse Width, ENB 

tw Minimum Pulse Width, ClK 

tr, tf Maximum Input Rise and Fall TImes, ClK 

*The minimum limit is 3 REFin cycles or 195 fin cycles, whichever Is greater. 

SWITCHING WAVEFORMS 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Figure Ills) 

1 

1,5 

2,5 

2,6 

1,5,6 

Figure#(s) 

3 

4 

4 

1 

1 

Guaranteed 
Limit Unit 

dc to 4.0 MHz 

105 ns 

100 ns 

120 ns 

100 ns 

10 pF 

Guaranteed 
Limit Unit 

20 ns 

100 ns 

* cycles 

125 ns 

100 IlS 
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ClK 

OUTPUT A 
(DATA OUT) 

Din 

ClK 

Figure 1. 

-VALID 

50% 

-tsuyth 

50% 

DEVICE 
UNDER 
TEST 

Figure 3. 

TEST POINT 

GND 

VDD 

GND 

VDD 

- GND 

'Includes all probe and fixture capacitance. 

Figure 5. Test Circuit 

MC145200.MC145201 
2-674 

'---VDD 

OUTPUT A 

OUTPUTS :EPLZ ) tPZl~ ) 
50% 

10% 

Figure 2. 

~'r--tw J: tw=t- VGDNDD ENS 50% 

) 
- -tsu th-

-tree 
- VDD 

ClK 

GND 

Figure 4. 

+V 
TEST POINT 

J 7.5kQ 

DEVICE 
UNDER r Cl' TEST 

'tncludes all probe and fixture capacitance. 

Figure 6. Test Circuit 
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LOOP SPECIFICATIONS (VDD = VCC = 4.5 to 5.5 V unless otherwise indicated, TA = -40 to + 85°C) 

Guaranteed 
Operating Range 

Symbol Parameter Test Condition Fig# Min Max 

Vin Input Voltage Range, lin 500 MHz,;; lin';; 2000 MHz 7 200 1500 

Irel Input Frequency, REFin Externally Driven In Vln = 400 mVp-p 8 12 27 
Relerence Mode Vin= 1 Vp-p 4.5' 27 

R Counter set to divide ratio such that 
IR ,;; 2 MHz, REF Counter set to di-
vide ratio such that REFout';; 10 MHz 

IxTAL Crystal Frequency, Crystal Mode C1 ,;; 30 pF, C2 ,;; 30 pF, Includes 9 2 15 
Stray Capacitance; R Counter and 
REF Counter same as above 

lout Output Frequency, REFout CL=30pF 10,12 dc 10 

I Operating Frequency 01 the Phase Detectors dc 2 

tw Output Pulse Width, LD, CPR, and IR in Phase with lV, CL = 50 pF, 11,12 20 100 
CPV, - MC145201 VPD = 5.5 V, VDD = VCC = 5.0 V 

trLH, Output Transition TImes, LD, CPV, and CL = 50 pF, VPD = 5.5 V, 11,12 - 65 

trHL CPR - MC145201 VDD = VCC = 5.0 V 

Cin Input Capacitance lin - TBD 
REFln - 5 

'II lower Irequency IS desired, use wave shaping or higher amplitude sinUSOidal signal. 

OUTPUT A 

DEVICE 
UNDER 
TEST 

-Characteristic Impedance 

Figure 7. Test Circuit 

.---..... - ...... -1 REFin OUTPUT A 
DEVICE 
UNDER 
TEST 

TEST 
POINT 

(fR) 

Figure 9. Test Clrcuit-Crystal Mode 

TEST 
POINT 

(Iv) 

OUTPUT ~r90;.:t%.::;Oo/.:::.o __ t_W~~~_-_-_--:1r-~ 

O.OlI1Fr------, 
REFin OUTPUT A 

DEVICE 
UNDER 
TEST 

Figure 8_ Test Circuit-Reference Mode 

REFoul 

DEVICE 
UNDER 
TEST 

Figure 10. Switching Waveform 

TEST POINT 

Unit 

mVp-p 

MHz 

MHz 

MHz 

MHz 

ns 

ns 

pF 

TEST 
POINT 

5:/1=_ ITHL ::fL ITLH -Includes all probe and 
fixture capacitance. 

Figure 11. Switching Waveform 
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PIN DESCRIPTIONS 
DIGITAL INTERFACE PINS 

Din 
Serial Data Input (Pin 19) 

The bit stream begins with the most significant bit (MSB) 
and is shifted in on the low-to-high transition of ClK. The bit 
pattern is 1 byte (8 bits) long to access the C or configuration 
register, 2 bytes (16 bits) to access the first buffer of the A 
register, or 3 bytes (24 bits) to access the A register (see Table 
1). The values in the C, A, and A registers do not change during 
shifting because the transfer of data to the registers is 
controlled by ENB. 

CAUTION 
The value programmed for the N-counter must be 
greater than or equal to the value of the A-counter. 

The 13 least significant bits (lSBs) of the A register are 
double-buffered. As indicated above, data is latched into the 
first buffer on a 16-bit transfer. (The 3 MSBs are not 
double-buffered and have an immediate effect after a 16-bit 
trarisfer.) The second buffer of the A register contains the 13 
bits for the A counter. This second buffer is loaded with the 
contents of the first buffer when the A register is loaded (a 
24-bit transfer). This allows presenting new values to the A, 
A, and N counters simultaneously. If this is not required, then 
the 16-bit transfer may be followed by pulsing ENB low with 
no signal on the ClK pin. This is an alternate method of 
transferring data to the second buffer of the A register (see 
Figure 16). 

The bit stream needs neither address nor steering bits due 
to the innovative BitGrabber registers. Therefore, all bits in 
the stream are available to be data for the three registers. 
Aandom access of any register is provided. That is, the 
registers may be accessed in any sequence. Data is retained 
in the registers over a supply range of 4.5 to 5.5 V. The formats 
are shown in Figures 13, 15, and 16. 

Din typically switches near 50% of VDD to maximize noise 
immunity. This input can be directly interfaced to CMOS 
devices with outputs guaranteed to switch near rail-to-rail. 
When interfacing to NMOS or TTL devices, either a level 
shifter (MC74HC14A, MC14504B) or pull-up resistor of 1 kn 
to 10 kn must be used. Parameters to consider when sizing 
the resistor are worst-case IOl of the driving device, maximum 
tolerable power consumption, and maximum data rate. 

Table 1. Register Access 
(MSBs are shifted in first· CO RO and AO are the LSBs) 

Number Accessed Bit 
of Clocks Re91ster Nomenclature 

8 C Register C7, C6, C5, ... , CO 
16 R Register R15, R14, R13, ... , RO 
24 A Register A23, A22, A21, ... , AO 

Other Values s 32 Not Allowed 
Values> 32 See Figures 

22-25 

ClK 
Serial Data Clock Input (Pin 18) 

low·to·high transitions on ClK shift bits available at the 
Din pin, while high-to-Iow transitions shift bits from 
OUTPUT A (when configured as Data Out, see Pin 16). The 
24-1/2-stage shift register is static, allowing clock rates down 
to dc in a continuous or intermittent mode. 

MC145200.MC145201 
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Eight clock cycles are required to access the C register. 
Sixteen clock cycles are needed for the first buffer of the A 
register. Twenty-four cycles are used to access the A register. 
See Table 1 and Figures 13, 15, and 16. The number of clocks 
required for cascaded devices is shown in Figures 23 through 
25. 

ClK typically switches near 50% of VDD and has a 
Schmitt-triggered input buffer. Slow ClK rise· and fall times 
are allowed. See the last paragraph of Din for more 
information. 

CAUTION 
To guarantee proper operation of the Power-On Ae
set (POA) circuit, the ClK pin must be grounded or 
held low during power up. 

ENB 
Active low Enable Input (Pin 17) 

This pin is used to activate the serial interface to allow the 
transfer of data to/from the device. When ENB is in an 
inactive high state, shifting is inhibited and the port is held 
in the initialized state. To transfer data to the device, ENB 
(which must start inactive high) is taken low, a serial transfer 
is made via Din and ClK, and ENB is taken back high. The 
low-to-high transition on ENB transfers data to the C or A 
registers and first buffer of the A register, depending on the 
data stream length per Table 1. 

Transitions on ENB must not be attempted while ClK is 
high. This puts the device out of synchronization with the 
microcontroller. Aesynchronization occurs when ENB is high 
and ClK is low. 

This input is also Schmitt-triggered and switches near 50% 
of VDD, thereby minimizing the chance of loading erroneous 
data into the registers. See the last paragraph of Din for more 
information. 

CAUTION 
ENB must not be floated or toggled during power up. 
It is preferable to hold ENB althe potential olthe VDD 
pin during power up to guarantee proper operatiqn of 
the POA circuit. 

OUTPUT A 
Configurable Digital Output (Pin 16) 

OUTPUT A is selectable as fA, fV, Data Out, or Port. Bits 
A22 and A23 in the A register control the selection; see Figure 
15. 

If A23 = A22 = high, OUTPUT A is configured as fA. This 
signal is the buffered output of the 13-stage A counter. The 
fA signal appears as normally low and pulses high, and can 
be used to verify the divide ratio of the A counter. This ratio 
extends from 5 to 8191 and is determined by the binary value 
loaded into bits AO through A12 in the A register. Also, direct 
access to the phase detectors via the AEFin pin is allowed 
by choosing a divide value of 1 (see Figure 16). The 
maximum frequency at which the phase detectors operate 
is 2 MHz. Therefore, the frequency of fA should not exceed 
2 MHz. 

If A23 = high and A22 = low, OUTPUT A is configured as 
fV. This signal is the buffered output of the 12-stage N counter. 
The fV signal appears as normally low and pulses high, and 
can be used to verify the operation of the prescaler, A counter, 
and N counter. The divide ratio between the fin input and the 
fV signal is N x 64 + A. N is the divide ratio of the N counter 
and A is the divide ratio of the A counter. These ratios are 
determined by bits loaded into the A register. See Figure 15. 
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The maximum frequency at which the phase detectors operate 
is 2 MHz. Therefore, the frequency of fV should not exceed 
2 MHz. 

If A23 = low and A22 = high, OUTPUT A is configured as 
Data Out. This signal is the serial output of the 24-1/2-stage 
shift register. The bit stream is shifted out on the high-to-low 
transition of the ClK input. Upon power up, OUTPUT A is 
automatically configured as Data Out to facilitate cascading 
devices. 

If A23 = A22 = low, OUTPUT A is configured as Port. This 
signal is a general-purpose digital output which may be used 
as an MCU port expander. This signal is low when the Port 
bit (C1) of the C register is low, and high when the Port bit 
is high. 

OUTPUTB 
Open-Drain Digital Output (Pin 15) 

This signal is a general-purpose digital output which may 
be used as an MCU port expander. This signal is low when 
the Out B bit (CO) of the C register is low. When the Out B 
bit is high, OUTPUT B assumes the high-impedance state. 
OUTPUT B may be pulled up through an external resistor or 
active circuitry to any voltage less than or equal to the potential 
of the VPD pin. Note: the maximum voltage allowed on the 
VPD pin is 9.5 V for the MC145200 and 5.5 V for the 
MC145201. 

Upon power-up, power-on reset circuitry forces OUTPUT B 
to a low level. 

REFERENCE PINS 

REFln and REFout 
Reference Input and Reference Output (Pins 20 and 1) 

Configurable pins for a Crystal or an External Reference. 
This pair of pins can be configured in one of two modes: the 
crystal mode or the reference mode. Bits R13, R14, and R15 
in the R register control the modes as shown in Figure 16. 

In crystal mode, these pins form a reference oscillator when 
connected toterminals of an external parallel-resonant crystal. 
Frequency-setting capacitors of appropriate values as 
recommended by the crystal supplier are connected from each 
of the two pins to ground (up to a maximum of 30 pF each, 
including stray capacitance). An external resistor of 1 MQ to 
15 MQ is connected directly across the pins to ensure linear 
operation of the amplifier. The device is designed to operate 
with crystals up to 15 MHz; the required connections are 
shown in Figure 8. To turn on the oscillator, bits R15, R14, 
and R13 must have an octal value of one (001 in binary, 
respectively). This is the active-crystal mode shown in 
Figure 16. In this mode, the crystal oscillator runs and the R 
Counter divides the crystal frequency, unless the part is in 
standby. If the part is placed in standby via the C register, the 
oscillator runs, but the R counter is stopped. However, if bits 
R15 to R13 have a value of 0, the oscillator is stopped, which 
saves additional power. This is the shut-down crystal mode 
(shown in Figure 16) and can be engaged whether in standby 
or not. 

In the reference mode, REFin (Pin 20) accepts a signal 
up to 27 MHz from an external reference oscillator, such as 
a TCXO. A signal swinging from at least the Vil to VIH levels 
listed in the Electrical Characteristics table may be directly 
coupled to the pin. If the signal is less than this level, ac 
coupling must be used as shown in Figure 8. Due to an 
on-board resistor which is engaged in the reference modes, 
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an external biasing resistor tied between REFin and REFout 
is not required. 

With the reference mode, the REFout pin is configured 
as the output of a divider. As an example, if bits R15, R14, 
and R13 have an octal value of seven, the frequency at 
REFout is the REFin frequency divided by 16. In addition, 
Figure 16 shows how to obtain ratios of eight, four, and two. 
A ratio of one-to-one can be obtained with an octal value 
of three. Upon power up, a ratio of eight is automatically 
initialized. The maximum frequency capability of the REFout 
pin is 10 MHz. Therefore, for REFin frequencies above 
10.MHz, the one-to-one ratio may not be used. Likewise, for 
REFin frequencies above 20 MHz, the ratio must be more 
than two. 

If REFout is unused, an octal value of two should be used 
for R15, R14, and R13 and the REFout pin should be floated. 
A value of two allows REFin to be functional while disabling 
REFout, which minimizes dynamic power consumption and 
electromagnetic interference (EMI). 

LOOP PINS 

fin and fin 
Frequency Inputs (Pins 11 and 10) 

These pins are frequency inputs from the VCO. These pins 
feed the on-board RF amplifier which drives the 64/65 
prescaler. These inputs may be fed differentially. However, 
they usually are used in a single-ended configuration (shown 
in Figure 7). Note that fin is driven while fin must be tied to 
ground via a capacitor. 

Motorola does not recommend driving fin while terminating 
fin because this configuration is not tested for sensitivity. The 
sensitivity is dependent on the frequency as shown in the loop 
Specifications table. 

PDout 
Single-Ended Phase/Freq. Detector Output (Pin 6) 

This is a three-state current-source/sink output for use as 
a loop error signal when combined with an external low-pass 
filter. The phase/frequency detector is characterized by a 
linear transfer function. The operation of the phase! frequency 
detector is described below and is shown in Figure 17. 

POL bit (C7) in the C register = low (see Figure 13) 
Frequency of fV > fR or Phase of fV leading fR: 

current-sinking pulses from high impedance 
Frequency of fV < fR or Phase of fV Lagging fR: 

current-sourcing pulses from high impedance 
Frequency and Phase of fV = fR: essentially high

impedance state; voltage at pin determined by loop filter 
POL bit (C7) = high 
Frequency of tv > fR or Phase of fV leading fR: 

current-sourcing pulses from high impedance 
Frequency of fV < fR or Phase of fV lagging fR: 

current-sinking pulses from high impedance 
Frequency and Phase of fV = fR: essentially high

impedance state; voltage at pin determined by loop filter 
This output can be enabled, disabled, and inverted via the 

C register. If desired, PDout can be forced to the high
impedance state by utilization of the disable feature in the 
C register (bit C6). This is a patented feature. Similarly, PDout 
is forced to the high-impedance state when the device is put 
into standby (STBY bit C4 = high). 
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$R and $V (Pins 3 and 4) 
Double-Ended Phase/Frequency Detector Outputs 

These outputs can be combined externally to generate a 
loop error signal. Through use of a Motorola patented 
technique, the detector's dead zone has been eliminated. 
Therefore, the phaselfrequency detector is characterized by 
a linear transfer function. The operation of the phaselfrequen
cy detector is described below and is shown in Figure 17. 

POL bit (C7) in the C register = low (see Figure 13) 
Frequency ollV > fR or Phase ollV LeadingfR: $V= negative 

pulses, $R = essentially high 
Frequency of fV < fR or Phase of fV Lagging fR: $V = 

essentially high, $R = negative pulses 
Frequency and Phase of tv = fR: $V and $R remain 

essentially high, except for a small minimum time period 
when both pulse low in phase 

POL bit (C7) = high 
FrequencyoffV>fR or PhaseoffV LeadingfR: $R = negative 

pulses, $V = essentially high 
Frequency of fV < fR or Phase of fV Lagging fR: $R = 

essentially high, $V = negative pulses 
Frequency and Phase of fV = fR: $V and $R remain 

essentially high, except for a small minimum time period 
when both pulse low in phase 

These outputs can be enabled, disabled, and interchanged 
via C register bitsC6 or C4. This is a patented feature. Note 
that when disabled or in standby, $R and $V are forced to their 
rest condition (high state). 

The $R and $V output signal swing is approximately from 
GND to VPD. 

LD 
Lock Detector Output (Pin 2) 

This output is essentially at a high level with narrow 
low-going pulses when the loop is locked (fR andfvofthesame 
phase and frequency). The output pulses low when fV and 
fR are out of phase or different frequencies. LD is the logical 
ANDing of $R and $V (see Figure 17). 

This output can be enabled and disabled via the C register. 
This is a patented feature. Upon power up, on-chip 
initialization circuitry disables LD to a static low logic level to 
prevent a false "lock" signal. If unused, LD should be disabled 
and left open. 

The LD output signal swing is approximately from GND to 
VDD· 

Rx 
External Resistor (Pin 8) 

A resistor tied between this pin and GND, in conjunction 
with bits in the C register, determines the amount of current 
that the PDout pin sinks and sources. When bits C2 and C3 
are both set high, the maximum current is obtained at PDout; 
see Tables 2 and 3 for other values of current. To achieve 
a maximum current of 2 mA, the resistor should be about 
47 kr.! when VPD is 9 V or. about 18 kr.l when VPD is 5.0 V. 
See Figure 14 if lower maximum current values are desired. 

When the $R and $V outputs are used, the Rx pin may be 
fioated. 

TEST POINT PINS 

TEST 1 
Modulus Control Signal (Pin 9) 

This pin may be used in conjunction with the Test 2 pin for 
access to the on-board 64/65 prescaler. When Test 1 is low, 
the prescaler divides by 65. When high, the prescaler divides 
by 64. 

MC145200.MC145201 
2-678 

CAUTION 
This pin is an unbuffered output and must be floated 
in an actual application. This pin must be attached to 
an isolated pad with no trace. There is the possibility 
that the final production version of the device will 
have this lead clipped at the body of the package. 

TEST 2 
Prescaler Output (Pin 13) 

This pin may be used to access to the on-board 64/65 
prescaler output. 

CAUTION 
This pin is an unbuffered output and must be floated 
in an actual application. This pin must be attached to 
an isolated pad with no trace. There is the possibility 
that the final production version of the device will 
have this lead clipped at the body of the package. 

POWER SUPPLY PINS 

VDD 
Positive Power Supply (Pin 14) 

This pin supplies power to the main CMOS digital portion 
of the device. The voltage range is + 4.5 to + 5.5 V with 
respect to the GND pin. 

Foroptimumperformance, VDD should be bypassedtoGND 
using a low-inductance capacitor mounted very close 
to these pins. Lead lengths on the capacitor should be 
minimized. 

VCC 
Positive Power Supply (Pin 12) 

This pin supplies power to the RF amp and 64165 prescaler. 
The voltage range is + 4.5 to + 5.5 V with respect to the GND 
pin. In the standby mode, the VCC pin still draws a few 
milliamps from the power supply. This current drain can be 
eliminated with the use of transistor Q1 as shown in 
Figure 21. 

For optimum performance, VCC should be bypassed to 
GND using a low-inductance capacitor mounted very close 
to these pins. Lead lengths on the capacitor should be 
minimized. 

VPD 
Positive Power Supply (Pin 5) 

This pin supplies power to both phaselfrequency detectors 
A and B. The voltage applied on this pin must be no less 
than the potential applied to the VDD pin. The maximum 
voltage can be +9.5 V with respect to the GND pin for the 
MC145200 and +5.5 V for the MC145201. 

For optimum performance, VpD should be bypassed to 
GND using a low-inductance capacitor mounted very close 
to these pins. Lead lengths on the capacitor should be 
minimized. 

GND 
Ground (Pin 7) 

Common ground. 
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ENB l I 
CLK 

MSB LSB 

Din ~ C7 ~ C6 ~ C5 ~ C4 ~ C3 ~ C2 ~ Cl ~ CO ~ 
• At this point, the new byte is transferred to the C register and stored. No other registers are affected. 

C7 - POL: Selects the output polarity of the phase/frequency detectors. When set high, this bit inverts PDout 
and interchanges the $R function with $V as depicted in Figure 17. Also see the phase detector output 
pin descriptions for more information. This bit is cleared low at power up. 

C6 - PDAIB: Selects which phase/frequency detector is to be used. When set high, enables the output of phase/ 
frequency detector A (PDout) and disables phase/frequency detector B by forcing $R and $V to the 
static high state. When cleared low, phase/frequency detector B is enabled ($R and $V) and phase/fre
quency detector A is disabled with PDout forced to the high-impedance state. This bit is cleared low 
at power up. 

C5 - LDE: Enables the lock detector output (LD) when set high. When the bit is cleared low, the LD output is 
forced to a stalic low level. This bit is cleared low at power up. 

C4 - STBY: When set, places the CMOS section of device, which is powered by the VDD and VpD pins, in the 
standby mode for reduced power consumption: PDout is forced to the high-impedance state, $R and 
$V are forced high, the A, N, and R counters are inhibited from counting, and the Rx current is shut 
off. In standby, the state of LD is determined by bit C5. C5 low forces LD low (no change). C5 high 
forces LD static high. During standby, data is retained in the A, R, and C registers. The condition 
of REF/OSC circuitry is determined by the control bits in the R register: R13, R14, and R15. However, 
if REFout= static low is selected, the intemal feedback resistor is disconnected and the input is inhibited 
when in standby; in addition, the REFin input only presents a capacitive load. NOTE: Standby does 
not affect the other modes of the REF/OSC circuitry. 

When C4 is reset low, the part is taken out of standby in 2 steps. First, the REFin (only in one mode) 
resistor is reconnected, all counters are enabled, and the Rx current is enabled. Any fR and fV signals 
are inhibited from toggling the phaselfrequency detectors and lock detector. Second, when the first 
tv pulse occurs, the R counter is jam loaded, and the phase/frequency and lock detectors are initialized. 
Immediately after the jam load, the A, N, and R counters begin counting down together. At this point, 
the fR and fV pulses are enabled to the phase and lock detectors. (Patented feature.) 

C3, C2 -12, 11: Controls the PDout source/sink current per Tables 2 and 3. With both bits high, the maximum current 
(as set by Rx per Figure 14) is available. Also, see Cl bit description. 

Cl - Port: When the OUTPUT A pin is selected as "Port" via bits A22 and A23, Cl determines the state of OUT
PUT A. When Cl is set high, OUTPUT A is forced high; Cllow forces OUTPUT A low. When OUTPUT 
A is NOT selected as "Port," Cl controls whether the PDout step size is 10% or 25%. (See Tables 
2 and 3.) When low, steps are 10%. When high, steps are 25%. Default is 10% steps when OUTPUT 
A is selected as "Port." The Port bit is not affected by the standby mode. 

CO - Out B: Determines the state of OUTPUT B. When CO is set high, OUTPUT B is high-impedance; CO low 
forces OUTPUT B low. The Out B bit is not affected by the standby mode. This bit is cleared low 
at power up. 

Figure 13. C Register Access and Format (8 Clock Cycles are Used) 
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lout. SOURCE CURRENT (rnA) 

NOTE: The MC145201 is optimized for Rx values in the 18 kQ to 40 kQ range. For example. to achieve 0.3 mA of output 
current. it is preferable to use a 30-kQ resistor for Rx and bit settings for 25% (as shown in Table 3). 

Figure 14. Nominal Source Current for the PDout Pin 

Table 2. PDout Current, C1 = Low with OUTPUT A NOT 
Selected as "Port"; Also, Default Mode When 

OUTPUT A Selected as "Port" 

Table 3. PDout Current, C1 = High with OUTPUT A NOT 
Selected as "Port" 

C3 

0 
0 
1 
1 
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C2 PDout Current 

0 70% 
1 80% 
0 90% 
1 100% 

C3 C2 PDout Current 

0 0 25% 
0 1 50% 
1 0 75% 
1 1 100% 
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NOTE 3 

CLK 

Din 

0 NOTALLOWED 0 0 ACOUNTER =+0 

NOTALLOWED A COUNTER = + 1 

I I 
'---.---' 

BOTH BITS 
MUST BE 

HIGH 

0 2 NOTALLOWED 0 2 ACOUNTER =+2 

0 0 3 NOT ALLOWED 0 3 ACOUNTER =+3 
0 0 4 NOT ALLOWED 

0 PORT 0 0 5 N COUNTER = +5 
1 DOUT N COUNTER = +6 E ACOUNTER =+62 

fv 
fR 

7 NCOUNTER =+7 3 F A COUNTER = + 63 

4 0 NOT ALLOWED 
'--.,---J '--.,---J 4 1 NOT ALLOWED 
BINARY OUTPUT A F 
VALUE FUNCTION 

F E N COUNTER = +4094 

(NOTEll F F F N COUNTER = +4095 

~ F F NOT ALLOWED 

HEXADECIMAL VALUE 
~ 

FOR N COUNTER HEXADECIMAL VALUE 
FOR A COUNTER 

NOTES: 
1. A power-on initialize circuit forces the OUTPUT A function to default to Data Out. 
2. The values programmed for the N counter must be greater than or equal to the values programmed for the A counter. This results in a total divide value = N x 64 + A. 
3. At this point, the three new bytes are transferred to the A register. In addition, the 13 LSBs in the first buffer of the R register are transferred to the R register's second buffer. 

Thus, the R, N, and A counters can be presented new divide ratios at the same time. The first buffer of the R register is not affected. The C register is not affected. 



ENB l nI 
t t 

NOTE NOTE 

CLK 4 5 

Din 

CRYSTAL MODE, SHUT DOWN 
CRYSTAL MODE, ACTIVE 
REFERENCE MODE, REFin ENABLED and REFoul 

STATIC LOW 
3 REFERENCE MODE, REFout = REFin (BUFFERED) 
4 REFERENCE MODE, REFout = REFinl2 
5 REFERENCE MODE, REFout = REFinl4 
6 REFERENCE MODE, REFout = REFinl8 (NOTE 3) 
7 REFERENCE MODE, REFout = REFinlt6 

L OCTAL VALUE 

o 
o 
o 
o 
o 
o 
o 
o 
o 

o NOT ALLOWED 
t DIRECT ACCESS TO REFERENCE SIDE OF PHASE/FREQUENCY DETECTORS 
2 NOT ALLOWED 
3 NOT ALLOWED 
4 NOT ALLOWED 
5 RCOUNTER=+5 
6 R COUNTER =+6 
7 RCOUNTER=+7 
8 R COUNTER =+8 

t FER COUNTER =+8190 
t F F F RCOUNTER=+8191 

NOTES: 
BINARY VALUE --1 H~ VALUE 

1. Bits R15 through R13 control the configurable "OSC or 4-stage divider" block (see Block Diagram). 
2. Bits R12 through RD control the "13-stage R counter" block (see Block Diagram). 
3. A power-on initialize circuit forces a default REFin to REFout ratio of eight. 
4. Althis point, bits R13, R14, and R15 are stored and senlto the "OSC or 4-Stage Divider" block in the Block Diagram. Bits RD through R12 are loaded 

Into the first buffer in the double-buffered section of the R register. Therefore, the R counter divide ratio is not altered yet and retains the previous 
ratio loaded. The C and A registers are not affected. 

5. At this point, bits RD through R12 are transferred to the second buffer of the R register. The R counter begins dividing by the new ratio aiter 
completing the rest of the present count cycle. CLK must be low during the ENB pulse, as shown. Also, see note 3 of Figure 15 for an alternate 
method of loading the second buffer in the R register. The C and A registers are not affected. The first buffer of the R register is not affected. 

R Register Access and Format (16 Clock Cycles Are Used) 

'-------in n n-=~~ 
VL 

n' , * - SOURCING CURRENT 

1------1: : U' 1--------+---HIGH IMPEDANCE 

I I t - SINKING CURRENT j--------1U, ' : I VH 

" -VL 

--'--j-----'-i', I'-'--'U VH 

-VL 

VH = High voltage level 
VL = Low voltage level 

U" r------tU" Vii 

-VL 

• At this point, when both fR and tv are in phase, the output source and sink circuits are turned on for a short interval. 
NOTE: The PDout either sources or sinks current during out·of-Iock conditions. When locked in phase and frequency, the output is high imped

ance and the voltage althat pin is determined by the low-pass filter capacitor. PDout, <PR, and <PV are shown with the polarity bit (POL) = low; 
see Figure 13 for POL. 

Figure 17. Phase/Frequency Detectors and Lock Detector Output Waveforms 
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DESIGN CONSIDERATIONS 

CRYSTAL OSCillATOR CONSIDERATIONS 
The following options may be considered to provide a 

reference frequency to Motorola's CMOS frequency synthe
sizers. 

Use of a Hybrid Crystal Oscillator 
Commercially available temperature-compensated crystal 

oscillators (TCXOs) or crystal-controlled data clock oscilla
tors provide very stable reference frequencies. An oscillator 
capable of CMOS logic levels at the output may be direct 
or dc coupled to REFin. If the oscillator does not have CMOS 
logic levels on the outputs, capacitive or ac coupling to REFin 
may be used (see Figure 8). 

For additional information about TCXOs and data clock 
oscillators, please consult the latest version of the eem 
Electronic Engineers Master Catalog, the Gold Book, or 
similar publications. 

Design an Off-Chip Reference 
The user may design an off-chip crystal oscillator using 

discrete transistors or ICs specifically developed for crystal 
oscillator applications, such as the MC12061 MECl device. 
The reference signal from the MECl device is ac coupled to 
REFin (see Figure 8). For large amplitude signals (standard 
CMOS logic levels), dc coupling may be used. 

Use of the On-Chip Oscillator Circuitry 
The on-chip amplifier (a digital inverter) along with an 

appropriate crystal may be used to provide a reference source 
frequency. A fundamental mode crystal, parallel resonant at 
the desired operating frequency, should be connected as 
shown in Figure 18. 

The crystal should be specified for a loading capacitance 
(Cl) which does not exceed approximately 20 pF when used 
at the highest operating frequency of 15 MHz. Assuming 
R1 = 0 n. the shunt load capacitance (Cl) presented across 
the crystal can be estimated to be: 

CinCout C1 . C2 
Cl = --- + Ca + Cstray +---

Cin+Cout C1 + C2 

where 
Cin =5 pF (see Figure 19) 

Cout =6 pF (see Figure 19) 
Ca = 1 pF (see Figure 19) 

C1 and C2= 
Cstray= 

external capacitors (see Figure 18) 
the total equivalent extemal circuit stray 
capacitance appearing across the crystal 
terminals 

The oscillator can be "trimmed" on-frequency by making 
a portion or all of C1 variable. The crystal and associated 
components must be located as close as possible to the 
REFin and REFout pins to minimize distortion, stray 
capacitance, stray inductance, and startup stabilization time. 
Circuit stray capacitance can also be handled by adding the 
appropriate stray value to the values for Cin and Cout. For 
this approach, the term Cstray becomes 0 in the above 
expression for Cl. 

Power is dissipated in the effective series resistance of the 
crystal, Re, in Figure 20. The maximum drive level specified 
by the crystal manufacturer represents the maximum stress 
that the crystal can withstand without damage or excessive 
shift in operating frequency. R1 in Figure 18 limits the drive 
level. The use of R1 is not necessary in most cases. 
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To verify that the maximum dc supply voltage does not 
cause the crystal to be overdriven, monitor the output 
frequency (fR) at OUTPUT A as a function of supply voltage. 
(REFout is not used because loading impacts the oscillator.) 
The frequency should increase very slightly as the dc supply 
voltage is increased. An overdriven crystal decreases in 
frequency or becomes unstable with an increase in supply 
voltage. The operating supply voltage must be reduced or R1 
must be increased in value if the overdriven condition exists. 
The user should note that the oscillator start-up time is pro
portional to the value of R1. 

Through the process of supplying crystals for use with 
CMOS inverters, many crystal manufacturers have devel
oped expertise in CMOS oscillator design with crystals. 
Discussions with such manufacturers can prove very helpful 
(see Table 4). 

I - - - - - FREQUENCi"l 

I SYNlliESIZER I 
L_ ___ _-.J 

REFln REFout 
Rt 

"May be needed in certain cases. See text. 

Figure 18. Pierce Crystal Oscillator Circuit 

~ REFin 00-, 1.--.1---&-'-'1----.1 -0 REFout 

--L C. I Ic --L 
I In L __ II __ ...J out I 

-4:- II -4:-
Cstray 

Figure 19. Parasitic Capacitances of the Amplifier 
and Cstray 

Co 

1 Re Xa 2 
~ 

Note: Values are supplied by crystal manufacturer 
(parallel resonant crystai), 

Figure 20. Equivalent Crystal Networks 
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RECOMMENDED READING 
Technical Note TN-24, Statek Corp. 
Technical Note TN-7, Statek Corp. 
E. Hafner, "The Piezoelectric Crystal Unit-Definitions and 

Method of Measurement", Proc. IEEE, Vol. 57, No.2, Feb. 
1969. 

D. Kemper, L. Rosine, "Quartz Crystals for Frequency 

Control", Electro-Technology, June 1969. 
P. J. Ottowitz, "A Guide to Crystal Selection", Electronic 

Design, May 1966. 
D. Babin, "Designing Crystal Oscillators", Machine Design, 

March 7, 1985. 
D. Babin, "Guidelines for Crystal Oscillator Design", 

Machine Design, April 25, 1985. 

Table 4. Partial List of Crystal Manufacturers 

Name Address Phone 

United States Crystal Corp. 3605 McCart Ave., Ft. Worth, TX 76110 (817) 921·3013 
Crystek Crystal 2371 Crystal Dr., Ft. Myers, FL 33907 (813) 936·2109 
Statek Corp. 512 N. Main 51., Orange, CA 92668 (714) 639·7810 
Fox Electronics 5570 Enterprise Parkway, Ft. Myers, FL 33905 (813) 693·0099 

.. 
Note: Motorola cannot recommend one supplier over another and In no way suggests that this IS a 
complete listing of crystal manufacturers. 
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(A) 

NOTE: 

PHASE·LOCKED LOOP-LOW PASS FILTER DESIGN 

- V K",KVCO 
"'n- NC 

B. V Kq.KVCOC 
~ = 2 N 

Z(s) = 1 +S~RC 

"'nRC 

2 

For (A), using K<I> in amps per radian with 1he filter's Impedance transfer function, Z(s), maintains units of volts per radian for the de1ectorl 
filter combination. Additional sideband filtering can be accomplished by adding a capacitor C' across R. The corner COc = 1/RC' should be 
chosen such that con Is not significantly affected. 

R1 
<l>R ----w'r----4.......-1 

V ~KVCO "'n= NCR1 
(B) 

CPV ----"oIIIV--.... -t 
VCo "'nR2C 

~ = 2 

ASSUMING GAIN A IS VERY LARGE, THEN: 

NOTE: 
For (B), R1 is frequently split into two series resistors; each resistor is equal to Rl divided by 2. A capacitor Cc Is then placed from the 
midpoint to ground to further filter the error pulses. The value of Cc should be such that the comer frequency of this network does not 
significantly affect COn. 

DEFINITIONS: 
N = Total Division Ratio In Feedback Loop 
K<I> (Phase Detector Gain) = IpDout/2,. amps per radian for PDout 
Kcp (Phase Detector Gain) = VPD/2,. volts per radian for <l>v and <l>R 

2l!8ivco 
KVCO (VCO Transfer Function) = dVVCO radians per volt 

For a nominal design starting point, the user might consider a damping factor ~=0.7 and a natural loop frequency con = (2mR/50) where 
fR Is the frequency at the phase detector input. Larger COn values resuH in faster loop lock times and, for similar sideband filtering, higher 
fR-related VCO sidebands. 

Either loop filter (A) or (B) is frequently followed by additional sideband filtering to further attenuate fR-related VCO sidebands. This addi
tional filtering may be active or passive. 

RECOMMENDED READING: 
Gardner, Floyd M., Phaselock Techniques (second edition). New York, Wiley-Interscience, 1979. 
Manassewitsch, Vadim, Frequency Synthesizers: Theory and Design (second edition). New York, Wiley-Interscience, 1980. 
Blanchard, Alain, Phase-Locked Loops: Application to Coherent Receiver Design. New York, Wiley-Interscience, 1976. 
Egan, William F., Frequency Synthesis by Phase Lock. New York, Wlley-Intersclence, 1981. 
Rohde, Ulrich L., Digital PLL Frequency Synthesizers Theory and Design. Englewood Cliffs, NJ, Prentice-Hall, 1983. 
Berlin, Howard M., Design of Phase-Locked Loop Circuits, with Experiments. Indianapolis, Howard W. Sams and Co., 1978. 
Kinley, Harold, The PLL Synthesizer Cookbook. Blue Ridge Summit, PA, Tab Books, 1980. 
Seidman, Arthur H., Integrated Circuits Applications Handbook, Chapter 17, pp. 538-586. New York, John Wiley & Sons. 
Fadrhons, Jan, "Design and Analyze PLLs on a Programmable Calculator," EDN. March 5, 1980. 
AN535, Phase-Locked Loop Design Fundamentals, Motorola Semiconductor Products, Inc., 1970. 
AR254, Phase-Locked Loop Design Articles, Motorola Semiconductor Products, Inc., Reprinted with permission from Electronic Design, 

1987. 
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NOTES: 
1. When used, the ciR and cl>v outputs are fed to an external combineriloop filter. See the Phase-Locked 

Loop - Low-Pass Filter Design page for additional information. 
2. TranslstorOlls required only If the standby feature is needed. 01 permits the bipolar section of the de v ice 

to be shut down via use of the generaf-purpose digital pin, OUTPUT B. If the standby feature is not need
ed, tie pin 12 directly to the power supply. 

3. For optimum performance, bypass the Vee, VDD, and VPD pins to GNDwilh low-inductance capacitors. 
4. The R counter is programmed for a divide value = REFinflR. Typically, fR is the tuning resolution required 

for the veo. Also, the veo frequency divided by fR = NT = N x 64 + A; this determines the values (N, 
A) that must be programmed into the N and A counters, respectively. 
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Din 

Figure 21. Example Application 

DEVICE #1 DEVICE #2 

OUTPUT A OUTPUT A 
CLK ENB (DATA OUT) Din CLK ENB (DATA OUT) 

I f 

OPTIONAL 

Figure 22. Cascading Two Devices 
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C REGISTER BITS OF DEVICE #2 
IN FIGURE 22 

• At this pOint, the new bytes are transferred to the C registers of both devices and stored. No other registers are affected. 

Figure 23. Accessing the C Registers of Two Cascaded Devices 

C REGISTER BITS OF DEVICE #1 
IN FIGURE 22 

ENBl r 
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A REGiSTER BITS OF DEViCE #2 
IN FiGURE 22 

A REGISTER BiTS OF DEViCE #1 
IN FIGURE 22 

• At this point, the new bytes are transferred to the A registers of both devices and stored. Additionally, for both devices, the 13 LSBs in each of the first buffers of the R registers are 
transferred to the respective R register's second buffer. Thus, the R, N, and A counters can be presented new divide ratios at the same time. The first buffer of each R register is not affected • 
Neither C register is affected. 

Figure 24. Accessing the A Registers of Two Cascaded Devices 
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NOTES APPLICABLE TO EACH DEVICE: 

R REGISTER BITS OF DEVICE #2 
IN FIGURE 22 

R REGISTER BITS OF DEVICE #1 
IN FIGURE 22 

1. At this point, bits R13, R14, and R15 are stored and sentto the 'OSC or 4-Stage Divider" block in the Block Diagram. Bits ROthrough R12 are loaded into the first buffer in the double
buffered section of the R register. Therefore, the R counter divide ratio is not altered yet and retains the previous ratio loaded. The C and A registers are not affected. 

2. At this point, the bits RO through R12 are transferred to the second buffer of the R register. The R counter begins dividing by the new ratio after completing the rest of the present count 
cycle. CLK must be low during the ENB pulse, as shown. Also, see note of Figure 24 for an alternate method of loading the second buffer in the R register. The C and A registers 
are not affected. The first buffer of the R register is not affected. 

Figure 25. Accessing the R Registers of Two Cascaded Devices 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
Serial 13-Bit Linear Codec 
(AID and D/A) 

The MC145402 is a 13~bit linear monotonic digital-to-analog and analog-to
digital converter implemented in a single silicon-gate CMOS IC. Potential applica
tions include analog interface for Digital Signal Processor (DSP) applications, 
high speed modems, telephone systems, SONAR, Adaptive Differential Pulse 
Code Modulation (ADPCM) converters, echo cancellers, repeaters, voice synthe
sizers, and music synthesizers. 

• 60 dB Signal-to-(Noise Plus Distortion) Ratio Typical 
• On-Chip Precision Voltage Reference 

• Serial Data Ports 
• Two's Complement Coding 
• ±5 V Supply Operation 
• Sample Rates from 100 Hz to 16 kHz (Both AID and D/A), 100 Hz to 21.3 kHz 

(AID Only), and 100 Hz to 64 kHz (D/A Only) . 
• Input Sample and Hold Provided On-Chip 
• 5 V CMOS Inputs; Outputs Capable of Driving Two LSTTL Loads 
• Available in a 16-Pin DIP 
• Low Power Consumption: 50 mW Typical, 1 mW Power Down 

BLOCK DIAGRAM 

MSI CCI POI VOO VSS VAG VOG 
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MC145402 

~ lr'~UU 
LSUFFIX 
CERAMIC 
CASE 620 

PIN ASSIGNMENT 

VAG [ 

Aoul 

Ain 

POI 

CCI 

MSI 

TOF 

Vss 

1. 

2 

3 

4 

5 
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7 

8 

16 P VOO 

15 P ROO 

14 P RCE 

13 P ROC 

12 P TOC 

11 P TOO 

10 P TOE 

9 P VOG 
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ABSOLUTE MAXIMUM RATINGS (Voltages Referenced to VSS) 

Rating Symbol Value 

DC Supply Voltage VDD-VSS -0.5 to 11 

Voltage, Any Pin to VSS V -0.5 to VDD +0.5 

DC Current Drain per Pin (Exclud I 10 
ing VDD, VSS) 

Operating Temperature Range TA -40 to +85 

Storage Temperature Range Tstg -85to+150 

RECOMMENDED OPERATING CONDITIONS 

Parameter Pins 

DC Supply Voltage VDDtoVSS 

Power Dissipation, PDI = 1 VDDtoVSS 

Power Dissipation, PDI = 0 VDDto VSS 

Conversion Rate Full Cycle AID and D/A MSI 
Short Cycle AID 
Short Cycle D/A 

Conversion Sequence Rate CCI 

Date Rate TDC,RDC 

Full Scale Analog Levels (Referenced to 600 0) AI,AO 

Unit 

V 

V 

mA 

°c 

°c 

Oto 70·C 
Min 

9.5 

-
-
0.1 
0.1 
0.1 

3.2 

16xlMSI 

-
-

This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electrical fields; however, it is advised that 
normal precautions be taken to avoid applications 
01 any voltage higher than maximum rated 
voltages to this high impedance circuit. For proper 
operation it is recommended that Vln and Vout be 
constrainedtothe range VSS S (Vin orVoutl SVDD 
on analog inputs/outputs and VDG S (Vin or Vout) 
S VDD on digital inputs/outputs. Reliability 01 
operation is enhanced il unused digital inputs are 
tied to an appropriate logic voltage level (e.g., 
eitherVDG orVDD) and unused analog Inputs are 
tied to VAG. 

25·C Oto 70·C 
Typ Max Unit 

10 10.5 V 

50 80 mW 

1 5 mW 

- 16 kHz 
- 21.3 
- 64 

- 512 kHz 

- 4096 kHz 

3.27 - Vp 
9.5 - dBm 

DIGITAL ELECTRICAL CHARACTERISTICS (VDD = 5 V, VSS = - 5 V, VAG = VDG = 0 V, TA = 0 to 70·C) 

Characteristic Symbol Min Max Unit 

High Level Input Voltage VIH 3.5 - V 

Low Level Input Voltage VIL - 1.5 V 

Input Current lin - ±1.0 J!A 

Input Capacitance Cin - 10 pF 

High Level Output Voltage TDD lout=-20J!A VOH 4.9 - V 
10ut=-1 mA 4.3 -

Low Level Output Voltage TDD lout=-20J!A VOL - 0.1 V 
10ut=-1 mA - 0.4 

CODER AND DECODER PERFORMANCE (VDD = 5 V ± 5%, VSS = -5 V ± 5%, VAG = VDG = 0 V, 
o dBmO = 1 60 Vrms - 6 30 dBm (600 0) TA - 0 to 70·C MSI - TDE - RCE - 8 kHz TDC - RDC - 2 048 MHz CCI - 256 kHz) - , - , - - - - - -

Coder (AID) Decoder (D/A) 

Characteristic Min Typ Max Min Typ Max Unit 

Resolution 13 - 13 13 - 13 Bits 

Conversion Time Full Cycle AID and D/A 62.5 - 10,000 62.5 - 10,000 J!s 
Short Cycle AID 46.9 - 10,000 - - -
Short Cycle D/A - - - 15.6 - 10,000 

Differential Nonlinearity - - ±1 - - ±1 LSB 

Gain Error -0.35 - +0.35 -0.35 - +0.35 dB 

Offset -15 - +15 - - - LSB 

- - - -20 - +20 mV 

Idle Channel Noise, 3 kHz Low-Pass - -75 - - -79 - dBmO 

Signal-to-Noise 3.2dBmO - 61 - - 62 - dB 
(Referenced to 1.02 kHz through OdBmO - 60 - - 60 -
a IMSI/2 Low-Pass Filter) -10dBmO - 57 - - 59 -

-20dBmO - 50 - - 52 -
-30dBmO - 40 - - 42 -
-40dBmO - 30 - - 32 -
-50dBmO - 20 - - 22 -
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ANALOG ELECTRICAL CHARACTERISTICS (Voo = 5 V ± 5%, VSS = -5 V ± 5%, VAG = VOG = 0 V, 
o dBmO = 1.60 Vrms = 6.30 dBm (600 n), TA = 0 to 70'C, MSI = TOE = RCE = 8 kHz, TOC = ROC = 2.048 MHz, CCI = 256 kHz) 

Characteristic Pin Symbol Min Typ Max 

Input Current AI lin - 0.Q1 ±1 

AC Input Impedance AI Zin 0.5 - -
input Capacitance AI Cin - - 15 

Output Voltage Range AO Vout -3.4 - 3.4 

Power Supply Rejection Ratio AO, TOO PSRR - 40 -
(100 mV RMS on VOO orVSS, 0-50 kHz) 

Crosstalk, Ain to Aout and ROD to TOO referenced to 0 dBmO @ 1.02 kHz AO, TOO - - -90 -75 

Slew Rate AO SR 1.5 3 -
Settling Time (Full Scale) AO tsettle - 8 -

SWITCHING CHARACTERISTICS 
(VOO = + 5 V± 5%, VSS =-5 V± 5%, VAG = VOG = 0 V, TA = 0 to 70'C, CL =50 pF, See Figure 1) 

Characteristic Symbol Min Max 

Input Rise Time RCE, ROC, TOC, TOE, CCI, MSI tr - 100 

Input Fall Time RCE, ROC, TOC, TOE, CCI, MSI tf - 100 

Output Rise Time TOO tr - 80 

Output Fall Time TOO tf - 80 

Pulse Width High ROC, MSI, CCI, TOC, RCE twH 100 -
Pulse Width Low TOE, MSI, TOC, RCE, ROC twL 100 -
CCI Pulse Width Low twL 500 -
MSI Clock Frequency fMSI 0.1 64 

CCI Clock Frequency fCCI 3.2 512 

TOC and ROC Clock Frequency fOC 16xfMSI 4.1 

TOC Rising Edge to TOO Data Valid During TOE High tpl - 150 

TOE Rising Edge to TOO Data Valid During TOC High tp2 - 150 

TOE Rising Edge to TOO Low-Impedance Propagation Delay tp3 0 100 

TOE Falling Edge to TOO High-Impedance Propagation Delay tp4 - 40 

TOE Rising Edge to TOC Falling Edge Setup Time tsul 20 -
tsu2 100 -

ROC Bit 0 Falling Edge to Last CCI Falling Edge Prior to MSI tsu3 20 -
MSI Rising Edge to CCI Falling Edge Setup Time tsu4 20 -

tsu5 100 -
Last CCI Rising Edge (Prior to MSI) to TOE Rising Edge tsu6 100 -
Last CCI Rising Edge (Prior to MSI) to First TOC Rising Edge tsu6' 100 -
First TOC Falling Edge to Last CCI Rising Edge Prior to MSI tsu7 0 -
RCE Rising Edge to ROC Falling Edge Setup Time tsu8 20 -

tsu9 100 -
ROD Valid to ROC Falling Edge Setup Time lsul0 60 -
ROD Hold Time from ROC Falling Edge th 100 -

MOTOROLA COMMUNICATIONS DEVICE DATA 

Unit 

jJ.A 

Mn 

pF 

V 

dB 

dB 

V/jJ.s 

(!S 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

kHz 

kHz 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MC145402 
2-691 



Isu6 ---.t 

TOE 

TOC 

Isu7 

TOO 
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CCI CCI 
LAST 

RCE \\.. __ _ 

ROC 

ROD ~_B_11 __ ~~~ ___ B_1 __ ~X BO x:= 
Figure 1. AC Timing Diagram 

PIN DESCRIPTIONS 

VDD 
Positive Supply (Pin 16) 

The most positive power supply, typically + 5 V in split pow
er supply configurations or +10 V in single supply systems. 

VSS 
Negative Supply (Pin 8) 

The most negative power supply, typically -5 V in split 
power supply configurations or 0 V in single supply systems. 

VAG 
Analog Ground (Pin 1) 

This is the analog signal reference point. This pin is normal
ly tied to 0 V in split supply operation or VD0/2 in single supply 
systems. 

VDG 
Digital Ground (Pin 9) 

This is the ground reference for all of the digital input and 
output pins. CMOS compatible logic Signals swing from VDG 
to VDD where VDG can be established anywhere from VDD 
-4.75 V to VSS. 

MC145402 
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Aout 
Analog Output (Pin 2) 

This is the output of the decoder's sample and hold circuit 
and is a 100% duty cycle analog output of the last digital word 
received and decoded by the decoder. Aout is updated ap
proximately 60 ns after the rising edge of the last CCI prior 
to MSI (see Figure 2). Aout is capable of driving a 10 kn, 
50pF load. 

Ain 
Analog Input (Pin 3) 

This is the high·impedance input to the coder. An AID cycle 
begins on the first falling edge of CCI following the rising edge 
of MSI. Ain is sampled approximately 50 ns after the rising 
edge of CCI prior to the start of the AID cycle. 

PDI 
Power-Down Input (Pin 4) . 

In normal operation this Input should be tied high. A logic 
low on this input puts the device into a minimum power dissi
pation mode. During power-down, all functions stop. Two 
complete MSI conversion cycles are required to establish 
normal operation after leaving the power-down mode. 

MOTOROLA COMMUNICATIONS DEVICE DATA 



CCI 
Convert Clock Input (Pin 5) 

This input controls the complete conversion sequence dur
ing one MSI cycle and must receive a clock which is 32 times 
the frequency of MSI. The only exception to 32 times the fre
quency of MSI is during short-cycle operation. See General 
Modes of Operation section. CCI must be synchronous and 
approximately rising edge aligned with MSI. 

MSI 
Master Sync Input (Pin 6) 

This pin determines the conversion rate for both the coder 
and the decoder. One AID and D/A conversion takes place 
during each period of the digital clock applied to this input 
(except in short-cycle operation, see General Modes of 
Operation section). MSI must be synchronous and approxi
mately rising edge aligned with CCI. 

TDC 
Transmit Data Clock (Pin 12) 

Digital data from the coder is serially transmitted from TDD 
on rising TDC edges wheneverTDE is a logic high. TDC must 
be approximately rising edge aligned with TDE. Generally, if 
TDC is low when TDE rises, the first rising edge of TDC 
clocks the first data bit. If TDC is high when TDE rises, the 
first bit will be clocked by TDE and the first rising edge of TDC 
after TDE rises will clock out the second data bit. 

TOE 
Transmit Data Enable (Pin 10) 

This pin is used to initiate the serial transfer of data from 
the coder and provides three-state control of the TDD pin. 
The rising edge of TDE (or TDC if it follows TDE) signals 
the start of data transfer from the TDD pin. A resulting high 
logic level on TDE also releases TDD from its high-imped
ance state. TDE must remain high throughout the data 
transfer to keep TDD in the low-impedance state and must 
return to a low state prior to each data transfer. If n:iE re
mains high for more than 16 rDC clocks, the 16 bits of TDD 
data will be recirculated. (Note: The AID cycle begins on the 
first falling edge of CCI after the rising edge of MSI. The 
internal transmit latch is updated one and one half CCI peri
ods prior to the start of the AID cycle. A pulse generated 
by the logical AND of TDE and the first TDC transfers data 
to the transmit shift register, and this pulse must not occur 
when the transmit latch is updated. See Figure 2 and see 
tsu6, tsu6', and tsu7 of Figure 1. 

TOO 
Transmit Digital Data (Pin 11) 

This is the three-state output data pin from the coder and 
is controlled by the TDE and TDC pins. TDD is in the high-im
pedance state whenever TDE is a logic low. The first data 
bit is output from TDD on the rising edge of TDE (or TDC if 
it follows TDE) and each subsequent bit is output on rising 
edges of TDC. Two output data formats are available as de
scribed in the TDF pin description below. 

TDF 
Transmit Data Format (Pin 7) 

The 13-bit digital output of the coder is available in one of 
two 16-bit two's complement formats as determined by the 
state of this pin. A logic 0 at this pin causes the data from 
TDD to be in a 16-bit sign-extended format as follows: 
SSSSM ... L where S, M, and L represent the sign, most sig
nificant bit, and the least significant bit, respectively. A logic 

MOTOROLA COMMUNICATIONS DEVICE DATA 

1 on this pin formats the data as follows: SM ... LSSS (see 
Figure 3). RDD data is not affected by the state of this pin 
and if a "digital loopback" is needed (TDD data looped back 
into RDD), this pin should be high. 

ROC 
Receive Data Clock (Pin 13) 

Receive digital data is accepted by the decoder on the first 
13 falling edges of RDCafter an RCE rising edge. 

RCE 
Receive Clock Enable (Pin 14) 

This pin identifies the beginning of a date transfer into the 
RDD pin of the decoder. The first 13 falling edges of RDC 
after an RCE rising edge will clock data into the decoder data 
input, RDD. RCE must return low prior to each data transfer. 
Since receive data is latched into the receive latch on the last 
CCI falling edge prior to MSI, date transfers may not span 
this falling edge of CCI without loss of data. 

ROD 
Receive Digital Data (Pin 15) 

This pin is the data input to the decoder and is controlled 
by the RDC and RCE pins described above. Two's comple
ment data are loaded in the following sequence: SM ... L 
where S, M, and L represent the sign, most significant bit, 
and the least significant bit, respectively. Only the first 13 bits 
clocked by RDC after RCE rises will be accepted for decod
ing. Any additional bits will be ignored (see Figure 3). 

GENERAL INFORMATION 

GENERAL MODES OF OPERATION 
The MC145402 has three modes of operation; a "full" cycle 

mode and two "short" cycle modes. The full cycle mode allows 
simultaneous analog-to-digital (AID) and digital-to-analog 
(D/A) operation. The short cycle modes allow either AID only 
or D/A only operation. Two MSI cycles are required for the 
MC145402 to detect which operating mode has been 
selected. See Figure 2 for full versus short cycle clocking. 

Full Cycle Operation 
When operating in the full cycle mode, the MC145402 

performs a 13-bit AID conversion followed by a 13-bit D/A con
version. Full cycle operation is selected by using a CCI 
frequency that is 32 times the frequency of MSI. MSI is the 
sample rate frequency. 

Short Cycle Analog to Digital Operation 
If CCI is 24 times the frequency of MSI, short cycle analog 

to digital operation is selected. This allows a 13-bit AID 
conversion only. In this mode, the D/A is not operational and 
any data applied to the RDD input is ignored. 

Short Cycle Digital to Analog Operation 
Short cycle digital to analog operation is selected by using 

a CCI clock frequency that is eight times the MSI sample rate. 
During short cycle D/A operation, AID operation is disabled 
and digital data read from TDD is not valid. 

CLOCKING RECOMMENDATIONS 
For optimum differential nonlinearity performance, all data 

transitions on TDD and RDD should be limited to the first four 
CCI cycles following the rising edge of MSI. This may be 
achieved by setting MSI = TDE = RCE having a duration of 
16 data clock cycles, and TDC = RDC ;;:: 4 x CCI clock 
frequency. Figure 6 shows acircuitthat generates this clocking 
configuration; see Application Circuits section. 
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SIGNAL TO DISTORTION RATIO 
Figures 4 and 5 show graphs of typical signal to distortion 

ratios versus signal level for the MC145402. The presented 
data is referenced to a 1020 Hz input sinusoidal frequency 
with signal levels referenced to 600 0 and transmission level 
point adjusted (e.g., 0 dBmO at 600 0 with a TLP of 6.30 dB 
is 4.53 V peak~to-peak). For comparison, ideal signal to noise 
ratios for 9-, 10-, 11-, 12-, and 13-bit AID and D/A converters 
are also shown. The equation used for an ideal RMS to RMS 
signal to distortion ratio is: 

SID = N x 6 dB + 1.76 dB 

where N is the number of bits of resolution, 6 dB per bit, 
and 1.76 = 20log (-./31..[2). 

(-./31..[2) is approximately the RMS to RMS ratio of a sine 
wave to white noise. 

The signal to noise plus distortion ratio is measured through 
a brickwall low-pass filter set to the Nyquist frequency of the 
AID and D/A sample rate. For an 8 kHz sample rate, the 
low-pass filter is set to block all signals above 4 kHz. 

APPLICATION CIRCUITS 
Figure 6 shows a typical circuit for generating the clock 

frequencies for the MC145402. This circuit uses an 
MC74HC4040 and a 2.048 MHz crystal to generate the 
256 kHz frequency for internal sequencing, 1.024 MHz for the 
date clocks, and an 8 kHz sample frequency. A 4.096 MHz 
crystal could be used for a sample rate of 16 kHz. 

Figure 7 shows the MC145402 interfaced to the DSP56000 
digital signal processor. The DSP56000 can internally 
generate the clocks for the MC145402 using the SSI serial 
interface. SCK provides the sequencing and data clocks 
(non-gated continuous dock) and SC2 (setup as the. Frame 
Sync Out, FSL = 0) provides the sample rate and data enables 
for the MC145402. The divlde-by-four circuit to generate the 
CCI clock is recommended for optimum MC145402 perform
ance, and allows the DSP56000 to clock data in and out of 
the MC145402 quickly, leaving time available for processing 
by the DSP before another sample is available. SCO and SC1 
could be used to gate the enables to select up to four devices 
on the SSI bus. 
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TELEPHONE SYSTEM TRANSMISSION LEVEL 
POINT FOR A LINEAR AID OR D/A CONVERTER 
REFERENCED TO MU-LAW COMPANDING 

Mu-Iaw companding, as specified by AT&T and CCITI, 
requires 8159 quantization levels to implement both AID and 
D/A conversion schemes. This is to be mirrored about signal 
ground for the negative part of the wave form. 

To implement a 13-bit (± 12-bit) linear converter scheme 
requires 8192 quantization levels mirrored about signal 
ground. To specify this converter such that it can be used to 
interface with, or as an alternative to, telephony based Mu-Iaw 
applications, the following is an explanation of the gain 
translation. 

A 13-bit linear converter scheme has 8192 quantization 
levels. The goal is to be able to convert between these two 
encoding schemes with minimal distortion. This dictates 
setting the LSBs to the same level. For this to be achieved 
requires the reference voltage of the linear converter to be 
819218159 times the reference voltage of the Mu-Iaw 
converter. The peak amplitude of a Mu-Iaw converter is 3.17 
dBmO. The peak level olthe linearconverterwill be 8192/8159 
times the peak level of the Mu-Iaw converter, which is 
819218159 x 3.17 dBmO. However, you cannot multiply a gain 
factor by a dBm value without using common term units and 
math (i.e., we must convert this gain factor to a dB equivalent), 
which is: 

2010910 (819218159) = 0.03 dB 

With the gain factor in dB, we can add it to the Mu-Iaw peak 
level: 

3.17 dBmO + 0.03 dB = 3.20 dBmO 

Therefore, the linear converter peak level is 3.20 dBmO. 
This is another way of saying the 0 dBmO level for the linear 

converter is 3.20 dB below the maximum amplitude. 
To determine the absolute 0 dBmO level for the linear 

converter from the peak level, we calculate the peak level in 
dBm by: 

3.27 VpK 112)21 (600 0) 
10log10 1 mW = 9.50dBm (600 0) 

and 3.20 dB below this level is the 0 dBmO absolute 
amplitude, which is 

9.50 dBm - 3.20 dB = 6.30 dBm (600 0) 

Therefore, the calibration level, or transmission level point 
(TLP), for this part is 6.30 dBm (600 0), which is 1.6 Vrms 
based on the reference voltage of 3.27 V. 
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Figure 3. MC145402 Digital Data Timing 
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Figure 7. The MC145402, 13-Bit Linear Codec, Interfaced to a Motorola DSP56000, Digital Signal Processor, SSI Port 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Drivers/Receivers 
EIA-232-E and CCITT V.28 

These devices are silicon gate CMOS ICs that combine both the transmitter 
and receiver to fulfill the electrical specifications of EIA Standard 232-E and CCITT 
V.28. The drivers feature true TTL input compatibility, slew rate limiting outputs, 
300-0 power-off source impedance, and output typically switching to within 25% 
of the supply rails. The receivers can handle up to ±25 V while presenting 3 to 
7 kO impedance. Hysteresis in the receivers aid in the reception of noisy signals. 
By combining both drivers and receivers in a single CMOS chip, these devices 
provide effiCient, low-power solutions for both EIA-232-E and V.28 applications. 

These devices offer the following performance features: 

Drivers 

• ±5 to ±12 V Supply Range 
• 300-0 Power-Off Source Impedance 
• Output Current Limiting 
• TTL and CMOS Compatible Inputs 
• Driver Slew Rate Range Limited to 30 Vlv.s Maximum 

Receivers 

• ±25 V Input Range 
• 3 to 7 kQ Input Impedance 
• 0.8 V of Hysteresis for Enhanced Noise Immunity 
• TTL and CMOS Compatible Outputs 

Available Driver/Receiver Combinations 

Device Drivers Receivers Figure No. of Pins 

MC145403 3 5 1 20 

MC145404 4 4 2 20 

MC145405 5 3 3 20 

MC14540B 5 5 4 24 

Alternative EIA-232 devices to consider are: 

Three Supply Single Supply 
MC145406 (3x3) MC145407 (3x3) 

MC145705 (2x3) with Power Down 
MC145706 (3x2) with Power Down 
MC145707 (3x3) with Power Down 

MC145403 
MC145404 
MC145405 
MC145408 

ro_ PSUFFIX 
PLASTIC 

CASE73B 

.- PSUFFIX 
PLASTIC 

CASE 724 

~ DWSUFFIX 
SO 

CASE751D 

2441J; DWSUFFIX 
SO 

CASE 751E 

ORDERING INFORMATION 

MC145403P } 
MC145404P Plastic DIP 
MC145405P 
MC14540BP 

MC145403DW } 
MC145404DW 
MC145405DW SO Package 
MC14540BDW 

MC145403.MC145404.MC145405.MC145408 
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PIN ASSIGNMENTS 
(DIP and SO) 

VOO Vee 

Rxl 001 

VOO 1 • 20 Vee VOO Vee VOO Vee Txl 011 

Rxl 001 Rxl 001 Rxl 001 Rx2 002 

Txl 011 Txl 011 Txl 011 Tx2 012 

Rx2 002 Rx2 002 Tx2 012 Rx3 003 

Rx3 003 Tx2 012 Rx2 002 Tx3 013 

Tx2 012 Rx3 003 Tx3 013 Rx4 004 

Rx4 004 Tx3 013 Tx4 014 Tx4 014 

RxS 005 Rx4 004 Rx3 003 RxS 005 

Tx3 013 Tx4 014 TxS 015 Tx5 015 

Vss VSS GNO Vss GNO VSS GNO 

MC145403 MC145404 MC145405 MC145408 
3 Drivers/5 Receivers 4 Drivers/4 Receivers 5 Drivers/3 Receivers 5 Drivers/5 Receivers 

FUNCTIONAL DIAGRAM 

RECEIVER DRIVER 

VOO Vee 

15kn 
Rxo-~--~~--+-~ 

00 01 
5.4kn 
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ABSOLUTE MAXIMUM RATINGS (Voltages referenced to GNO, except where noled) 

Rating Symbol Value Unit 

DC Supply Voltage (VOO ~ Vcc) VOO -0.510 + 13.5 V 
VSS + 0.5 10-13.5 
Vcc -0.5 to +6.0 

Input Voltage Range VIR V 
Rxl-Rxn VSS-15toVOO+15 
Oil-Din 0.5IoVCC+15 

DC Current Drain per Pin I ±OO rnA 

Power Dissipation Po 1 W 

Operating Temperature Range TA -40 to +85 °C 

Storage Temperature Range Tstg -8510 + 150 °c 

This device contains circuitry 10 protect the in
puIs and outputs against damage due to high stat
Ic voltages or electric fields; however, It Is advised 
that normal precautions be taken to avoid applica
tions of any voltage higher than maximum rated 
voltages to this high Impedance circuit. 

For proper operation it is recommended that 
Vout and Vln be constrained to the ranges de
scribed as follows: 

Digital 110: Driver Inputs (01): 
(GNO :$ VOl :$ VCC)· 

Receiver Outputs (~O): 
(GNO :$ VOO :$ Vcc). 

EIA-232 1/0: Driver Outputs (Tx): 
(VSS :$ VTxl-Txn :$ VOO)· 

Receiver Inputs (Rx): 
VSS-15V:$VRxl-Rxn :$VOO+15V). 

Reliability of operation Is enhanced if unused 
outputs are tied 011 10 an appropriate logic voltage 
level (e.g., either GNO or VCC for 01, and GNO for 
Rx). 

DC ELECTRICAL CHARACTERISTICS (All polarities referenced to GNO = 0 V, TA = - 40 to + 85°C) 

Parameter Symbol Min Typ Max Unit 

DC Supply Voltage VOO 4.5 5to 12 13.2 V 
VSS -4.5 -510-12 -13.2 
VCC 4.5 5 5.5 

Quiescent Supply Current (Outputs Unloaded, Inputs Low) VOO=+12V 100 - 425 635 I1A 
VSS=-12V ISS - -400 -600 
VCC=+5V ICC - 110 200 

RECEIVER ELECTRICAL SPECIFICATIONS 
(Voltage polarities referenced to GNO = 0 V, VOO = +12 V, VSS =-12 V, TA=-401o + 85°C, Vce =+5 V, ±5%) 

Characteristic Symbol Min Typ Max Unit 

Input Tum-on Threshold Rxl-Rxn Von 1.35 1.8 2.35 V 
VOO = VOL 

Input Turn-oil Threshold Rxl-Rxn Voll 0.75 1 1.25 V 
VOO=VOH 

Input Threshold Hysteresis Vhys 0.6 0.8 - V 
d=Von-VolI 

Input Resistance Rin 3 5.4 7 kO 
(VSS -15 V):$ V Rxl-Rxn:$ (VOO + 15 V) 

High Level Output Voltage lout = - 20 I1A VOH 4.9 4.9 - V 
VRx = -3 to -25 V' (DOl-DOn) lout=-1.0rnA 3.8 4.3 -

Low Level Output Voltage lout=+2rnA VOL - 0.02 0.5 V 
VRx = +3to+25 V' (DOl-DOn) lout=+4rnA - 0.5 0.7 

*This is the range of input voltages as specified by EIA-232-E to cause a receiver 10 be In the high or low. 

MC145403.MC145404.MC145405.MC145408 
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DRIVER ELECTRICAL SPECIFICATIONS 
(Voltage Polarities Referenced to Gnd = 0 V, Vdd = +12 V, Vss =-12 V, Ta =-40to + 85°C, Vcc = +5 V, ±5%) 

Characteristic Symbol Min Typ Max Unit 

Olgitallnput Voltage 011-01n V 
Logic 0 VIL - - 0.8 
Logic 1 VIH 2 - -

Input Current 011-01n jlA 
VOI=GNO IlL - 7 -
VOI=VCC IIH - - ±1.0 

Output High Voltage Tx1-Txn VOH V 
VOl = Logic 0, RL = 3 kQ 

VOO = +5.0 V, VSS = -5.0 V 3.5 3.9 -
VOO = + 6.0 V, VSS = -6.0 V 4.3 4.7 -
VOO = +12.0 V, VSS =-12.0V 9.2 9.5 -

Output Low Voltage" Tx1-Txn VOL V 
VOl = Logic 1, RL = 3 kQ 

VOO = + 5.0 V, VSS = -5.0 V -4 -4.3 -
VOO=+6.0V, VSS=-6.0V -4.5 -5.2 -
VOO=+12.0V, VSS=-12.0V -10 -10.3 -

Input Current Tx1-Txn Zoff 300 - - Q 
(Figure 5) 

Output Short Circuit Current Tx1-Txn ISC rnA 
VOO=+12V, VSS=-12V 

Tx Shorted to GNO"" - ±22 ±60 
Tx Shorted to ±15 V""" - ±60 ±100 

" Voltage specifications are in terms of absolute values. 

Specification is for one Tx output pin to be shorted at a time. Should all three driver outputs be shorted simultaneously, device power 
dissipation limits will be exceeded. 

This condition could exceed package limitations. 

SWITCHING CHARACTERISTICS 
(VCC = +5 V, ±5%, VDD = + 12 V, VSS = -12 V, TA = -40 to + 85°C; See Figures 2 and 3) 

Drivers 

Characteristic 

Propagation Oelay lime Tx 
Low-to-High 

RL = 3 kQ, CL= 50 pF 

Hlgh-te-Low 
RL=3kQ,CL=50pF 

Output Slew Rate 
Minimum Load 

RL = 7 kQ, CL = 0 pF (VOO = 6 to 12 V, VSS =-6 to-12 V) 

Maximum Load 
RL = 3 kQ, CL = 2.5 pF (VOO = 6to 12 V, VSS =-610-12 V) 

Receivers (Cl = 50 pF) 

Characteristic 

Propagation Oelay lime 
Low-to-High 

High-Io-Low 

Outpul Rise lime 

Outpul Fall Time 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Symbol Min Typ Max Unit 

ns 
tpLH 

- 500 1000 

tpHL 
- 700 1000 

SR Vljls 

- ±6 ±30 

4 - -

Symbol Min Typ Max Unit 

ns 
tPLH - 360 610 

tPHL - 130 610 

Ir - 250 400 ns 

If - 40 100 ns 

MC145403.MC145404.MC145405.MC14540B 
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DRIVERS 

01 

22 
Txl 

20 
012 Tx2 

18 
013 Tx3 

16 
014 Tx4 

14 

= 

7 

11 

Vln=±2V 

Vin 
Rout=T 

Figure 1. Power Off Source Resistance 
Illustrated for MC14540B 

'-----OV 

VOH 

Tx 

RECEIVERS 

Rx --1'50% 

DO 

If 

Figure 2. Switching Characteristics 

Tx +3V ,-. ~ 
-3V 

4- tsHL 
l +3V 

-3V 
F~ts~LH-

SLEW RATE = 6 V 
tSLHORtsHL 

Figure 3. Slew Rate Characteristics 
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PIN DESCRIPTIONS 

VCC 
Digital Power Supply 

The digital supply pin, which is connected to the logic power 
supply (+5.5 V maximum). 

GND 
Ground 

Ground retum pin is typically connected to the signal ground 
pin of the EIA-232-E connector (Pin 7) as well as to the logic 
power supply ground. 

VDD 
Most Positive Device Pin 

The most positive power supply pin, which is typically + 5 to 
+12V. 

VSS 
Most Negative Device Pin 

The most negative power supply pin, which is typically-5 
to-12V. 

Rx1-Rxn 
Receive Data Input Pins 

These are the EIA-232-E receive signal inputs. A voltage 
between + 3 and + 25 V is decoded as a space, and causes the 
corresponding DO pin to swing to ground (0 V). A voltage be
tween -3 and -25 V is decoded as a mark, and causes the 
corresponding DO pin to swing to Vcc. 

D01-DOn 
Data Output Pins 

These are the receiver digital output pins which swing from 
V CC to GND. Each output pin is capable of driving one LSTTL 
input load. 

DI1-Dln 
Data Input Pins 

These are the high impedance digital input pins to the driv
ers. Input voltage levels on these pins are LSTTL compatible 
and must be between VCC and GND. A weak pull-up on each 
input sets all unused 01 pins to VCC, causing the correspond
ing unused driver outputs to be at VSS. 

Tx1-TXn 
Transmit Data Output Pins 

These are the EIA-232-E transmit signal output pins, which 
swing from VDD to VSS. A logic 1 althe 01 input causes the cor
responding Tx output to swing to VSS. A logic 0 at the 01 input 
causes the corresponding Tx out to swing to VDD. The actual 
levels and slew rate achieved will depend on the output load
ing (RL II CLl. 
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APPLICATION INFORMATION 

POWER SUPPLY CONSIDERATIONS 

Figure 4 shows a technique to guard against excessive 
device current. 

The diode D1 prevents excessive current from flowing 
through an internal diode from the VCC pin to the VDD pin 
when VDD < VCC by approximately 0.6 V or greater. This high 
current condition can exist for a short period of time during 
power up/down. Additionally, if the + 12 V supply is switched 
off while the + 5 V is on and the off supply is a low impedance 
to ground, the diode D1 will prevent current flow through the 
internal diode. 

The diode D2 is used as a voltage clamp, to prevent VSS 
from drifting positive to VCC, in the event that power is 
removed from VSS (Pin 12). If VSS power is removed, and 
the impedance from the VSS pin to ground is greater than 
approximately 3 kn, this pin will be pulled to VCC by internal 
circuitry causing excessive current in the VCC pin. 

1 7. 7. : ~ '. ~ 7. 7. 7. 7. ~ . ~ f C1 
.~ ,.~ .~ 

If by design, neither of the above conditions are allowed 
to exist, then the diodes D1 and D2 are not required. 

ESD PROTECTION 
ESD protection on IC devices that have their pins 

accessible to the outside world is essential. High static 
voltages applied to the pins when someone touches them 
either directly or indirectly can cause damage to gate oxides 
and transistor junctions by coupling a portion of the energy 
from the I/O pin to the power supply buses of the IC. This 
coupling will usually occur through the internal ESD 
protection diodes. The key to protecting the IC is to shunt as 
much of the energy to ground as possible before it enters the 
IC. Figure 4 shows a technique which will clamp .the ESD 
voltage at approximately ±15 V using the MMVZ15VDLT1. 
Any residual voltage which appears on the supply pins is 
shunted to ground through the capacitors C1-C3. This 
scheme has provided protection to the interface part up to 
± 1 0 kV, using the human body model test. 

+12V 

01 7 1N4001 +5V 

Vcc 1 Voo 1 ... 24 
~ 

~ ~. ~ 

1N4001 1 Rx1 

Tx1 

Rx2 

Tx2 

Rx3 

Tx3 

Rx4 

Tx4 

RXS 

TXS 

r VSS 

-12V 

Figure 4. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Driver/Receiver 
EIA-232-E and CCITT V.28 (Formerly RS-232-D) 

The MC145406 is a silicon-gate CMOS IC that combines three drivers and 
three receivers to fulfill the electrical specifications of standards EIA-232-E 
and CCITT V.28. The drivers feature true TTL input compatibility, slew
rate-limited output, 300-0 power-off source impedance, and output typically 
switching to within 25% of the supply rails. The receivers can handle up to 
± 25 V while presenting 3 to 7 kO impedance. Hysteresis in the receivers aids 
reception of noisy signals. By combining both drivers and receivers in a single 
CMOS chip, the MC145406 provides efficient, low-power solutions for 
EIA-232-E and V.28 applications. 

Drivers 
• ±5 V to ± 12 V Supply Range 
• 300-0 Power-Off Source Impedance 
• Output Current Limiting 
• TTL Compatible 
• Maximum Slew Rate = 30 V/IlS 
Receivers 
• ±25 V Input Voltage Range When VDD = 12 V, VSS = -12 V 
• 3 to 7 kO Input Impedance 
• HysteresiS on Input Switchpoint 

FUNCTION DIAGRAM 

VDD 
RECEIVER 

VDD 

15kO 
Rx----*-~~--~------~ 

5.4 k 

VDD 

VSS 

'Protection circuit 

LEVEL 
SHIFT 

HYSTERESIS 

Vcc 

DO 

1------ DI 

1.4 V 

MC145406 

PSUFFIX 
PLASTIC 
CASE 648 

DWSUFFIX 
SOG 

CASE 751G 

PIN ASSIGNMENT 

VDD VCC 

Rxl DOl 

Txl DI1 

Rx2 D02 

Tx2 DI2 

Rx3 D03 

Tx3 DI3 

VSS GND 

D= DRIVER 
R=RECEIVER 
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MAXIMUM RATINGS (Voltage polarities referenced to GNO) 

Rating Symbol Value 

DC Supply Voltages (VOo:! Vee) VOO - 0.5 to + 13.5 
VSS + 0.5 to - 13.5 
Vee -0.5to+6.0 

Input Voltage Range VIR 
Rxl-3 Inputs (VSS -15) to (VOO + 15) 
011-3 Inputs - 0.5 10 (Vee + 0.5) 

DC Current Per Pin ± 100 

Power Dissipation Po 1.0 

Operating Temperature Range TA -40 to + 85 

Storage Temperature Rate Tstg -85to+150 

Unit 

V 

V 

rnA 

W 

'e 

'e 

This device contains protection circuitry 10 pro
tect the inputs against damage due to high static 
voltages or electric fields; however, It is advised 
that normal precautions be taken to avoid applica
tion of any voltage higher than maximum rated 
voltages to this high Impedance circuit. For proper 
operation, it is recommended that the voltages at 
the 01 and DO pins be constrained to the range 
GNO S VOl SVee and GNO S VOO S Vee. Also, 
the voltage at the Rx pin should be constrained to 
(VSS -15 V) S VRxl-3 S (VOO + 15 V), and Tx 
should be constrained to VSS S VTxl-3 S VOO. 

Unused Inputs must always be tied to an ap
propriate logic voltage level (e.g., GNO orVee for 
01 and Ground for Rx.) 

DC ELECTRICAL CHARACTERISTICS (All polarities referenced to GNO = 0 V, TA = - 40 to + 85'e) 

Parameter Symbol Min Typ 

DC Supply Voltage 
VOO VOO 4.5 5to12 
VSS VSS -4.5 -510-12 
Vee (VOo:! Vee) Vee 4.5 5.0 

Quiescent Supply Current (Outputs unloaded, inputs low) 
VOo= +12V 100 - 140 
VSS=-12V ISS - 340 
Vee=+5V ICC - 300 

RECEIVER ELECTRICAL SPECIFICATIONS 
(Voltage polarities referenced to GNO = OV, VOO = +5 to +12V, VSS =-5 to-12V, Voo~Vee, TA = -40 to +85'e) 

Characteristic Symbol Min Typ 

Input Turn-on Threshold Rxl-Rx3 Von 1.35 1.80 
V001-003 = VOL, Vee = 5.0 V ±5% 

Input Turn-oll Threshold Rxl-Rx3 Voll 0.75 1.00 
V001-003 = VOH, Vee = 5.0 V ±5% 

Input Threshold Hysteresis Rxl-Rx3 Von-Voll 0.6 0.8 
Vee = 5.0 V±5% 

Input Resistance Rxl-Rx3 Rln 3.0 5.4 
(VSS -15 V) S VRxl-Rx3 S (VOO + 15 V) 

High-level Output Voltage (VRxl-Rx3 = -3 V 10 (VSS - 15 V»" 001-003 VOH 
10H = -20 /lA, Vee = +5.0 V 4.9 4.9 
IOH=-1 mA, Vee=+5.0V 3.8 4.3 

low-level Output Voltage (VRxl-Rx3 = +3 V to (VOO + 15 V»* 001-003 VOL 
10l = +20 /lA, Vee = +5.0 V - 0.01 
10l = +2 mA, Vee = +5.0 V - 0.02 
10l = +4 mA, Vee = +5.0 V - 0.5 

"This Is the range of input voltages as specified by EIA-232-E to cause a receiver to be in the high or low logic state. 
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13.2 
-13.2 

5.5 

400 
600 
450 
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-
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Unit 

V 
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Unit 

V 

V 

V 

kll 

V 

V 
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ELECTRICAL SPECIFICATIONS (Voltage polarities referenced to GNO = 0 V, VCC= + S V± So/., TA= -40 to +8S0C) 

Characteristic Symbol Min Typ Max Unit 

Digital Input Voltage 011-013 V 
Logic 0 VIL - - 0.8 
Logic 1 VIH 2.0 - -

Input Current 011-013 lin - - ±1.0 j1A 
V011-013 = VCC 

Output High Voltage (VOI1--3 = Logic 0, RL = 3.0 kil) Tx1-Tx3 VOH V 
VOO = +S.O V, VSS = -S.O V 3.S 3.9 -

VOO = +6.0 V, VSS = -6.0 4.3 4.7 -
VOO=+12.0V, VSS=-12.0V 9.2 9.S -

Output Low Voltage* (VOI1--3 = Logic 1, RL = 3.0 kQ) Tx1-Tx3 VOL V 
VOO = +S.O V, VSS = -S.O V -4.0 -4.3 -
VOO = +6.0 V, VSS = -6.0 V -4.S -S.2 -

VOO=+12.0V, VSS=-12.0V -10.0 -10.3 -
Off Source Resistance (Figure 1) Tx1-Tx3 300 - - Q 

VOO = VSS = GNO = 0 V, VTx1-Tx3 = ±2.0 V 

Output Short-Circuit Current (VOO = + 12.0 V, VSS = -12.0 V) Tx1-Tx3 ISC rnA 
Tx1-Tx3 shorted to GNO** - ±22 ±60 

Tx1-Tx3 shorted to±1S.0 V*** - ±60 ±100 

* The voltage specifications are in terms of absolute values. 
** Specification Is for one Tx output pin to be shorted at a time. Should all three driverou1puts be shorted simultaneously, device power dissipation 

limits will be exceeded. 
*** This condition could exceed package limitations. 

SWITCHING CHARACTERISTICS (VCC = +S V±So/., TA =-40 to +8SoC; See Figures 2 and 3) 

Drivers 
Characteristic Symbol Min 

Propagation Delay 'Time Tx1-Tx3 
Low-to-Hlgh 

RL = 3 kQ, CL = SO pF tpLH -
Hlgh-to-Low tPHL 

RL = 3 kQCL = SO pF -
Output Slew Rate Tx1-Tx3 SR 

Minimum Load 
RL = 7 kQ, CL= 0 pF, VOO = +6to +12 V, VSS =-6to-12 V -

Maximum Load 
RL = 3 kQ, CL =2S00 pF 

VOO=+12V, VSS=-12V 4 
VOO = +S V, VSS =-S V -

Receivers (CL = 50 pF) 

Characteristic Symbol Min 

Propagation Delay 'Time 001-003 
Low-to-Hlgh tPLH -
High-to-Low tpHL -

Output Rise 'Time 001-003 tr -
Output Fall 'Time 001-003 tf -

Typ Max Unit 

ns 

300 SOO 

300 SOO 

V/jlS 

±9 ±30 

- -
- -

Typ Max Unit 

ns 
1S0 42S 

1S0 42S 

2S0 400 ns 

40 100 ns 
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12 012 Tx2 5 Vin =±2 V 

10 013 Tx3 7 

Figure 1. Power-Off Source Resistance (Drivers) 

DRIVERS 

'----- OV 

VOH 

RECEIVERS 
--raV 

'------OV 

v...---- VOH 

-VOL 

Figure 2. Switching Characteristics 

DRIVERS 

SLEW RATE (SR) = -3 V - (3 V) OR 3 V - (-3 V) 
tSLH tsHL 

Figure 3. Slew Rate Characterization 
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PIN DESCRIPTIONS 

VDD 
Positive Power Supply (Pin 1) 

The most positive power supply pin, which is typically +5 
to +12V. 

VSS 
Negative Power Supply (Pin 8) 

The most negative power supply pin, which is typically -5 
to -12 V. 

VCC 
Digital Power Supply (Pin 16) 

The digital supply pin, which is connected to the logic 
power supply (maximum +5.5 V). VCC mustbe less than 
or equal to VOO. 

GND 
Ground (Pin 9) 

Ground retum pin is typically connected to the signal ground 
pin of the EIA·232-E connector (Pin 7) as well as to the logic 
power supply ground. 

Rx1, Rx2, Rx3 
Receive Data Input (Pins 2, 4, 6) 

These are the EIA-232-E receive signal inputs whose volt
ages can range from (VOO + 15 V) to (VSS -15 V). A voltage 
between +3 and (VOO + 15 V) is decoded as a space and 
causes the corresponding 00 pin to swing to ground (0 V); 
a voltage between -3 and (VOO -15 V) is decoded as a mark 
and causes the 00 pin to swing up to VCC. The actual turn-on 
input switchpoint is typically biased at 1.8 V above ground, 
and includes 800mV of hysteresis for noise rejection. The 
nominal input impedance is 5 kQ. An open or grounded input 
pin is interpreted as a mark, forcing the 00 pin to Vcc. 

D01, D02, D03 
Data Output (Pins 11, 13, 15) 

These are the receiver digital output pins, which swing from 
VCC to GNO. A space on the Rx pin causes 00 to produce 
a logic 0; a mark produces a logic 1. Each output pin is capable 
of driving one LSTTL input load. 

DI1, DI2, DI3 
Data Input (Pins 10, 12,14) 

These are the high-impedance digital input pins to the driv
ers. TTL compatibility is accomplished by biasing the input 
switchpoint at 1.4 V above GNO. However, 5-V CMOS com
patibility is maintained as well. Input voltage levels on these 
pins must be between VCC and GNO. 

Tx1, Tx2,Tx3 
Transmit Data Output(Pins 3, 5, 7) 

These are the EIA-232-E transmit signal output pins, which 
swing toward VOO and VSS. A logic 1 at a 01 input causes 
the corresponding Tx output to swing toward VSS. A logic 0 
causes the output to swing toward VOO (the output voltages 
will be slightly less than VOO or VSS depending upon the out
put load). Output slew rates are limited to a maximum of 30 
V per !lS. When the MC145406 is off (VOO = VSS = VCC = 
GNO), the minimum output impedance is 300 Q. 
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APPLICATIONS INFORMATION 
The MC145406 has been designed to meet the electrical 

specifications of standards EIA-232-E and CCITT V.2B. EIA-
232-E defines the electrical and physical interface between 
Data Communication Equipment (DCE) and Data Terminal· 
Equipment (DTE).A DCE is connected to a DTE using acable 
that typically carries up to 25 leads. These leads, referred 
to as interchange circuits, allow the transfer of timing, data, 
control, and test signals. Electrically this transfer requires 
level shifting between the TTUCMOS logic levels of the 
computer or modem and the high voltage levels of EIA-232-E, 
which can range from ±3 to ±25 V. The MC145406, provides 
the necessary level shifting as well as meeting other aspects 
of the EIA-232-E specification. 

DRIVERS 
As defined by the specification, an EIA-232-E driver 

presents a voltage of between ±5 to ±15 V into a load of 
between 3 to 7 k!l A logic 1 at the driver input results in a 
voltage of between -5 to -15 V. A logic 0 results in a voltage 
between +5 to + 15V. When operating VDD and VSS at ±7 to 
±12 V, the MC145406 meets this requirement. When 
operating at ±5 V, the MC145406 drivers produce less than 
±5 V at the output (when terminated), which does not meet 
EIA-232-E specification. However, the output voltages when 
using a ±5 V power supply are high enough (around ±4 V) 
to permit proper reception by an EIA-232-E receiver, and can 
be used in applications where strict compliance to EIA-232-E 
is not required. 

Another requirement olthe MC145406 drivers is that they 
withstand a short to another driver in the EIA-232-E cable. 
The worst-case condition that is permitted by EIA-232-E is 
a ±15 V source that is current limited to 500 mAo The 
MC145406 drivers can withstand this condition momentari
Iy.ln most short circuit conditions the source driver will have 
a series 300 n output impedance needed to satisfy the 
EIA-232-E driver requirements. This will reduce the short 
circuit current to under 40 mA which is an acceptable level 
for the MC145406 to withstand. 

Unlike some other drivers, the MC145406 drivers feature 
an intemally-limited output slew rate that does not exceed 30 
V per Ils. 

RECEIVERS 

The job of an EIA-232-E receiver is to level-shift voltages 
in the range of -25 to +25 V down to TTUCMOS logic levels 
(0 to +5 V). A voltage of between -3 and -25 V on Rx1 is 
defined as a mark and produces a logic 1 at D01. A voltage 
between +3 and +25 V is a space and produces a logic zero. 
While receiving these signals, the Rx inputs must present a 
resistance between 3 and 7 kn. Nominally, the input resistance 
of the Rx1-Rx3 inputs is 5.4 kn 

The inputthreshold olthe Rx1-Rx3 inputs is typically biased 
at 1.B V above ground (GND) with typically BOO mV of 
hysteresis included to improve noise immunity. The 1.B V bias 

MC145406 
2-710 

forces the appropriate DO pin to a logic 1 when its Rx input 
is open or grounded as called for in the EIA-232-E 
specification. Notice that TTL logic levels can be applied to 
the Rx inputs in lieu of normal EIA-232-E signal levels. This 
might be helpful in situations where access to the modem or 
computer through the EIA-232-E connector is necessary with 
TTL devices. However, it is important not to connect the 
EIA-232-E outputs (Tx1-Tx3) to TTL inputs since TTL 
operates off +5 V only, and may be damaged by the high output 
voltage of the MC145406. 

The DO outputs are to be connected to a TTL or CMOS 
input (such as an input to a modem chip). These outputs 
will swing from VCC to ground, allowing the designer to 
operate the DO and DI pins from digital power supply. The 
Tx and Rx sections are independently powered by VDD and 
VSS so that one may run logic at +5 V and the EIA-232-E 
signals at ± 12 V. 

POWER SUPPLY CONSIDERATIONS 

Figure 4 shows a technique to guard against excessive 
device current. 

The diode D1 prevents excessive current from flowing 
through an internal diode from the VCC pin to the VDD pin 
when VDD < VCC by approximately 0.6 V. This high current 
condition can exist for a short period of time during power 
up/down. Additionally, if the + 12 V supply is switched off 
while the + 5 V is on and the off supply is a low impedance 
to ground, the diode D1 will prevent current flow through 
the internal diode. 

The diode D2 is used as a voltage clamp, to prevent VSS 
from drifting positive to VCC, in the event that power is 
removed from VSS (Pin 12). If VSS power is removed, and 
the impedance from the VSS pin to ground is greater than 
approximately 3 kn, this pin will be pulled to V CC by internal 
circuitry causing excessive current in the VCC pin. 

If by design, neither of the above conditions are allowed 
to exist, then the diodes D1 and D2 are not required. 

ESD PROTECTION 
ESD protection on IC devices that have their pins accessible 

to the outside world is essential. High static voltages applied 
to the pins when someone touches them either directly or 
indirectly can cause damage to gate oxides and transistor 
junctions by coupling a portion of the energy from the I/O pin 
to the power supply buses of the IC. This coupling will usually 
occur through the internal ESD protection diodes. The key to 
protecting the IC is to shunt as much of the energy to ground 
as possible before it enters the IC. Figure 4 shows a technique 
which will clamp the ESD voltage at approximately ±15 V 
using the MMVZ15VDLT1. Any residual voltage which 
appears on the supply pins is shunted to ground through the 
capacitors C1-C3. This scheme has provided protection to 
the interface part up to ± 1 0 kV, using the human body model 
test. 
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Figure 6. Line-Powered Voice/Data Telephone with Electrically Isolated EIA-232-E Interface 
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TECHNICAL DATA 

Advance Information 
S-Yolt-Only Driver/Receiver 
EIA-232-E and CCITT V.28 

The MC145407 is a silicon-gate CMOS IC that combines three drivers and 
three receivers to fulfill the electrical specifications of EIA-232-E and CCITT V.28 
while operating from a single +5 V power supply. A voltage doubler and inverter 
convert the +5V to ±10 V. This is accomplished through an on-board 20-kHz 
oscillator and four inexpensive external electrolytic capacitors. The three drivers 
and three receivers of the MC145407 are virtually identical to those of the 
MC145406. Therefore, for applications requiring more than three drivers and/or 
three receivers, an MC145406 can be powered from an MC145407. since the 
MC145407 charge pumps have been designed to guarantee ± 5 V at the out
put of up to six drivers. Thus, the MC145407 provides a high-performance, 
low- power, stand-alone solution or, with the MC145406, a +5 V only, high
performance two-chip solution. 

Drivers 
• ±7.5 V Output Swing 
• 300-0 Power-Off Impedance 
• Output Current Limiting 
• TTL and CMOS Compatible Inputs 
• Slew Rate Range Limited from 

4 V/IlS to 30 V IllS 
Receivers 
• +25 V Input Range 
• 3 to 7 kO Input Impedance 
• 0.8-V Hysteresis for Enhanced 

Noise Immunity 

Charge Pumps 
• +5Vto±10VDual 

Charge Pump Architecture 
• Supply Outputs Capable of 

Driving Three On-Chip Drivers 
and Three Drivers on the 
MC145406 Simultaneously 

• Requires Four Inexpensive 
Electrolytic Capacitors 

• On-Chip 20-kHz Oscillator 

FUNCTION DIAGRAM 

CHARGE PUMPS 

C3 

VDD 
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15kn 
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C2+ C2-
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+ 
C4 
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Vss 
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Vss 

MC14S407 

P SUFFIX 
PLASTIC 
CASE 738 

OW SUFFIX 
SOG 

CASE751D 

PIN ASSIGNMENT 
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GNO 
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Vss 
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D=OAIVEA 
A=AECEIVEA 

LEVEL 
SHIFT 

C1+ 

VCC 
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012 

D03 

DI3 

VCC 

This document contains Information on a new product. Specification and information herein are subject to change without notics. 
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MAXIMUM RATINGS (Voltage polarities referenced to GND) 

Rating Symbol Value 

DC Supply Voltages VCC -0.5 to 6.0 

Input Voltage Range VIR 
Rx1-Rx3 Inputs VSS-15toVDD+15 
D11-D13 Inputs -0.5 to (VCC + 0.5) 

DC Current Per Pin I ± 100 

Power Dissipation PD 1 

Operating Temperature Range TA -40 to +85 

Storage Temperature Range Tstg -85 to +150 

Unit 

V 

V 

rnA 

W 

°c 

°c 

This device contains protection circuitry to 
protect the inputs against damage due to high 
static voltages or electric fields; however, it is 
advised that normal precautions be taken to avoid 
application of any voltage higher than maximum 
rated voltages to this high impedance circuil. For 
proper operation, it is recommended that the 
voltages at the DI and DO pins be constrained to 
the range GND ~ VDI ~ VCC and GND ~ VOO ~ 
VCC. Also, the voltage at the Rx pin should be 
constrained to (VSS -15 V) ~ VRx1-Rx3 ~ 
(VDO + 15 V), and Tx should be constrained to 
VSS ~ VTx1-Tx3'; VDD· 

Unused inputs must always be tied to appropri
ate logic voltage level (e.g., GNO or VCC for 01, 
and GND for Rx.) 

DC ELECTRICAL CHARACTERISTICS (All polarities referenced to GNO = 0 V; C1, C2, C3, C4 = 10 I'F; TA =-40 to +85°C) 

Parameter Symbol Min Typ 

OC Supply Voltage VCC 4.5 5 

Quiescent Supply Current ICC - 1.2 
(Outputs unloaded, inputs low) 

Output Voltage Iload=OmA VDD 8.5 10 
Iload= 5 rnA 7.5 9.5 
Iload = 10 rnA 6 9 

Iload = 0 rnA VSS -8.5 -10 
Iload= 5 rnA -7.5 -9.2 
Iload = 10 rnA -6 -8.6 

RECEIVER ELECTRICAL SPECIFICATIONS 
(Voltage polarities referenced to GND = 0 V; VCC = +5 V ±10%; C1, C2, C3, C4 = 10 IlF; TA = -40 to +85°C) 

Characteristic Symbol Min Typ 

Input Turn-on Threshold Rx1-Rx3 Von 1.35 1.8 

VD01-D03 = VOL 

Input Turn-off Threshold Rx1-Rx3 Voff 0.75 1.0 

VD01-D03 = VOH 

Input Threshold Hysteresis (Von - Voff) Rx1-Rx3 Vhys 0.6 0.8 

Input Resistance Rx1-Rx3 Rin 3.0 5.4 

High-Level Output Voltage D01-D03 VOH 
VRx1-Rx3 = -3 V to -25 V 
IOH=-2O I'A VCC-O.1 -
IOH=-1 rnA VCC-0.7 4.3 

Low-Level Output Voltage 001-003 VOL 
VRx1-Rx3 = +3 V to +25 V 
10L = +20 !lA - 0.01 
IOL=+1.6mA - 0.5 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Max 

5.5 

3.0 

11 
-
-

-11 
-
-

Max 

2.35 

1.25 

-

7.0 

-
-

0.1 
0.7 

Unit 

V 

rnA 

V 

Unit 

V 

V 

V 

kQ 

V 

V 
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DRIVER ELECTRICAL SPECIFICATIONS 
(Voltage polarities referenced to GNO = OV: VCC=+S V±10%; C1, C2, C3, 04= 10 I1F; TA =-40 to +8S0C) 

Characteristic Symbol Min Typ Max Unit 

Oigitallnput Voltage 011-013 V 
Logic 0 VIL - - 0.8 
Logic 1 VIH 2.0 - -

Input Current 011-013 lin - - ±1.0 !LA 
GNO SVOI1-013SVCC 

Output High Voltage Tx1-Tx3 VOH 6 7.S - V 
V011-013 = Logic 0, RL = 3.0 k.Q Tx1-Tx6* S 6.S -

Output Low Voltage Tx1-Tx3 VOL -6 -7.S - V 
V011-013 = Logic 1, RL = 3.0 k.Q Tx1-Tx6* -S -6.S -

Off Source Impedance (Figure 1) Tx1-Tx3 Zoff 300 - - ° 
Output Short-Circuit Current Tx1-Tx3 ISC rnA 

VCC=+S.SV 
Tx1-Tx3 shorted to GNO" - - ±60 

Tx1-Tx3 shorted to ± 1S V'" - - ±100 

• Specifications for an MC145407 powering an MC145406 with three additional drivers/receivers • 
•• Specification is for one Tx output pin to be shorted at a time. Should all three driver outputs be shorted simultaneously, device power dissipation 

limits could be exceeded . 
••• This condition could exceed package limitations. 

SWITCHING CHARACTERISTICS (VCC =+S V±10%; C1, C2, C3, 04= 10 I1F; TA =-4010 +8SoC; See Figures 2 and 3) 

Drivers 

Characteristic Symbol Min Typ Max 

Propagation Oelay Time Tx1-Tx3 
Low-to-Hlgh 

RL = 3 kO, CL =SO pF or2S00 pF tPLH - O.S 1 

Hlgh-to-Low 
RL = 3 kO, CL= SO pF or2S00 pF tPHL - O.S 1 

Output Slew Rate Tx1-Tx3 SR 
Minimum Load: RL = 7 k.Q, CL = 0 pF - 9.0 ±30 

Maximum Load: RL = 3 k.Q, CL = 2S00 pF 4.0 - -

Receivers (CL = so pF) 

Characteristic Symbol Min Typ Max 

Propagation Oelay Time 001-003 
Low-to-High tPLH - - 1 

High-to-Low tPHL - - 1 

Output Rise Time 001-003 tr - 2S0 400 

Output Fall Time 001-003 tf - 40 100 

Unit 

IJ.S 

V/IJ.S 

Unit 

I1S 

ns 

ns 
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Figure 2. Switching Characteristics 

DRIVERS 

SLEW RATE. (SR) = -aV-(3V) OR ~ 
tSLH tSHL 

Figure 3. Slew Rate Characterization 
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PIN DESCRIPTIONS 

VCC 
Digital Power Supply (Pin 19) 

The digital supply pin, which is connected to the logic power 
supply. This pin should have a 0.33-I1F capacitor to ground. 

GND 
Ground (Pin 2) 

Ground return pin is typically connected to the signal ground 
pin of the EIA-232-E connector (Pin 7) as well as to the logic 
power supply ground. 

VDD 
Positive Power Supply (Pin 17) 

This is the positive output of the on-chip voltage doubler 
and the positive power supply input of the driver/receiver 
sections of the device. This pin requires an external storage 
capacitor to filter the 50% duty cycle voltage generated by the 
charge pump. 

VSS 
Negative Power Supply (Pin 4) 

This is the negative output of the on-chip voltage 
doubler/ inverter and the negative power supply input of 
the driver/receiver sections olthe device. This pin requires 
an external storage capacitor to filter the 50% duty cycle 
voltage generated by the charge pump. 

C2+, C2-, CI-, C1+ 
Voltage Doubler and Inverter (Pins 1, 3, 18, 20) 

These are the connections to the internal voltage doubler 
and inverter, which generate the VOO and VSS voltages. 

Rx1, Rx2, Rx3 
Receive Data Input (Pins 5, 7, 9) 

These are the EIA-232-E receive signal inputs. A voltage 
between + 3 and + 25 V is decoded as a space and causes 
the corresponding DO pin to swing to ground (0 V). A 
voltage between -3 and -25 V is decoded as a mark, and 
causes the DO pin to swing up to Vcc. 

D01, D02, 003 
Data Output (Pins 16,14,12) 

These are the receiver digital output pins, which swing from 
VCC to GND. Each output pin is capable of driving one lSTTl 
input load. 

D11, D12, DI3 
Data Input (Pins 16,13,11) 

These are the high-impedance digital input pins to the 
drivers. Input voltage levels onthese pins must be between 
VCC and GND. 

TX1,Tx2,Tx3 
Transmit Data Output (Pins 6,8,10) 

These are the EIA-232-E transmit signal output pins, 
which swing toward VDD and VSS. A logic 1 at a DI input 
causes the corresponding Tx output to swing toward VSS. 
A logic 0 causes the output to swing toward VDD. The 
actual levels and slew rate achieved will depend on the 
output loading (Rl IICl). 
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APPLICATIONS INFORMATION 

ESD CONSIDERATIONS 

ESD protection on IC devices that have their pins 
accessible to the. outside world is essential. High static 
voltages applied to the pins when someone touches them 
either directly or indirectly can cause damage to gate 
oxides and transistor junctions by coupling a portion of the 
energy from the 1/0 pin to the power supply busses of the 
IC. This coupling.will usually occur through the internal 
ESD protection diodes. The key to protecting the IC is to 
shunt as much of the energy to ground as possible before 
it enters the IC. Figure 7 shows a technique which will 
clamp the ESD voltage at approximately + 15 V using the 
MMVZ15VDLT1. Any residual voltage which appears on 
the supply pins is shunted to ground through the O. H1F 
capaCitors. 

OPERATION WITH SMALLER VALUE CHARGE PUMP 
CAPS 

The MC145407 is characterized in the electrical tables 
-using 1 O-J.l.F charge pump caps to illustrate its capability 

1 
ROSI COSI 

OTMF ~ f----'-I 
INPUT 20k!l 

10ka 

TIP~ 

0.1 JlF 

RTx 
10 JlF 600 

+ 

17 
15 

16 

OSI 
TxA 
RxA2 

RxAl 

RING-TI 

VOO 

O.IJlF 1 
VooBYPASS 

18 
CFB Exl 

0.1 JlF 
VSS BYPASS 

* Line protection circuit 

FB 

~F 
Xin 

Xout 

CD 
TxO 
RxO 

MCI45442 
OR 

MCI45443 SOT 

CJ 3.579 
8 MHz 

11 
5 

10k!l 

CCOA 
0.1 JlF 

in driving a companion MC145406 or MC145403. If there 
is no requirement to support a second interface device 
andlor the charge pump is not being used to power any 
other components, the MC145407 is capable of complying 
with EIA-232-E and V.28 with smaller value charge pump 
caps. Table 1 summarizes driver performance with both 
2.2-J.l.F and 1.0-IlF charge pump caps. 

Table 1. Typical Performance 

Parameter 2.21lF 

TxVOH @2SoC 7.3 

TxVOH @8SoC 7.2 

TxVOL@2SoC -6.5 

TXVOL@8SoC -6.1 

Tx Slew Rate @ 25°C B.O V/JlS 

Tx Slew Rate @ BSoC 7.0 V/Jls 

+5V 

0.1 JlF 10JlF ~F 
~ 

10JlF 

C2+ 
15 011 
16 001 
13 012 

1.0 IlF 

7.2 

7.1 

-6.4 

-6.0 

B.OV/IJ.S 

7.0 V/JlS 

EIA·232·E 
08-25 

CONNECTOR 

Figure 4. 5-V, aOO-Baud Modem with EIA-232-E Interface 
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+5V 

VOO VCC 
16 

C2+ 

Rx1 001 
15 

10llF GNO 10llF 

Tx1 011 
14 C2-

4 Rx2 13 
VSS VOO 

17 
002 

MC145406 12 16 Tx2 012 Rx1 MC145407 001 

Rx3 11 Tx1 011 15 
003 

Tx3 013 
10 Rx2 002 

14 

VSS GNO Tx2 012 
13 

10llF Rx3 003 
12 

10 
Tx3 013 

11 

Figure 5. MC145406/MC145407 5-V Only Solution for up to Six EIA-232-E Drivers and Receivers 

+5V 

+10V 

20 C1+ 
O.1IlF 

19 Vec 

Jl 18 C1-

4 17 VOO 

16 O.1IlF 

15 

7 14 

13 

12 

10 11 

Figure 6. TWo Supply Configuration (MC145407 Generates VSS Only) 

TO 
CONNECTOR 

MMBZ15VDLT x 6 

Rx2 

Tx2 

Rx3 

Tx3 

4 

7 

9 

10 

Figure 7. ESC Protection Scheme 
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20 

19 

18 

17 

16 001 

15 011 

14 002 

13 012 

12 003 

11 013 

+5V 

O.1IlF 

:P 
O.1IlF 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Bit Rate Generator 
The MC145411 bit rate generator is constructed with complementary MOS 

enhancement mode devices. It utilizes a frequency divider network to provide a 
wide range of output frequencies. 

A crystal controlled oscillator is the clock source for the network. A two-bit 
address is provided to select one of four multiple output clock rates. 

Applications include a selectable frequency source for equipment in the data 
communications market, such as teleprinters, printers, CRT terminals, and 
microprocessor systems. 
• Single 5-V (±5%) Power Supply 
• Internal Oscillator Crystal Controlled for Stability (to 4 MHz) 

• 21 Different Bit Rates 
• 9 Different Bit Rate Output Pins 
• Programmable Time Bases for One of Four Multiple Output Rates 

• 50% Output Duty Cycle 
• Buffered Outputs Compatible with Low Power TTL 

• Noise Immunity = 45% of VDD Typical 
• Diode Protection on All Inputs 
• External Clock May be Applied to Pin 13 
• Internal Pull-up Resistor on Reset Input 

N 

BLOCK DIAGRAM 

RSA 
15 

14 
RSs 

13 
CRYSTALin 

OSCILLATOR DIVIDER 
12 CIRCUIT 

'CRYSTALout 

RESET 7 

RATE 
SELECT 
LOGIC 

DIVIDERS 

1 F1 
10 F2 

2 F3 

F4 

F5 
4 F6 

F7 

Fa 

'See Figure 2 for typical 
crystal oscillator circuits 

'--____________ 1:..:...1 F9 

"When Reset = 0, outputs F1-FS = 0, output F9 = 1. 
VDD= PIN 16 
VSS= PIN 8 

'---_M_C_14_5_4_1_1_---'1 

•• 1 

PSUFFIX 
PLASTIC 

CASE 648 

PIN ASSIGNMENT 

F1 VDD 

F3 RSA 

F5 RSS 

F6 XTALin 

F7 XTALout 

Fa F9 

RESET F2 

VSS F4 

MC145411 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
Pulse/Tone Repertory Dialer 
Low Power Silicon-Gate CMOS 

The MC145412113 and MC145512 are silicon gate, monolithic CMOS 
intergrated circuits which convert keyboard inputs into either pulse or DTMF 
outputs. They are packaged in a standard 1B-pin (0.3" wide) plastic DIP. 
• 3 x 4 or 4 x 4 Keyboard Compatibility Which Allows the Use of 2-of-7, 2-of-B, 

or Form A Type Keyboards 
• MC145413 Adds Keyboard Selectable Pause Switch Function 
• Single Pin Switchabie Between DTMF, 10 pps and 20 pps 
• 500-Hz Tone Signal Output in the Pulse Dialing Mode 
• Memory Storage for Ten 1B-Digit Numbers, Including Last Number Redial 
• Uses 3.579545-MHz Colorburst Crystal 
• Telephone Line Powered 
• Silicon Gate CMOS Technology for 1.7 to 5.5 V Low Power Operation 
• Stand Alone DTMF Dialer/Stand Alone Pulse Dialer 
• Mute Output Used to Isolate Receiver from Dialing Output 
• Memory Programming Options by Keyboard Configuration 

BLOCK DIAGRAM 

TSO 

MS 
to 

COL4 
COLt 
COL 2 

COL 3 
ROWt 
ROW 2 

ROW 3 
ROW 4 

OH 

OSCin 
OSCout 

DlA 
CONVERSION 

& MIXING 

MC145412 
MC145413 
MC145512 

_.su~ 
1 PLASTIC 

CASE 707 

ORDERING INFORMATION 

VDD 
COL 4 

COLI 

COL 3 

VSS 
TSO 

OSCin 

OSCout 

Denotes 

Plastic DIP 
40/60 MIB Ratio 
32166 M/B Ratio 

PIN ASSIGNMENT 

..-JL-
~ OPL 

~
~ MO 

VOO=PIN 1 
VSS= PIN6 

DTMFOUT 

OPL 

ROWt 
ROW 2 

ROW 3 

ROW 4 

OH 

MO 

MS 

This document contains Information on a new product. Specification and Information herein are subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS (VSS = 0 V) 

Rating Symbol Value Unit 

DC Supply Voltage VDD - 0.5 to + B.O V 

Operating Temperature TA -30to+60 °C 

Storage Temperature Tstg -65to+150 °C 

DC Current Drain Per Pin I 10 . mA 

Maximum Voltage V 
On Any Pin Relative to VSS Vinl -0.5 
On Any Pin Relative to VDD Vin2 +0.5 

ELECTRICAL CHARACTERISTICS (TA= -30 to +60°C, VDD = 2.5 V, VSS = 0 V, Unless Otherwise Noted) 

Characteristic 

DC Supply Voltage Pulse Mode 
DTMFMode 

Operating Current Pulse Mode (MS = VDD) 
DTMF Mode (MS = VSS) 

Memory Retention Voltage 

Memory Retention Current (VDD=I.7V) 
(VDD=2.5V) 

Input Voltage, Row/Column/OH "0" Level 
"I" Level 

Row Column Input Impedance ToVDD 
ToVSS 

OH Pull-Up Resistance 

Input Capacitance (All Inputs) 

MS Pin Input Impedance 

Output Sink Current (VDD = 2.5 V) TSO Pin 
MOPin 

OPL Pin 
(VDD = 4.0) MO Pin 

OPL Pin 

TSO Output Source Current (Vout = 2.0 V) 

Output Leakage Current MO,OPLPins 

DTMF Output Level Referenced to VDoI2 Row Tone 
(VDD = 2.5 to 4.0 V, RL = 600 11 to VDD) Column Tone 

DTMF Output Tone Leakage (VDD = 3.5, RL = 600 n, 300 to 4000 Hz) 

DTMF Output Tone Distortion (VDD = 3.5, RL = 600 n, 300 to 4000 Hz) 

Pre-Emphasis 

DTMF Output Leakage Current While Not Dialing Tones (VDD = 2.5 V) 

DTMF Output Sink Current While Dialing Tones 

MC145412.MC145413.MC145512 
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Symbol 

VDD 

IDD 

Vstby 

Istby 

VIL 
VIH 

Zin 

R 

Cin 

Zin 

10L 

10H 

Ilkg 

Vout 

Min Typ Max Unit 

2.0 - 5.5 V 
2.5 - 5.5 

- 0.25 0.7 mA 
- t.O 2.0 

1.7 - - V 

- 1.0 2.0 I1A 
- 1.2 2.5 

- ...,. 0.2VDD V 
O.BVDD - -

- 100 - k11 
- 2 -
- 50 - k11 

- 10 - pF 

50 200 - k11 

0.5 0.7 - mA 
1.0 2.0 -
1.0 2.0 -
3.0 - -
4.5 - -
0.5 0.7 - mA 

- - 1.0 I1A 

260 310 370 mVrms 
330 390 460 

- - -80 dBm 

- - -' 5 % 

1 2 2.5 dB 

- - 1.0 I1A 

20 - - I1A 
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SWITCHING CHARACTERISTICS (T A = 25°C, VDD = 2.5 V, Osc. Freq.= 3.579545 MHz, Unless Otherwise Noted) 

Characteristic 

Row/Column Scan Frequency 

Key Debounce lime 

DTMF Tone Duration for Keypad Dialing 

DTMF Tone Duration lor Memory Dialing 

Inter-Digit Pause lime DTMF (Memory Dialing) 

Pulse 10 pps 
20pps 

MS Pin Scan Rate 

MakelBreak Ratio MC145412113 
(MC = Open orVDD) MC145512 

Outpulsing Rate MS = Open 
MS=VDD 

MUTE Output (MO) Overlap lime 

TSO Output Frequency 

TSO Output Duration 

DTMF Cycle lime (Memory Dialing 
(Keypad Dialing) 

DTMF Frequency Deviation 

Predigit Mute 
MC145412113 Pulse 10 pps 

20pps 
MC145512 Pulse 10 pps 

20 pps 
DTMF 

PIN DESCRIPTIONS 

VDD,VSS 
Power Supply (Pins 1, 6) 

DC power is supplied to the part on these two pins, with VDD 
being the most positive. Permissible ranges are from 1.7 to 
5.5V. 

MS 
Mode Select (Pin 10) 

The MS pin is a three-state input for switching between 
DTMF, 10 pps, and 20 pps dialing modes. Mode selection is 
done during the first key entry debounce period after the dialer 
has completed a dialing sequence or has just come off hook. 
When this pin is not scanned it is high impedance. 

This pin is a combination input and weak output. The input 
circuitry has the capability to determine each of these three 
states. When the pin is open, the weak driver will be able to 
clock the pin at 1 kHz. The relationship between pin input 
voltage and operating mode is shown in Table 1. 

Table 1_ Mode Select Options 

MS Dialing Mode 

VDD 20 pps Pulse Dialing 

Open 10 pps Pulse Dialing 

VSS DTMFDialing 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Symbol Min Typ Max Unit 

I - 250 - Hz 

tDB 16 - 20 ms 

tw1 60 78 - ms 

tw2 90 102 110 ms 

tiD 90 98 110 ms 

0.8 1.0 1.2 s 
0.4 0.5 0.6 

trms - 1 - kHz 

MBR - 40/60 - % 
- 32168 -

IOPL - 10 - pps 
- 20 -

tMO - 2 - ms 

fTso - 500 - Hz 

trso 35 - 40 ms 

- 5 - tonesls 
- 10 -
- - +1.0 % 

!(j ms 
- 40 -
- 20 -
- 32 -
- 16 -
- 1 -

OH 
On-Hook (Pin 12) 

Connecting the OH pin to VDO or allowing it to float sets 
the device in the On-hook mode. Connecting this pin to VSS 
selects the Off-hook mode. When in the On-hook mode, 
repertory memory can be programmed without a dialing 
output. 

TSO 
Tone Signal Output (Pin 7) 

TSO emits 500-Hz tone signals after valid key inputs are 
accepted providing audio feedback for key depressions 
(except when DTMF tones are generated). This pin also 
outputs a tone during on-hook programming. 

DTMFOUT 
Dual Tone Multifrequency Output (Pin 18) 

When the MS pin is set to VSS the DTMF OUT pin outputs 
tones corresponding to the row and column of the key de
pressed. Simultaneously depressing two or more keys in a 
single row (or column) will generate the corresponding row (or 
column) tone on 4 x 4 keypad mode only. 

In pulse dialing mode (MS = VDD or float) and during on
hook programming this pin is high impedance. While output
tingtones, this pin hasadcbiasat(VDD-VSS)/2. DTMFOUT 
is an open-drain output requiring an external pull-up to VDD. 
This pull-up resistor must satisfy the instantaneous current 
requirements of the internal feedback network in addition to 
the load applied to the pin. 

MC145412.MC145413.MC145512 
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OPL 
Outpulsing (Pin 17) 

This pin outputs pulses at 10 pps (MS is open) or 20 pps 
(MS = VDD). The MC145412113 have a makelbreak ratio of 
40/60, while the MC145512 has a makelbreak ratio of 32168. 
In the DTMF dialing mode (MS = VSS), this output is high im
pedance. During on-hook programming this pin will not 
outpulse. This pin is an open drain N-channel output which 
pulls low to break the loop current. 

MO 
Mute Output (Pin 11) 

The Mute Output is an open drain N-channel output that 
pulls to VSS during OPL outpulsing and during off-hook key de
pressions and memory dialing in DTMF mode. 

COL l-COL 4 and ROW l-ROW 4 
KEYBOARD INPUTS (Pins 2, 3, 4, 5, 13, 14, 15, 16) 

The keyboard inputs allow either a single contact (Class A) 
keyboard, or a standard 2-of-8 or 2-of-7 keyboard with VSS 
tied to common. A valid key entry occurs when either a single 
row is tied to a single column, or a single row and column are 
simultaneously connected to VSS. Connecting pin 2, COL 4, 
to VDD sets the part to 3 x 4 keyboard mode. Keyboard mode 
selection is performed during application of power. 

Typical keyboard configurations are shown in Figure 1. 

OSCin, OSCout 
Oscillator Input and Oscillator Output (Pins 8, 9) 

A 3.579545-MHz crystal is required as the frequency refer
ence forthe on-chip oscillator. Crystal biasing is accomplished 
by an internal 'resistor and capacitors. 

GENERAL DEVICE DESCRIPTION 
The MC1454121MC145512 and the MC145413 provide 

users with switchable pulse and DTMF dialing functions. The 
MC1454121MC145512 change dialing modes via the MS pin. 
The MC145413 allows users to switch dialing modes via the 
keyboard in addition to the MS pin. All devices have 10 
memories, LNR (last number redial) inclusive, each 18 digits 
long. 

On application of power, there is a 64-ms initialization period 
during which the oscillator is enabled and the keyboard inputs 
are disabled. During initialization COL 4 is scanned to set the 
keyboard mode. If the COL 4 input is high (VDD), the dialer 
is set to the 3 x 4 keypad mode; otherwise, the 4 x 4 keypad 
mode is selected. Changing modes is not possible after this 
initialization period. 

During normal dialing, the oscillator starts when a key is 
depressed. The key input is debounced for 32 ms. During this 
debounce period the RAM and dialing circuits are disabled 
and the mode select pin is scanned to determine the dialing 
mode (either 10 pps, 20 pps, or DTMF). After debounce, the 
keypad entry is checked and the input is latched into LNR 
memory followed by a stop code. This process continues until 
18 digits have been entered. If a 19th digit is entered, it will 
over-write the first digit and will be followed by a stop code. 
When dialing, the device fetches data from memory until a 
stop code is encountered or 18 digits have been dialed. 

During manual DTMF dialing, a minimum tone duration of 

MC145412.MC145413.MC145512 
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60-ms DTMF is output and will continuously output in 32-ms 
iricrements as long as the key is depressed. The DTMF OUT 
pin is designed to drive an external PNP transistor which can 
be used to modulate tip and ring voltage at the DTMF 
frequencies. . 

CLASS A (SPST) 

-'-
COL --0 0-- ROW 

STANDARD 2·0F·7 (DPST) 

c l: : 

STANDARD 2·0F·7 (DPST) 

-C~o--COL VSS l 
0-- ROW 

VDD ----, r--- COL 
VSS - _L-J __ 

VDD ----, r--- ROW 
VSS - _L-J __ 

Figure 1. Keyboard Configurations 

If the first key is for redial or recall, the device will respond 
accordingly, either redialing the last number entered, or 
recalling and dialing the number selected by a subsequent 
key depression. Responses to dialing sequences for 4 x 4 
key-boards are shown in Figure 2, and 3 x 4 keyboard 
responses are shown in Figure 3. 

The MC145412 series can be configured with an external 
battery to provide memory retention power and allow on-hook 
programming of the repertory memory. If the part is in the 
on-hook mode and a key is depressed, the oscillator will start 
and the key entry will be stored in the last number redial 
memory. Dialing outputs will not be activated while the device 
is in the on-hook condition. Dialing inputs will be stored in last 
number redial memory, as during off-hook operation. Afterthe 
number has been entered in the on-hook mode, it can be 
stored in repertory memory. For the 4 x 4 keyboard, pressing 
the STORE key (* for 3 x 4 keyboard), followed by a digit (1 
through 9) will store the number in the repertory memory 
location specified by the digit. 

The RECALL key for the 4 x 4 keypad is used to recall and 
dial numbers stored in the repertory memory. The digit 
immediately following the RECALL key designates the 
memory location of the number to be auto'dialed. For the 4 
x 4 keyboard, a last number redial can be accomplished if the 
REDIP key (COL 4, ROW 1) is the first key depressed after 
an on-hook to off-hook transition. Otherwise the REDIP key 
will effect a 4 second pause. If the pulse mode is selected, 
redial can be accomplished if the first key depressed on a 
transition to off-hook is #. For the 3 x 4 keyboard, redial occurs 
if the first key depressed is *,0. 

The PAUSE key (COL 4, ROW 2) for the MC1454121 
MC145512 will cause a 4 second pause. The PAUSEIS key 
(COL 4, ROW 2) is a feature offered on the MC145413. 
Depressing this key will cause a 4 second delay, and will switch 
dialing modes, PAUSE (and PAUSElS) is stored in memory 
for pauses (and mode switching) during auto-dialing. 
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1. MANUAL DIALING - OFF·HOOK (PULSE OF DTMF MODE) 

~~~----~ 
ALL DIGITS ENTERED WILL BE STORED IN THE LAST NUMBER REDIAL REGISTER. PRESSING· OR # WILL DIAL OUTTHE DTMF SIGNAL IN TONE MODE ONLY. 

2. MANUAL DIALING WITH AUTO ACCESS PAUSE - OFF·HOOK (PULSE OR DTMF MODE) 

~ .. • .. ~IRED/pl~· .... ~ 

~ ••••• ~ I PAUSE I ~ ••••• ~ MCl454121MCl455120NLY 

~ ..... ~ c=J ~ ..... ~ PULSEMODEONLY 

THE AUTO ACCESS PAUSE WILL NOT OCCUR DURING MANUAL DIALING IN DTMF MODE. IT IS RETRIEVED DURING RECALL OR REDIAL. 

3. STORING NUMBERS INTO MEMORY - ON·HOOK/OFF·HOOK (PULSE OR DTMF MODE) 

~ ••••• ~ I STORE I ~ A = 1-9 MEMORY ADDRESS 

THIS OPERATION TRANSFERS THE DIGITS 01 TO ON FROM THE LAST NUMBER REDIAL REGISTER TO AN ADDRESS SPACE SPECIFIED BY "A". DIALING 
OUTPUTS ARE NOT ACTIVATED DURING ON·HOOK PROGRAMING 

4. MEMORY REDIAL - OFF·HOOK (PULSE OR DTMF MODE) 

I RECALL I ~ A = 1-9 MEMORY ADDRESS 

5. LAST NUMBER REDIAL - OFF·HOOK (PULSE OR DTMF MODE) 

I REDIP I 

OR 

c=:!:J PULSE~.oDE ONLY 

REDIALS THE NUMBER THAT WAS PREVIOUSLY ENTERED INTO THE LAST NUMBER REDIAL REGISTER. 

6. PULSE·TO·TONE MODE SWITCH - OFF·HOOK (PULSE OR DTMF MODE) 

~ ••••• ~ IPAUSE/SI ~ ••••• ~ MC1454130NLY 

7. CASCADED DIALING - OFF·HOOK (PULSE OR DTMF MODE) 

~ ..... ~ ;,///.IRECALLI ~ 

I RECALLI Q!J '/ / h I RECALL I ~ 

CASCADE MANUAL DIALING WITH RECALL 
A = 1-9 MEMORY ADDRESS 
CASCADE MEMORY RECALLS 
AI, A2 = 1-9 MEMORY ADDRESSES 

I REDIP I 'l / h I RECALL I ~ CASCADE LAST NUMBER REDIAL WITH MEMORY RECALL 
A = 1-9 MEMORY ADDRESS 

, / / /. WAIT UNTIL PREVIOUS REDIAL OR RECALL SIGNALS HAVE BEEN SENT BEFORE SUBSEQUENT ENTRIES ARE MADE. 

8. SIGNALING· AND nONES - OFF·HOOK (DTMF MODE ONLy) 

c=J OUTPUTS· TONE 

c=!:J OUTPUTS # TONE 

4 X 4 KEY MATRIX 
COL 1 COL 2 COL3 COL 4 

697Hz CQ CJ:J [IJ I REDIP I ROW 1 

770Hz ~ ~ ~ I PAUSE I ROW 2 

852Hz ~ ~~ I STORE I ROW 3 

941 Hz c=:::::=J ~ c=:!:J I RECALL I ROW 4 

1209 1336 1477 
Hz Hz Hz 

MCl45413 PAUSE/S KEY FOR PAUSE & 
SWITCHING DIALING MODES 

Figure 2. 4 x 4 Keyboard Dialing Sequences 
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1. MANUAL DIALING - OFF·HOOK (PULSE OF DTMF MODE) 

~~~----~ 

ALL KEY ENTRIES EXCEPT' AND # WILL BE STORED IN THE LAST NUMBER REDIAL REGISTER. PRESSING' OR # WILL NOT DIAL OUT THE DTMF SIGNAL 
IN TONE MODE. FOR SIGNALING, ' OR # SHOULD BE PRESSED TWICE. 

2. MANUAL DIALING WITH AUTO ACCESS PAUSE - OFF·HOOK (PULSE OR DTMF MODE) 

~ ..... ~c=JC!:J~ ..... ~ 
~ ..... ~ LiJ ~ ..... ~ PULSEMODEONLY 

THE AUTO ACCESS PAUSE WILL NOT OCCUR ON MANUAL DIALING IN DTMF MODE. IT IS RETRIEVED DURING RECALL OR REDIAL. 

3. STORING NUMBERS INTO MEMORY - ON·HOOK (PULSE OR DTMF MODE) 

~ ..••. ~ c:::::J ~ A = 1-9 MEMORY ADDRESS 

THIS OPERATION TRANSFERS THE DIGITS 01 TO ON FROM THE LAST NUMBER REDIAL REGISTER TO AN ADDRESS SPACE SPECIFIED BY "A". 

4. MEMORY REDIAL - OFF·HOOK (PULSE OR DTMF MODE) 

c:::::J ~ A = 1-9 MEMORY ADDRESS 

5. LAST NUMBER REDIAL - OFF·HOOK (PULSE OR DTMF MODE) 

c:::::J~ 
THIS OPERATION REDIALS THE LAST NUMBER ENTERED OFF·HOOK AND RETRIEVES DATA FROM MEMORY ADDRESS O. 

6. PULSE·TQ..TONE MODE SWITCH - OFF·HOOK (PULSE OR DTMF MODE) 

~ ••••• ~ I MANUAL SWITCH I ~ ••••• ~ 
MODE SELECT (MS) PIN HAS TO BE MANUALLY SWITCHED TO DETERMINE THE DIALING MODE. DIALING MODE SELECTION WITH MANUAL SWITCH IS 
NOT PROGRAMMED INTO THE LAST NUMBER REDIAL MEMORY. 

7. CASCADED DIALING - OFF·HOOK (PULSE OR DTMF MODE) 

~ ..... ~ CJc:::D 
c:::::J ~ '/ / /. CJ ~ 
c:::::J ~ 1'/// c:::::J ~ 

CASCADE MANUAL DIALING WITH RECALL 
A= 1-9 MEMORY ADDRESS 
CASCADE MEMORY RECALLS 
A1, A2 = 1-9 MEMORY ADDRESS 
CASCADE LAST NUMBER REDIAL WITH MEMORY RECALL 
A = 1-9 MEMORY ADDRESS 

'/ / /" WAIT UNTIL PREVIOUS REDIAL OR RECALL SIGNALS HAVE BEEN SENT BEFORE SUBSEQUENT ENTRIES ARE MADE. 

8. SIGNALING' AND # TONES - OFF-HOOK (DTMF MODE ONLy) 

CJ CJ OUTPUTS ' TONE 

697Hz 

770Hz 

852Hz 

941 Hz 

~ ~ OUTPUTS#TONE 

3 x 4 KEY MATRIX 
COL 1 COL 2 COL 3 

~[2JGJ 
~~~ 
[2J~~ 
c:::::J ~ CU 

1209 
Hz 

1336 
Hz 

1477 
Hz 

ROW 1 

ROW 2 

ROW 3 

ROW 4 

Figure 3. 3 x 4 Keyboard Dialing Sequences 
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HOOKSWITCH 1t-'0:;,.F;.,.;F.H""o""oK"--_________ ..... 1 oN.HOOKL..1 ___________ _ 

KEYINPUTS ~ DIGIT '2" 1 1 DIGIT't" 1""1------,1 REDIAL .-1---------

T50 1 I I I I Innn nnnn 
(PULSED~:~ ~I ~I '"" ~I ~'----------

3::::D~:L~ I OSCILJION :) \C OSCILLATION }-

1 1250HZ i 
COL.5CAN~-
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MOTOROLA 
_ SEMICONDUCTOR 

TECHNICAL DATA 

Dual Tunable Low-Pass 
Sampled Data Filters 

The MC145414 is sampled data, switched capacitorfilter IC intended to provide 
band limiting and signal restoration filtering. It is capable of operating from either 
a single or split power supply and can be powered-down when not in use. Included 
on the IC are two totally uncommitted op amps for use elsewhere in the system 
as I-to-V converters, gain adjust buffers, etc. 

• Two General Purpose 5th Order Elliptic Low-Pass Filters 
• Low Operating Power Consumption - 30 mW (Typical) 
• Power Down Capability - 1 mW (Maximum) 
• ±5 to ±8 V Power Supply Ranges 
• TTL or CMOS Compatible Inputs Using VLS Pin 
• Two Operational Amplifiers Available to Reduce Component Count 
• Useful in LPC or CVSD Speech Applications 
• Passband Edges Tunable With Clock Frequency From 1.25 kHz to 10kHz 

NOT 
RECOMM NDED 

FOR NEW DESIGN 

~~ AO~ 
~~~ 
+B--{;,/ 

BLOCK DIAGRAM 

Aout 

Bin -~----M-I Bout 

CLOCK 1 
VOO ------r--==--,_r.:=-=~_ CLOCK2 
VSS VLS 

MC145414 

-,. 
LSUFFIX 
CERAMIC 
CASE 620 

PSUFFIX 
PLASTIC 

CASE 648 

PIN ASSIGNMENT 

VAG 1- 16 VOO 
+A 2 15 Aln 

-A 14 Aout 
AO 4 13 Bin 

BO 12 Bout 

-B 11 CLKI 

+B 7 10 CLK2 

VSS 8 VLS 

ORDERING INFORMATION 

MC145414 Suffix Denotes 1= L Ceramic Package 
P Plastic Package 

MC145414 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Dual Tunable Linear Phase 
Low-Pass Sampled Data Filters 

The MC145415 is sampled data, switched capacitor filter IC intended to provide 
band limiting and signal restoration filtering. It is capable of operating from either 
a single or split power supply and can be powered-down when not in use. Included 
on the IC are two uncommitted comparators for use elsewhere in the system. 

• Two Linear Phase, 5th Order Low-Pass Filters 
• Low Operating Power Consumption - 20 mW (Typical) 
• ± 2.5 to ± 8 V Power Supply Ranges 
• CMOS Compatible Inputs Using VDG Pin 
• Two Comparators Available to Reduce Component Count 
• Useful in High Speed Data Modem Applications 
• Pass-Band Edges Tunable With Clock Frequency from 1.25 kHz to 10kHz 

NOT RECOMMENDED 
FOR NEW DESIGN 

BLOCK DIAGRAM 

14 
Aout 

10 ClK 

loop VAG 

Bout 13 
Bin 

+B~+ ~2+A 6 B A 3 
-B _ --A 

B0 5 4 AO 

VOG =PIN9 
VOO= PIN 16 
VSS=PIN B 
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MC145415 

~ }ltfrfJMfl u u LSUFFIX 
CERAMIC 
CASE 620 

PSUFFIX 
PLASTIC 

CASE 648 

PIN ASSIGNMENT 

-A 
AD 

BO 

-B 

+B 

Vss 

1-

2 

3 

4 

5 

6 

7 

B 

16 0 
15 0 
14 0 
13 ] 

12 0 
11 0 
10 ~ 

9 

VOO 

Ain 

Aoul 

Bin 

Boul 

loop 

ClK 

VOG 

ORDERING INFORMATION 

MC145415 tSUffiX Denotes 

L Ceramic Package 

P Plastic Package 

This device contains circuilry 10 protect the 
inputs against damage due to high static volt
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi
mum rated voltages to this high impedance cir
cuit. For proper operation it is recommended 
that Vin and Vout be constrained to the range 
VSS:S; (Vin or Vout) :s; VOO. 

Unused inpuls must always be tied to an ap
propriate logic voltage level (e.g., either V SS or 
VOO)· 
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-~OTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 

Tone/Pulse Dialer with 
10 Number Memory 
Plus 3 Emergency Numbers 
Low-Power, Silicon-Gate CMOS 

The MC145416 is a member of lhe Motorola HCMOS dialer family. In addition 
to the necessary basic features of pulse, tone, or mixed dialing, and lOx 18 digit 
memories inclusive of LNR, it provides the advanced features of flash, 3 x 18 
dedicated memories, Signal output inhibited during memory storage, note pad 
programming, and convenient operation sequence by 5 x 4 keyboard interface. 

The power-on memory reset has the highest priority if the voltage drops below 
the minimum voltage level, regardless of hook switch status, to ensure no wrong 
data in memory content. 

The pin·out is compatible with other members of dialer family except the 
additional two pins at one end of the device (pins 1 and 20). 

Options: MC145416-1 40/60 make-break ratio with indefinite pause 
MC145416-2 33/67 make-break ratio with 4-ms pause 

The MC145416 offers the following performance features: 

• Stand-Alone Pulse, DTMF, or Mixed Dialing 
• Pacifier Tone Output at Pulse Dialing 
• Dialing Mode, Pin Selectable, and Changed by Keyboard Entry 
• Uses Low Cost 3.57954-MHz TV Color Burst Crystal 
• PABX Pause Storage 
• Cascaded Memory Redial and Dialing Mode Storage 
• Dialing Mode Indication Output for Driving an LED 
• lOx 8 Digit Memory Storage Inclusive of LNR plus 3 x 8 Digit Dedicated 

Memory 
• 40/60 Make Break Ratio, 33167 in Metal Option # 
• Flash Function for Transfer Call in a PABX Environment 

TO----; 

MI------ir-----, 
MS ____ -+_---, 

Cl 
C2 
C3 
C4 
Rl 
R2 
R3 
R4 
R5 

HS---+----~ 

BLOCK DIAGRAM 

MC145416 

.- PSUFFIX 
PLASTIC 
CASE 738 

OW SUFFIX 
SOG 

CASE 751D 

PIN ASSIGNMENT 

PULSE 

MI 

VOO 

C4 

Cl 

C2 

C3 

VSS 

PTO 

XI 

X2 

ANOMUTE 
OUTPUT 
LOGIC 

1· 

2 

3 

4 

5 

6 

7 

8 

9 

[ 10 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

.,.. 

9" 
~ 

Rl 

OTMFOUT 

PO 
R2 

R3 

R4 

R5 

HS 
MO 

MS 

OTO 

PO 

MO 
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ABSOLUTE MAXIMUM RATING (Voltages referenced to GNO, except where noted) 

Rating Symbol Value Unit 

DC Supply Voltage VOO -0.5 to +8.0 V 

Input Voltage (All Pins) Vin -0.5 to VOO +0.5 V 

DC Current Drain per Pin I ±10 mAdc 

Power Dissipation Pd 30 mW 

Operating Temperature Range TA -30 to +70 DC 

Storage Temperature Range Tstg -40to+150 DC 

This device contains circuitry to protect the in
puts against damaga due to high static voltages 
or electrical fields; however, it is advised that 
normal precautions be taken to avoid applica
tions of any voltage higher than the maximum 
rated voltages to this high Impedance circuit. 
For proper operation it Is recommended that Vin 
and Vout be constrained to the range VSSS(Vin 
or Vout) S VOO. Reliability of operation is en
hanced if unused inputs are tied to an appropri
ate logic voltage level (e.g., eitherVSS orVOO). 

ELECTRICAL CHARACTERISTICS (All polarities referenced to VSS = 0 V, VOO = 2.5 V, Unless Otherwise Noted) 

Parameter Symbol 

DC Supply Voltage Pulse Mode 
VOO OTMFMode 

Supply Current Pulse Mode (VOO = 1.7 V) 
100 OTMF MODE (VOO = 2.5 V) 

Memory Retention Voltage (On-Hook) Vstby 

Memory Retention Current (On-Hook) (VOO=2.5V) 
Istby (VOO= 1.7V) 

Row/Column (Pins 3, 4, 5, 6,14,15,16,17,20) 
Input Voltage "0" Level VIL 

"l"Level VIH 

Row/Column Input Impedance ToVOO 
Rin (Pins 3, 4, 5, 6,14,15,16,17,20) ToVSS 

Mode Select Input Impedance (Pin 11) ToVOO 
Rin ToVSS 

OH Pull-Up Resistance (Pin 13) R 

Input Current MS, HS (Pins 11, 13) lin 

Output Sink Current (VO = 0.5 V) MO(Pln 12) IOL 
PO (Pin 18) IOL 

MI (Pin 1) IOH 

Output Leakage Current (Pins 12, 18) loul 

Input Capacitance (All Pins) Cln 

OTO Output Tone Level (Pin 19) Row Tone (RL = 600 Q to VOO) 
Vo Column Tone (VOO = 3.5 V) 

. OTO Output Tone Leakage (Pin 19) (VOO = 3.5 V, RL = 600 Q) °bm 

OTO Output Tone Distortion (Pin 19) 
(300 Hz-4 kHz, VOO = 3.5 V, RL = 600 Q) 

Output Ratio Column/Row Tone VOO=3.5V Db 
(Pins 3, 4, 5, 6,14,15,16,17,20) 

OTO DC Level (Pin 19) VIDC 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Min Typ 

2.0 -
2.5 -
- 200 
- 0.5 

1.7 -
- -
- 0.05 

- -
0.8xVOO -

- 100 
- 5 

- 100 
- 100 

- 50 

- -
0.5 1.0 
1.0 2.0 

0.25 1.5 

- -

- 10 

260 309 
327 389 

- -
- 5 

1.5 -

-10% 1/2 VOO 

Max 

6 
6 

500 
2.0 

-
2.5 
2.0 

0.2xVOO 
-
-
-
-
-
-

100 

-
-
-
1.0 

-

367 
462 

-80 

7 

3.0 

+10% 

Unit 

V 

I1A 
rnA 

V 

I1A 

V 

kQ 

kQ 

kQ 

J!A 

rnA 

I1A 
pF 

mVrms 

dBm 

% 

dB 
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SWITCHING CHARACTERISTICS (VOO - 2 5 V CL - 50 pF tA = 25°C) - -
Characteristic 

Row/Column Scan Frequency 

Key Oebounce lime 

HS Reset lime 

OTOOuration Normal 
Redial 

Flash Output Duration 

OTO Interdigit Duration (Normal and Redial) 

MO Output Predeigit (OTMF Mode) 

Pacifier Tone Frequency 

Pacifier Tone Duration 

Pulse Interdigit Duration 

Make/Break (P/OW) 
(P2iDW2) 

MO Overlap (Pulse Mode/Redial) 

MO Output Predigit (Pulse Mode) 

Pause 

PIN DESCRIPTIONS 

VDD 
Positive Power Supply (Pin 2) 

The digital supply pin is connected to the positive side of 
the system power supply. 

VSS 
Ground (Pin 7) 

Ground retum pin is typically connected to the system 
ground. 

MS 
Mode Select (Pin 11) 

This is a three-state input. A logic 0 selects Tone mode, a 
log'ic 1 selects the Pulse mode at 20 pps, and an open 
connection selects Pulse mode at 10 pps. If the input is 
changed while dialing is in progress, the mode change will 
occur afterlhe last interdigit pause for the previous dial mode. 

PTO 
Pacifier Tone Output (Pin 8) 

Recognition of any valid key input in Pulse mode will cause 
an 800-Hz square wave to be output from this pin. The 
minimum output time is 30 ms or as long as valid key 
depression lasts. This pin is high impedance when no signal 
is output. 

HS 
Hook Status (Pin 13) 

A logic 1 or open condition sets the device on on-hook 
status. A logic 0 is an off-hook condition. 

PO 
Pulse and Flash Output (Pin 18) 

This is an N-channel open-drain output. It outputs dialing 
pulses at a 10-pps or 20-pps rate. The flash output from this 
pin is a 600-ms pulse. This pin is high impedance when no 
signal is output. 

MO 
Mute Output (Pin 12) 

This is an N-channel open-drain output. In the manual tone 
dialing mode this output goes low for the period of the tone 

MC145416 
2·732 

Symbol Min Typ Max Unit 

f 250 Hz 

tOB - 12t026 ms 

tR 160 ms 

80 -
too ms 80 - -

tFO 600 ms 

tID 60 - ms 

tpop 40 ms 

!Tso - 800 Hz 

'Tso 30 ms 

tlOP - 800 ms 

MBR 42158 40/60 37/63 % 
33167 

tMO - 800 ms 

tMOP 40 ms 

tp 3 - 5 s 

duration. It will remain low until the end of the mute overlap 
time. 

In manual pulse dialing, this output will go low for the period 
of break and make time, and will remain low until completion 
of the mute overlap time. 

When redialing from LNR, or memory, this pin will go low 
starting with first digit signal output with predigit period, and 
will remain low until the last digit is output plus the overlap 
mute period. This pin remains high (1) during memory store. 

R1-R5/C1-C4 
Row/Column Inputs (Pins 3~, 14-17, and 20) 

A logic 0 simultaneously presented to a single row and a 
single column is defined as a valid key entry. The keypad starts 
to be sampled and the input accepted if it is still valid aller 
12 to 26 ms debounce time. Depression of multiple keys is 
an invalid entry. 

X11X2 
OSCIN and OSCOUT (Pins 9 and 10) 

An inverter works as an on-board oscillator when 
connected to a parallel mode 3.5795-MHz crystal. The fre
quency accuracy of the crystal directly affects the accuracy 
of the DTMF frequency. Crystal biasing is accomplished by 
an intemal resistor and capacitors. 

DTO 
DTMF Output (Pin 19) 

When the MS pin is set to a logic 0 (VSS) the DTMF output 
pin will output tones corresponding to the row and column 
of the key depressed. The tone out duration will last as long 
as a valid key is pressed, with a minimum of 80 ms 
guaranteed. 

In LNR the tone output and interdigit pause are of a fixed 
duration. When the MS pin is logic 1 or open for pulse dialing, 
the DTO pin is high impedance. 

MI 
Mode Indicator Output (Pin 1) 

This pin will be at a logic 0 when dialing in the DTMF mode 
and a logic 1 when dialing in the Pulse mode. The pin remains 
in the logic state determined by the last dial mode. 

MOTOROLA COMMUNICATIONS DEVICE DATA 



OPERATIONAL INFORMATION 
The MC145416 allows the use of either a single contact 

(Class A) keyboard, or a standard 2-of-8 keyboard with VSS 
tied to common. A valid key entry occurs when either a single 
row is tied to a single column or a single row and column are 
simultaneously connected to VSS. 

Figure 1 illustrates the two types of keying methods. 
Figure 2 illustrates the 4 x 5 functional keyboard layout and 

the standard row and column frequencies. 

CLASS A 

COL --0 0-- ROW 

STANDARD 2·0F·8 

-C~o--COL vSS l 
o--ROW 

Figure 1. Keyboard Configurations 
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ROW 

FREQ. 

COLI COL2 COL3 COL4 

000~ 
697 ~00~ 
770 ~00~ 
852 ~00IFLASHI 
941 D0~ILNFVPSI 

1209 1336 1477 

COLUMN FREQ. 

MR = MEMORY RECALL 
MS = MEMORY STORE 
PSIS = MODE CHANGE/PAUSE 
FLASH = 600 ms at PO PIN 
LNRlPS = LAST NUMBER REDIALIPAUSE 

Figure 2. 4 x 5 Keyboard Matrix 

ROW 1 

ROW 2 

ROW 3 

ROW 4 

ROW 5 

MC145416 
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FUNCTIONAL INFORMATION 
A. MANUALDIALING-OFF·HOO~ ~----~ 

1) Dialing Tone (DTMF) output will oontinue as long as a valid key is depressed. 
2) Mode change can be set on· or off-hook before keyboard enby. 
3) In Tone Mode 

a) All digits, including' and #, will have DTMF output. 
b) All digits, including' and #, and Pause will be stored in the LNR register. 
c) Flash, PSIS, MS (Memory Store), and MR (Memory Recall) will cause a PTO output to be generated as long as a key remains pressed. 

4) In Pulse Mode (10 or20pps) 
a) Numeric Input 0-9, Pause, and PSIS will be stored in the LNR register. 
b) Numeric inputs 0-9, • and #, Flash, LNR, PSIS, MS, and MR will cause a PTO output to be generated for as long as the key remains pressed. 

B. LAST NUMBER REDIAL - OFF·HOOK I LNRlPS I 
1) When this is the first key depressed after off·hook, exluding Mode Select Switch, It causes the last number entered from the keypad to be dialed out. 
2) Mixed dialing from the keypad can be stored and redialed with pulse to tone mixed dial out or can be converted to all tone wHh the Mode Select Switch, 

retaining the four second pause. 

ENTERED ... 
Mode Select Switch to Pulse Mode, ENTER: 

REDIALED ... 
ON·HOOK to OFF·HOOK 
Mode Select Switch In Pulse Mode, ENTER: 

REDIALED •.• 
ON·HOOK to OFF·HOOK 
Mode Select Switch in Tone Mode, ENTER: 

~ ..... Q:J ~ Q:J ..... ~ 
PULSE INPUT I MODE I DTMF INPUT 

Change With Pause 

I LNRlPS' ',Dial out Is the same as original entry. 

, LNRlPS , ' Dial out changes to: 

~ ..... Q:J Q:J ..... ~ 
DTMF OUTPUT I PAUSE I DTMF OUTPUT 

3) Numbers dialed from memory 1-9, and Nl, N2, and N3 will not be stored in the LNR register. 
4) Numbers stored with the MS pin set to DTMF cannot be converted to pulse with the PSIS key because the part does not know to go to 10 or 20 pps. 

C. DIALING WITH AUTO ACCESS PAUSE - OFF·HOOK 

ENTERED ... 
Mode SwHch in either Pulse or Tone Mode 

REDIALED ... 
ON·HOOK to OFF·HOOK 
Mode Select Switch Unchanged, ENTER: 

~ ..... Q:J ILNRlPS' Q:J ..... ~ 

, LNR/PS , ' Dial out is the same as original entry. 

~ ..... Q:J PAUSE Q:J ..... ~ 
1) A pause Is stored In a data number sequence by prassing the LNRlPS key during keypad entry. 
2) More than one pause can be entered in sequence for extended pauses. 
3) An Indefinite pause duration can be provided with a custom metal option. 

a) The indefinite pause will not occur during normal tone or pulse dialing. 
b) On redial, this pause can be terminated by pressing any other key, 

D. DIALING WITH AUTO ACCESS PAUSE AND MODE CHANGE - OFF·HOOK 

ENTERED ... 
Mode Select Switch in Pulse Mode (10 or 20 pps) 

ENTERED ... 
Mode Switch In Tone Mode 

~ ..... Q:J ~ Q:J ..... ~ 
PULSE DIALING I MODE I TONE DIALING 

Change WHh Pause 

~ ..... Q:J ~ Q:J ..... ~ 
TONE DIALING I PAUSE I TONE DIALING 

Change With Pause 

1) Dialing in the Pulse Mode and depressing the PSIS key will inHiate a four second auto access pause with the mode change to DTMF. 
2) Starting in the Tone Mode, depressing the PSIS key will not cause a mode change to occur, but will Insert a four second pause in the dial sequence, 

MC145416 
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E. MEMORY STORAGE AND RECALL - OFF·HOOK 

1) A 10tal of 18 digHs can be stored. 
2) Pause and Mode Switch (PSIS) key each count as one digit. 
3) After pressing MS (Memory Store) key, all outputs are InhlbHed except the PTO output. Succeeding numeric inputs including PSIS, are counted as data. Following 

the second MS (Memory Store) key input, the first numeric Input Is counted as address (A= 1-9 orNl, N2, or N3). Any non·numeric key entered, including 0, will be 
Ignored, and the part will walt for another entry. 

ENTERED ... 
a) Mode Select Switch in Pulse Mode (10 or 20 pps) 

Memory Store Sequence ... [§J~····0~0····[§J[§J0 

ON·HOOK to OFF·HOOK ENTERED ... 
Memory Recall Sequence ... 

PULSE MODE I MODE I 
Change With Pause 

~ 0 A=I-9 Dialoutis: ~ •••• 0 

TONE MODE 

PULSE MODE I MODE 

A=I-9 
orNl, N2, N3 

0···· [§J 
I TONE MODE 

b) Mode Select Switch to DTMF 
Memory Recall Sequence ... 

Change Wrth Pause 

~ 0 A=I-9 Dialoutis: ~ •••• 0 0···· [§J 
TONE MODE I PAUSE I TONE MODE 

ENTERED ... 
a) Mode Select Switch In Tone Mode 

Memory Store Sequence ... [§J~····0~0····[§J[§J0 

ON·HOOK to OFF·HOOK ENTERED ... 
Memory Recall Sequence ... 

TONE MODE I PAUSE I 
Change With Pause 

~ 0 A=I-9 Dial out Is: ~ •••• 0 

TONE MODE 

TONE MODE I PAUSE 

b) Mode Select Switch in Pulse Mode (10 or 20 pps) 

MemoryRecaIiSequence... ~ 0 A=I-9 Dial out is: ~ •••• 0 

A=I-9 
orNl,N2,N3 

0···· [§J 
I TONE MODE 

0···· [§J 
PULSE MODE I MODE I TONE MODE 

4) Number storage during conversation is allowed by following the above procedure. 
Change With Pause 

5) Memory registers can be programmed sequentially wHhout going on-hook between each entry. 

F. CASCADED DIALING - OFF·HOOK 

1) Memory Cascaded ... 
a) Numbers stored with the Mode Select Switch set to pulse (10 or 20 pps) can be dialed out as follows: 

ENTERED... ~ [§J Both Nl and N2 will dial out as originally stored. 

ENTERED ... ~ I PSIS I [§J 
I PSIS I ~ [§J 

Nl will dial out as stored, N2 will convert to DTMF. 
PTO output will remain active during the dial out of N2. 

ENTERED ... Both Nl and N2 will dial out in DTMF, wHh PTO active. 

b) Numbers stored wHh the Mode Select Switch set to pulse (10 or 20 pps) can also be dialed out In DTMF by swHchlng the Mode Select Switch to the Tone Mode, 
on· or off-hook. By using the Mode Select SwHch instead of PSIS, PTO will not be active. A dial out conversion back to pulse cannot be accomplished with the 
use of PSIS when the Mode Select SwHch is in the Tone Mode. 

c) In cascade operation, the keyboard is InhibHed upon pressing the first key (i.e., Nl key). The out pulsing must be completed before acceptance of the next key 
input. 

2) Cascade dialing can be accomplished from any memory location in any order, including LNR ... 
a) Numbers stored with the Mode Select SwHch set to pulse (10 or 20 pps) 

ENTERED... ~ 0 ~ Both MR A and LNR dial out in pulse. 

ENTERED ... ~ ~ 0 Both LNR and MR A dial out in pulse 

b) Since a redial from any memory location will not distrub the content of the LNR register, it is not necessary to re-enter the last dialed number again. 
c) In cascade operation, the keyboard is inhibHed upon pressing the first control key (I.e., MR key). The out pulsing must be completed before acceptance of the 

next control key input. 

3) The second control key, or number Input, has to be entered after completion of the previous dialing. 

G. FLASH -OFF·HOOK ~ 
1) Press\ng the FLH key will cause a 600-ms pulse to be generated at the pulse output pin. This pulse will not be stored in eHherthe LNR register or the memory 

registers. The mute output will go low for 600 ms and the PTO output will be active for as long as this key is depressed. 
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2-735 



HOOK SWITCH 

KEY INPUTS 

3.58 MHz 

PULSE MODE 

PACIFIER 

MO 

PO 

TONE MODE 

PACIFIER 

MO 

DTMFOUT 
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lOFF.HOOK ~ ______________ ~Il~ ________ __ 
I DIGIT? DIGIT'l" I REDIAL 

--< OSCILLATION ) ~-----1( ·OSCILLATION )~---

--1JIII ~--~IU~-------• trsOH 

I I U 
-I I- lMOP -I I- tMOP 800msH 

,..---------, .-------, 

I L--______ ---II 
-I I-

Figure 3. Timing Diagram 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
ISDN Universal Digital Loop 
Transceivers II 
(UDLT II) 

The MC145421 and MC145425 UDLTs are high-speed data transceivers 
capable of providing 160 kbps full-duplex data communication over 26 AWG and 
larger twisted-pair cable up to 1 km in length. These devices are primarily used 
in digital subscriber voice and data telephone systems. In addition, the devices 
meet and exceed the CCITT recommendations for data transfer rates of ISDNs 
on a single twisted pair. The devices utilize a 512 kbaud MDPSK burst modulation 
technique to supply the 160 kbps full-duplex data transfer rates. The 160 kbps 
rate is provided through four channels. There are two B channels, which are 64 
kbps each. In addition, there are two D channels which are 16 kbps each. 

The MC145421 and MC145425 UDLTs are designed for upward compatibility 
with the existing MC145422 and MC145426 80 kbps UDLTs, as well as compa
tibility with existing and evolving telephone switching hardware and software 
architectures. 

The MC145421 (MASTER) UDLT is designed for use at the telephone switch 
line card while the MC145425 (SLAVE) UDLT is designed for use at the remote 
digital telset or data terminal. 

• Employs CMOS Technology, in Order to Take Advantage of Its Proven Capa
bility for Complex Analog and Digital LSI Functions 

• Provides Synchronous Full Duplex 160 kbps Voice and Data Communication 
in a 2B+2D Format for ISDN Compatibility 

• Provides the CCITT Basic Access Data Transfer Rate (2B+D) for ISDNs on a 
Single Twisted Pair up to 1 km 

• Compatible with Existing and Evolving Telephone Switch Architectures and 
Call Signalling Schemes 

• Protocol Independent 
• Single +5 V Power Supply 

16 kbps 01 
16 kbps 02 
64kbps B1 
64kbps B2 

R 
FO 

MASTER 
ISDN UDLT 

N 
MMEND D 

NEW DESIGN 

160 kbps FULL·DUPLEX 
DATA TRANSMISSION 

SLAVE 
ISDNUDLT 
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16 kbps 01 
16 kbps 02 
64kbps B1 
64kbps B2 

MC145421 
MC145425 

PSUFFIX 
PLASTIC 

CASE 709 

24~ DWSUFFIX 
SOG 

CASE 751F 

PIN ASSIGNMENT 
MC145421-Master 

(Plastic and SOG Packages) 

VSS VDD 

L01 

LI L02 

[8 Rx 

VD RE2 

011 RE1 

TOc/RDC 

DCLK CCI 

010 MSI 

020 TE1 

SE TE2 

PO Tx 

MC145425-Slave 
(Plastic and SOG Packages) 

VSS VDD 

Vrel L01 

LI L02 

[8 Rx 

VD BCLK 

011 CLKOUT 

021 XTL 

DCLK CCI 

010 TONE 

020 EN1 

MulA EN2 

PO Tx 
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Advance Information 
Universal Digital-Loop 
Transceivers (UDLT) 

The MC145422 and MC145426 UDLTs are high-speed data transceivers that 
provide 80-kbps full-duplex data communication over 26 AWG and larger twisted 
pair cable up to two kilometers in distance. Intended primarily for use in digital 
subscriber voice/data telephone systems, these devices can also be used In 
remote data acquisition and control systems. These devices utilize a 256 kilobaud 
modified differential phase shift keying burst modulation technique for trans
mission to minimize RFI/EMI and crosstalk. Simultaneous power distribution and 
duplex data communication can be obtained using a single twisted pair wire. 

These devices are designed for compatibility with existing, as well as evolving, 
telephone switching hardware and software architectures. 

The UDLT chip-set consists of the MC145422 master UDLT for use at the 
telephone switch linecard and the MC145426 slave UDLT for use at the remote 
digital telset and/or data terminal. 

The devices employ CMOS technology in order to take advantage of its reliable 
low-power operation and proven capability for complex analog/digital LSI 
functions. 

• Provides Full Duplex Synchronous 64 kpbs Voice/Data Channel and Two 
8 kbps Signaling Data Channels Over One 26 AWG Wire Pair Up to 
Two Kilometers 

• Compatible with Existing and Evolving Telephone Switch Architectures and 
Call Signaling Schemes 

• Automatic Detection Threshold Adjustment for Optimum Performance Over 

MC145422 
MC145426 

PSUFFIX 
PLASTIC 

CASE70B 

OW SUFFIX 
SOG 

CASE 751E 

ORDERING INFORMATION 

MC145422P, MC145426P Plastic 
MC145422DW, MC145426DW SOG 

Varying Signal Attenuations 
• Protocol Independent 
• Single 5 V Power Supply 
• 22-Pin Package 

NOT 
RECOMMENDED 

• Application Notes AN943, AN949, AN968, AN946, and AN948 

MC145422 Master UDLT FOR NEW DESIGN 
• Pin Controlled Power-Down and Loop-Back Features 
• Signaling and Control I/O Capable of Sharing Common Bus Wiring with 

Other UDLTs 
• Variable Data Clock - 64 kHz to 2.56 MHz 
• Pin Controlled Insertion/Extraction of 8 kbps Channel Into LSB of 64 kbps 

Channel for Simultaneous Routing of Voice and Data Through PCM Voice 
Path of Telephone Switch . 

MC145426 Slave UDLT 

• Compatible with MC145500 Series PCM Codec-Filters 
• Pin Controlled Loop-Back Feature 
• Automatic Power-Up/Down Feature 
• On-Chip Data Clock Recovery and Generation 
• Pin Controlled 500 Hz D3 or CCITT Format PCM Tone Generator for Audi 

ble Feedback Applications 

This document contains infonnation on a new product. Specifications and In!onnatlon herein are subject to change without notice. 

MC145422.MC145426 
2-738 

MOTOROLA COMMUNICATIONS DEVICE DATA 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Data Set Interface 
Asynchronous-to-Synchronous and 
Synchronous-to-Asynchronous Converter 

The MC145428 Data Set Interface provides asynchronous-to-synchronous and 
synchronous-to-asynchronous data conversion. It is ideally suited for voice/data 
digital telsets supplying an EIA-232 compatible data port into a synchronous 
transmission link. Other applications include: data multiplexers, concentrators, 
data-only switching, and PBX-based local area networks. This low-power CMOS 
device directly interfaces with either the 64 kbps or 8 kbps channel of Motorola's 
MC145422 and MC145426 Universal Digital Loop Transceivers (UDLTs), as well 
as the MC145421 and MC145425 Second Generation Universal Digital Loop 
Transceivers (UDLT II). 

• Provides the Interface Between Asynchronous Data Ports and Synchronous 
Transmission Links 

• Up to 128 kbps Asynchronous Data Rate Operation 
• Up to 2.1 Mbps Synchronous Data Rate Operation 
• On-Board Bit Rate Clock Generator with Pin Selectable Bit Rates of 300, 

1200, 2400, 4800, 9600, 19200, and 38400 bps or an Externally Supplied 
16 Times Bit Rate Clock 

• Accepts Asynchronous Data Words of 8 or 9 Bits in Length 
• False Start Detection Provided 
• Automatic Sync Insertion and Checking 
• Single 5 V Power Supply 
• Low Power Consumption of 5 mW Typical 
• Application Notes AN943 and AN946 

ECOMMENDED 
DESIGN 

BLOCK DIAGRAM 

TxS.-------------, 

TxD---+j DCO 
DL-HL;::J 

BR1-BR3 
.-----It........l _____ -'--_...,..~ DOE 

DIE 
DCLK BCLK 

BRCLK.----t ~-,~-_r----~r-~~--CM 

RESET 

RxD+-----I 

SB 
DCI 

RxS.--------------...J 
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MC145428 

LSUFFIX 
CERAMIC, 
CASE 732 

PSUFFIX 
PLASTIC 

CASE 738 

DWSUFFIX 
SOG 

CASE 751D 

PIN ASSIGNMENT 

TxS 

TxD 

DL 

BRCLK 

BRl 

8R3 

SB 

VSS 

VDD 

RESET 

DCO 

DOE 

CM 

DCLK 

DIE 

DCI 

RxS 

RxD 
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Telset Audio Interface Circuit 
The MCl45429 is a silicon-gate CMOS Telset Audio Interface Circuit (TAlC) 

intended for microcomputer controlled digital or analog telset applications. The 
device provides the interface between a codeclfilter or analog speech network 
and the telset mouthpiece, earpiece, ringer/speaker amplifier, and an auxiliary 
input and output. The configuration of the device is programmed via a serial digital 
data port. Features provided on the device Include: 

• Independent Adjustment of Earpiece, Speaker, and Ringer Volume 
• Transient Suppression Circuitry to Prevent Acoustic "Pops· 
• Receive Low-Pass Filter for 8-kHz Attenuation 
• Sixteen Possible Audio Configurations 
• Power-Down Mode with Data Retention 
• 20-dB Mouthpiece Input Gain 
• Receive to Transmit Loopback Test Mode 
• Provision for Auxiliary Input and Output 
• Externally Adjustable Auxiliary Input Gain 
• PCM Mono-Circuit Compatible Power Supply 
• Digital Output for Speaker Amplifier Control 
• Versatile Logic Input Levels· 
• 18-Pin Package 

NOT RECOMMENDED 
FOR NEW DESIGN 

VDD=PIN 18 
VAG=PIN 1 
VDG=PIN2 
VSS=PIN 9 

LOW·PASS 
FILTER 

DCE ---=----~ 
DC~----~ 

D --""----+1 

SIMPLIFIED BLOCK DIAGRAM 

o---+-VAG 
TRANSMIT 

SIGNAL 
SELECTOR 

DIGITAL CONTROL LOGIC 

MC145429 

-1 

,p 
PSUFFIX 
PLASTIC 

CASE 707 

LSUFFIX 
CERAMIC 
CASE 726 

PIN ASSIGNMENT 

VAG [ 1- 18 P VDD 

VDG [ 2 17 P TxO 

SAE[ 3 16 P Mpl 

DCE [ 4 15 P EpO 

DC [ 5 14 P SO 

D [ 6 13 pAxO 
SCI [ 7 12 P AxF 

PDi[ 8 11 P -Ax 

VSS [ 9 10 P Rxl 

AxO 

Mpl 

This document contains information on a new product. SpecHlcatlons and Information herain ara sublect to change without notice. 
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2600 Hz Tone Signaling Filter 
This device contains a bypassable 6-pole, 2600 Hz notch filter, a 2-pole 

2600 Hz band-pass filter, and a 2600 Hz sine wave generator for SF signaling! 
detection applications. 

• ±5 V to ±8 V Single or Split Supply Operation 
• Low Power Consumption: 80 mW @ 10 V 

200mW@ l5V 
• On-Board Crystal Oscillator or External Clocks 
• Notch Filter Gain Adjustable 
• Uncommitted Op Amp Capable of Driving 600 n Loads 
• TTL or CMOS Compatible Inputs 
• l8-Pin Package 

4 

NOT 
RECOMMENDED 

FO NEW DESIGN 

BLOCK DIAGRAM 

AO 

2600·Hz 
6·POLE 

NOTCH FILTER 
L..-___ .;..3 A-

CLOCK 
CIRCUIT 

CS ..:.6 ____ -' 

2600·Hz 
SINE WAVE 

GENERATOR 

TO 
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~: 
~·B-

L..-_____ .;:,.5 NO 

2600·Hz 
2-POLE 

BAND-PASS 
FILTER 

14 

BPO 

VDD~PIN 18 
VAG~PIN1 
VSS~ PINg 

MC145432 

.-
LSUFFIX 
CERAMIC 
CASE 726 

PSUFFIX 
PLASTIC 
CASE 707 

PIN ASSIGNMENT 

VDD 

B+ 

BO 

B

BPO 

TO 

NE 

CO 

VLS 
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Dual Tone Multiple Frequency 
Receiver 

The MC145436 is a silicon gate CMOS LSI device containing the filter and 
decoder for detection of a pair of tones conforming to the DTMF standard with 
outputs in hexadecimal. Switched capacitor filter technology is used together with 
digital circuitry forthe timing control and output circuits. The MC145436 provides 
excellent power line noise and dial tone rejection and is suitable for applications 
in central office equipment, PABX, and keyphone systems, remote control 
equipment and consumer telephony products. 

The MC145436 offers the following performance features: 

• Single + 5 V Power Supply 
• Detects All 16 Standard Digits 
• Uses Inexpensive 3.58-MHz Crystal 
• Provides Guard Time Controls to Improve Speech Immunity 
• Output in 4-Bit Hexadecimal Code 
• Built-in 60 Hz and Dial Tone Rejection 
• Pin Compatible with SSI-204 

BLOCK DIAGRAM 

GT 

ATB +-----------. 

Xen 

Xin 

Xout 

TIMING 
CIRCUIT 

OUTPUT 
DECODER 

OV 

ENB 

01 

02 

04 

08 

MC145436 

PSUFFIX 
PLASTIC 

CASE 646 

OW SUFFIX 
SOG 

CASE 751G 

PIN ASSIGNMENTS 

PLASTIC 

02 

01 

ENB 

VOO 
GT 

Xen 
Ain 

02 

[ 1-

[ 2 

[ 3 

[ 4 

[ 5 

[ 6 

[ 7 

SOG 

14 

13 

12 

11 

10 

9 

8 

04 

08 

OV 
ATB 

Xin 

Xout 
GNO 

04 

08 

OV 

NC 

ATB 

11 Xin 

Ain 1..8 ___ -, 

Xout 

GNO 

NC = NO CONNECTION 
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MAXIMUM RATINGS (Voltages Referenced to GNO Unless Otherwise Noted) 

Rating Symbol Value Unit 

DC Supply Voltage VOO -0.510+6.0 V 

Input Voltage, Any Pin Except Ain Vln -0.5toVOD+0.5 V 

Input Voltage, Ain Yin VOO-l010VOO+0.5 V 

.OC Current Drain per Pin I ±10 mAdc 

Power Dissipation Po 30 mW 

Operating Temperature Range TA -4010+85 ·C 

Storage Temperature Range Tsm -65to+150 ·C 

ELECTRICAL CHARACTERISTICS 

This device contains circuitry to protect the 
Inputs against damage due to high static volt
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
applications of any voltage higher than the 
maximum rated voltages to this high Imped
ance circuit. 

For proper operation it Is recommended that 
Yin and Vout be constrained to the range V SS s 
(Vin or Vout) S VDO. Reliability of operation is 
enhanced if unused Inputs are tied to and ap
propriate logic voltage level (e.g., eitherVSS or 
VOO)· 

(All Polarities Referenced to VSS = 0 V, VOO = 5.0 V ±10%, TA = - 40 to + 85·C, Unless Otherwise Noted) 

Parameter Symbol Min Typ 

DC Supply Voltage VDO 4.5 5 

Supply Current (fCLK = 3.58 MHz) 100 - 7 

Input Current GT lin - -
ENB, Xin, Xen - -

Input Voltage Low ENB, GT,Xen VIL - -
Input Voltage High ENB, GT,Xen VIH 3.5 -
lout Data and OV Pins: Vout = 4.5 V (Source) 10H 800 -
lout Data and OV Pins: Vout = 0.4 V (Sink) 10L 1.0 -

Input Impedance Ain Rin 90 100 

Fanout ATB Fout - -
Input CapaCitance Xen, ENB Cln - 6 

ANALOG CHARACTERISTICS (VOD = 5.0 V ±10%, TA = - 40 to + 85·C, Unless Otherwise Noted) 

Parameter Min Typ 

Signal Level for Detection (Ain) -35 -
Twist = High Tone/Low Tone -10 -
Frequency Detect Bandwidth ±(1.5 +2 Hz) ±2.5 

60-Hz Tolerance - -
Dial Tone Tolerance (Nole 1) - -

(Dial Tone 330 + 440) 

Noise Tolerance (Notes 1 and 2) .". - -
Power Supply Noise (WIde Band) - -
Talk Off (Mltel Tape #CM7290) - 2 

NOTES: 
1. Referenced to lower amplitude tone. 
2. Bandwidth limited (0 to 3.4 kHz) Gaussian Noise. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Max 

5.5 

15 

200 
±1 

1.5 

-
-
-
-
10 

-

Max 

-2 

10 

±3.5 

0.8 

0 

-12 

10 

-

Unit 

V 

mA 

I1A 

V 

V 

JlA 

mA 

kn 

pF 

Unit 

dBm 

dB 

%fO 

Vrms 

dB 

dB 

mVp-p 

Hits 
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AC CHARACTERISTICS (VDD = 5.0 V ± 1 0%, TA = -40·C to + 8S·C) 

Chara.cteristlc 

Tone On Time 
For Rejection 

Pause Time 
For Rejection 

Detect Time 
GT=l 

Release Time 
GT=l 

Data Setup Time 

Data Hold Time 

PulseWidlh 

DV Reset Lag Time 

ENS High to Output DV (Note 1) 

ENS Low to Output High-Z (Note 1) 

NOTE: 
1. [lata out: CL = 35 pF II RL = 500 n. 

ANALOG INPUT 
(Ain) 

01,02 
04,08 

MC145436 
2-744 

OV 

ENB 

GT 

tsu 

Symbol 

For Detection TONEon 

For Detection TONEoff 

GT=O tdet 

GT=O trel 

tsu 

th 

GT tw(GT) 

~ag(DV) 

tEHDV 

tELDZ 

TIMING DIAGRAM 

tELOZ tEHOV 

Min Typ Max Unit 

40 - - ms 
- - 20 

40 - - ms 
- - 20 

22 - 40 ms 
32 - 50 

28 - 40 ms 
18 - 30 

7 - - ItS 

4.2 4.6 5 ms 

18 - - liS 

- - 5 ms 

- 120 500 ns 

- 110 300 ns 

TONE BURST 2 

HIGH-Z --

tELOZ 

tw(GT) 
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PIN DESCRIPTIONS 

Voo 
Positive Power Supply 

The digital supply pin, which is connected to the positive 
side of the power supply. 

VSS 
Ground 

Ground return pin is typically connected to the system 
ground. 

01,02,04,08 
Oata Output 

These digital outputs provide the hexadecimal codes corre
sponding to the detected digit. The digital outputs become 
valid after a tone pair has been detected and are cleared when 
a valid pause is timed. See Table 1 for hexadecimal co
des.These output pins are high impedance when the enable 
pin is at logic O. 

EN 
Enable 

Outputs D1, D2, D4, DB are enabled when ENB is at a logic 
1, and high impedance (disabled) when ENB is at a logic O. 

GT 
Guard Time 

The Guard Time control input provides two sets of detected 
time and release time, both within the allowed ranges of tone 
on and tone off (see Figure 1). A longer tone detecllime rejects 
signals too short to be considered valid. With GT = 1, talk off 
performance is improved, since it reduces the probability that 
tones simulated by speech will maintain signal conditions long 
enough to be accepted. In addition, a shorter release time re
duces the probability that a pause simulated by an interrupt in 
speech will be detected as a valid pause. On the other hand, 
a shorter tone detect time with a long release time would be 

Table 1. Hexadecimal Codes 
Output Code 

Digit D8 D4 D2 D1 

1 0 0 a 1 

2 a a 1 a 
3 a a 1 1 

4 0 1 a 0 

5 0 1 a 1 

6 a 1 1 0 

7 0 1 1 1 

8 1 a a 0 

9 1 a a 1 

a 1 a 1 0 . 1 0 1 1 

# 1 1 a a 
A 1 1 a 1 

8 1 1 1 a 
c 1 1 1 1 

D a a a 0 

MOTOROLA COMMUNICATIONS DEVICE DATA 

appropriate for an extremely noisy environment where fast ac
quisition time and immunity to dropouts would be required. In 
general, the tone signal time generated by a telephone is 
100 ms, nominal, followed by a pause of about 100 ms. A 
high-to-Iow or low-to-high transition on the GT pin resets the 
internal logic and the MC145436 is immediately ready to ac
cept a new tone input. If left open, this pin is internally pulled 
to ground. 

Xen 
Oscillator Enable 

A logic 1 on Xen enables the on-chip crystal oscillator. When 
using alternate time base from the ATB pin, Xen should be tied 
to VSS. 

Ain 
Analog Input 

This pin accepts the analog input and is internally biased so 
that the input signal may be ac coupled. The input may be dc 
coupled so long as it does not exceed the positive supply (see 
Figure 2). 

XinlXout 
Oscillator In and Oscillator Out 

These pins connect to an internal crystal oscillator. In opera
tion, a parallel resonant crystal is connected from Xin to Xout, 
as well as a 1-MQ resistor in parallel with the crystal. When 
using the alternate clock source from ATB, Xin should be tied 
to VDD. 

ATB 
Alternate Time Base 

This pin serves as a frequency reference when more than 
one MC145436 is used, so that only one crystal is required for 
multiple MC145436s. When doing so, all ATB pins should be 
tied together as shown in Figure 3. When only one MC145436 
is used, this pin should be left unconnected. The output fre
quency of ATB is 447.4 kHz. 

DV 
Data Valid 

DV signals a detection by going high after a valid tone pair 
is sensed and decoded at output pins D1, D2, D4, D8. DV re
mains high until a loss of the current DTMF signal occurs or 
until a transition in GT occurs. 

I 
I 
I 
I 
I 

GUARDTIME~ 
i v~ 
I 
I -= 
I 
I 

Figure 1. Guard Time 
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Vin< VOO 

O.OlIlF 

Ain --l 

r---

1 VOO 
1 
1 
1 

1 
1 
1 
1= 
1 

100kn 

L __ _ 

Figure 2. Analog Input (Operational Information based on PDIP package) 

Xin 

COL 1 COL2 COL3 COL 4 
ATB 

697GJ00~ ROW 1 

VOO STD 770 GJ GJ GJ ~ ROW 2 

Xin OTMF 852[2J~~~ ROW 3 
ATB Xen 

(Hz) 
MC145436 941 GJ00~ ROW4 

= 1209 1336 1477 1633 

TO OTHER STO OTMF (Hz) 
MCl45436s 

Figure 3. Multiple MC145436s Figure 4. 4 x 4 Keyboard Matrix 
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Encoder/Decoder (Transcoder) 
For Transmission Applications 

The MC145439 and MC142103 are high speed CMOS integrated circuits 
designed to perform the coding translation of clocked serial data into two streams 
of return to zero (RZ) digital pulses, which are externally mixed to form either AM I, 
H083, 86ZS, or 88ZS (MC1421 03-AMI or H083 only) ternary signals for driving 
transmission lines. They perform the reverse operation by translating two streams 
of clocked pulses [which have been derived from an incoming AMI, H083, 86ZS, 
or 88ZS (MC142103-AMI or H083 only) ternary encoded signal] into a single 
stream of clocked binary data. They also feature loopback and error monitoring 
functions. The coding and decoding functions perform independently at clock rates 
from 0 (dc) to 9 mbps. The H083 coding and decoding are performed in a manner 
consistent with the CCITT G.703 recommendations. 
Both Devices: 
• Low Power CMOS Operation 
• Single 5-V Power Supply Operation 

• Error Monitor Functions Provided R E C 0 
• Loopback Feature Provided 
• Encode and Oecode Clock Rates to 9 mbps 
• Pin Selectable Modes of Operation 
o TTL Compatible Inputs and Outputs N 
MC145439 Only: 
• 20-Pin Package 
• NRZ to AMI, H083, 86ZS, 88ZS; AMI, HD83, 86ZS, 88ZS to NRZ 
• Force Alarm and Output Enable Function 

• Pin Compatible with HC-5560 
MC142103 Only: 
• 16-Pin Package 
• NRZ to AMI, HD83; AMI, H083 to NRZ 
• Pin Selectable H083 or AMI Operation 
• Pin Compatible with C022103 and MJ1471 

BLOCK DIAGRAM 

MSI (OR HDB3/AMI -----------<_----+ 
MS2(MCI454390NLY) ------_--+----_ 

OUTPUT ENABLE 
(MCI454390NLy) ------+---1---1 

NRZin 

FA (MCI45439 ONLy) --. .~" 

ECLK -=====:====~ LOOP -
Pin-----~ 

Nin -----.t.T--l=~=~==j=::: 

DCLK ---t-------f'-IL--r----1--

L......:.......---..::~===-_-======~ ERR AIS 

MC145439 
MC142103 

~- MC145439 
PLASTIC 

CASE 738 1 

~ 
)\1iHn~ ~ MC142103 

PLASTIC 
CASE 648 1 

PIN ASSIGNMENTS 

MC145439 

FA 

MSI 

NAZin 

ECLK 

MS2 

NRZout 

DCLK 

RAIS 

AIS 

VSS 

[ 10 20 

[ 2 19 

3 18 

[ 4 17 

[ 5 16 

[ 6 15 

[ 7 14 

8 13 

9 12 

10 11 

MC142103 

VDD 

OE 

N.C. 

Pout 

Nout 

Nin 

LOOP 

Pin 

CLK 

ERR 

10 16 ] NRZin VDD 

r 2 15 J ECLK Paul 

l 3 14 ] HDB3/AMI Nout 

4 13 ] NRZoul Nin 

5 12 b DCLK LOOP 

RAIS 

AIS 

VSS 

6 

7 

8 

11 b 
lOP 
9 b 

Pin 

CLK 

ERR 

This document contains information on a new product. SpeCification and information herein are subject to change without notice. 
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Single Chip 300-Saud Modem 
The MC145442 and MC145443 silicon-gate CMOS single-chip low-speed 

modems contain a complete frequency shift keying (FSK) modulator, demodulator, 
and filter. These devices are with CCID V.21 (MC145442) and Bell 103 
(MC145443) specifications. Both devices provide full-duplex or half-duplex 
300-baud data communication over a pair of telephone lines. They also include 
a carrier detect circuit for the demodulator section and a duplexer circuit for direct 
operation on a telephone line through a simple transformer. 

• MC145442 Compatible with CCID V.21 
• MC145443 Compatible with Bell 103 
• Low-Band and High-Band Band-Pass Filters On-Chip 
• Simplex, Half-Duplex, and Full-Duplex Operation 
• Originate and Answer Mode 
• Analog Loopback Configuration for Self Test 
• Hybrid Network Function On-Chip 
• Carrier Detect Circuit On-Chip 
• Adjustable Transmit Level and CD Delay Timing 
• On-Chip Crystal Oscillator (3.579 MHz) 
• Single + 5 V Power Supply Operation 
• Internal Mid-Supply Generator 
• Power-Down Mode 
• Pin Compatible with MM74HC943 
• Capable of Driving -9 dBm into a 600 Q Load 

BLOCK DIAGRAM 

[B 

MOOE:=~i=======~~~J 
SOT 

- - ~ , 
............ -' 

TxO ~L---r~-=l----o.... __ ......1 

TLA...".,'-----C=;:..::.:.:.J 

'Refer to the FB pin description. 

SAMPLING CLOCK: 77.82 kHz 
SAMPLING CLOCK: 19.46 kHz 

MC145442 
MC145443 

.-1 

PSUFFIX 
PLASTIC 
CASE 738 

OW SUFFIX 
SOG 

CASE751D 

PIN ASSIGNMENT 

OSI [ 1· 20 PTLA 

[B [ 2 19 P VAG 

CO[ 3 18 P Exl 

coT[ 4 17 P TxA 

RxO [ 5 16 P RxA1 

VOO [ 6 15 P RxA2 

COA [ 7 14 P SOT 

Xout r 8 13 P MODE 

Xi" [ 9 12 P VSS 

FB 10 11 P TxO 

COT 
COA 

CO 

RxO 

FB 
OSI 

TxA 

Exl 

19 
VAG 

t 
VOO 

12 

10 VSS 
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ABSOLUTE MAXIMUM RATINGS (Voltages Referenced to VSS) 

Rating Symbol Value Unit 

Supply Voltage VOO -0.5 to +7.0 V 

DC Input Voltage Yin -0.5 to VOO +0.5 V 

DC Output Voltage Vout -0.5 to VOO +0.5 V 

Clamp Diode Current, per Pin IIK,IOK ±20 rnA 

DC Output Current, per Pin lout ±2B rnA 

Power Dissipation Po 500 mW 

Operating Temperature Range TA -40to+BS °C 

Storage Temperature Range Tstg -6Sto+1S0 °C 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Max Unit 

Supply Voltage VOO 4.5 5.5 V 

DC Input or Output Voltage Yin, Vout 0 VOO V 

Input Rise or Fall Time tr,tf - 500 ns 

Crystal Frequency' fcrystal 3.2 5.0 MHz 

'Changlng the crystal frequency from 3.579 MHz will change the output frequenCies. 
The change in output frequency will be proportional to the change In crystal frequency. 

This device contains circuitry to protect the 
Inputs against damage due to high static voltages 
or electric fields; however, it is advised that normal 
precautions be taken to avoid application of any 
voltage higher than maximum rated voltages to 
this high impedance circuil. For proper operation 
it is recommended that Yin and Vout be con· 
strained to the range VSS s; (Vin orVout) s; VOo). 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., eitherVSS or 
VOO)· 

DC ELECTRICAL CHARACTERISTICS (VOO = 5.0 V ± 10%, TA = -40°C to + BSOC) 

Characteristic Symbol 

High-Level Input Voltage LB VIH 
Xin, TxO, Mode, SOT 

Low-Level Input Voltage LB VIL 
Xin, TxO, Mode, SOT 

High-Level Output Voltage VOH 
IOH= 2O IlA CO, RxO 
IOH=2mA CO, RxO 
IOH= 2O IlA Xout 

Low-Level Output Voltage VOL 
IOL= 2O IlA CO, RxO 
IOL=2mA CO, RxO 
IOL= 2O IlA Xout 

Input Current LB, TxO, Mode, SOT lin 
RxAl,RxA2 
Xin 

Ouiesent Supply Current (Xin or fcrystal = 3.579 MHz) 100 

Power-Down Supply Current 

Input Capacitance Xin Cin 
All Other Inputs 

VAG Output Voltage (10 = ± 10 1lA) VAG 

COA Output Voltage (10 = ± 10 IlA) VCOA 

Line Driver Feedback Resistor Rf 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Min Typ 

VOO-O.B -
3.15 -
- -
- -

VOO-O.l -
3.7 -
- VOO-O.OS 

- -
- -
- 0.05 

- -
- 10 
- -
- 7 

- 200 

- 10 
- -
2.4 2.5 

1.1 1.2 

10 20 

Max Unit 

- V 
-

.O.B V 
1.1 

V 
-
-
-

V 
0.1 
0.4 
-

±1.0 IlA 
±12 
±10 

10 rnA 

300 IlA 
- pF 
10 

2.6 V 

1.3 V 

30 kQ 

MC145442.MC145443 
2·749 



AC ELECTRICAL CHARACTERISTICS 
(VDD = 5.0V± 10%, TA=-40·Cto + 85·C, Crystal Frequency = 3.579 MHz±0.1%; See Figure 1) 

Characteristic 

TRANSMITTER 

Power Output on TxA 
RL = 1.2 kg, RrLA = 00 

RL = t.2 kQ, RrLA = 5.5 kn 

Second Harmonic Power 
RL= 1.2 kQ 

RECEIVE FILTER AND HYBRID 

Hybrid Inputlmpedance RxA 1, RxA2 

FB Output Impedance 

Adjacent Channel Rejection 

DEMODULATOR 

Receive Carner Amplitude 

Dynamic Range 

Bit Jitler (SIN = 30 dB, Input = - 38 dBm, Bit Rate = 300 baud) 

Bit Bias 

Carrier Detect Threshold 
(CDA = t.2 V or CDA grounded through a 0.1-J!F capacitor) 

PIN DESCRIPTIONS 

VDD 
Positive Power Supply (Pin 6) 

This pin is normally tied to 5.0 V. 

VSS 
Negative Power Supply (Pin 12) 

This pin is normally tied to 0 V. 

VAG 
Analog Ground (Pin 19) 

Analog ground is internally biased to (VDD - VSS)/2. This 
pin must be decoupled by a capacitor from VAG to VSS and 
a capacitor from VAG to VDD. Analog ground is the common 
bias line used in the switched capacitor filters, limiter, and 
slicer in the demodulation circuitry. 

8 
RrLA 20 11 

VDD 
17 

Din 
TxA 

15 
RxA2 

MCI45442 
600n MC145443 

600n 16 

TEST 
Daut 

Figure 1_ AC Characteristics Evaluation Circuit 
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Min Typ Max Unit 

dBm 
-13 -12 -11 
-10 -9 -8 

- -56 - dBm 

40 50 - kQ 

- 16 - kn 

-48 - - dBm 

-48 - -12 dBm 

- 36 - dB 

- 100 - J!s 

- 5 - % 

On to Off - -44 - dBm 
Off to On - -47 -

TLA 
Transmit Level Adjust (Pin 20) 

This pin is used to adjust the transmit level. Transmit level 
adjustment range is typically from -12 dBm to -9 dBm. (See 
Applications Information.) 

TxD 
Transmit Data (Pin 11) 

Binary information Is input to the transmit data pin. Data 
entered for transmission is modulated using FSK techniques. 
A logic high input level represents a mark and a logic low 
represents a space (see Table 1). 

Data 

Space 

Mark 

Date 

Space 

Mark 

Table 1_ 8ell103 and CCITT V.21 
Frequency Characteristics 

Bell 1 03 (MC145443) 

Originate Mode Answer Mode 

Transmit Receive Transmit Receive 

1070Hz 2025Hz 2025 Hz 1070 Hz 

1270Hz 2225 Hz 2225 Hz 1270 Hz 

CCITT V_21 (MC145442) 

Originate Mode Answer Mode 

Transmit Receive Transmit Receive 

1180Hz 1850 Hz 1850 Hz 1180 Hz 

980Hz 1650 Hz 1850 Hz 980 Hz 

NOTE: Actual frequencies maybe ±5 Hz assuming 3.579545-MHz 
crystal Is used. 
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TxA 
Transmit Carrier (Pin 17) 

This is the output of the line driver amplifier. The transmit 
carrier is the digitally synthesized sine wave output of the 
modulator derived from a crystal oscillator reference. When 
a 3.579 MHz crystal is used the frequency outputs shown 
in Table 1 apply. (See Applications Information.) 

MAXIMUM LEVEL Of OUT·Of·BAND ENERGY 
RELATIVE TO THE TRANSMIT CARRIER LEVEL INTO 600 n (kHz) 

E 
ro 
~ 

u:l 
ru 
..J 
a: 
il! -20 
~ -25 
(.) 

I-
':!! 
en 

~ 

3.4 4 16 64 256 

15 dB/OCTAVE 

I-
-55 - - - - - - - - - - - - - -"'--------'"-
-60 

Figure 2. Out-ol-Band Energy 

Exl 
External Input (Pin 18) 

The external input is the non·inverting input to the line driv· 
er. It is provided to combine an auxiliary audio signal or 
speech signal to the phone line using the line driver. This 
pin should be connected to VAG if not used. The average level 
must be the same as VAG to maintain proper operation. (See 
Applications Information.) 

DSI 
Driver Summing Input (Pin 1) 

The driver summing input may be used to connect an exter
nal signal, such as a DTMF dialer, to the phone line. A series 
resistor, RDSI, is needed to define the voltage gain AV (see 
Applications Information and Figure 6). When applying a sig
nal to do DSI pin, the modulator should be squelched by 
bringing SOT (Pin 14) to a logic high level. The voltage gain, 
AV, is calculated by the formula AV = -Rf/RDSI (where Rf ~ 
20 kO). For example, a 20 kO resistor for RDSI will provide 
unity gain (AV = -20 knJ20 kO = -1). This pin must be 
left open if not used. 

RxD 
Receive Data (Pin 6) 

The receive data output pin presents the digital binary data 
resulting from the demodulation of the receive carrier. If no 
carrier is present, CD high, the receive data output (RxD) 
is clamped high. 

RxA2, RxA1 
Receive Carrier (Pins 15, 16) 

The receive carrier is the FSK input to the demodulator 
through the receive band-pass filter. RxA 1 is the non-invert
ing input and RxA2 is the inverting input of the receive hybrid 
(duplexer) operational amplifier. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

LB 
Analog Loopback (Pin 2) 

When a high level is applied to this pin (SOT must be low), 
the analog loopback test is enabled. The analog loopback 
test connects the TxA pin to the RxA2 pin and the RxA 1 to 
analog ground. In loopback, the demodulator frequencies are 
switched to the modulation frequencies for the selected 
mode. (See Tables 1 and 2 and Figures 4c and 4d.) 

When LB is connected to analog ground (VAG), the modula
tor generates an echo cancellation tone of 2100 Hz for 
MC145442 CCITT V.21 and 2225 Hz for MC145443 Bell 103 
systems. For normal operation, this pin should be at a logic 
low level (VSS). 

The power-down mode is enabled when both LB and SOT 
are connected to a logic high level (see Table 2). 

Table 2. Functional Table 

MODE SOT LB 
Pin 13 Pin 14 Pin 2 Operating Mode 

1 0 0 Originate Mode 

0 0 0 Answer Mode 

X 0 VAG (VOO/2) Echo Tone 

X 0 1 Analog Loopback 

X 1 0 Squelch Mode 

X 1 VAG (VOO/2) Squelch Mode 

X 1 1 Power Down 

MODE 
Mode (Pin 13) 

This input selects the pair of transmit and frequencies 
used during modulation and demodulation. When a logic 
high level is placed on this input, originate (Bell) or channel 
1 (CCITT) is selected. When a low level is placed on this 
input, answer (Bell) or channel 2 (CCITT) is selected. (See 
Tables 1 and 2 and Figure 4.) 

COT 
Carrier Detect Timing (Pin 4) 

A capacitor on this pin to VSS sets the amount of time the 
carrier must be present before CD goes low (see Applica
tions Information for the capacitor values). 

CD 
Carrier Detect Output (Pin 3) 

This output is used to indicate when a carrier has been 
sensed by the carrier detect circuit. This output goes to 
a logic low level when a valid signal above the maximum 
threshold level (defined by CDA, Pin 7) is maintained on 
the input to the hybrid circuit longer then the response (de
fined by CDT, Pin 4). This pin is held at the logic low level 
until the signal falls below the maximum threshold level for 
longer than the turn off time. (See Applications Informa
tion and Figure 5.) 

CDA 
Carrier Detect Adjust (Pin 7) 

An external voltage may be applied to this pin to adjust 
the carrier detect threshold. The threshold hysteresis is inter
nally fixed at 3 dB (see Applications Information). 
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Xout. Xin 
Crystal Oscillator (Pins 8, 9) 

A crystal reference oscillator is formed when a 3.579 MHz 
crystal is connected between these two pins. Xout (Pin 8) is 
the output of the oscillator circuit, and Xin (Pin 9) is the input 
to the oscillator circuit. When using an external clock, apply 
the clock to the Xin (Pin 9) pin and leave Xout (Pin 8) open. 
An internal 10-MQ resistor and internal capacitors, typically 
10 pF on Xin and 16 pF on Xout, allow the crystal to be con
nected without any other external components. Printed circuit 
board layout should keep external stray capacitance to a 
minimum. 

FB 
Filter Bias (Pin 10) 

This is the negative input to the ac amplifier. In normal 
operation, this pin is connected to analog ground through 
a O. 1 ~F bypass capacitor in order to cancel the input offset 
voltage of the limiter. It has a nominal input impedance of 
16 kn. (see Figure 3). 

SOT 
Transmit Squelch (Pin 14) 

When this input pin is at a logic high level, the modulator 
is disabled. The line driver remains active if LB is at a logic 
low level (see Table 2) . 

When both LB and SaT are connected to a logic high level, 
see Table 2, the entire chip is in a power down state and 
all circuitry except the crystal oscillator is disabled. Total pow
er supply current decreases from 10 mA (Max) to 300 ~A 
(Max). 

FROM 
BAND·PASS 

FILTER 
TO 

>---.---. CARRIER DETECT CIRCUIT 
AND DEMODULATOR 

~ O.lIlF 

Figure 3. AC Amplifier Circuit 
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GENERAL DESCRIPTION 
The MC145442 and MC145443 are full-duplex low-speed 

modems. They provide a 300 baud FSK signal for bidirectional 
data transmission over the telephone network. They can be 
operated in one of four basic configurations as determined 
by the state of MODE (Pin 13) and LB (Pin 2). The normal 
(nonloopback) and self test (loopback) modes in both answer 
and originate modes will be discussed. 

For an originate or channell mode, a logic high level is 
placed on MODE (Pin 13) and a logic low level is placed on 
LB (Pin 2). in this mode, transmit data is input on TxD, where 
it is converted to a FSK signal and routed through a low·band 
band-pass filter. The filtered output signal is then buffered by 
the Tx op-amp line driver, which is capable of driving -9 dBm 
onto a 600 Q line. The receive Signal is connected through 
a hybrid duplexer circuit on pins 15 and 16, RxA2 and RxA 1. 
The signal then passes through the anti-aliasing filter, the 
sample-and-hold circuit, is switched into the high-band 
band-pass filter, and then switched into the ac amplifier circuit. 
The output of the ac amplifier circuit is routed to the 
demodulator circuit and demodulated. The resulting digital 
data is then output through RxD (Pin 5). The carrier detect 
circuit receives its signal from the output of the ac amplifier 
circuit and goes low when the incoming signal is detected (see 
Figure 4a). 

In the answer or channel 2 mode, a logic low level is placed 
on MODE (Pin 13) and on LB (Pin 2). In this mode, the data 
follows the same path except the FSK signal is routed to the 
high-band band-pass filter and the sample-and-hold signal is 
routed through the low-band band-pass filter. (See Figure 4b.) 

In the analog loopback originate or channell mode, a logic 
high level is placed on MODE (Pin 13) and on LB (Pin 2). This 
mode is used for a self check of the modulator, demodulator, 
and low-band pass-band filter circuit. The modulator side is 
configured exactly like the originate mode above except the 
line driver output (TxA, Pin 17) is switched to the negative input 
of the hybrid op-amp. The RxA2 input pin is open in this mode 
and the non-inverting input of the hybrid circuit is connected 
to VAG. The sample-and-hold output bypasses the filterso that 
the demodulator receives the modulated Tx data (see Figure 
4c). This test checks all internal device components except 
the high-band band-pass filter, which can be checked in the 
answer or channel 2 mode test. 

In the analog loopback or chanel2 mode, a logic low level 
is placed on MODE (Pin 13) and a logic high level on LB 
(Pin 2). This mode is used for a self check of the modulator, 
demodulator, and high·band pass-band filter circuit. This 
configuration is exactly like the originate loopback mode 
above, except the signal is routed through the high-band 
pass·band filter (see Figure 4d). 
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RxA2 -,1.:<.5...A.J'\I'v--<,....--'.I"I'v_-, 

RxAI -,1,,-S -'1/1.1\,..._>-1 

TxD ...:1.:..1 _______ -1 

(a) OriginateiChannell Mode (Mode = High, [8 = Low) 

RxA 1 -,-,IS~f\A_*-l 

TxD ...:1.:..1 _______ -1 

(b) Answer/Channel2 Mode (Mode = Low, [8 = Low) 

RxA2 .1Eo 

RxA 1 ...:.IS"---I-I\fVI,_-<"'l 

TxD ..,1.:..1 __________ ---1 

(c) Originate/Channell Mode and Analog Loop-Back State (Mode = High, [8 = Low) 

RxA2.lEo 

RxAI .... 1",S-f-JV\fIr-_o 

TxD ...:1.;..1 __________ ----t 

(d) Answer/Channel2 Mode and Analog Loop-Back State (Mode = Low, [8 = Low) 

Figure 4. Basic Operating Modes 
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RxD 

DSI 

17 
TxA 

18 
Exl 

I----~CD 

I----""I~ RxD 

r-----"'-C DSI 

>-.... --!.17,... TxA 

'--___ ......,!;18"-C Exl 

RxD 

DSI 

17 
TxA 

18 
Exl 

I----~CD 

I----""I~ RxD 

r----I-~ DSI 

>~.....,.1'-i7~ TxA 

'--___ ......,!;18"-C Exl 
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APPLICATIONS INFORMATION 

CARRIER DETECT TIMING ADJUSTMENT 
The value of a capacitor, CCDT at COT (Pin 4) determines 

how long a received modem signal must be present above 
the minimum threshold level before CD (Pin 3) goes low. The 
CCDT capacitor also determines how long the CD pin stays 
low after the received modem signal goes below the minimum 
threshold. The CD pin is used to distinguish a strong modem 
signal from random noise. The following equations show the 
relationship between tCDL, the time in seconds required for 
CD to go low; tCDH, the time in seconds required for CD to 
go high; and CCDT, the capacitor value in 11F. 

Valid signal to CD response time: tCDL '" 6.4 x CCDT 

Invalid Signal to CD off time: tCDH '" 0.54 x CCDT 

Example: tCDL '" 6.4 x 0.1 I1F '" 0.64 seconds 
tCDH '" 0.54 x 0.1 I1F '" 0.054 seconds 

CARRIER DETECT THRESHOLD ADJUSTMENT 
The carrier detect threshold is set by internal resistors to 

activate CD with a typical -44 dBm (into 600 0) signal and 
deactivate CD with a typical -47 dBm signal applied to the 
input of the hybrid circuit. The carrier detect threshold level 
can be adjusted by applying an external voltage on CDA (Pin 
7). The following equations may be used to find the CDA 
voltage required for a given threshold voltage. (Von and Voff 
are in Vrms.) 

VCDA = 244 x Von 

VCDA = 345 x Voff 
Example (Internally set) 

Von = 4.9 mV '" -44 dBm: VCDA = 244 x 4.9 mV = 1.2 V 
Voff = 3.5 mV '" -47 dBm: VCDA = 345 x 3.5 mV = 1.2 V 

Example (externally set) 
Von = 7.7 mV '" -40 dBm: VCDA = 244 x 7.7 mV = 1.9 V 
Voff = 5.4 mV '" -43 dBm: VCDA = 345 x 5.4 mV = 1.9 V 
The CDA pin has an approximate Thevenin equivalent 

voltage of 1.2 V and an output impedance of 100 kn. When 
using the internall.2-V reference a O.I-I1F capacitor should 
be connected between this pin and VSS (see Figure 5). 

TRANSMIT LEVEL ADJUSTMENT 
The power output at TxA (Pin 17) is determined by the value 

of resistor RTLA that is connected between TLA (Pin 20) to 
VDD (Pin 6). Table 3 shows the ATLA values and the 

HYBRID 

corresponding power output for a 600 0 load. The voltage at 
TxA is twice the value of that at ring and tip because TxA feeds 
the signal through a 600 0 resistor ATx to a 600 0 line 
transformer (see Figure 7). When choosing resistor ATLA, 
keep in mind that -9 dBm is the maximum output level allowed 
from a modem onto the telephone line (in the U.S.).ln addition, 
keep in mind that maximizing the power output from the 
modem optimizes the signal-to-noise ratio, improving accu
rate data transmission. 

Table 3. Transmit Level Adjust 

Output Transmit Levet 
(Typical Into 600 !l) RTLA 

-12dBm ~ 

-11 dBm 19.8k!l 
-10dBm 9.2k!l 
-9dBm 5.5k!l 

THE LINE DRIVER 
The line driver is a power amplifier used for driving the 

telephone line. Both the inverting and noninverting input to 
the line .driver are available for transmitting externally 
generated tones. 

Exl (Pin 18) is the noninverting input to the line driver and 
gives a fixed gain of 2 (Ai = 50 kn). The average signal level 
must be the same as VAG to maintain proper operation. This 
pin should be connected to VAG if not used. 

The driver summing input (DSI, Pin 1) may be used to 
connect an external signal, such as a DTMF dialer, to the 
phone line. When applying a signal to the DSI pin, the 
modulator should be squelched by bringing SaT (Pin 14) to 
a logic high level. DSI must be left open if not used. 

In addition, the DSI pin is the inverting side of the line driver 
and allows adjustable gain with a series resistor ADSI (see 
Figure 6). The voltage gain, AV, is determined by the 
equation: 

AV=-~ 
ADSI 

where Af '" 20 kn. 
Example: A resistor value of 20 kn for ADS I will provide 

unity gain. 

AV=- (20 knl20 kn) =-1 

RxAl 
6ms 

RETRIGGERABLE 
ONE·SHOT 

CCDA 
O.II1F 
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SAMPLING 
CLOCK 

Figure 5. Carrier Detect Circuit 

4 COT 

I --, CCDT 
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r-----:-----, 
I 
I 

MOOU~TOR I 
OUTPUT 

RO=Rf 

L ________ -.l 

TxA 
17 

Figure 6. Line Driver Using the DSllnput 

O.II1F 
+5V 

O.II1F 

19~ 
.-----L":":""'----JL..:::..--, 

t 6 

'--'VVv-=2,,!0 T~ 
OTMF ROSI COSI Rr~ 1 

INPUT~ 17 OSI 
O.II1F 15 TxA 

RxA2 

VOO 

Xout 

co 1-___ -+--' 

VCC 

Cl- MC145407 

012 

MCl4544213 TxO 1-----+---'9 001 

Ion 
TIP~ 

AING-----13 
Voo 

1-'--..... 9 AxAl 

~--:-_-,1~8 Ex! 

O.II1F 
1- FB 

~-4---'c..;..:;;---,'-=i VAG 

O.lI1F 

• Line Protection Circuit 

CCOT 
O.lI1F 

AxO I-----+-..., 
011 

SOT TxEN 

STBY 

GNO 

2 

Figure 7. Typical MC1454421MC145443 Applications Circuit 
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CI+ 20 

Cl-

Tx2 t-=*i-I>I-i<H..., 

Axl ~#I>f-*'I'" 

Txl ~#I>f-*'I'" 

EIA·232·0 
OB·25 

CONNECTOR 

Ax2 1"7'-41_--+----1 7 

Rx3 9 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

RxBD 
RxA 

RxGC 

TxD 

TLA 

ENB 

DATA 
SCK 

Advance Information 
Single Chip 300-aaud Modem 

MC145444 is a silicon gate CMOS frequency shift keying (FSK) modem 
intended for use with telemeter systems or remote control systems over the 
telephone network. 

This device is compatible with CCITT V.21 and contains the entire circuit that 
provides a full-duplex or half-duplex 300 baud data communication over a pair 
of telephone lines. This device also includes the DTMF generator and call progress 
tone detector (CPTD). 

The differential line driver has the capability of driving 0 dBm into a 600 n load 
with a single +5 V power supply. 

The transmit level is controlled by the programmable attenuator in 1 dB steps. 
Devices functions are controlled through a 3-wire serial interface. 

• Capable of Driving 0 dBm into a 600 n Load 
• DTMF Generator On-Chip 
• Imprecise Call Progress Detector On-Chip 
• A Transmit Attenuator Programmable in 1 dB Steps 
• 3-wire Serial Interface 
• Compatible with CCITT V.21 
• 2100 Hz Answer Tone Generator On-Chip 
• Analog Loop-Back Configuration for Self Test 
• Simplex, Half-Duplex, and Full-Duplex Operation 

BLOCK DIAGRAM 

X1 X2 GNDA 

MC145444 

20 

• 
H SUFFIX 
PLASTIC 

CASE 804 

20_ DWSUFFIX 
PLASTIC 

CASE751D 

PIN ASSIGNMENT 

RxBD ~ RxGC 

FTLC 19 RxA 

GNDA 18 TxA1 

CDA 4 17 TxA2 

GND 16 DSI 

TLA 15 VCC 

X1 7 14 ENB 

X2 13 SCK 

SO 9 12 DATA 

RxD 10 11 TxD 

GND VCC 

This document contains information on a new product. Specification and information herein are subject to change without notice. 

FTLC 

RxD 

SO 
CDA 

DSI 

TxA1 

TxA2 
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ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Value 

DC Supply Voltage VCC -0.5 to + 7.0 

DC Input Voltage Vin -0.5 to VCC +0.5 

DC Output Voltage Vout -0.5 to VCC +0.5 

Clamp Diode Current per Pin IIK,IOK ±20 

DC Current per Pin lout ±25 

Power Dissipation PD 500 

Storage Temperature Range Tstg -65 to + 150 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbot Min Typ Max 

DC Supply Voltage VCC 4.5 5 5.5 

DC Input Voltage Vin a - VCC 

DC Output Voltage Vout a - VCC 

Input Rise Time tr a - 500 

Input Fall Time tf a - 500 

Crystal Frequency fosc - 3.579545 -

Operating Temperature Range TA -20 25 70 

DC ELECTRICAL CHARACTERISTICS (VCC = + 5.0 Vdc ± 1 0%, TA = -20 to + 70°C) 

Characteristic Symbot Conditions Min 

Input Voltage H Level VIH 3.15 

L Level VIL -

Output Voltage H Level VOH tOH=20J.LA VCC-0.1 

L Level VOL IOL= 20 J.LA -
IOL=2mA -

Input Current DATA, SCK, E, TxD lin Vin = VCC or GND -

Quiescent Supply Current tcc FSK Mode -
ICC Power-Down Mode 1 -

Power-Down Supply Current 
ICC Power-Down Mode 2 -

TRANSMIT CARRIER CHARACTERISTICS (V CC = +5.0 Vdc ± 1 0%, TA = - 20 to + 70°C) 

Characteristic Symbol Conditions Min 

Carrier Frequency Channel 1 Mark "1" hM 974 

Space "0" f1S 1174 

Carrier Frequency Channel 2 Mark "1" f2M 
Crystal Frequency 

1644 3.579545 MHz 
Space "0" f2S 1844 

Answer Tone fans 2094 

Transmit Carrier Level VO" -

Second Harmonic Energy V2h" 
Attenuator = a dB 

RTLA=oo -

Out-of-Band Energy VOE" 

" VTXA 1 - VTXA2, RL = 1.2 kQ 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Unit 

V 

V 

V 

mA 

mA 

mW 

°c 

Unit 

V 

V 

V 

ns 

ns 

MHz 

°c 

Typ 

-

-

VCC-0.01 

0.Q1 
-

±1.0 

8 

-

-

Typ 

980 

1180 

1650 

1850 

2100 

6 

-46 

Figure 1 

Max 

-
1.1 

-

0.1 
0.4 

±10.0 

-

300 

1 

Max 

986 

1186 

1656 

1856 

2106 

-

-

Unit 

V 

V 

J.LA 

mA 

J.LA 

J.LA 

Unit 

Hz 

dBm 

dBm 

dBm 
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TRANSMIT ATTENUATOR CHARACTERISTICS (VCC = +5.0 Vdc ± 1 0%, TA = -20 to + 70'C) 

Characteristic Symbol Conditions Min Typ Max Unit 

Attenuator Range ARNG 0 - 15 dB 

Attenuator Accuracy AACC -0.5 - +0.5 dB 

RECEIVER CHARACTERISTICS (Includes Hybrid, Demodulator and Carrier Detector) 
(VCC = + 5 0 Vdc + 10%, TA = -20 to + 70'C) -

Characteristic Symbol Conditions Min Typ Max Unit 

Input Impedance RIRX RxA Pin (Pin 19) 50 - - kQ 

Receiver Carrier Amplitude VIRX -48 - -12 dBm 

Carrier Detect OFF to ON VCDON CDA = 1.2V - -44 - dBm 

Threshold ON to OFF VCDOF 
lin = 1.0 kHz - -47 -

Hysterisis (VCDON - VCCDOF) HVS 2 - - dB 

Carrier Detect Timing OFF to ON COl = 0, COO = 0 - 450 - ms 

COl = 0, COO = 1 - 15 -
TCDON 

COl = 0, COl = 1 15 - -
COl = 1, COO = 1 - 80 -

ON to OFF COl = 0, COO = 0 - 30 -

COl = 0, COO = 1 - 30 -
TCDOFF 

COl = 0, COO = 1 15 - -
COl = 1 , COO = 1 - 10 -

BAND-PASS FILTER CHARACTERISTICS (RxA to FTLC) (VCC = +5.0 Vdc±10%, TA =-20 to + 70'C) 

Characteristic Symbol Conditions Min Typ Max Unit 

FTLC Output Impedance ROFT 10 - 50 kQ 

Adjacent Channel Rejection REJ VRXA = -12 dBm - 50 - dB 

Pass-Band Gain GpAS - 10 - dB 

Group Delay Low-Band Filter - 700 - J.ls 
930-1230 Hz 

High-Band Filter - 800 -
1600-1900 Hz 

DTMF CHARACTERISTICS (VCC = +5.0 Vdc+l0%, TA =- 20 to + 70'C) -
Characteristic Symbol Conditions Min Typ Max Unit 

Tone Output Level I Low Group VII' - 3 - dBm 

I High Group Vlh' - 4 -

High Group Pre Emphasis PE Attenuator = 0 dB 0 - 3 dB 

DTMF Distortion DIST 
RTLA== 

5 % Crystal Frequency - -
DTMF Frequency Variation !1fy 3.579545 MHz -1 - 1 % 

Out-ol-Band Energy VOE' Figure 1 dB 

Setup Time Iosc - 4 - ms 

• VTXA 1 - VTXA2, RL = 1.2 kQ 
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CPTD CHARACTERISTICS (VCC = +5.0 Vdc ±10%, TA = -20 to + 70'C) 

Characteristic Symbol Conditions Min Typ Max Unit 

Bandpass Filter Center Frequency fc - 400 - Hz 

Bandpass Filter - 3 dB Band Width dBW - 140 - Hz 

Tone Detect Level OFFtoON VTDON - -44 - dBm 

ON to OFF VTDOF CDA= 1.2 V - -47 -
Tone Detect Timing OFFtoON TTDON fin = 400 Hz - 10 - ms 

ON to OFF TTDOF - 25 -

DEMODULATOR CHARACTERISTICS (VCC = + 5.0 Vdc ± 10%, TA = -20 to + 70'C) 

Characteristic Symbol Conditions Min Typ Max Unit 

Bit' Bias ID Input Level = - 24 dBm - 5 - % 

Bit Error Rate BER Input Level = - 24 dBm - 0.00001 - -
CCITT Line Simulation 
511 Bit Pattern 
SIN = 5dB 

SWITCHING CHARACTERISTICS (VCC = +5.0 Vdc ±10%, TA = -20 to + 70'C) 

Characteristic Symbol 

Setup Times DATA to SCK tsu 

SCKtoENB 

Hold Time SCKto DATA th 

Recovery Time ENBtoSCK trec 

Input Rise Time tr 

Input Fall Time tf 

Input Pulse Width ENB,SCK tw 

3.4k 4k 16 k 256 k f (Hz) 

-25 - - - - - -
-15dB/OCT. , 

-55 -------------~------~ 

Figure 1. Out-ot-Band Energy 
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Conditions Min Typ Max Unit 

50 - - ns 

50 - - ns 

50 - - ns 

50 - - ns 

- - 2 ~s 

- - 2 ~s 

50 - - ns 

r\ -Vcc 
~---"'~ 'L..- -GND 

"""~-+I-

-Vcc 

SCK -GND 

ENB------J 
-Vcc 

~------GND 

PREVIOUS 
DATA LATCHED 

1 t-50-:,-----,=1r-- 1f 
-vcc 

ENB_-",50::":"!.:"'~:::lf -~---- -GND 

Figure 2. Switching Characteristics 
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PIN DESCRIPTION 

VCC 
Positive Power Supply (Pin 15) 

This pin is normally tied to the + 5.0 Vdc. A 0.1 IlF de
coupling capacitor should be used. 

GND 
Ground Pin (Pin 5) 

This pin is normally tied to the 0 V. 

GNDA 
Analog Ground (Pin 3) 

Analog ground is internally biased to (VCC-VSS)/2. It 
should be tied to ground through a q.1 IlF and 100 IlF 
capacitor. 

X1 
Crystal Oscillator Output (Pin 7) 

Connecting a 3.579545 MHz ±O.1 % crystal between X1 
and X2 will cause the transmit frequencies to be within 
±64 MHz of nominal. X1 is capable of driving several CMOS 
gates. An external clock may be applied to X2. X1 should 
then be left open. 

X2 
Crystal Oscillator Input (Pin 8) 

Refer to X1. 

SCK 
Shift Resister Clock Input (Pin 13) 

This pin is the clock input for the 15-bit shift register. Serial 
data is loaded into the shift register on the rising edge of this 
clock. 

DATA 
Serial Data Input (Pin 12) 

This pin is the 15-bit serial data input. This data determines 
the mode, OTMF signal, transmit attenuation, carrier detect 
time, channel, and transmit squelch. 

ENB 
Enable Input (Pin 14) 

Oata is loaded into the 15-bit shift register when this pin 
is at a logic low. When this pin transitions from a logic high 
to low, the data is transferred to the internal latch on the falling 
edge of ENB. New data loaded into the shift register will not 
affect the device operation until this pin transitions from high 
to low. (See Figure 2.) 

TxD 
Transmit Data Input (Pin 11) 

This pin is the transmit data input, The mark frequency is 
generated when this pin is at the logic high level. The space 
frequency is generated when the pin is at a logic low. 

RxD 
Receive Data Output (Pin 10) 

This pin is the receive data output. A high logic level of 
this pin indicates that the mark carrier frequency has been 
received, and a low logic level indicates the space carrier 
frequency has been received. 

SD 
Carrier/Call Progress Tone Detect (Pin 9) 

This pin is the output from the carrier detector or call prog
ress tone detector. This pin works as a carrier detector in 
the FSK mode and as the call progress tone detector in the 
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CPTO mode. The output goes to a logic low level when the 
input signal reaches the minimum threshold of the detect lev
el that is adjusted by the COA voltage. When SO = H, the 
receive data output (RxO) is clamped high to avoid errors 
that may occur with loop noise. The SO pin is also clamped 
high in the other modes except during the power down mode. 

TxA1 
Non-Inverting Transmit Analog Carrier Output (Pin 18) 

This pin is the line driver non-inverting output of the FSK 
and tone transmit analog signals. A + 6 dBm (Max) differen
tial output voltage can be obtained by connecting a 1.2 kQ 
load resistor between Tx1 and Tx2. Attention must be set 
so as not to exceed this level when an external input is add
ed to the OSI pin. A telephone line (600 Q) is driven through 
an external 600 Q resistor. In this case, the output level be
comes about a half of the differential output. 

TxA2 
Inverting Transmit Analog Carrier Output (Pin 17) 

This pin is the line driver inverting output. The signal is 
equal in magnitude, but 1800 out of phase with the TxA 1 (refer 
to TxA1). 

RxA 
Receive Signal Input (Pin 19) 

This pin is the receive signal input. The pin has an input 
impedance of 50 kQ (Min). 

RxGC 
Receive Gain Adjust (Pin 20) 

This pin is used to adjust the receive buffer gain. To adjust 
the gain, the signal from the RxBO through a divider is added 
as a feedback. This pin may be held open when the gain 
adjustment is not needed. 

RxBO 
Receiver Buffer Output (Pin 1) 

This pin is the receive buffer output. 

DSI 
Driver Summing Input (Pin 16) 

This pin is the inverting input of the line driver. An external 
signal is transmitted through an external series resistor ROSI. 
The differential gain Gdsi = (VTXA1 - VTXA2)NOSI is deter-
mined by the following equation. ' 

GDSI = -2RflADSI, AI = 20 kQ 

OSI should be left open when not used. 

CDA 
Carrier Detect LevellCPTD Level Control (Pin 4) 

The carrier/call progress tone detect level is programmed 
with a COA pin Voltage. 

When this pin is held open, the COA voltage is set to 1.2 
V with an internal divider. The detect level is set at -44 dBm 
(Typ) for off to on, and -47 dBm (Typ) for on to off.The mini
mum hysteresis is 2 dB. This pin has a very high input impe
dance so it should be connected to GNO with a 0.1 IlF cap
acitor to keep it well regulated. An external voltage may be 
applied to this pin to adjust the carrier detect threshold. The 
following equations may be used to find the CDA voltage 
required for a given threshold voltage. 

VCDA = 245 x Von 
VCDA = 347 x Voff 
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FTLC 
Filter Test (Pin 2) 

This pin is a high-impedance filter output. It may be used 
to check the receive filter. This pin also may be used as a 
demodulator input. In normal operation, this pin is connected 
to the GNDA through a 0.1 flF bypass capacitor. This pin han
dles very small signals so care must be used with the 
capacitor's wiring. 

TLA 
Transmit Carrier Level Adjust (Pin 6) 

This pin is used to adjust the transmit carrier level that is 
determined by the value of the resistor (RTLA) connected 
between this pin and the GND. The maximum transmit level 
is obtained when this pin is connected to GND (RTLA = 0). 

SERIAL INTERFACE 
The following 6 functions are set up with the 15-bit serial 

data. 

FUNCTION MODE :1 M2 1 M1 MO 

TRANSMIT ATTENUATOR :1 A3 1 A2 A1 AD 

TRANSMIT SQUELCH :[i9J 
TONE FREQUENCY :1 T3 1 T2 T1 TO 

CHANNEL :~ 
CARRIER DETECT TIME :1 CD1 1 COO 1 

Figure 3 presents the 15-bit serial data timing, starting with 
the carrier detect time, CD1 followed by the channel, the tone 
frequency, the transmit squelch, the transmit attenuator and 
the function mode. This data is loaded into the internal shift 
register at the rising edge of the SCK signal and latched at 
the falling edge of the ENS signal. 

FUNCTION MODE 

Modes are selected from the following 3-bit data (M2-MO, 
see Table 1). 

The following paragraphs describe each function. Table 2 
presents each output status. 

FSKMode 
The transmitter and the receiver work as a FSK 

modulator/demodulator. The SD pin output is the carrier's 
detect signal. 

Table 1. Function Mode Truth Table 

M2 M1 MO Function Mode 

0 0 0 FSK 

0 0 1 Analog Loop Back 

0 1 0 CPTD 

0 1 1 Answer Tone 

1 0 0 DTMF 

1 0 1 Single Tone 

1 1 0 Power-Down 1 

1 1 1 Power-Down 2 

Analog Loopback Mode 
TxA1 connects to the receiver internally and FSK signals 

are demodulated. The frequency of the receiver is set up with 
the same frequency as the transmitter. The SD pin output is 
the carrier detect signal. An IC self test is supported with this 
function. 

CPTDMode 
The receiver detects a 400 Hz call progress tone. The detect 

signal comes from the SD pin. The transmitter is disabled. 

Answer Tone Mode 
The transmitter works as 2100 Hz answer tone generator. 

The receiver is disabled. 

DTMFMode 
The transmitter works as a DTMF tone generator. The 

receiver is disabled. 

Single Tone Mode 
The transmitter output is one of DTMF 8 frequencies. The 

receiver is disabled. 

Table 2. Output Status 

Function Mode RxD 

FSK Received 

Analog Loop Back Digital Data 

CPTD H 

Answer Tone H 

DTMF H 

Single Tone H 

Power Down 1, 2 Hi-Z 
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Output 

SO 

Carrier 
Detect 

CPTD 

H 

H 

H 

Hi-Z 

TxA1, TxA2 

FSK 

VCC/2 

Answer Tone 

DTMFTone 

Single Tone 

Hi·Z 
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Power-Down Mode 1 
Inlernal circuits except the oscillator are disabled, and all 

outputs except the X1 pin goes to the high impedance state. 
The supply current decreases to 300 ~A (Max). 

Power-Down Mode 2 
All circuits including the oscillator stop working and all 

outputs go to the high impedance state. The supply current 
decreases to 1.0 ~A (Max). 

TRANSMIT ATTENUATOR 
Four-bit serial data (A3-AO) sets up the analog transmit 

level inthe FSK, answer tone, DTMF, analog loop back and 
single tone mode. The range of the transmit allenuator is 
0-15 dB in 1 dB steps. The external Signal (DSI) is not 
affected by this attenuator. 

TONE FREQUENCY 
The DTMF tones or the single tone mode is selected by 

the 4-bit serial data (T3-TO). 

DATA 

SCK 

Table 3. Transmit Attenuator Truth Table 

A3 A2 A1 AO Attenuation (dB) 

0 0 0 0 0 

0 0 0 1 1 

0 0 1 0 2 

0 0 1 1 3 

0 1 0 0 4 

0 1 0 1 5 

0 1 1 0 6 

0 1 1 1 7 

1 0 0 0 8 

1 0 0 1 9 

1 0 1 0 10 

1 0 1 1 11 

1 1 0 0 12 

1 1 0 1 13 

1 1 1 0 14 

1 1 1 1 15 

E--------------------------------------------~~ 

MC145444 
2-762 

T3 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

T2 T1 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

Figure 3. Serial Data Timing 

Table 4. Tone Frequency Truth Table 

Tone Frequency (Hz) 

DTMFMode 

Keyboard Single 
TO Low Group High Group Equivalent Tone Mode 

0 941 1633 D 941 

1 697 1209 1 697 

0 697 1336 2 697 

1 697 1477 3 697 

0 770 1209 4 770 

1 770 1336 5 770 

0 770 1477 6 770 

1 852 1209 7 852 

0 852 1336 8 1336 

1 852 1477 9 1477 

0 941 1336 0 1336 

1 941 1209 . 1209 

0 941 1477 # 1477 

1 697 1633 A 1633 

0 770 1633 B 1633 

1 852 1633 C 1633 
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TRANSMIT SQUELCH 

The 1-bit serial data (SO) controls the transmit analog 
signal. The FSK signal, DTMF tones, single tone, and answer 
tone are disabled. The external signal to the DSI will be 
transmitted at that time. The internal line driver works at all 
times except during the power-down mode. 

sa Squelch 

1 Enable 

0 Disable 

CHANNEL 

The transmit and receive channel is set up with a 1-bit serial 
data (CH) when the function mode is either in FSK or analog 
loop back. 

When the function mode is either on the FSK or analog loop 
back mode, the transmit and receive channel is set up with 
a 1-bit serial data (CH). 

CH Channel 

1 1 (Originate) 

0 2 (Answer) 

CARRIER DETECT TIME 

The carrier detect time (see Figure 4 and Table 5) is set 
by 2-bit serial data (CD1, COO). ton indicates the amount of 
time the carrier is greater than Von threshold must be present 
before SO goes low. 

toll, on the other hand, indicates the amount of delay time 
SO goes high aiterthe carrier level becomes lower than Voll 
threshold. 

Table 5. Carrier Detect Time Truth Table 

Carrier Detect Time (Typ) 

CD1 COO ton (ms) toll (ms) 

0 0 450 30 

0 1 15 30 

1 0 15 15 

1 1 80 10 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Von Vaff 

RM----~~+H+++H++HK~H+r_--------

~Ion l~tOff 

I 
Figure 4. Carrier Detect Timing 

POWER-ON RESET 
When the power is switched on, this device has the following 

conditions. 

Function Mode 

Transmit Attenuator 

Transmit Squelch 

Channel 

FSK 

o dB 

Enable 

1 (Originate) 
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r------<i~-_>---_I GNDA 

FTLC 

O.lI'F ~ 

CDA 

O.lI'F T 

TLA 

":" 

DSI 

Xl 

3.57945 MHz CJ 

X2 

RxA 1----' 

RxGC 

RxBO 

TxD 1-----1 
RxD 1-----1 
851-----1 

DATA 1-----1 
SCK 1-----1 
ENB 1----1 

VCC 1------...--4 + 5 V 

GND 1-----.... 

~ LINE PROTECTION CIRCUIT J,. DIGITAL GROUND ~ ANALOG GROUND 

Figure 5. Application Circuit 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Calling Line Identification (CLIO) 
Receiver with Ring Detector 

The MC145447 is a silicon gate HCMOS IC designed to demodulate Bell 202 
and V.23 1200-baud FSK asynchronous data. The primary application for this 
device is in products that will be used to receive and display the calling number, 
or message waiting indicator sent to subscribers from participating central office 
facilities of the public switched network. The device also contains a carrier detect 
circuit and ring detector which may be used to power up the device. 

Applications forthis device include adjunct boxes, answering machines, feature 
phones, fax machines, and computer interface products. 

The MC145447 offers the following performance features. 

• Ring Detector On Chip 
• Ring Detect Output for MCU Interrupt 
• Power Down Mode, Less Than 1 ~A 
• Single Supply: +3.5 to +6.0 V 
• Pin Selectable Clock Frequencies: 3.68 MHz, 3.58 MHz, or 455 kHz 
• Two Stage Power Up for Power Management Control 
• Demodulates Bell 202 and V.23 

TIP 
RING 

BLOCK DIAGRAM 

.--___ -'1.'-4 ~ DATA OUT RAW 
(DOR) 

DATA OUT 
COOKED (DOC) 

~ CARRIER DETECT OUT 
RING DET IN 1 (ROil) 

C:.:.=J----' q (COO) 

PWRUP _.!....7_-l 

OSCin _1"'0---------1 

OSCout..--"-------------' 

MOTOROLA COMMUNICATIONS DEVICE DATA 

~ RING DETECT OUT 

~ (ROO) 

11 ClK SELECT IN (ClKSIN) 
1---'" 3.58 MHz, 3.68 MHz, 

OR 455 kHz 

-.1Lo VDD (16) 

~ VSS(8) 

NO CONNECT (5) 

MC145447 

1 •• 

PSUFFIX 
PLASTIC DIP 

CASE 648 

DWSUFFIX 
SOG 

CASE 751G 

ORDERING INFORMATION 

MC145447P 
MC145447DW 

Plastic DIP 
SOG Package 

PIN ASSIGNMENT 

TI [ 
1 • 16P VDD 

RI[ 2 15P DOC 

ROil [ 3 14P DOR 

RDI2 [ 4 13P COO 

NC [ 5 12p ROO 

Rf [ 6 11 P ClKSIN 

PWRUP [ 7 10 P OSCin 

VSS [ 8 9P OSCout 

NC = NO CONNECTION 
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ABSOLUTE MAXIMUM RATINGS (Voltages referenced to GND, except where noted) 

Rating Symbol Value Unit 

DC Supply Voltage VDD -0.5 to +6.0 V 

Input Voltage, All Pins Yin -0.5 to VDD+0.5 V 

DC Current Drain Per Pin I ±10 mA 

Power Dissipation PD 20 mW 

Operating Temperature Range TA a to +70 ) °C 

Storage Temperature Range Tst!l -40 to +150 °C 

ELECTRICAL CHARACTERISTICS 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields. However, it is ad
vised that normal precautions be taken to 
avoid applications of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it Is 
recommended that Yin and Vout be con
strained to the range VSS S; (Vin or Vout) S; 

VDD· 
Reliability of operation is enhanced if un

used inputs are tied to an appropriate logic 
voltage level (e.g., either VSS or VDD). 

(All polarities referenced to VSS = 0 V, VDD = +5 V ±10%, unless otherwise noted, TA = 0 to + 70°C) 

Parameter Symbol Min Typ Max Unit 

DC Supply Voltage VDD 3.5 5 6 V 

Supply Current (All Output Pins Unloaded) (See Figure 1) IDD - 2.4 3 mA 
RT = O. PWRUP = 1, XTAL = 3.58 MHz 

Supply Current (All Output Pins Unloaded) (See Figure 1) IDD - 6.2 8 mA 
PWRUP = 0, RT = Don't Care, XTAL = 3.58 MHz 

Standby Current (All Output Pins Unloaded) (See Figure 1) ISTBY - - 1 ).LA 
RT = 1, PWRUP = 1 

Input Voltage a Level (CLKSIN, OSCin) VIL - - VDDXO.3 V 

Input Voltage 1 Level (CLKSIN, OSCin) VIH VDDXO.7 - - V 

Output Voltage High: VDD = 5 V (DOR, DOC, OSCoutl VOH - - V 
IOH = 40).LA 2.4 

IOH S; 1 ).LA 4.95 

Output Voltage Low: VDD = 5 V (DOR, DOC, OSCout) VOL 
, - - V 

IOL= 1.6mA 0.4 
IOL S; 1 ).LA 0.05 

Input Leakage Current (OSCin, CLKSIN, PWRUP, RT, RDI1, and RDI2) lin - - ±1 ).LA 

Output Voltage Low: VDD = 5 V (RDO, RT, CDO) IOL = 2.0 mA VOL - - 0.4 V 

Input Threshold Voltage Positive Going: VDD = 5 V VT+ 2.5 2.75 3.0 V 
(RDI1, RT, PWRUP) (See Figure 3) 

Input Threshold Voltage Negative Going: VDD = 5 V VT- 2.0 2.3 2.6 V 
(RDI1, RT, PWRUP) (See Figure 3) 

RDI2 Threshold RD2VT 1.0 1.1 1.2 V 

TIP/RING Input dc Resistance Rin - 500 - kQ 

ANALOG CHARACTERISTICS (VDD = +5 V, TA = +25°C, unless otherwise noted, 0 dBm = 0.7746 Vrms @ 6000) 

Characteristic 

Input Sensitivity: TIP and RING (Pins 1 and 2, VDD = +5 V) 

Band-Pass Filter (BPF) 
Frequency Response (relative to 1700 Hz @ a dBm) 

Carrier Detect Sensitivity 

MC145447 
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Min Typ Max Unit 

-40 -45 - dBm 

dB 
60 Hz - -64 -

500 Hz - -4 -
2700 Hz - -3 -

;;, 3300 Hz - -34 -
- -48 - dBm 

MOTOROLA COMM,uNICATIONS DEVICE DATA 



SWITCHING CHARACTERISTICS (VDD = +5 V, CL = 50 pF, TA = +25°C) 

Description Symbol Min Typ 

OSC Startup tOOSC - 2 

Power-Up Low to FSK (Setup Time) tsuPO 15 -
Carrier Detect Acquisition Time tOAQ - 14 

End of Data to Carrier Detect High tOCH B -

TIMING DIAGRAM 

2 SECONDS I 0.5 I 
SECOND 

I 0.5 I 
SECOND 

RI DATA 

Rf I I 
I I I 
I I I 

n I I 
ROO I I 

I ~ 
I I 

t I 
tSUPD I 

PWRUP H I I I 
tDAQ~1 I I 

COO tDCH~ 
I 

DOC 

I COOKED DATA 

I 
DOR I ~tDOSC RAW DATA 

II 
II 
I CLOCK 3.58 MHz, 3.6864 MHz, OR 455 kHz OSC 
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-
-
-
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Unit 

ms 

ms 

ms 

ms 

MC145447 
2-767 



VDD 

TI 15 DOC 

}~ AI 16 14 DOA 
ADll 13 CDO 
ADI2 4 12 ADO 

NC 5 11 CLKSIN 
AT 10 OSCin VDD 

PWAUP 9 OSCout 

-= 0 
AT PWAUP 

3.579 MHz 
'DD OSCin 

1 lIlA MAX DISABLE 10MQ 30 
0 1 2.4 rnA TYP ENABLE T I pF 
X 0 6.2 rnA TYP ENABLE 

Figure 1. 100 Test Circuit 

PIN DESCRIPTIONS 

TI 
Tip Input (Pin 1) 

This input pin is normally connected to the tip side of the 
twisted pair. It is internally biased to 1/2 supply voltage when 
the device is in the power up mode. This pin must be dc 
isolated from the line. 

RI 
Ring Input (Pin 2) 

This input is normally connected to the ring side of the 
twisted pair. It is internally biased to 112 supply voltage when 
the device is in the power up mode. This pin must be dc 
isolated from the line. 

ROil 
Ring Detect Input 1 (Pin 3) 

This input is normally coupled to one of the twisted pair 
wires through an attenuating network. It detects energy on 
the line and enables the oscillator and precision ring 
detection circuitry. 

RDI2 
Ring Detect Input 2 (Pin 4) 

This input to the preCision ring detection circuit is normally 
coupled to one of the twisted pair wires through an attenuating 
network. A valid ring signal as determined from this input 
sends the ROO (Pin 12) to a logic O. 

RT 
Ring Time (Pin 6) 

An RC network may be connected to this pin. The RC time 
constant is chosen to hold this pin voltage below 2.2 V 
between the peaks of the ringing signal. RT is an internal 
power-up control and activates only the circuitry necessary 
to determine if the incoming ring is valid. 

PWRUP 
Power Up (Pin 7) 

A logic 0 on the PWRUP input causes the device to be 
in the active mode ready to demodulate incoming data. A 
logic 1 on this pin causes the device to be in the standby 
mode, if the RT input pin is at a logic 1. This pin may be 
controlled by ROO and COO for auto power-up operation. 
For other applications, this pin may be controlled externally. 
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VSS 
Ground (Pin 8) 

Ground return pin is typically connected to the system 
ground. 

OSCout 
Oscillator Output (Pin 9) 

This pin will have either a crystal or a ceramic resonator 
tied to it with the other end connected to OSCin. 

OSCin 
Oscillator Input (Pin 10) 

This pin will have either a crystal or a ceramic resonator 
tied to it with the other end connected to OSCout. OSCin may 
also be driven directly from an appropriate external source. 

CLKSIN 
Clock Select Input (Pin 11) 

A logic 1 on this input configures the device to accept either 
a 3.579-MHz or 3.6B64-MHz crystal. A logiC 0 on this pin 
configures the part to operate with a 455-kHz resonator. 

For crystal and resonator specifications see Table 1. 

ROO 
Ring Detect Out (Pin 12) 

This open-drain output goes low when a valid ringing signal 
is detected. ROO remains low as long as the ringing signal 
remains valid. This signal can be used for auto power up, when 
connected to pin 7. 

COO 
Carrier Detect Output (Pin 13) 

When low, this open drain output indicates that a valid 
carrier is present on the line. COO remains low as long as 
the carrier remains valid. An B-ms hysteresis is built in to allow 
for a momentary drop out of the carrier. COO may be used 
in the auto power up configuration when connected to 
PWRUP. 

DOR 
Data Out Raw (Pin 14) 

This pin presents the output of the demodulator whenever 
COO is low. This data stream includes the alternate 1 and 0 
pattern, and the 150 ms of marking, which precedes the data. 
At all other times, DOR is held high. 
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DOC 
Data Out Cooked (Pin 15) 

This output presents the output of the demodulator 
whenever CDO is low, and when an internal validation 
sequence has been successfully passed. The output does not 
include the alternate 1 and 0 pattern. At all other times, DOC 
is held high. 

VDD 
Positive Power Supply (Pin 16) 

The digital supply pin, which is connected to the positive 
side of the power supply. 

APPLICATIONS INFORMATION 
The MC145447 has been designed to be one of the main 

functional blocks in products targeted for the CLASS (Custom 
Local Area Signaling Service). market. CLASS is a set of 
subscriber features now being presented to the consumer by 
the RBOCs (Regional Bell Operating Companies) and 
independent TELCOs. Among CLASS features, such as 
distinctive ringing and selective call forwarding, the subscriber 
will also have available a service known as Calling Number 
Delivery (CND) and message waiting. With these services, 
a subscriber will have the ability to display at a minimum, a 
message containing the phone number of the calling party, 
the date, and the time. A message containing only this 
information is known as a single format message, as shown 
in Figure 9. An extended message, known as multiple format 
message, can contain additional information as shown in 
Figure 10. 

The interface should be arranged to allow simplex data 
transmission from the terminating central office, to the CPE 
(Customer Premises Equipment), only when the CPE is in an 
on-hook state. The data will be transmitted in the silent period 
between the first and second power ring after a voice path 
has been established. 

The data signaling interface should conform to Bell 202, 
which is described as follows: 

• Analog, phase coherent, frequency shift keying 
• Logical 1 (Mark) = 1200 ± 12 Hz 
• Logical 0 (Space) = 2200 ±22 Hz 
• Transmission rate = 1200 bps 
• Application of data = serial, binary, asynchronous 

The transmission level from the terminating C.O. will be 
-13.5 dBm ± 1.0. The expected worst case attenuation 
through the loop is expected to be -20 dB. The receiver 
therefore, should have a sensitivity of approximately -34.5 
dBm to handle the worst case installations. 

Additional information on CLASS services can be obtained 
from: 

BELLCORE CUSTOMER SVS. 
1-800-521-2673 
201-699-5800 FOREIGN CALLS 
201-699-0936 FAX 

The document number is: TA-NWT-000030 

Title: "Voice Band Data Transmission Interface Generic 
Requirements" 

Figure 7 is a conceptual deSign of how the MC145447 can 
be implemented into a product which will retrieve the incoming 
message and convert it to EIA-232 levels for transmission to 
the serial port of a PC. With this message and appropriate 
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software, the PC can be used to look up the name and any 
additional information associated with the caller that had been 
previously stored. 

Figure 8 is a conceptual design of an adjunct unit in parallel 
with an existing phone. This arrangement gives the subscriber 
CND service without having to replace existing equipment. 

Table 1. Oscillator Specifications 

Clock Select Pin 11 = 1 

Crystal Mode 
Frequency 
Rf 
C1 and C2 

Source: 
Fox Electronics 

Parallel 
3.579 MHz or 3.6864 MHz 
10 MQ 
30 pF 

5570 Enterprise Pkwy. 
Ft. Myers, FL 33905 
Tel. 813·693·0099 

Clock Select Pin 11 = 0 

Resonator 
Frequency 
Rf 
C1 and C2 

Source: 

#CSB455J 
455 kHz ±a.5% 
1.0MQ 
100 pF 

Murata Manufacturing Co. Ltd. 
2200 Lake Park Dr. 
Smyma, GA 30080 
Tel. 404-436-1300 

Note: 
Motorola cannot recommend one supplier over another and 

in no way suggests that this is a complete listing. 

FULL-TIME POWER-UP APPLICATION WITH RING 
DETECTOR CIRCUIT DISABLED 

Some MC145447 applications require that the Calling 
Line Identification Receiver be constantly powered. To 
ensure that the device is properly reset, a Logic 1 must be 
applied to PWRUP (Pin 7) for a minimum of 10 IlS after VDD 
has reached its full value. It is also necessary that the RT 
pin (Pin 6) be high while PWRUP is high. This may be 
accomplished with an external ring detect signal or MCU 
generated signal applied to PWRUP. Alternatively, a power 
on reset RC network may be used as shown in Figure 6. 
Rpu and Cpu must be chosen such that the voltage at 
PWRUP meets the logic 1 input threshold requirements for 
10 IlS afterVDD has reached its full value. The powersupply 
rise time on VDD (Pin 16) must also be taken into account 
when determining Rpu and Cpu. See Figure 3 for a 
description of the change in input thresholds (VT + and VT-) 
with respect to VDD for PWRUP. Also, some applications 
may not require the ring detect function. In this case, RDI1 
(Pin 3) and RDI2 (Pin 4) should be tied to VSS and RT tied 
to VDD as shown in Figure 6. 
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DESIGN INFORMATION 
The circuit in Figure 2 illustrates in greater detail the 

relationship between device pins 3, 4, 6, and 7. 
The external component values shown in Figure 2 are 

the same as those shown in Figures 7 and 8. When VDD 
is applied to the circuit in these two figures, the RC network 
will charge cap C1 to VDD holding RT (Pin 6) off. If the 
PWRUP (Pin 7) is also held at VDD, the MC145447 will be 
in a power down mode, and will consume 1 IlA of supply 
current (Max). 

The resistor network (R2-R4) attenuates the incoming 
power ring applied to the top of R2. The values given have 
been chosen to provide a sufficient voltage at RDI1 (Pin 3) 
to turn on the Schmitt trigger input with approximately a 40 
Vrms or greater power ring input from tip and ring. When VT + 
of the Schmitt is exceeded, Q1 will be driven to saturation 
discharging cap C1 on RT. This will initialize a partial power 
up, with only the portions of the part involved with the ring 
signal analysis enabled, including RDI2 (Pin 4). At this time 
the MC145447 power consumption is increased to approxi
mately 2.4 mA (typ). 

EXTERNAL 
COMPONENTS 

INTERNAL 
COMPONENTS , 

7' __________ ~~u~------------, 

TO 
BRIDGE 

Rl 
270kQ 

470kQ 

R2 

R3 
18kQ 

R4 
15kQ 

Figure 2. 

The value of R1 and C1 must be chosen to hold the RT 
pin voltage below the VT + of the RT Schmitt between the 
individual cycles of the power ring. The values shown will work 
for ring frequencies of 15.3 Hz (min). 

With RDI2 now enabled, a portion of the power ring above 
1.2 V is fed to the ring analysis circuit. This circuit is a digital 
integrator which looks at the duty cycle of the incoming signal. 
When the input to RDI2 is above 1.2 V, the integrator is 
counting up at an 800 Hz rate. When the input to RDI2 falls 
below 1.2 V, the integrator counts down at a 400 Hz rate. 

MC145447 
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3.5 

3.25 

3.0 

2.75 

2.5 

2.25 

2.0 

1.75 

1.5 

1.25 

1.0 

,,YT+ 

V 
VT-/ ,..... 

./'" V 
L ~ 

,/" V 
/ ~ 

./'" 
,-/' 

U M M M U ~ ~ M M 
VDD 

Figure 3. VOO versus VT + and VT-

A ring is qualified when an internal count of binary 48 is 
reached. The ring is disqualified when the count drops to a 
binary 32. The number of ring cycles required to qualify the 
signal will depend on the amplitude of the voltage presented 
to RDI2. The shortest amount of time needed to do the 
qualification is approximately 60 ms. The shortest amount of 
time required for dequalification will be approximately 40 ms. 

Once the ring signal is qualified, the RDO pin will be sent 
low. This can be fed back to PWRUP as shown in Figure 7, 
or with a pull-up resistor, can be used as an interrupt to an 
MCU as shown in Figure 8. In either case, once the PWRUP 
pin is below VT _, the part will be fully powered up, and ready 
to receive FSK. During this mode, the device current will 
increase to approximately 6.2 mA (typ). The state of the RT 
pin is now a "don't care" as far as the part is concerned. 
Normally, however, this pin will be allowed to return to VDD. 

After the FSK message has been received, the PWRUP 
pin can be allowed to return to VDD and the part will return 
to the standby mode, consuming less than 1 IlA of supply 
current. The part is now ready to repeat the same sequence 
for the next incoming message. 
TYPICAL DEMODULATOR PERFORMANCE 

The following describes the performance of the MC145447 
demodulator in the presence of noise over a simulated Bell 
3002 telephone loop. 

The Bell 3002 loop represents a worst case local telephone 
loop in North America. The characteristics of this loop, which 
affect performance, are high frequency attenuation and 
Envelope Delay Distortion (EDD) or group delay. 

The minimum receiver sensitivity of the MC145447 under 
these conditions is typically -45 dBm. 

The MC145447 achieves a Bit Error Rate (BER) of 1 x 10-5 
at a Signal-to-Noise Ratio (SNR) of 15 dB in V.23 operation 
and at an SNR of 18 dB in Bell 202 operation (see Figures 
4 and 5). 

All measurements in dBm are referenced to 600 Q: 0 dBm 
= 0.7746 Vrms. 

All measurements were taken using the MC145460EVK 
evaluation board. 
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Figure 4. MC145447 V.23 Operation 
(Typical BER vs SNR) 

50 o pF 
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VOO 

TI 1 

RI 2 

ROil 3 

ROl2 4 

N/C 5 
--=-RT 6 

PWRUP 7 

+5V 

~ Cpu 

'----' 
Rpu 
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Figure 6. 
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Figure 5. MC145447 Bell 202 Operation 
(Typical BER vs SNR) 
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15 DOC 

14 OOR 

13 COO 

12 ROO 

11 CLKSIN 
VOO 
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9 OSCout 
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APPLICATION CIRCUIT 

500pF 

C3 10kQ 

1N4004x4 

500 pF 

NOTE: C1 and C2 "0.2I'F required for line 
isolation. C1 through C4 are 250 V 
min., non-polarized. 

470kQ 

15kQ 

18kQ 

+5V 

MC145447 

VDD f-----:L 
O.II'F -= 

TI 16 15 DOC 

RI 14 DOR 

RDII 13 CDO 

RDI2 4 12 RDO 

11 CLKSIN 
VDD 

10 OSCin 

NC 

AT 
PWRUP7 OSCout 

..L 0 
3.579 MHz 

+5V 30 PFT 10MQ T 30pF 

4.7 MQ '---l" 

I O.33 I'F 

Figure 7_ Partial Implementation of PC Interface to Tip and Ring 

I 
I L ___ ..l 

MC!45407 

FIRST RING 
2 SECONDS I 0.5 I 

SEC I 0.5 
SEC 

SECOND RING 
2 SECONDS 

RI 

AT 

------- - - -i------<L----j 
RDO NOTE 1 

PWRUP 

CDO NOTE! 

DOR 

" 
" DOC 

" 
DATA 

TO PC 

TO PC 

" 
" OSC 'I 

I I 
~ ___________________ L~~~~~~~~~~~~~! I~ ______________ , 

3.58 MHz, 3.6864, OR 455 kHz H ~ 
NOTES: 

1. Wired 'OR' RDO with CDO .. 
2. Overlap of RDO edge with CDO edge to ensure part stays in PWRUP determined by RC time constant 

on RDO, PWRUP, and CDO. pin. 
3. Part reverts to PWR ON, on rising edge of RDO since there is no CDO. 
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APPLICATION CIRCUIT 

O.II1F VDD 

500pF C3 10kn J:-----l 1 1 2kn 

500pF I-'C:":;4-'-~'Vl0I/'k,.,\r"'"11 Til+' JLDO~ 
.. ~--------------R-I ~2 rl~4~D=O=R ______ -. 

2kn 

Cl 
TIP -~--1I------'l 

0.211F 
r-________________ ~R~DI~I~3 ~ rl~3~C=D=O~----~~ 

RDI2 4 ~ 12 ROO 
r---------------~~R~~T---65~ ~ rl~I-C~L~~-IN~V-DD-.-r+-~ 

10 OSCin 

.. .. 
C2 -= I 

RING --I-+--1I----....J 
PWRUP 7 8 9 OSCout 

-~-

~ 
TO PHONE 

RI 

ATI 

ROO h 
I 
I 

PWRUP I 
I 

INTERRUPT 470kn ~ VDD 

18 kQ ~ 270 kQ ~ i-'--'-I....I---'---,r.----H 

15kQ ~.L~ __ 0_.211_F.I =+-,=--~ IL_~-.-M1C--,U;---J-:;~!D~->-j ~ 
..- 3.68 MHz 1 
-= 

l DISPLAY J 
Figure 8. Adjunct Box Concept for Calling Number Display 

FIRST RING I 0.51 I 0.51 SECOND RING 
2 SECONDS SEC SEC 2 SECONDS 

DATA 

1 1 
I I 

INTERRUPT 

1 1 
FORMCU 

1 ••• 1 _I 
COO I I 

If 
"II 

f 7. 

I I 
DOC I I I // 

I DATA I I 
I I I 

DOR: DATA I: ! // 
OSC 1-1 _________ 3_.5_8_MH_Z_,3_~~ __ 4,_OR_4_55_k_HZ ____________ ~~r------------------~~ 

NOTES 
1. MCU must assert PWRUP to MCI45447. 
2. No data detected, MCU powers down the MCI45447. 

Timing Diagram for Figure 8 
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4s ---------------t~.~-----2s~ 
0~5_+ I 

STD RING/20 Hz 
DATA WORD .".,., 'E --Jr CH<CO 

TYPE WORD ............... SUM 

MARKS DATA 
L...-"":":":'=----' 

t- 250ms -t- ~~j-175mS -t -- , -- , 
"~JBP 144BITSMAX IBI~~ 

...... ~ " 
...... ' 

MO - DAY-HOUR-MINUTE - NUMBER 

04 - 15 - 16 - 21 - 5125551212 

Figure 9. Single Message Format 

r- 28 

STD RING/20 Hz 

DATA 144 DATA BITS ----- / / 1/ I I 

CHECK 
SUM 

MESSAGE // / I I f I 
TYPE WORD / PARAMETER I f-I ------i " 

/ TYPE WORD I. CALLING NAME . 

\ "-, 
\ "-

\ ")-,M"'"'O""-""""'DA""'y--""HO""'U""'R--""M""IN'""'UT""E""'--"""N'""'U'""'MB'""'E-:-R:::" 
\ 
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MESSAGE I 
LENGTH WORD PARAMETER PARAMETER 

LENGTH WORD TYPE WORD 

\ 04 - 15 - 16 - 21 -

PARAMETER 
LENGTH WORD 

5125551212 

Figure 10. Multiple Message Format 
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TECHNICAL DATA 

Technical Summary 
U-Interface Transceiver 

This technical summary provides a brief description of the MC145472 and 
MC14LC5472 U-Interface Transceivers. A complete data book for the MC145472 
is available and can be ordered from your local Motorola sales office. The data 
book number is MC145472/D. 

The MC145472 U-Interface Transceiver is a single chip device intended for the 
ISDN Basic Access Interface and conforms to the American National Standard 
known as ANSI Tl.601-1992. The MC145472 can be configured for LT or NT 
applications and performs all necessary Layer 1 functions while utilizing 2Bl Q 
line coding. 

The customer data crossing the U Reference Point consists of two 64 kbps 
B channels and one 16 kbps D channel in each direction. This data is input to 
and output from the MC145472 via the industry standard Interchip Digital Link 
(IDL). 

The MC145472 can operate in many different modes. The control of these 
various modes is provided via special purpose pins and the Serial Control Port 
(SCP). The SCP conforms to the Motorola Serial Peripheral Interface standard, 
an industry standard serial microprocessor interface. 

The MC14LC5472 is a low power, lower cost version of the MC145472. This 
technical summary applies to both the MC145472 and MC14LC5472 unless 
otherwise indicated. The MC14LC5472 differs from the MC145472 in that its 
maximum power dissipation is 500 mW instead of 700 mW for the MC145472. 

PIN ASSIGNMENTS 

• SENSEP 10 60 POOUT 
TxP 11 59 BUFXTAl 

VOOTx 12 58 Tx BAUO ClK 
VSSTx 13 57 RxBAUOClK 

TxN 14 56 FSO 
SENSEN 15 55 FSI 

VrelN 16 54 FS2 
VrelP 17 Ceramic and Plastic Packages 

TEST 5 18 
53 VOO 
52 VSS 

TEST 6 19 51 VOOI/O 
VOO 20 50 VSSI/O 
VSS 21 49 4.096 ClK OUT 

SYSClK 22 48 15.36 ClK OUT 
TEST7 23 47 TEST 16 

EYE OATA 24 46 IOlSYNC 
TxSFS 25 45 IOlClK 

VOOIIO 26 44 IOl Tx 

MOTOROLA COMMUNICATIONS DEVICE DATA 

MC145472 
MC14LC5472 

FU SUFFIX 
PLASTIC 

CASE 847 

FE SUFFIX 
CERAMIC 

CASE 847B 

ORDERING INFORMATION 

MC145472FE 
MC14LC5472 
MC1454LC72FU 

Ceramic 
Ceramic 
Plastic 
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Also, the MC14LC5472 is available in a 68-lead Plastic 
Quad Flat Package (PQFP). Both the MC145472 and 
MC14LC5472 are available in a 68-lead Ceramic Quad Flat 
Package. The 68-lead PQFP for the MC14LC5472 has a 
considerably smaller printed circuit board footprint than the 
68-lead Ceramic Quad Flat Package. This permits more 
MC14LC5472s to be placed on a circuit board than would be 
the case if the MC145472 was used. 

Information regarding the generic 2B1Q U-Interface 
requirement is readily available in standards documents such 
as ANSI T1.601-1992 and therefore has not been included 
in this document. The U-Interface equipment designer will find 
the ANSI document to be a useful reference. 

Key features of the MC145472 U-Interface Transceiver 
include: 

• Single Chip 2B1Q Echo Canceling Adaptively Equalized 
Transceiver 

• Conforms to ANSI Tl.601-1992, Integrated Services Digi
tal Network (ISDN)-Basic Access Interface for Use on 
Metallic Loops for Application on the Network Side of the 
NT (Layer 1 Specification) of the American National 
Standards Institute, Inc. 

• Warm Start Capability 

• NT Synchronizes to and Operates with 80 kHz ±32 ppm 
received signal from LT 

• IDL Interface Supports Master,Slave, and Slave-Slave 
Timing Modes 

• On-Chip FIFOs for Transmit and Receive Directions 

• MC14LC5472 power consumption is 500 mW maximum 
when activated 

• MC145472 power consumption is 700 mW maximum when 
activated 

• 2B+D Customer Data Provided by the Industry Standard 
IDL Interface 

• Control, Status, and Extended Maintenance Functions 
Provided through the SCP 

• On-Chip Conformance with Activation and Deactivation as 
Specified in the American National Standard Tl.601 

• Automatic Handling of Basic Maintenance Functions 

• Automatic Internal Compliance with the Embedded Opera
tions Channel (eoc) Protocol as Specified in the 
American National Standard 

REFERENCE POINTS: R S 

TE2 

Key: 
CCSN: 
CSN: 
ET: 
LT: 
NT1: 

NT2 

Common Channel Signalling Network 
Circuit Switched Network 
Exchange Termination (C.O. Switch) 
Line Termination (Line Card) 
Network Termination 1 (OSI Layer 1 Only) 

T 

• Extended Maintenance Functions Provided through the 
SCP 

• Complete Set of Loop-backs for Both the IDL and U Refer
ence Point Directions 

• Pin Selectable for Line Temnination (LT) or Network Ter
mination (NT) Applications 

• On-Chip 2.5 V Transmit Driver Meeting 1992 Requirement 

• Eight Different Choices of Reference Frequency Input in LT 
Mode 

• High Performance CMOS Process Technology 

• 5 V Power Supply 
• The MC14LC5494EVK is the evaluation platform for the 

MC14LC5472 

ISDN BASIC ACCESS SYSTEM OVERVIEW 

ISDN Reference Model 

The ISDN Reference Model is shown in Figure 1. This is 
a general model which can be adapted to many different 
implementations of the ISDN. The diagram indicates the 
position of the U Reference Point between the Line 
Temnination (LT) and the Network Termination 1 (NT1) blocks 
in the model. 

The U-Interface is the physical point of access to the ISDN 
althe U Reference Point defined in the Reference Model. This 
interface is a single twisted wire pair supporting full-duplex 
transmission of digital information at a rate of 160 kbps. The 
twisted wire pair can extend up to 18,000 feet and may include 
bridge taps. This interface is often referred to as a Digital 
Subscriber Line. 

U-Interface Transceiver Applications 
Some typical ISDN applications of the MC145472 

U-Interface Transceiver are shown in Figure 2. This figure 
shows how Motorola ISDN devices can be configured with 
other Motorola MCUs and Codecs to implement ISDN 
equipment such as terminal adapters, NTl s, terminal 
equipment, line cards, and U-Interface terminals. 

A typical non-ISDN pair gain application is shown in Figures 
3 and 4. Pair gain is a technique to multiplex two or more 
analog phone lines over a digital line and recreate them at 
the customer location. 

Figure 5 details how to connect two MC145472 U-Interface 
transceivers as aU-Repeater. 

NT1 

u v 

LT ET 

NT2: Network Termination 2 (OSI Layers 2 and 3) 
PSN: Packet Switched Network 
TA: Terminal Adapter 
TEl: Terminal Equipment 1 (ISDN Terminal) 
TE2: Terminal Equipment 2 (Non-ISDN Terminal) 

Figure 1. ISDN Reference Model 
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TA 

MC14548B 

DDLC 

SCP 

SIT 
CHIP 

IDL 

ANALOG LINE 1 
TO CENTRAL OFFICE 

ANALOG LlNE2 
TO CENTRAL OFFICE 

LT 

MCl45472 
IDL 

U U 
CHIP CHIP 

SCP 

SWITCHING EQUIPMENT 

LT 

MCl45472 
IDL 

lit C~IP SCP 

Figure 2. MC145472 Typical ISDN Applications 

RING 
IDL DETECT MCl454BO - AND LINE I- 5V r-- p-- MC145472 --U 

INTERFACE CODEC 

I SCP 

RING 
MC1454BO M6B05 DETECT - AND LINE r-- 5V - MICROCONTROLLER 

INTERFACE CODEC 

Figure 3. Pair Gain Application, Central Office Terminal 
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VIa 

U -
IDL MCI45480 

POWER FEED 
MCI45472 --<.....- 5VCODEC - AND RING -GENERATION 

I SCP 

M6805 MCI45480 
POWER FEED 

- AND RING ,....--MICROCONTROLLER - 5VCODEC GENERATION 

Figure 4. Pair Gain Application, Remote Terminal 

I MC68HC05 
.-------..., 

41 

MCI45472FE I I I 
IRQ ~ '-----"J.j 

38 

39 

34 

SCPEN~ 
RESET~3~9--~~~-~----~ 

SCP~~3~4-----+~~~------------~ 
33 U.------t SCPRx~3~3-----+-4~--------------~ 

O.D1I1F 

lM!l 

+5V 

~ IDLMIS 

h NTiLT 

64 1 XTALout 

35 SCPCLK 1-'3"'5 _____ -------------------9 
46 IDLSYNCI-=46~-------------:~ 
44 

43 

IDLRx!-=4~3------------=i 

IDL Tx 1-'44"'------------------------=j 

45 

67 

IDL CLK 1-=4~5 ________________ ... ------~ 

T 
~2ra--~--0,.0Irl1-F~------.-~ 64 

1 
lM!l r: TDYI 

lb O.D1I1F 
1-..--I--I1-_~ .... -..:::62"i XTALin 

240 kn 
'--¥Y'\r-4p-____ ...;6::::0, PDout ~2rb~;--0~Dlrl1-F~--~~~ 

240 kn 

CUSTOMER 
ANALOG LINE 1 

CUSTOMER 
ANALOG LlNE2 

MCI45472FE 

iRQ 

SCPEN 

RESET 

SCPTx 

SCPRx 

SCPCLK 

IDLSYNC 

IDL Tx 

IDLRx 

IDLCLK 

FREQREF 

XTALout 

IDLMis 

XTALin NT/IT 

240k!l 
60 PDout 

240kn 
3.6k!l 

PLLCAP 

NT LT 

NOTE: VI and V2 are Zetex ZCS85 dual varactors. Yl and Y2 are 20.48 MHz. 

Figure 5. U Repeater Showing Clock and IDL Connections 

.... U 

~ 

~ 

':' 
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DEVICE DESCRIPTION 

FUNCTIONAL DESCRIPTION 
A functional block diagram of the MC145472 U-Interface 

Transceiver is shown in Figure 6. The MC14572 utilizes 
mixed analog and digital signal processing circuit technol
ogy to implement an adaptively equalized echo canceling 
full-duplex transmitter/receiver or transceiver. 

2B+ D data is input to the device at the IDL Rx input. This 
data is passed through a FIFO prior to being formatted and 
scrambled in the Superframe Framer. The resulting 160 kbps 
binary data stream is converted to an 80 kbaud dibit stream 
which is subsequently converted to four analog amplitudes 
by the DAC (digital-to-analog converter). The resulting pulse 
amplitude modulated signal is band limited by the Tx Filter 
prior to entering the Tx Driver which differentially drives the 
line coupling circuit to the twisted wire pair. 

From the twisted wire pair, information from the far end 
U-Interface Transceiver is coupled through the external line 
interface circuit to the differential receiver inputs RxP and RxN. 
(In this two wire environment, the transmitted signal is also 
coupled into the receiver inputs.) This combined analog signal 
is converted to a digital word in a sigma-delta, analog-to-digital 
converter. After filtering, an adaptively generated replica of 
the transmitted signal, c'llculated by the echo canceler, is 
subtracted from the combined signal leaving only the far end 
signal. In addition, phase dispersion present in the far end 
signal is corrected by the Decision Feedback Equalizer. The 
resulting four level signal is decoded by the slicer to produce 
a 160 kbps data stream. Timing information is also recovered 
from the far end signal. The Superframe Deframer des-

IDLRx 

IDLSYNC 
IDLCLK 

IDL Tx 

SCPEN 

SCPCLK 
SCPRx 

SCPTx 

SERIAL CONTROL PORT 
INTERFACE 

AUTOMATIC eoc 
PROCESSOR 

crambles and disassembles the received superframes and 
passes the received 2B+ D data through a FIFO to the IDL 
Interface where it is available at the IDL Tx output. 

Control and status of the device is handled via the SCP, 
a standard serial microcontroller interface. The SCP provides 
acgess to the 4 kbps Maintenance Channel in the U-Interface 
superframe. In addition, activation and deactivation are 
handled by an Automatic Activation Controller and the eoc 
portion of the M channel can be handled automatically with 
the Automatic eoc Processor. 

A crystal oscillator and analog Phase Locked Loop (PLL) 
are provided to ease clocking requirements for the device. 

U-INTERFACE DATA FORMAT 
The data transmitted on the U-Interface is organized into 

a 12 ms long superframe. This superframe consists of eight 
basic frames each of 1.5 ms in duration. The first nine bauds 
of each frame are a synchronization word. The next 1 08 bauds 
consists of 12 x 2B + D data. The last three bauds consist of 
maintenance channel data including a cyclic redundancy 
check. The first frame of the superframe is identified by its 
sync word being inverted. 

The U-Interface transceiver transmits a four level2B 1 Q, 
(two binary, one quaternary), line code. Two bits are 
encoded into each baud. Each basic frame consists of 120 
bauds or 240 bits of data. The baud symbols are called + 3, 
+ 1, -1, -3. The Band D channel data is scrambled before 
being transmitted. Figure 7 gives an example of the 2B1 Q 
line code. Tables 1 and 2 detail the U-Interface superframe 
formats. 

XTALin 

XTALout 

Figure 6. MC145472 Functional Block Diagram 
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Table 1. Superframe Data Format, LT ~ NT 

FRAMING 2B+D 

QUAT 1-9 10 -117 
POSITIONS 

BIT POSITIONS 1-18 19 - 234 

BASIC FRAME # SYNC WORD 2B+D 

1 ISW 12x2B+D 

2 SW 12x2B+D 

3 SW 12x2B+D 

4 SW 12x2B+D 

5 SW 12x2B+D 

6 SW 12x2B+D 

7 SW 12x2B+D 

8 SW 12x2B+D 

act = start up bit, set = 1 during start up 
aib = alarm indi,ation bit (set = 0 to indicate interruption). 
crc = cyclic redundancy check: covers 28 + D + M4 

dea =turn off bit (set = 0 to indicate turn off) 
febe = far end block error 
uoa = U-only-activation 

118s 

235 

Ml 

eoe 
al 

eoe 
dm 

eoe 
i3 

eoe 
i6 

eoe 
al 

eoe 
dm 

eoe 
i3 

eoe 
i6 

OVERHEAD BITS (MLM6) 

118m 119s 119m 120s 

236 237 238 239 

M2 M3 M4 M5 

eoe eoe act 1 
a2 a3 

eoe eoe dea 1 
il i2 

eoe eoe 1 erel 
i4 i5 

eoe eoe 1 ere3 
i7 i8 

eoe eoe 1 ere5 
a2 a3 

eoe eoe 1 ere7 
il i2 

eoe eoe uoa ere9 
i4 i5 

eoe eoe aib erell 
i7 i8 

1 = reserved bit for future standard (set = 1) 
eoc = embedded operations channel 

a = address bit 
dm = data/message indicator (0 = data, 1 = message) 

i = information bit 

120m 

240 

M6 

1 

lebe 

ere2 

ere4 

ere6 

ere8 

ere10 

ere12 

Table 2. Superframe Data Format, NT ~ LT 

FRAMING 2B+D 

QUAT 1-9 10-117 
POSITIONS 

BIT POSITIONS 1-18 19-234 

BASIC FRAME # SYNC WORD 2B+D 

1 ISW 12x2B+D 

2 SW 12x2B+D 

3 SW 12x2B+D 

4 SW 12x2B+D 

S SW 12 x2B+D 

6 SW 12x2B+D 

7 SW 12 x2B+D 

8 SW 12x2B+D 

act = start up bit, set = 1 during start up. 
crc =eyclic redundancy check: covers 28+D + M4 
cso = cold start only (set = 1 for cold start only) 

febe = far end block error 
ntm = NT in test mode bit (set = 0 to indicate test mode) 
sai = S-active indicator bit (optional, set = 1 for srr activity) 

MC145472.MC14LC5472 
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1185 

235 

Ml 

eoc 
al 

eoe 
dm 

eoe 
i3 

eoe 
i6 

eoe 
al 

eoe 
dm 

eoe 
i3 

eoe 
i6 

OVERHEAD BITS (MLM6) 

118m 1195 119m 1205 

236 237 238 239 

M2 M3 M4 MS 

eoe eoe act 1 
a2 a3 

eoe eoe pSI 1 
il i2 

eoe eoe ps2 erel 
i4 is 

eoe eoe nlm erc3 
i7 i8 

eoe eoe eso ereS 
a2 a3 

eoe eoe 1 ere7 
il i2 

eoe eoe sai ere9 
i4 is 

eoe eoe 1 erel1 
i7 i8 

1 = reserved bit for future standard (set = 1) 
eoe = embedded operations channel 

a = address bit 

120m 

240 

M6 

1 

febe 

ere2 

crc4 

ere6 

ere8 

ere10 

ere12 

dm = data/message indicator (0 = data, 1 = message) 
i = information bit 

psI, ps2 = power status bits (set = 0 to indicate power problems) 
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PIN FUNCTIONALITY Figures 8 and 9 show typical LT and NT mode connections, 
respectively. Tables 3 through 7 list the MC145472 pins in functional 

groups and provide brief pin descriptions. For more detailed 
information refer to the MC145472 data book. INTERCHIP DIGITAL LINK (IDLl INTERFACE 

The IDl Interface consists of five pins: IDL Mis, IDL SYNC, 
IDl ClK, IDL Tx, and IDl Rx. With the IDL MIS pin the IDl 
Interface can be configured as an IDL Master (IDL SYNC and 
IDL CLK are outputs) or an IDL Slave (IDL SYNC and IDl 
CLK are inputs). The IDL Interface receives 2B+ D data on 
the IDl Rx pin and buffers itthrough a FIFO to the Superframe 
Framer (See Figure 6). Simultaneously, this block accepts 
2B + D data from the Superframe Deframer, buffers it through 
a FIFO, and transmits it out the IDL Tx pin. Figure 10 shows 
the IDL data formats. 

MODE SELECTION 
These pins are used to select the operating mode of the 

MC145472 U-Interface transceiver. 
The RESET pin is a schmitt trigger input and holds the 

MC145472 in a hardware reset condition when at logic O. 
The NTILT input pin selects the operating mode of the 

MC145472. When at logic 1 the U-Interface transceiver is in 
NT mode. When at logic 0 the U-Interface transceiver is in 
IT mode. 

Table 3. Quick Reference to Power Supply and Mode Selection Pins 

Power Supply Pins 

Pin Name Pin No. Pin Description 

VDD 1,20,37,53 Positive power supply, nominally + 5 V. 

VSS 21, 36, 52, 68 Negative power supply, nominally ground. 

VDDRx 4 Positive power supply for analog receive circuits, nominally + 5 V. 

VSSRx 5 Negative power supply for analog receive circuits, nominally ground. 

VDDTx 12 Positive power supply for analog transmit circuits, nominally + 5 V. 

VSSTx 13 Negative power supply for analog transmit circuits, nominally ground. 

VDD"O 8,26,51 Positive power supply for input and output circuits, nominally + 5 V. 

VSSIIO 9,27,50 Negative power supply for input and output circuits, nominally ground. 

VDDPLL 65 Positive power supply for phase locked loop circuits, nominally + 5 V. 

VSS PLL 61 Negative power supply for phase locked loop circuits, nominally ground. 

Pin Name 

RESET 

NTILT 

+3 

+1 

-1 

Mode Selection Pins 

Pin No. Pin Description 

40 Hardware reset when at a logic low, nonnal operation when at a logic high. This pin has a Schmitt 
trigger input. 

39 Hardware selection of LT (logic low) and NT (logic high) operating mode. 

time -----II~~ 

-1 
01 ~~ I ~ I ~~ +1 

11 

+3 
10 

-3 
00 

-3 
00 

Figure 7. 2B1Q line code 

+1 
11 

-1 

01 

-1 
01 
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Pin Name Pin No. 

IDL MIS 42 

IDLSYNC 46 

IDLCLK 45 

IDL Tx 44 

IDLRx 43 

Pin Name Pin No. 

SCPEN 38 

SCPCLK 35 

SCPTx 34 

SCPRx 33 

IRO 41 

Pin Name Pin No. 

TxP 11 

TxN 14 

SENSE P 10 

SENSE N 15 

RxP 2 

RxN 3 

Vref P 17 

Vref N 16 

Tx BAUDCLK 58 

RxBAUDCLK 57 

EYE DATA 24 

SYSCLK 22 

TxSFS 25 

MC145472.MC14LC5472 
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Table 4. Quick Reference to IDL and SCP Pins 

Interchip Digital Link (IDLl Interface Pins 

Pin Description 

Selects between IDL Master (IDL CLK and IDL SYNC are outputs) and IDL Slave (IDL CLK and IDL SYNC 
are inputs) modes. Logic high selects IDL Master mode and logic low selects IDL Slave mode. 

8 kHz IDL frame synchronization input (IDL Slave mode) or output (IDL Master mode). 

Bit clock input (IDL Slave mode) or output (IDL Master mode) for serial transfer of 2B+ D data at IDL Tx and 
IDL Rx. 

This is the IDL output for the 2B+D data. 

This is the IDL inputtor the 2B+D data. 

Serial Control Port (SCP) Interface Pins 

Pin Description 

SCP Enable Input held low selects the device for a read or write operation to the SCPo 

SCP Clock is an input which clocks the SCP data. 

SCP data output. 

SCP data input. 

Open drain output held low during an interrupt condition. 

Table 5. Quick Reference to 281Q Interface Pins 

281 Q Interface Pins 

Pin Description 

Positive output of the differential transmit driver. 

Negative output of the differential transmit driver. 

This pin senses the amplitude of the positive transmit driver output. 

This pin senses the amplitude of the negative transmit driver output. 

Positive input to the differential receive circuit. 

Negative input to the differential receive circuit. 

Positive input for off chip voltage reference. Connect a 0.1 ~F ceramic capacitor between this pin and V ref N. 

Negative input for off chip voltage reference. Connect a 0.1 ~F ceramic capacitor between this pin and Vref P. 

This pin provides an 80 kHz clock output corresponding to the transmitted 2B 1 0 bauds. 

This pin provides an 80 kHz clock output corresponding to the received 2Bl0 bauds. 

Once per received baud period, this pin outputs at a rate of 10.24 Mbps a serial digital word which represents 
the recovered 2B 1 0 signal or eye pattern. 

A 10.24 MHz clock output derived from the 20.48 MHz crystal oscillator which may be used to sample EYE 
DATA. 

Generates an output pulse once every transmitted superframe. 
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Table 6. Quick Reference to Phase Locked Loop and Test Pins 

Phasa Locked Loop and Clock Pins 

Pin Name PinNa. Pin Description 

In LT mode this Input accepts one of eight possible stable input frequencies which is frequency 
FREO REF 67 multiplied to 20.48 MHz, the device's master clock frequency. Connect this pin high or low in NT 

mode. This pin has a Schmitt trigger Input. 

FSO 56 The state of these three inputs Indicates the frequency being applied to the FREO REF pin. Con-FS1 55 
FS2 54 

nect these pins low or high In NT mode. 

XTALin 62 This Is the Input of the 20.48 MHz crystal oscillator amplifier. 

XTALout 64 This is the output of the 20.48 MHz crystal oscillator amplifier. 

BUFXTAL 59 Buffered 20.48 MHz square wave output. 

PDout 60 Output of the PLL phase detector. 

PLLCAP 63 Connect a 0.1 IIF ceramic capacitor from this pin to ground. 

15.36 eLK OUT 48 Buffered 15.36 MHz output. 

4.096 CLK OUT 49 Buffered 4.096 MHz output. 

4.096 ENABLE 30 When tied high this input enables the buffered 4.096 MHz clock output. 

Table 7. Quick Reference to Test Pins 

Test Pins 

Pin Name Pin No. Pin Description 

TEST 5, 7, 11, 18,23, 
Test pins for Motorola use. These pins should be connected to ground for normal operation. 12,14,15,16 28, 29, 31, 32, 47 

TEST1,2,6 6,7,19 Test pins lor Motorola use. These pins should be left open circuit for normal operation. 

The IDL interface can operate in IDL slave mode or IDL 
master mode. This is independent of the transceiver being 
in LT or NT mode. Normally, IDL slave mode is used when 
the MC145472 is configured as an LT and IDL master mode 
is used when the MC145472 is configured as an NT. The 
MC145472 can be used in slave-slave applications. Refer to 
the complete MC145472 data book for further details. 

SERIAL CONTROL PORT (SCP) INTERFACE 
The MC145472 is equipped with an industry standard SCP 

Interface. The SCP is used by an extemal controller, such 
as an MC6805 family microcontroller, MC145488 Dual Data 
Link Controller, or MC683021ntegrated Multiprotocol Proces
sor, to communicate with the U-Interface Transceiver. 

The SCP is a full-duplex, four-wire interface with control and 
status information passed to and from the U-Interface 
Transceiver. The SCP Interface consists of a transmit output, 
a receive input, a data clock, and an enable signal. These 
device pins are known as SCP Tx, SCP Rx, SCP CLK, and 
SCPEN, respectively. The SCP Clock determines the rate of 
exchange of data in both the transmit and receive directions, 
and the SCP Enable signal governs when this exchange is 

MOTOROLA COMMUNICATIONS DEVICE DATA 

to take place. The four-wire SCP Interface is supplemented 
with an interrupt request line, IRa, for external microcontroller 
notification of an event requiring service. 

The operation and configuration of the MC145472 is 
controlled by setting 'the state of its control registers and 
monitoring its status registers. The control, status, and 
M channel data registers reside in six 4-bit wide Nibble 
Registers, one 12-bit wide "Nibble Register", and sixteen 8-bit 
wide Byte Registers. Figures 11 and 12 are examples of how 
data is transferred over the SCPo 

2B1QINTERFACE 
Figure 13 shows the recommended 2B1 a interface network 

for connection to the U-Interface and component specifica
tiORS are shown in Table 8. 

NOTE 
Motorola continues to qualify several third party sources 
lor the 2B10 Interlace transformer. Contact your local 
Motorola representative orthe Motorola factory applica
tions staff for the latest information regarding compon
ent sourcing. 
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Pll 
CRYSTAL 

OSCilLATOR 

SEE 
FIGURE 15 

SCP 
INTERFACE 

IOl 
INTERFACE 

+5V 

I 
10 ~F~ O.I~F~ 

1 
O.I~F* 

O.I~F~ 

O.I~F~ 

0.1 ~F =i= 

O.I~F* 
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67 

54 

55 

56 

59 

64 

62 

60 

63 

65 

61 

~ 

~ 
~ 

38 

~ 

~ 
~ 

~ 

~ 

~ 
51 

50 

53 

52 

37 

36 

20 

21 

8 

9 

26 

27 

22 

11 
FREQ REF TxP 

10 
FS2 SENSE P 

2 
FSI RxP 

3 2B1Q FSO RxN 
INTERFACE 

15 
BUFXTAl SENSEN 

14 SEE 
U XTALoul TxN FIGURE 13 

12 INTERFACE 
XTAlin VOOTx 

13 
POQut VSSTx 

4 
PllCAP VOO Rx 

5 
VOOPll VSS Rx 

17 
VSS Pll VrelP 

=:= 0.1 ~F/50V 
SCPRx VrelN 

16 

SCPTx Tx BAUD ClK ~ 
SCPClK Rx BAUD ClK ~ 
SCPEN TEST 1 ~ 
IRQ 

~ 
TEST 2 r---2--

IOlM/S 
... 

RESET ~ ~ 
13 1 

+5V IOlSYNC ::;; VOO ~O.;~F 68 
IOlClK VSS 

IOlRx NT/IT 
39 

IOl Tx TEST 5 
18 

VOOIIO TEST 6 ~ 
VSSI/O TEST? 

23 

VOO TxSFS ~ 
VSS TEST 11 

28 

VOO TEST 12 
29 

VSS EN 4.096 MHz 30 

VOO TEST 14 
31 

VSS TEST 15 
32 

VOOI/O TEST 16 
47 

VSS 1/0 15.36 ClK OUT ~ -=l::-

VOOI/O 4.096 ClK OUT ~ 

VSSI/O NC ~ 
SYS ClK EYE DATA 

24 -
Figure 8. Typical LT Mode Connections 
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67 11 
FREOREF TxP 

54 10 
FS2 SENSEP 

55 2 
FSI RxP 

56 
RxN 

3 2Bl0 PLL FSO 
INTERFACE CRYSTAL 59 15 

OSCILLATOR BUFXTAL SENSEN 

64 
TxN 

14 SEE U 
SEE 

XTALout FIGURE 13 INTERFACE 
FIGURE 14 62 

VOOTx 
12 

XTALin 
60 13 

POout VSSTx 

63 
VOORx 

4 
PLLCAP 

65 
VSSRx 

5 
VOO PLL 

10 

61 
VrelP 

17 
VSSPLL 

~ 0.1I!F/50V 

r~ SCPRx VraiN 
16 

~ SCPTx TxBAUOCLK ~ 
SCP 35 

RxBAUOCLK ~ 
"'E'fACE L ~ SCPCLK 

SCPEN TEST 1 f----2-
-M- IRO TEST 2 t----l-

r~ IOLMIS 
t; 

RESET ~ log 

~ 
(3 1 +5V IOLSYNC :;; VOO 

68 -=I:. O.lI!F IOL 45 
VSS 

,,,,,,,,,CE L ---=- IOLCLK 

---&... IOLRx NT/IT 39 

+r ~ TESTS 
18 

IOL Tx 
51 

VOOIIO TEST 6 ~ 
I!F~ O.lI!F~ 50 

VSSIIO TEST7 23 

1- 53 
TxSFS ~ 

O.lI!F =i= VOO 
52 

VSS TEST 11 28 

37 
VOO TEST 12 29 

O.lI!F~ 36 
VSS EN 4.096 MHz 30 

20 
VOO TEST 14 31 

0.1 I!F =i= 21 
VSS TEST 15 32 

8 
VOOIIO TEST 16 47 

O.lI!F~ 9 15.36 CLK OUT ~ 
"4-

VSSIIO 

26 VOOIIO 4.096 CLK OUT ~ 
O.lI!F =i= 27 

VSSIIO NC ~ 
22 

SYSCLK EYEOATA ~ 

Figure 9. Typical NT Mode Connections 
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IDLSYNC SlL.-_________________________ "--___ _ 
IDLCLK 

IDL Rx 

HIGH 
IDL Tx 

IMPEDANCE 

a. IDL Interface Timing in 8-Bit Mode 

IDLSYNC D'--_____________________________ _ 
IDLCLK 

IDL Rx 

IDL Tx 

SCPEN I 
SCPCLK 

SCPRx mRiWI 
SCPTx 

DON'T CARE 

HIGH 

L-....L.--JL-........ --J'--........ ---'_....L.---'_...J IMPEDANCE 

b. IDL Interface Timing in 10-Bit Mode 

Figure 10. IDL Interface Data Formats 

I A31 A21 A1·1 AD r ~EC~R} 107 106 1 05 1 04103102101 I DO @ 

HIGH IMPEDANCE 

Figure 11. SCP Byte Register Write Operation Using Double 8-Bit Transfer 
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SCPCLK 

SCPTx 
HIGH IMPEOANCE 

Figure 12. SCP Register RS Read Operation 

MC145472 

11 R13 
TxP 

SENSEP 10 

R63 

2 R16 
RxP 

C16 C14 
R14 

RxN 

SENSEN 
15 

R62 

14 R12 
TxN 

VOOTx 
12 

+5V 

13 C33 
VSSTx 

VOORx 
4 

C15 
VssRx 

-= 

Figure 13. Typical2B1Q Interface Schematic 
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Table 8. Line Interface Component Values 

Component Description 

C2 1.0 !1F, 100 V, 10%, low distortion capacitor 

C14 0.033 !1F, 50 V, 10%, low distortion capacitor. 

CIS 0.1 !1F ceramic, 50 V 

C16 270 pF, or nearest commercial value, 10%, silver mica or other low distortion, high quality capacitor. 

C33 0.1 !1F ceramic, 50 V 

R12 14.3 n, 1 %, metal film or other high quality low distortion resistor. 

R13 14.3 n, 1 %, metal film or other high quality low distortion resistor. 

R14 1.00 kn, 1 % metal film or other high quality low distortion resistor 

R16 1.00 kn, 1 % metal film or other high quality low distortion resistor 

R62 1.69 kn, 1 % metal film or other high quality low distortion resistor 

R63 1.69 kn, 1 % metal film or other high quality low distortion resistor 

T2 Pulse transformer, 1:2 turns ratio. 

Diode Bridge 4 x lN4001 

NOTE: R12, R13, C14, and C16 are specific to Dale transformer part number PT-200-02. Motorola does not warrant this transformer, and in no 
way suggests that this is the only appropriate transformer. 

Crystal Oscillator Or Phase-Locked Loop (PLL) 

These pins provide access to the phase detector and crystal 
oscillator portions of the U-Interface Transceiver PLL. A 
15.36 MHz and a 4.096 MHz clock output are available for 
other devices. 

In the LT mode, the PLL synchronizes a 20.48 MHz crystal 
oscillator to one of eight possible reference frequencies 
supplied by the switching equipment. This phase locked clock 
assures that the transmitted 2B10 Signal is synchronized to 
the frequency reference supplied at the FREO REF pin. In 
addition, the very low frequency response (=1 Hz) of the PLL 
loop filter limits jitter present in the frequency reference. Refer 
to Figures 14 and 15 for details of the loop filter network and 
voltage controlled crystal oscillator and Table 11 for suggested 
component values. 

In the NT mode there is both an analog and a digital PLL. 
The analog PLL synchronizes the 20.48 MHz crystal oscillator 
to the recovered 2B10 signal. The digital PLL synchronizes 
the IDL clock to the recovered 2B10 signal and also updates 
the analog PLL on a regular basis. This ensures that the 
recovered timing is synchronized to the signal received from 
the LT. In NT mode the U-Interface Transceiver can lock to 
80 kbaud ±32 ppm receive Signals when the recommended 
VCXO circuit is used. 

The FREO REF pin is a Schmitt trigger digital input which 
provides the reference frequency for the phase locked loop 
in LT mode. The eight possible frequencies include: 2.048, 
2.560,4.096,7.680,8.192,10.24,15.36, and 20.48 MHz. 

The three frequency select inputs (FSO-FS2) are used to 
select one of the eight possible reference frequencies which 
may be used to drive the Frequency Reference Input when 

MC145472.MC14LC5472 
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the device is in the LT mode. 
XTALin and XTALout are the oscillator pins. A 20.48 MHz 

pullable crystal and other components may be connected to 
XTALin and XTALout to form a voltage controlled crystal 
oscillator in the LT or NT modes. 

PDout is the output of the on-chip phase detector of the PLL. 
PDout is a current source output of approximately 15 ~ and 
connects to the PLL filter network. 

PLL CAP must have a 0.1 ~F capacitor connected between 
it and ground. 

Clock Outputs 

BUF XTAL is the buffered output from the 20.48 MHz osc
illator and can be used to drive the XTALin pin of other 
MC145472 devices in the same system. BUF XTAL must not 
be used as a microprocessor clock since it is turned off after 
a reset. 

15.36 CLKOUT provides a buffered 15.36-MHz clock output 
that can be used for the MC145474175 srr transceiver clock. 
This clock is a 20.48 MHz clock with every fourth clock tick 
removed. Figure 16 shows the 15.36 MHz clock waveform. 
There may be applications where this clock is inadequate. 

4.096 CLKOUT provides a buffered 4.096 MHz clock 
out-put that can be used for a microcontroller clock. The 4.096 
Enable input, (Pin 30), must be high to enable this clock. 

Test Pins 

The following input pins are utilized by Motorola to test the 
functionality of the MC145472 during the manufacturing 
process. These pins should be connected to ground for normal 
operation. 

TEST 5, TEST 7, TEST 11, TEST 12, TEST 14, TEST 15, TEST 16 
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67 MC145472 
FREQ REF 

54 
FS2 

55 
FSI 

56 
FSO 

-= 
59 BUFXTAL 

64 XTALoul 

62 XTALin 

60 
PDeul 

63 
PLLCAP 

65 
VDD PLL 

C5 CB 
61 

VSS PLL 

-= 
NOTE: See Table 9 for component values. 

Figure 14. Typical NT Mode Voltage Controlled Crystal Oscillator Schematic 

Table 9. NT Mode Crystal Oscillator Component Values 

Component Description 

C5 0.1 I'F ceramic, 50 V 

C8 0.1 I'F ceramic, 50 V 

C9 0.1 I'F ceramic, 50 V 

Cl1, C12 0.01 I'F to 0.1 I'F ceramic, 50 V 

R22,R23 270kn,5% 

R9 0.5 Mn to 1.5 Mn, 5% 

V3,V4 See complete MC145472 data book for sourcing and specification information. See Note below. 

Yl 20.48 MHz ± 40 ppm, 18 pF, pull able between 240 to 300 ppm over a capacitance range of 12 to 22 pF. See complete 
MC145472 data book for sourcing. 

NOTE: V3, V4 may be combined into a single package. 
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LT 67 
MCl45472 

FREQUENCY FREQREF 
REFERENCE 54 FS2 

55 FSl 
56 

FSO 

59 

64 

62 

60 
POout 

63 PLLCAP 

65 
VOOPLL 

C17 
61 

VSSPLL 

NOTE: See Table 10 for component values. 

Component 

017 

C18 

C19 

C20 

C21 

C22 

R18 

R19 

R20 

R29 

RS 

RC 

V5 

V6 

Y2 
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Figure 15. Typical LT Mode PLL Crystal Oscillator Schematic 

Table 10. LT Mode PLL Crystal Oscillator Component Values 

Description 

0.1 IlF ceramic, 50 V 

0.1 IlF ceramic, 50 V 

0.1 IlF ceramic, 50 V 

See Table 3-3 for reference frequency dependent value. 

0.01 IlF to 0.1 IlF ceramic, 50 V 

0.01 IlF to 0.1 IlF ceramic, 50 V 

See Table 3-3 for reference frequency dependent value. 

270kn, 5% 

270 kn,5% 

0.5 MO to 1.5 Mil, 5% 

1 kr.I 

47kr.1 

See complete MCl45472 data book for sourcing and specification Information. 

See complete MC145472 data book for sourcing and specification information. 

20.48 MHz ± 40 ppm, 18 pF, pull able between 240 to 300 ppm over a capacitance range of 12 to 
22 pF. See complete MCl45472 data book for sourcing. 
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The following output pins are utilized by Motorola to test 
the functionality of the MC145472 during the manufacturing 
process. These pins should be left open circuit for normal 
operation. 

TEST 1, TEST 2, TEST 6 

SCPHIDOM 
The MC145472 U-Interface Transceiver has the capability 

of forcing all outputs (both analog and digital) to the high 
impedance state. This feature, known as "the serial control 
port high impedance digital output mode" is provided to allow 

"in circuit" testing of other circuits or devices resident on the 
same PCB without requiring the removal of the MC145472. 

TEST AND DEBUG 

The MC145472 permits an external microcontroller to take 
control of the transmit framer by writing to control bits in Byte 
Register 8. This is very useful for debugging prototypes since 
the MC145472 can be forced to transmit a variety of signals 
regardless of the presence or lack of presence of a signal 
on the receive pins. Table 12 summarizes these signals and 
the control bits. 

Table 11.· LT PLL Frequency Select Options and Component Values 

Reference 
Frequency R18 C20 

(MHz) FS2 FS1 FSO (0,5%) fitF) 

15.36 0 0 0 1800 150 

10.24 0 0 1 910 330 

8.192 0 1 0 2200 150 

7.68 0 1 1 3300 100 

4.096 1 0 0 2200 150 

2.56 1 0 1 3300 100 

2.048 1 1 0 3600 68 

20.48 1 1 1 360 680 

Table 12. Frame Control Modes 

Frame 
Steering Frame Control 2:0 Superframe Framer Mode of Operation 

b7 b6 b5 b4 NT LT 

1 0 0 0 SNO SLO 

1 0 0 1 
Six frames of 10kHz tone SL1 followed by SN1 

1 0 1 0 SN2 SL2 

1 0 1 1 SN3 SL3 

1 1 0 0 10 kHz tone 

1 1 0 1 40 kHz tone 

1 1 1 0 Generates a single quat every basic frame which alternates over 
all four of the 261 Q symbols. 

1 1 1 1 Superframe Framer free runs the scrambler with no 
synchronization words. 

0 Don't care 
The Superframe Framer output Is determined by the state of the 
Automatic Activation Controller. 

Figure 16. Waveform for 15.36 MHz Clock Output 
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SERIAL CONTROL PORT REGISTERS 

INTRODUCTION 
This section summarizes all of the MC145472 U-Interface 

Transceiver control and status registers available via the SCP 
Interface. Tables 13 through 15 summarize the registers. 

The MC145472 SCP Interface is pin-for-pin identical to that 
of the MC145474n5 Srr-Interface Transceiver. Using the 
same interface as the MC145474n5 provides a common 
interface for applications utilizing both the MC145472 and the 
MC145474n5 such as an NT1 and for applications which 
can use either interface device such as line cards or terminal 
equipment. 

In addition to being pin-for-pin compatible, the architecture 
of the nibble register map and the operation of the SCP 
Interface is similar to that of the MC145474n5. This is 
intended to simplify the code development effort and minimize 
device driver code size for a microcontroller. 

See the MC145472 data book for a complete description 
of the bits in the register map. 

The Register Map consists of six 4-bit Nibble Registers, 
one 12-bit Register. and sixteen a-bit Byte Registers, 
designated as NRO-NR5, R6 (See Tables 13 and 14), and 
BRO-BR15 (See Table 15), respectively. Register R6 appears 
in the nibble register memory map but is a 12-bit register and 
is used to access the embedded operations channel 

NIBBLE REGISTER DESCRIPTIONS 
This section briefly describes the U chip nibble registers 

and their uses. The embedded operations channel register 
R6 appears in the nibble register map even though it is a 
12-bit register. 

NRO 
This register contains read/write control bits. All bits are 

cleared on Hardware Reset (RESET, Pin 40), but are 
unaffected by Software Reset (NRO(b3)). This register is write 
only when the U-Interface Transceiver is in Absolute Power 
Down mode (NRO(b1)). 
NR1 

This register contains device activation status. All bits are 
cleared on Software Reset or Hardware Reset. " any bit in 
this register changes from 0 to a 1, or if Linkup, Superframe 
Sync, or Transparent/Activation in Progress change from a 
one to a zero, an IRQ 3 (NR3(b3)) is generated. 
NR2 

Register NR2 contains activation and deactivation control 
bits. All bits are cleared on Software Reset or hardware reset. 
NR3 

This is the interrupt status register. The register is read only. 
All bits are cleared on Software Reset or Hardware Reset. 
Each interrupt status bit in the register operates the same. 
" it is a 1, and its corresponding interrupt enable is a 1 in 
Register NR4, the IRQ pin on the chip will become active. IRQ 
3 has the highest priority while IRQ 0 has the lowest. 
NR4 

This is the interrupt mask register. All bits are cleared on 
Software Reset or Hardware Reset. Each bit operates the 
same. For example, if bit Enable IRQ 1 is set to 1 by the 
external microcontroller and the IRQ 1 interrupt bit is set to 
1 in NR3, the IRQ pin (Pin 41) becomes active. 
NR5 

This register contains control bits forthe IDL Interface. More 
IDL controls are in Registers BR6 and BR7. All bits are cleared 
on Software Reset or Hardware Reset. 

Table 13. Nibble Registers Map 

b3 

NRO SOFTWARE RESET 

NRt LINKUP 

NR2 ACTIVATION REOUEST 

NR3 IR03 

NR4 ENABLE IR03 

NR5 RESERVED 

b22 bID b9 

I 
R6 eoe eoe eoe 

al a2 a3 
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bB 

eoe 
dm 

b2 bl bO 

POWER DOWN ENABLE ABSOLUTE POWER DOWN RETURN TO NORMAL 

ERROR INDICATION SUPERFRAME SYNC TRANSPARENT/ACTIVATION 
IN PROGRESS 

DEACTIVATION REOUEST SUPERFRAME UPDATE CUSTOMER ENABLE 
DISABLE 

IR02 IROI IROO 

ENABLE IR02 ENABLEIRO 1 ENABLE IROO 

BLOCKBI BLOCKB2 SWAP Bl/B2 

Table 14. Register R6 Map 

b7 b6 b5 b4 b3 b2 bl bO 

eoe aoe aoe eoe eoe aoe eoe eoe 
il i2 i3 i4 is i6 i7 is 
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Table 15. Byte Register Map, BRD-BR15A 

b7 bG bS b4 b3 b2 

BRO M40 M41 M42 M43 M44 M4S 

BRl M40 M41 M42 M43 M44 M4S 

BR2 MSO M60 MSl lebe INPUT RESERVED RESERVED 

BR3 MSO M60 MSI RECEIVED COMPUTED VERIFIED 
lebe nebe act 

BR4 lebe lebe lebe lebe lebe lebe 
COUNTER 7 COUNTER 6 COUNTERS COUNTER 4 COUNTER 3 COUNTER 2 

BRS nebe nebe nebe nebe nebe nebe 
COUNTER 7 COUNTER 6 COUNTERS COUNTER 4 COUNTER 3 COUNTER 2 

BRG U·LOOP U·LOOP U·LOOP U·LOOP IDL·LOOP IDL·LOOP 
Bl B2 2B+D TRANSPARENT BI B2 

BR7 BRISA RESERVED RESERVED IDL IDL IDL 
SELECT INVERT FREE RUN SPEED 

BRS FRAME FRAME FRAME FRAME crc MATCH 
STEERING CONTROL 2 CONTROL I CONTROL 0 CORRUPT SCRAMBLER 

FRAME FRAME FRAME FRAME RESERVED RESERVED 
STATE 3 STATE 2 STATE I STATE 0 

BR9 eoc eoc M4 M4 MS/M6 MS/M6 
CONTROL I CONTROL 0 CONTROL I CONTROL 0 CONTROL I CONTROL 0 

BR10 RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED 

BR11 ACTIVATION ACTIVATION ACTIVATION ACTIVATION ACTIVATION ACTIVATION 
CONTROL 6 CONTROLS CONTROL 4 CONTROL 3 CONTROL 2 CONTROL I 

ACTIVATION ACTIVATION ACTIVATION ACTIVATION ACTIVATION ACTIVATION 
STATE 6 STATES STATE 4 STATE 3 STATE 2 STATE I 

BR12 ACTIVATION INTERPOLATE LOAD STEP HOLD JUMP 
CONTROL ENABLE ACTIVATION ACTIVATION ACTIVATION SELECT 

STEER STATE STATE STATE 

EPI18 EPI17 EPI16 EPIIS EPI14 EPI13 

BRI3 ENABLE ACCUM ENABLE FAST ACCUM ENABLE 
MEC EC EC EC DFE DFE 

UPDATES OUTPUT UPDATES BETA OUTPUT UPDATES 

EPIIO EPI9 EPI8 EPI7 EPI6 EPIS 

BR14 RESERVED ro/woTO RESERVED FRAMER TO ± I TONES RESERVED 
r/w DEFRAMER 

LOOP 

BR1S RESERVED RESERVED RESERVED MASK 4 MASK 3 MASK 2 

BR1SA FREQ JUMP RESERVED RESERVED ENABLE ENABLE 
ADAPT DISABLE TxSFS 15.36 MHz 

RESERVED RESERVED RESERVED 
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bl bO 

M46 M47 

M46 M47 

RESERVED RESERVED 

VERIFIED SUPERFRAME 
dea DETECT 

lebe lebe 
COUNTER 1 COUNTER 0 

nebe nebe 
COUNTER I COUNTER 0 

IDL·LOOP IDL·LOOP 
2B+D TRANSPARENT 

IDL IDL 
MIS INVERT 8110 

RECEIVE NTILT 
WINDOW INVERT 
DISABLE 

RESERVED NTILT 
MODE 

lebe/nebe RESERVED 
CONTROL 

RESERVED RESERVED 

ACTIVATION ACTIVATION 
CONTROL 0 TIMER DISABLE 

ACTIVATION ACTIVATION 
STATE 0 TIMER EXPIRE 

RESERVED FORCE 
LINKUP 

EPI12 EPll1 

FAST CLEAR ALL 
DFEIARC COEFF'S 

BETA 

EPI4 EPI3 

RESERVED ENABLE 
CLKs 

MASK I MASK 0 

ENABLE ENABLE EYE 
20.48 MHz DATA AND BAUD 

CLK 

RESERVED RESERVED 
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RS 
This register is 12-bits long to match the length of the eoc 

message. Operation of Register RS depends on the setting 
of the eoc control bits in BR9(b7:b6) and BR14(b6). This 
register is double buffered. 

In the default mode (BR14(b6) is 0), R6 performs as a read 
only/write only register. Data that is read from RS by the 
external microcontroller is the eoc message that the 
Superframe Deframer stores according to the eoc Control 
register, BR9(b7:b6). Data that is written to R6 is stored in 
a latch contained in the Superframe Framer and is 
subsequently transmitted beginning on the next transmit eoc 
frame boundary. The Superframe Framer latches are set to 
ones on hardware or software resets. 

BYTE REGISTER DESCRIPTIONS 
This section briefly describes the U-chip byte registers and 

their uses. 

BRO 
This register contains the M4 channel bits that are framed 

and sent by the Superframe Framer. The bits that are written 
to this register are sent out on the next transmit superframe 
boundary. This register is double buffered. All bits are set to 
1 s following a Hardware Reset (RESET, Pin 40) or Software 
Reset (NRO(b3)). 

BR1 
By reading this register, the external microcontrollerobtains 

a buffered copy of the M4 bits that are parsed from the received 
superframe by the Superframe Deframer. The values in the 
register are valid when Superframe Sync, NR1 (b1). is a one. 
BR1 is updated based on the mode set in Register 
BR9(b5:b4). This register is double buffered. The receive M4 
channel byte can be read at any time during the superframe 
prior to the next update. 

BR2 
This register contains the reserved M5 and M6 bits that are 

sent by the Superframe Framer. The bits that are written to 
the register are sent out on the next transmit superframe 
boundary, provided Superframe Updated Disable (NR2(b1)) 
is set to O. All bits are set to 1s following a Hardware Reset 
or Software Reset. The febe input bit is used to indicate how 
the returning febe bit is calculated. Bits b7, b6, and b5 are 
double buffered. The state of the Reserved bits BR2(b3:bO) 
is inconsequential. 

BR3 
This register contains theANSI T1.S01-1992 reserved M5 

and M6 bits that are received by the Superframe Deframer, 
occurring in basic frames 1 and 2 of the superframe, and four 
other Superframe Deframerstatus bits. The M5 and M6 values 
in the register are valid when the Superframe Sync bit 
(NR1(b1)) is a 1. M50, M51, and M60 are updated based on 
the mode set in Register BR9(b3:b2). Bits b7, b6, b5 are 
double buffered. They can be read at any time during the 
superframe prior to the next update. 

BR4 
This register contains the current febe count. The counter 

is not cleared by a software or hardware reset. The register 
can be preset to any value by writing to it. If the febe bit is 
active in a superframe, the counter will increment at the end 
olthe received superframe. The count does not wrap around 
from FF to 00 The counter will not increment unless 
Superframe Sync (NR1 (b1)) and Linkup (NR1 (b3)) are both 
1s. 
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BR5 
This register contains the current nebe count. A nebe occurs 

whenever the received crc message does not match the 
computed crc orwhen Linkup (NR1 (b3)) is a 1 and Superframe 
Sync (NR1(b1)) is a O. Superframe timing to increment the 
nebe counter during times when Superframe Sync is a 0 is 
maintained by the Superframe Framer. The counter is not 
cleared by a software or hardware reset. The register can be 
preset to any value by writing to it. If the Superframe Deframer 
detects a crc error in the received superframe, the counter 
will increment at the end of that superframe. The count does 
not wrap around from FF to 00. 

BR6 
This register contains the loop-back controls. Loopbacks 

can be directed towards the U-Interface or towards the IDL 
interface. For normal (no loop-back) operation all bits should 
be O. BR6 is cleared by a Software Reset, Hardware Reset, 
or when the Return to Normal bit (NRO(bO)) is set. When a 
bit is set to a 1 the appropriate loop-back is enabled. 

BR7 
This register is used to configure the IDL interface. By 

setting bits in this register the IDL interface can be configured 
as master or slave, 8- or 10-bit data format, or the IDL clock 
rate can be selected when in master mode. BR7 is cleared 
on Hardware Reset or Software Reset. All bits in this register 
are read/write. 

BR8 
This register contains controls that are used for mainte

nance operations such as external loop-backs, Superframe 
Framer Control and State information, and NT/LT mode 
control. All write capable bits are cleared on a Software Reset 
or Hardware Reset. Bits b7-b4, and bO, are read only/write 
only. To read thewrite only bits, it is necessary to set BR 14(b6) 
to a one. 

BR9 
This register contains mode control over the Deframer's 

updating of the received maintenance bits. The register is 
cleared on Software Reset or Hardware Reset. 

BR10 
This register is RESERVED. 

BR11 
This register contains activation state and control data. All 

the bits are cleared on Hardware Reset and Software Reset. 
The register is a read only/write only register. Setting BR14(b6) 
to a 1 permits the external microcontroller to read back the 
write portion of the register. 

BR12 
This register is read only/write only. The write only portion 

controls the U-Interface Transceiver's Central Processing Unit 
(CPU) and activation controller. The read portion contains the 
eight most significant bits of the Error Power Indicator (EPI) 
register in the CPU. By setting BR14(b6) to a 1, the external 
microcontroller can read back the setting of the control bits. 
These bits are cleared on a Hardware Reset or Software 
Reset. 

BR13 
This register contains several bits that control the internal 

operation of the U-Interface Transceiver. These bits are 
cleared on a Hardware Reset or Software Reset. 

BR14 
This register is used for setting various diagnostic modes. 

This register is cleared on a Hardware Reset or Software 
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Reset. When all of these bits are 0, the register map is in the 
default mode. 

BR15 
This register contains the revision number of the particular 

U-Interface Transceiver device in bits 0-4. BR15 is accessed 
by an SCP transfer when BR7(b7) is a 0 and the byte address 
in the SCP transfer is 15. 

BR15A 
This register is used to enable clock and test data outputs. 

All writeable bits in this register are cleared to 0 after a reset. 
BR15A is accessed by an SCP transfer when BR7(b7) is a 
1 and the byte address in the SCP transfer is 15. 

Table 16. NT Mode Activation Signals 

Information 
Station Description 

TN A 10kHz tone consisting of alternating four + 3 
quats followed by four - 3 quats for a time 
period of 6 frames. 

SNO No signal transmitted 

SNI Synchronization word present, no superframe 
synchronization word (ISW), and 29+ D+M = 1. 

SN2 Synchronization word present, no superframe 
synchronization word (ISW), and 29+ D+M = 1. 

SN3 Synchronization word present, superframe syn-
chronization word (ISW) present. M channel bits 
active. Transmitted 29 + D data operational 
when M4 act bit = 1. When M4 act = 0, trans-
mitted 29+D data = 1. 

ACTIVATION AND DEACTIVATION 

INTRODUCTION 
Activation or start-up is the process that U-Interface 

Transceivers use to initiate a robust full-duplex communica
tions channel. This process, which may be initiated from either 
the LT or the NT mode U-Interface Transceiver, is a 
well-defined sequence of procedures during which the training 
of the equalizers and echo cancelers at each end of the 
transmission line takes place. Two types of activation, cold 
start or warm start, may occur. The MC145472 is capable of 
automatically supporting both types. 

Deactivation is the process used to gracefully end 
communication between the U-Interface Transceivers at each 
end of the transmission line. Only the LT mode U-Interface 
Transceiver may initiate a deactivation procedure. 

The internal register set of the MC145472 is detailed in 
Tables 13 through 15. 

ACTIVATION SIGNALS FOR NT MODE 
When configured as an NT, the U-Interface Transceiver can 

transmit any of the signals shown in Table 16. The actual 
procedure undertaken by the device using these five signals 
is described later in this section. 

ACTIVATION SIGNALS FOR LT MODE 

When configured as an LT, the U-Interface Transceiver can 
transmit any of the signals shown in Table 17. The actual 
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procedure undertaken by the device using these five signals 
is described later in this section. 

Table 17. LT Mode Activation Signals 

tnformation 
Station Description 

TL A 10kHz tone conSisting of alternating four + 3 
quats followed by four - 3 quats for a time 
period of 2 frames. 

SLO No signal transmitted 

SLI Synchronization word present, no superframe 
synchronization word (ISW), and 29 + D + M = 1. 

SL2 Synchronization word present, superframe syn-
chronization word (ISW) present, 29 + D = 0, 
and M = 1. 

SL3 Synchronization word present, superframe syn-
chronization word (ISW) present. M channel bits 
active. Transmitted 29 + D data operational 
when M4 act bit = 1. When M4 act = 0, trans-
mitted 29 + D data = o. 

ACTIVATION INITIATION 
The U-Interface Transceiver can be activated in either of 

two ways. The external microcontroller can explicitly set the 
Activation Request bit, NR2(b3), to a 1 or the transceiver can 
detect an incoming 10kHz wake-up tone from the far end. 

An LT configured U-Interface Transceiver looks for an NT 
sending the TN wake-up tone. An NT configured U-Interface 
Transceiver looks for an LT sending the TL wake-up tone. In 
either case, Activation Request being set or a wake-up tone 
being detected, the U-Interface Transceiver proceeds with 
activation automatically and signals the result of the activation 
to the external microcontroller by setting status bits in NRI. 

ACTIVATION INDICATION 
The activation status is indicated in Nibble Register 1. This 

register indicates whether the MC145472 is not activated, is 
in the process of activating or fully activated. This register also 
is used to provide error status. 

LT DEACTIVATION PROCEDURES 
ANSI Tl.601-1992 specifies that only the LT can deactivate 

the U-Interface. This is done in the MC145472 by setting 
Deactivation Request (NR2(b2)) to 1. 

NT DEACTIVATION PROCEDURES 
ANSI Tl.601-1992 specifies that the NT cannot initiate 

deactivation. The MC145472 deactivates to a warm start 
condition when Deactivation Request (NR2(b2)) is set to 1 
prior to the LT deactivating the U-Interface. This should be 
done in response to the M4 dea bit changing from a 1 to a 
o at the NT when the loop is active. 

M CHANNEL BITS 
The eoc, M4, M5, and M6 channel bits are available at the 

SCP Interface once activation has been attained. All of the 
maintenance channel bits appear in the register map of the 
MC145472. These bits can be programmed by an external 
microcontroller to operate as defined in the ANSI Tl.601 
specification. The MC145472 has several operating modes 
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for the M channel bits including a mode that automatically 
implements the embedded operations channel function in NT 
mode. Due to the M channel bits being register accessible 
they can also be redefined for proprietary applications. 

SCP INTERFACE INDICATION OF TRANSMIT STATES 
The four SCP bits, FS3-FSO BR8(b7:b4), indicate the 

currentstate olthe Superframe Framer. See Table 12forframe 
control modes. 

MAINTENANCE CHANNEL 

INTRODUCTION 
The MC145472 provides a very flexible interface to the 

4 kbps Maintenance Channel (M channel) defined in ANSI 
T1.601-1992. The M channel consists of 48 bits sent by both 
the LT and NT configured U-Interface Transceivers during the 
course of a superframe. These 48 bits are divided into six 
channels designated M1-M6, each consisting of eight bits per 
superframe. The Embedded Operations Channel (eoc) 
consists of M1, M2, and M3. The overhead bits, such as crc, 
febe, act, and de a, are contained in channels M4, M5, and 
M6. 

An external microcontroller can read from or write to the 
M channel via the SCP Interface. Interrupts to an external 
microcontroller can be enabled when an eoc, M4, M5, or M6 
channel register is updated. M channel registers can be 
configured to update when a new value is detected between 
successive superframes, when a bit changes, or when two 
or three successive superframes of a new value are detected. 
The M4 channel act bit (BR1 (b7)) can also be configured to 
automatically enable or disable customer data when in NT or 
LT mode of operation. The M4 channel dea bit (BR1 (b6)) can 
also be configured to automatically issue a deactivation 
request in NT mode of operation. The M channel registers are 
updated only when Superframe Sync (NR1 (b1)) is set to 1. 

Figures 17 and 18 detail Maintenance Channel interrupt 
times with respect to the U-Interface for both NT and LT 
modes. 

EMBEDDED OPERATIONS CHANNEL (eoe) 
The eoc consumes 2 kbps of the 4 kbps Maintenance 

Channel (M4 channel). The eoc channel is used by the central 
office (LT) to initiate maintenance operations at the NT. The 
MC145472 can be configured to automatically perform the 
standard ANSI T1.601 eoc operations when in NT mode. The 
MC145472 can also be configured to permit an external 
microcontroller to service eoc commands. This permits 
extensions of the eoc command set to be implemented as the 
ANSI T1.601 standard is changed or proprietary solutions can 
be implemented for non-ISDN applications. Byte Register BR9 
is used to configure the operating mode of the eoc. An interrupt 
is generated when the eoc register R6 is updated and Enable 
IRQ 2 (NR4(b2)) is set to 1. 

MC145472.MC14LC5472 
2-796 

M4 CHANNEL 
The M4 channel is used for Signaling maintenance and 

system status between the NT and the LT. Typical information 
will be power status sentfrom the NTtothe LT or the LT letting 
the NT know that the LT will deactivate the loop. The 
MC145472 provides four different modes that the M4 channel 
can operate in. A system designer can select whichever mode 
best fits the application. The received M4 data from the 
Superframe Deframer is available in BRO. The transmitted M4 
channel data is written to Byte Register BR1. Byte Register 
BR9 is used to configure the operating mode of the M4 
channel. An interrupt is generated when BRO is updated and 
Enable IRQ 1, NR4(b1), is set to 1. 

M5 AND M6 CHANNELS 
The M5 and M6 channels are similar to the M4 channel. 

At this time the ANSI T1.601 specification defines all bits in 
these two channels as reserved bits. The MC145472 provides 
full access to these channels so they can be used in non-ISDN 
applications. The received M5 and M6 data from the 
Superframe Deframer is available in BR2. The transmitted 
M5/M6 channel data is written to Byte Register BR3. Register 
BR9 is used to configure the operating mode of the M5/M6 
channels. These channels are configured as a pair. An 
interrupt is generated when BR2 is updated and Enable IRQ 
o (NR4(bO)) is set to one. 

febe AND nebe BITS 
The MC145472 has extensive febe (Far End Block Error) 

and nebe (Near End Block Error) maintenance capabilities. 
The state of the received computed nebe and of the received 
febe is available through the SCP Interface. Also, independent 
febe and nebe counters are available for performance 
monitoring purposes. 

LOOP-BACK MODES 

INTRODUCTION 
The MC145472 U-Interface Transceiver supports four 

different loop-back types, each having various modes. The 
four types are: 1) U-Interface Loop-Back, 2) IDL Interface 
Loop-back, 3) Superframe Framer-to-Deframer Loop-Back, 
and 4) External Analog Loop-Back. Each of these loop-back 
modes is selected by setting bits in the appropriate SCP 
register(s). Any combination of loop-backs may be invoked, 
including simultaneous loop-backs toward the U-interface and 
toward the IDL Interface. These loop-backs are available with 
transparency or non-transparency. "Transparent" means that 
a loop-back passes the data on through to the other side as 
well as looping it back and "non-transparent" means that the 
data is blocked from being passed downstream and is 
replaced with the idle code (all 1 s). 
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QUAT 117 

- TRANSMITIED M4 UPDATED 
FROM BRO 

- TRANSMITIED M5 AND M6 CHANNELS 
UPDATED FROM BR2 

- TRANSMITIED eoc UPDATED FROM R6 QUAT 117 
- Tx SFS PULSE OUTPUT ON PIN 25. 

SEE NOTE. - TRANSMITIED eoc UPDATED FROM R6 

NT 
TxDATA 

1 
7 

1 

.. ----------1 SUPERFRAME (12 ms) ----------.j-I 
-1 - 60±2QUATS 

11-0-0----------- 1 SUPERFRAME (12 ms) ------------i.~1 

RXDA~r =8...,J1L....-_--L.. __ .L-_---L __ -11 __ -'-__ .l...--_---L. __ ...L..1 

~ + ~ 
QUAT 120 

- IRQ1,IRQ2 
- BRI UPDATED FROM 

QUAT 120 

- IRQO,IRQ2 
- BR3 UPDATED FROM 

RECEIVED M5 AND M6 
CHANNELS 

QUAT 120 

- IRQ 1, IRQ2 
- BRI UPDATED FROM 

RECEIVED M4 CHANNEL 
- nebe STATUS BIT UPDATED 

RECEIVED M4 CHANNEL 
- R6 UPDATED FROM 

RECEIVED eoc CHANNEL - febe STATUS BIT UPDATED - R6 UPDATED FROM 
- R6 UPDATED FROM RECEIVED eoc CHANNEL 

RECEIVED eoc CHANNEL 

NOTE: 
Due to internal superframe delays the actual sync word marker on the TxP and TxN pins occurs 8 quats prior to the Tx 
SFS pulse. This causes the Tx SFS pulse to appear during Quat 113 at pin 25. Internal to the MC145472 the Tx SFS 
pulse is generated during Quat 117. 

Figure 17. NT Mode Maintenance Channel Updates 

U-INTERFACE LOOP-BACK 

U·lnterface Loop·back is shown in Figure 19. As the shaded 
portion of the block diagram shows, this loop-back mode 
exercises virtually the entire U-Interface Transceiver. 2Bl Q 
symbols are received from the far end transmitter, recovered, 
passed through the IDL Interface block, and transmitted back 
to the far end receiver. 
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IDL INTERFACE LOOP-BACK 

IDL Interface Loop-back is shown in Figure 20. As the 
shaded portion of the block diagram shows, this loop-back 
mode takes Band D channel data in at the IDL Rx pin and 
sends the same data back out the I DL Tx pin. 
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QUAT 120 

IRQ 1, IRQ2 
BR1 UPDATED FROM 
RECEIVED M4 CHANNEL 
R6 UPDATED FROM 
RECEIVED aoc CHANNEL 

LT 
Rx DATA 

i 

QUAT 120 

IRQ 0, IRQ2 
BR3 UPDATED FROM 
RECEIVED M5 AND M6 
CHANNELS 
tebe STATUS BIT UPDATED 
R6 UPDATED FROM 
RECEIVED eoc CHANNEL 

i 
4 6 7 

QUAT 120 

IRQ1,IRQ2 
BR1 UPDATED FROM 
RECEIVED M4 CHANNEL 
nebe STATUS BIT UPDATED 
R6 UPDATED FROM 
RECEIVED eoc CHANNEL 

1

1 ... >----------- 1 SUPERFRAME (12 ms) ----------·~I 
-J _60,+8,-2QUATS 

1 ... >------------ 1 SUPERFRAME (12 ms) ----------~.I 
LT 

TxDATA 

NOTE: 

1 
QUAT 117 

TRANSMITIED M4 UPDATED 
FROM BRO 
TRANSMITIED M5 AND M6 CHANNELS 
UPDATED FROM BR2 
TRANSMITIED eoc UPDATED FROM R6 
Tx SFS PULSE OUTPUT ON PIN 25. 
SEE NOTE. 

4 

1 
QUAT 117 

TRANSMITIED eoc UPDATED FROM R6 

Due to internal superframe delays the actual sync word marker on the TxP and TxN pins occurs 8 quats prior to the 
Tx SFS pulse. This causes the Tx SFS pulse to appear during Quat 113 ± 1 at pin 25. Internal to the MC145472 the 
Tx SFS pulse is generated during Quat 117. 
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Figure 18. LT Mode Maintenance Channel Updates 
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IDLRx 

IDLSVNC 
IDLCLK 

IDL Tx 

SCPEN 

SCPCLK 
SCPRx 

SCPTx 

IDLSVNC 
IDLCLK 

SCPEN 

SCPCLK 
SCPRx 

SCPTx 

AUTOMATIC eae 
PROCESSOR 

Figure 19. U-Interface Loop-Back Block Diagram 

AUTOMATIC eae 
PROCESSOR 

Figure 20. IDL Interface Loop-Back Block Diagram 
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Superframe Framer-to-Deframer Loop-Back 
Superframe Framer-to-Deframer Loop-back is shown in 

Figure 21. As the shaded portion of the.block diagram shows, 
this loop-back mode takes Band D channel data in at the 
IDL Rx pin and M channel data via the SCP, performs all of 
the superframe framing and subsequent deframing functions, 
and sends the same data back out the IDL Tx pin and SCPo 
This loop-back mode is intended primarily for diagnostic 
purposes. 

External Analog Loop-Back 
External Analog Loop-back is shown in Figure 22. As the 

shaded portion of the block diagram shows, this loop-back 
mode takes Band D channel data in at the IDL Rx pin and 

AUTOMATIC eoc 
PROCESSOR 

transmits the data out the Tx Driver pins. The 2B10 signal 
passes through the external line interface circuitry and back 
into the receiver input pins. The signal is then recovered and 
sent out the IDL Tx pin. Note that the external line interface 
has been physically disconnected from the U-Interface 
twisted wire pair. 

Since the entire 2B10 superframe is being looped back, 
loop-back data includes the 2B+D channels and all of the 
M channels. For instance, data wrillen by an external 
microcontroller to the eoc, M4, and MS/M6 registers, (R6, 
BRO, and BR2), is looped back and can be read from the 
eoc, M4, and MS/M6 registers, (R6, BR1, and BR3). 

XTALln 

XTALout 

Figure 21. Superframe Framer-to-Deframer Loop-Back Block Diagram 
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AUTOMATIC aoc 
PROCESSOR 

XTALin 

XTALout 

Figure 22. External Analog Loop-Back Block Diagram 
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Technical Summary 
ISDN SIT Interface Transceiver 

This technical summary provides a brief description of the MC145474 and 
MC145475 SfT Interface Transceivers. A complete data book for the 
MC145474n5 is available and can be ordered from your local Motorola 
Semiconductor Sales Office (order number MC145474/D). 

The MC145474n51SDN SfT transceiver provides an economical VLSI Layer 1 
interface for the transportation of two 64 kpbs B channels and one 16 kpbs 
o channel between the network termination or NT and terminal equip- ment 
applications or TEs. Both the MC145474 and the MC145475 conform to CCITT 
1.430 and ANSI Tl.605 specifications. 

The MC145474/75 provides the modulation/line drive and demodulation/line 
receive functions required of the interface. In addition, the MC145474n5 pro
vides the activation/deactivation, error monitoring, framing, bit, and octet timing. 
The MC145474n5 provides the control signals for the interface to the Layer 2 
devices. Complete multiframe capability is provided. 

The MC145474n5 features to Interchip Digital Link (IDL) for the exchange of 
2B+D channel information between ISDN components and systems. The 
MC145474n5 provides an industry standard serial control port (SCP) to program 
the operation of the tranceiver. 

• Conforms to CCITT 1.430 and ANSI T1.605 Specifications 

• Detects Far-End Code Violations (FECVs) in the NT Mode 

• Incorporates the IDL 

• Pin Selectable NT or TE Modes of Operation 

• Industry Standard Microprocessor SCP 

• Supports 1: 1 Transformers for Transmit and Receive 

• Exceeds the Recommended Range of Operation in all Configurations 

• Complete Multiframing Capability Supported (SC1-SC5 and Q Channel) 

• Optional B Channel Idle, Invert, or Exchange 

• Supports Full Range of SfT and IDL Loopbacks 

• Supports Transmit Power Down and Absolute Minimum Power Mode 

• Supports Crystal or External Clock Input Modes 

• MC145475 Bonded Out for NT1 Star Mode of Operation 

• CMOS Design for Low Power Operation 

• The MC14LC5494EVK may be used to evaluate the MC145474 

MC145474 
MC145475 

22~ PSUFFIX 
PLASTIC 

CASE 7368 

26 

OW SUFFIX 
SOG 

CASE 751F 

ORDERING INFORMATION 

MC145474P 
MC145475DW 

Plastic 
SOG 

This document contains information on a new product. Specification and information herein are subject to change without notice. 
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1- 28P 
2 27p 
3 26P 
4 25P 
5 24 P 
6 23 P 
7 22 

8 21 

9 20 
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11 18 

12 17 

13 16 

14 15 

BLOCK DIAGRAM 

2B+D 

M+ABITS 

MAIN 
CONTROL 

LOGIC 

S+QBITS 

PIN ASSIGNMENT 

RESET 

TxP 

TxN 

XTAL 

MODULATE 
CONTROL 

DEMODULATION 
CONTROL 

+ 
TIMING 

RECOVERY 

MC145474 
PLASTIC PACKAGE 

ISET RESET 

RxN TxP 

RxP TxN 

TOO XTAL 
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IRQ IDLCLK SCPCLK 

LBACTIVE IDLRX SCPRX 

SCPEN IDL TX SCPTX 

SCPCLK 

SCPRX 

SCPTX 

MOTOROLA COMMUNICATIONS DEVICE DATA 



ABSOLUTE MAXIMUM RATINGS 

Rating Symbol 

Supply Voltage VOO 

Input Voltage (any pin to VSS) Vln 

DC Current, any pin (excluding VDD, VSS, I 
TxP, and TxN) 

Operating Temperature TA 

Storage Temperature Tstg 

Value 

-0.3to+7.0 

- 0.3 to VOO + 0.3 

±10 

-40to+85 

-85to +150 

Unit 

V 

V 

rnA 

"C 

"C 

This device contains circuitry to protect 
the Inputs against damage due to high 
static voltages or electrical fields; however, 
it Is advised that nonnal precautions be 
taken to avoid applications of any voltage 
higher than maximum rated voltages to this 
high-impedance circuit. For proper oper
ation, It is recommended that Yin and Vout 
be constrained to the range V SS S (Vin or 
Voutl 2: VDO. Reliability of operation is 
enhanced if unused digital inputs are tied to 
an appropriate logic voltage level (e.g., 
either VSS or VOD). 

DIGITAL DC ELECTRICAL CHARACTERISTICS (CMOS MODE, BR13(6) = 0) 
(TA = - 40 to + 85"C, VDD = 5.0 V ± 1 0%, Voltages referenced to VSS) 

Characteristics 

Input High Voltage 

Input Low Voltage 

Input Leakage Current @ 5.5 V 

High-Impedance Input Current @ 4.5/0.5 V 

Input Capacitance 

Output High Voltage (IOH = -400 1lA) 

Output Low Voltage (IOL = 5.0 mAl 

XTAL Input High Level 

XTAL Input Low Level 

EXTAL Output Current (YOH = 4.6 V) 

EXTAL Output Current (VOL = 0.4 V) 

1FiQ Output Low Current (VOL = 0.4 V) 

1FiQ Output Off-State Impedance 

DIGITAL DC ELECTRICAL CHARACTERISTICS (TTL MODE, BR13(6) = 1) 
(TA = - 40 to + 85"C, VDD = 5.0 V ±10%, Voltages referenced to VSS) 

Characteristics 

Input High Voltage 

Input Low Voltage 

Symbol 

VIH 

VIL 

lin 

Ilkg(Z) 

Cin 

VOH 

VOL 

VIH(X) 

VIL(X) 

IOH(X) 

IOL(X) 

Symbol 

VIH 

VIL 

Min Max Unit 

3.5 - V 

-0.3 1.5 V 

- 5 I1A 

- 10 I1A 

- 10 pF 

2.4 - V 

- 0.5 V 

3.5 - V 

- 0.5 V 

- -400 I1A 

- 400 I1A 

- 1.7 mA 

100 - kn 

Min Max Unit 

2.0 - V 

-0.3 0.8 V 

Nota: The MC145474175 can be programmed to accept TTL levels on all digital Input pins (this does not Include XTAL and EXTAL). The 
MC145474175Is configured for TTL mode by writing a 1to BR13(6). Programming the MC145474175forTTLmode has no effect on eitherthe digital 
output pins, the crystal circuit, TxPlTxN, or RxP/RxN. Thus, the only dc electrical characteristics that differ, when operating in the CMOS mode, 
are the input voltages accepted on the digital Inputs. 

ANALOG CHARACTERISTICS (T A = - 40 to + 85"C, VOO = 5.0 V ± 10%, Voltages referenced to VSS) 

Characteristics Min Typ 

TxPlTxN Drive Current RL=50n 13.5 15 

(TxP - TxN) Voltage Limit - -
Input Ampliftude (RxP - RxN) 35 -

MOTOROLA COMMUNICATIONS DEVICE DATA 

Max Unit 

16.5 mA 

1.17 Vpeak 
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POWER D1SSIPTION (TA = - 40 to + 85"C, VDD = 5.0 V ± 10%, Voltages referenced to VSS) 

Characteristics Min Typ Max Unit Notes 

DC Supply Voltage (VDD) 4.5 5.0 5.5 V 

Worst Case Power Consumption - - 175 mW 1 

Transmit Power Down (NR1(2) = 1) - - 75 mW 2 

Absolute Minimum Power (NR1(1) = 1) - - 40 mW 2 

NOTES: 
1. The worst case power consumption occurs when the MC145474175 is transmitting a96 kHz test tone (BRH (0) = 1) into a50 n load resistor. 

The 15.36 MHz clock is being provided by the crystal as depicted in Figure 1. 
2. The power consumption figures for transmit power-down and absolute minimum power are both determined with the crystal circuit as de

picted in Figure 1 still connected and operational. 

IDL TIMING CHARACTERISTICS (NT MODE, IDL SLAVE) (TA = - 40 to + 85"C, VDD = 5.0 V ± 10%, Voltages referenced to VSS) 

Ref # Characteristics Min 

1 Time Between Successive IDL SYNCs 

2 IDL SYNC Active after IDL CLK Falling Edge (Hold Time) 30 

3 IDL SYNC Active before IDL CLK Falling Edge (Setup Time) 30 

4 IDL CLK Period 

5 IDL CLK Width High 70 

6 IDL CLK Width Low 70 

7 IDL Rx Valid before IDL CLK Falling Edge (Setup Time) 30 

8 IDL Rx Valid fater IDL CLK Falling Edge (Hold Time) 30 

9 IDL Tx Time to High Impedance -
10 IDL Tx High Impedance to Active State -
11 IDL CLK to IDL Tx Active -

NOTES: 
1. IDL SYNC is an 8 kHz signal. The phase relationship between IDL SYNC and IDL CLK is as described earlier. 
2. IDL CLK Input frequency can be run at 1.536 MHz, 1.544 MHz, 2.046 MHYz, 2.56 MHz, or 4.098 MHz. 

XTAL 

EXTAL 

30pF I 
Vss 

I 30PF 

Vss 

10Mn 

Figure 1. Crystal Circuit 

D 
15.36 MHz 

AT CUT QUARTZ 
CRYSTAL 

Max Unit 

Note 1 

- ns 

- ns 

Note 2 

- ns 

- ns 

- ns 

-' ns 

30 ns 

70 ns 

70 ns 
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IDl TIMING CHARACTERISTICS (NT MODE IDl MASTER OR TE MODE WITH THE IDl ClK RATE SET TO 2.56 MHz) 
(TA =- 40 to + 85°C, VDD = 5.0 V ± 10%, Voltages referenced to VSS) 

Ref # Characteristics Min Max Unit 

1 Time Between Successive IDl SYNCs Note 1 

2 IDl SYNC Active aiter IDl ClK Falling Edge (Hold Time) 160 230 ns 

3 IDl SYNC Active before IDl ClK Falling Edge (Setup Time) 160 230 ns 

4 IDl ClK Period Note 2 

5 IDl ClK Width High Note 2 

6 IDl ClK Width low Note 2 

7 IDl Rx Valid before IDl ClK Falling Edge (Setup Time) 30 - ns 

8 IDl Rx Valid fater IDl ClK Falling Edge (Hold Time) 30 - ns 

9 I Dl Tx Time to High Impedance 0 30 ns 

10 IDl Tx High Impedance to Active State - 45 ns 

11 IDl ClK to IDl Tx Active - 45 ns 

NOTES: 
1. IDl SYNC is an 8 kHz signal. The phase relationship between IDl SYNC and IDl ClK is as described earlier. 
2. In NT Mode IDl Master or TE Mode, the IDl ClK is generated internally in the MC145474f75. When configured for 2.56 MHz operation, 

IDl ClK is the crystal frequency divded by 6 and has a 50% duty cycle. 

IDl TIMING CHARACTERISTICS (NT MODE IDl MASTER OR TE MODE WITH THE IDl ClK RATE SET TO 2.048 MHz) 
(TA = - 40 to + 85°C, VDD = 5.0 V + 10%, Voltages referenced to VSS) -

Ref # Characteristics Min Max Unit 

1 Time Between Successive IDl SYNCs Note 1 

2 IDl SYNC Active aiter IDl ClK Falling Edge (Hold Time) 210 280 ns 

3 IDl SYNC Active before IDl ClK Falling Edge (Setup Time) 210 280 ns 

4 IDl ClK Period Note 2 

5 IDl ClK Width High Note 2 

6 IDl ClK Width low Note 2 

7 IDl Rx Valid before IDl ClK Falling Edge (Setup Time) 30 - ns 

8 IDl Rx Valid fater IDl ClK Falling Edge (Hold Time) 30 - ns 

9 IDl Tx Time to High Impedance 0 30 ns 

10 IDl Tx High Impedance to Active State - 45 ns 

11 IDl ClK to IDl Tx Active - 45 ns 

NOTES: 
1. IDl SYNC is an 8 kHz signal. The phase relationship between IDl SYNC and IDl ClK is as described earlier. 
2. In NT Mode IDl MasterorTE Mode, the IDl ClK is generated Internally in the MC145474f75. When configured for2.04B MHz operation, 

IDl ClK is the crystal frequency divded by 7.5 and has a 53.3% duty cycle. 

~---------------------------------------~ 

IDlTx ---I 

IDlRx 

Figure 2. IDl Timing Characteristics 
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SCP TIMING CHARACTERISTICS 

Ref # Characteristics 

12 SCPEN Active before Rising Edge of SCPCLK 

13 SCPCLK Rising Edge before SCPEN Active 

14 $CP Rx Valid before SCPCLK Rising Edge (Setup Time) 

15 SCP Rx Valid after SCPCLK Rising Edge (Hold Time) 

16 SCPCLK Period (See Note 1) 

17 SCPCLK Width (Low) 

18 SCPCLK Width (High) 

19 SCP Tx Active Delay 

20 SCPEN Active to SCP Tx Active 

21 SCPCLK Falling Edge to SCP Tx High Impedance 

22 SCPEN Inactive before SCPCLK Rising Edge 

23 SCPCLK Rising Edge before SCPEN Active 

24 SCPCLK Falling Edge to SCP Tx Valid Data 

NOTES: 
1. Maximum SCPCLK frequency is 4.096 MHz. 

SCPCLK 

SCPRx 
(Note 1) 

SCPTx 
(Nole2) 

SCPRx 
(Note 3) 

SCPTx 
(Note 3) 

NOTES: 
1. During a nibble read, four bits are presented on SCP Rx. 
2. During a nibble read, SCP Tx will be active for the duration of the 4-bit transmission as shown. 

Min Max Unit 

50 - ns 

50 - ns 

35 - ns 

20 - ns 

244 - ns 

30 - ns 

30 - ns 

0 50 ns 

0 50 ns 

- 30 ns 

50 - ns 

50 - ns 

0 50 ns 

3. A byte transaction consists of two 8-bit exchanges. During the first exchange, whether a read or a write, 8 bits (the byte register address) 
are presented on SCP Rx. In the second exchange, 8 bits are presented on SCP Tx during a byte read. During a byte write, the second 
exchange consists of 8 bits presented to SCP Rx. 
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Figure 3. SCP Timing Characteristics 
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NT1 STAR MODE TIMING CHARACTERISTICS 

Characteristics 

Propagation Delay from ANDln to ANDout. while receiving INFO 0 

ANDin 

ANDout 

Figure 4. NT1 Star Mode 

D CHANNEL TIMING CHARACTERISTICS (TE Mode) 

Ref # Characteristics 

26 DREQ Valid before Falling Edge of IDL SYNC 

27 DREQ Valid after Falling Edge of IDL SYNC 

28 DGRNT Valid before Failing Edge of IDL SYNC 

DREQ 

IDLSYNC 

Figure 5. D·Channel Timing 

IDLSYNC 

DGRNT 

Figure 6. D·Channel Timing 
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ISET 
Current Set 

PIN DESCRIPTIONS 

A current programming resistor is connected between this 
pin and ground. 

RxP, RxN 
Receive Positive, Receive Negative 

The SfT interface pseudo-ternary signal is input through 
these pins. 

TEiNT 
Terminal EquipmenVNetwork Termination 

This pin is an input and selects the TE or NT mode of 
operation. 

DGRANT/FSYNC 
D Channel GranVFrame Synchronization 

This pin is a dual function output and operates as DGRANT 
when TE mode is selected, and FSYNC when NT mode is 
selected. 

DGRANT: The DGRANT output is asserted when the 
MC145474/75 has determined that it can access the D channel. 
FSYNC: FSYNC is asserted when the MC145474175 has 
achieved frame synchronization. 

ANDin 
NT1 Star Mode D Channel AND Gate Input 

This pin is an input to the MC145475 and is used in NT1 
star mode. 

VSS 
Negative Power Supply 

This pin is the most negative power supply pin and digital 
logic ground. It is normally 0 V. 

FSYNC/ANDout 
Frame Synchronization! 
NT1 Star D Mode Channel AND Gate Output 

This pin is a dual function output and operates as FSYNC 
when TE mode is selected and ANDout when NT mode is 
selected. This pin is available only on the MC145475. 

FSYNC: FSYNC is asserted when the MC145475 has achieved 
frame synchronization. 
ANDout: This pin is an output from the MC145475 and is used in 
NT1 star mode. 

DREOIFIX 
D Channel RequesV 
Fixed/Adaptive Timing Select 

This pin is a dual function input and operates as DREQwhen 
TE mode is selected and FIX when NT mode is selected. 

DREQ: The DREQ input should be asserted when access to the 
D channel is desired 
FIX: This input is used to select fixed or adaptive timing mode in 
an NT configured MC145474175. 

CLASS/ECHOin 
D Channel Class Selectionl 
NT1 Star Mode Echo Channel Input 

This pin is a dual function input and operates as CLASS 
when TE mode is selected and ECHOin when NT mode is 
selected. This pin is available only on the MC145475. 

CLASS: This pin selects the desired class or priority to be used 
when transmitting data on the D channel. 

ECHOin: This pin is an input to the MC145475 and is used in NT1 
star mode. 

MC145474.MC145475 
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IDLSYNC 
IDL Frame Synchronization Signal 

The 8 kHz IDL frame synchronization signal is transmitted 
or received through this pin. When the MC145474175 is 
operating as an IDL slave, this pin is an input to the device. 
Conversely, when the device is operating as an IDL master, 
this pin is an output. 

IDLCLK 
IDL Clock Signal 

The IDL clock signal is transmitted through this pin. When 
the MC145474175 is operating as an IDL slave, this pin is an 
input to the device. Conversely, when the device is operating 
as an IDL master, this pin is an output. 

IDL Rx 
IDL Receive Input 

This pin is an input to the MC145474175. 2B+D data is 
received through this pin and then modulated onto the SfT 
interface. 

IDL Tx 
IDL Transmit Output 

This pin is an outputfrom the MC145474175. Demodulated 
2B + D data from the SfT interface is transmitted through this 
pin. 

SCPRx 
SCP Receive Input 

The serial control port receive line is used to input con
trol, status, and data information into the MC145474/75 SfT 
transceiver. 

SCPTx 
SCP Transmit Output 

The serial control port (SCP) transmit line is used to output 
control, status, and data information from the MC145474175 
SfT transceiver. 

SCPCLK 
SCP Clock Signal 

The serial control port clock is used to clock control, status, 
and data information into and out of the MC145474/75 SfT 
transceiver. 

SCPEN 
SCP Enable Signal 

This signal when held low selects the SCP for the transfer 
of control, status, and data information into and out of the 
MC145474175 SfT transceiver. 

LB ACTIVE 
Loopback Active 

This pin is always an output from the device. If any of the 
loopbacks are invoked, or any combination of the loopbacks 
are invoked then this pin will be held high. 

IRQ 
Interrupt Request Line 

The interrupt request active low pin is an active low open 
drain output used to signal MPU or MCU devices that an 
interrupt condition exists in the MC145474175 SfTtransceiver. 

AONT 
Active Only NT 

This pin is always an input to the device. The active only 
NT feature is applicable only to the NT mode of operation and 
is available as an output pin on the MC145475 and as an SCP 
control bit (BR7(6)) in both versions of the device. 
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VDD 
Positive Power Supply 

This pin is the positive power supply input to the 
MC145474175 and is 5.0 V ± 10% with respect to VSS. 

XTAU2 
7.68 MHz Clock Output 

This pin is always an output from the device. The 
MC145474175 srr transceiver's 15.36 MHz clock is intemally 
divided by two and the output of this divider (7.68 MHz) 
presents itself on the XTAU2 pin. 

XTAL and EXTAL 
Crystal Input and Crystal Output 

The MC145474175 srr transceiver requires a 15.36 MHz 
clock source for operation. This can be provided by a 
15.36 MHz resonant crystal circuit using XTAL and EXTAL 
as the terminals of the circuit, or an external 15.36 MHz clock 
source can be input to the device via the XTAL pin. An inverter 
is internally connected between XTAL and EXTAL with XTAL 
as the input to the inverter and EXTAL as the output. 

TxP, TxN 
Transmit Positive, Transmit Negative 

These pins act as differential current limited voltage source 
drive pairs for creating the logical line Signals. 

RESET 
MC145474175 Reset 

When low, a hardware reset is applied to the MC145474175. 

WIRING CONFIGURATIONS 

INTRODUCTION 
The MC145474175 ISDN srr transceiver conforms to 

CCITT 1.430 and ANSI T1.605 specifications. It is a Layer 1 
srr transceiver designed for use at the Sand T reference 
points. It is designed for both point-to-point and multipoint 
operation. The srr transceiver is designed for use in either 
the network terminating (NT) mode or in terminal equipment 
(TE) applications. Two 64 kpbs B channels and one 16 kpbs 
o channel are transmitted in a full duplex fashion across the 
interface. 

Suggested wiring configurations follow. These configura
tions are deemed to be the most common but by no means 
the only wiring configurations. Note that when operating in the 
TE mode, only one TE has the 100 n termination resistors 
in the transmit and receive paths. Figures 7 through 10 
illustrate where to connect the termination resistors for the 
described loop configurations. 

POINT-TO-POINT OPERATION 
In the point-to-point mode of operation one NT communi

cates with one TE. As such, 100 n termination resistors must 

be connected across the transmit and receive paths of both 
the NT and TE transceivers. Figure 7 illustrates this wiring 
configuration. 

When using the MC145474175 in this configuration, the NT 
must be in adaptive timing. This is accomplished by holding 
the OREQ/FIX pin low (i.e., connecting it to VSS). CCITT 1.430 
and ANSI Tl.605 specifythatthe srr transceiver must be able 
to operate up to a distance of 1 km in the point-to-point mode. 
This is the distance 01, shown in Figure 7. 

SHORT PASSIVE BUS OPERATION 
The short passive bus is intended for use when up to eight 

TEs are required to communicate with one NT. TEs can be 
distributed at any point along the passive bus, the only 
requirement being that the termination resistors be located 
at the end of the passive bus. Figure 8 illustrates this wiring 
configuration. CCITT 1.430 and ANSI Tl.605 specify a maxi
mum operational distance from the NT of 200 meters. This 
corresponds to the distance 02, as shown in Figure 8. 

EXTENDED PASSIVE BUS OPERATION 
A wiring configuration whereby the TEs are restricted to a 

grouping at the far end of the cable, distant from the NT, is 
shown as the "Extended Passive Bus." This configuration is 
as illustrated in Figure 9. The termination resistors are to be 
positioned as illustrated in the diagram. . 

The essence of this configuration is that a restriction is 
placed on the distance between the TEs. The distance 03, 
as illustrated in Figure 9, corresponds to the maximum 
distance between the grouping olTEs. CCITT 1.430 and ANSI 
Tl.605 specify a distance of 25 to 50 meters forthe separation 
between the TEs, and a distance of 500 meters for the total 
length. These distances correspond to the distances 03 and 
04, as shown in Figure 9. 

Note that the "NT configured" MC145474175 should be 
placed in the adaptive timing mode for this configuration. This 
is achieved by holding the OREQUEST/FIX pin low. 

BRANCHED PASSIVE BUS OPERATION 
A wiring configuration which has somewhat similar 

characteristics to those of the "Extended Passive Bus" is 
known as the "Branched Passive Bus" and is illustrated in 
Figure 10. In this configuration the branching occurs at the 
end of the bus. The branching occurs after a distance 01 from 
the NT. The distance 05 corresponds to the maximum 
separation between the TEs. 

NT1 STAR MODE OF OPERATION 
A wiring configuration which may be used to support multiple 

T interfaces is known as the "NTl Star Mode of Operation." 
This mode of operation is supported by the MC145475. This 
mode is described later. Note that the NTl Star mode contains 
multiple NTs. Each of these NTs can be connected to either 
a passive bus (short, extended, or branched) or to a single 
TE. 

NT ~-----------------Dl----------------~ TE 

TxP 

TxN 
MC145474175 

RxP 

RxN 
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Figure 7. Point to Point 
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RxN 
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ACTIVATION/DEACTIVATION OF 
SIT TRANSCEIVER 

INTRODUCTION 

CCITT 1.430 and ANSI T1.605 define five information states 
for the SfT transceiver. When the NT is in the fully operational 
state illransmits INFO 4. When the TE is in the fully operational 
state itlransmits INFO 3. INFO 1 is transmitted by the TEwhen 
it wants to wake up the NT. INFO 2 is transmitted by the NT 
when it wants to wake up the TE, or in response to the TEs 
transmitted INFO 1. These slates cause unique patterns of 
symbols to be transmitted over the SfT interface. Only when 
the SfT loop is in the fully activated state are the 2B+D 
channels of data transmitted over the interface. 

TRANSMISSION STATES FOR NT MODE SfT 
TRANSCEIVER 

When configured as an NT, an SfT transceiver can be in 
any of the following transmission states shown in Table 1. 

Table 1. NT Mode Transmission States 

Information 
State Description 

INFOO The NT transmits 1 s in every bit position. This 
corresponds to no signal being transmitted. 

INFO 2 The NT sets its 91, 92, D, and E channels to O. 
The A bit is set to O. 

INFO 4 INFO 4 corresponds to frames containing 
operational data on the 91, 92, D, and E 
channels. The A bit is setto 1. 

TRANSMISSION STATES FOR TE MODE SfT 
TRANSCEIVER 

When configured as a TE, an SfT transceiver can be in any 
of the following transmission states shown in Table 2. 

ACTIVATION OF SfT LOOP BY NT 
The NT activates the loop by transmitting INFO 2 to the TE 

or TEs. This is accomplished in the MC145474f75 by setting 

NR2(3) to a 1. Note that this bit is internally reset to 0 after 
the internal activation state machine has recognized its active 
transition. 

Table 2. TE Mode Transmission States 

Information 
State Description 

INFO 0 The TE transmits 1 s in every bit position. This 
corresponds to no signal being transmitted. 

INFO 1 The TE transmits a continuous signal with the 
following pattern: positive zero, negative zero, 
six ones. This signal is asynchronous to the NT. 

INFO 3 INFO 3 corresponds to frames containing 
operational data on the 91, 92, and D 
channels. If INFO 4 or INFO 2 is being 
received, INFO 3 will be synchronized to it. 

The TE or TEs on receiving INFO 2 will synchronize to it 
and transmit back INFO 3 tothe NT. The NT on receiving INFO 
3 from the TE will respond with INFO 4, thus activating the 
loop. 

ACTIVATION OF SfT LOOP BY TE 
The TE can activate an inactive loop by transmitting INFO 

1 to the NT. This is accomplished in the MC145474f75 by 
setting NR2(3) to a 1. Note that this bit is internally reset to 
o after the internal activation state machine has recognized 
its active transition. 

The NT upon detecting INFO 1 from the TE will respond 
with INFO 2. The TE upon receiving a signal from the NT will 
cease transmission of INFO 1, reverting to an INFO 0 state. 
After synchronizing to the received signal and having fully 
verified that it is INFO 2, the TE will respond with INFO 3, thus 
activating the loop. 

FULL ACTIVATION 
When the SfT interface is fully activated, INFO 3 is 

transmitted by the TE and INFO 4 by the NT. Figure 11 shows 
the binary organization and phase relationship of these signals 
from the TE's perspective. 

Bl Bl Bl B1Bl Bl Bl Bl E D A FA N B2B2B2B2B2B2B2B2 E D M B1Bl Bl B1Bl B1Bl Bl E D S B2B2B2B2B2B2B2B2 E D L F L 

2 BAUD TURNAROUND 10.4 j1S 

Figure 11. Two Baud Turnaround in TE 
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THE INTERCHIP DIGITAL LINK 

The interchip digital link (IDl) is a four-wire interface used 
forfull-duplex communication between ICs on the board-level. 
The interface consists of a transmit path, a receive path, an 
associated clock and a sync signal. These signals are known 
as IDl TX,lDl RX,lDl ClK, and IDl SYNC, respectively. The 
clock determines the rate of exchange of data in both the 
transmit and receive directions, and the sync signal controls 
when this exchange is to take place. Five channels of data 
are exchanged in a 20-bit package every 8 kHz. These 
channels consist of two 64 kbps 8 channels and one 16 kbps 
D channel used for full-duplex communication between the 
NT and TE. Figure 12 shows phase alignment and order of 
transmission. 

In addition to these 28 + D channels there are two 8 kbps 
channels. These two additional channels, known as the IDl 
A and IDl M channels, are for local communication only (i.e., 
they are not transmitted from NT to TE or vice versa). Use 
of these channels is optional. The IDl A and IDL M channels 
have no effect on the operation of the srr transceiver. There 
are two modes of operation for an IDl device: IDL master and 
IDl slave. If an IDl device is configured as an IDl master, 
then IDL SYNC and IDl ClK are outputs from the device. 
Conversely, if an IDl device is configured as an IDL slave, 
then IDl SYNC and IDL ClK are inputs to the device. 
Ordinarily the MC145474175 is configured as an IDL slave 
when acting as an NT, and as an IDl master when acting as 
a TE. The exception to this rule is the option to configure the 
NT as an IDL master. Note that an NT configured 
MC145474175 comes out of reset in the IDL slave mode. 

THE SERIAL CONTROL PORT 
INTRODUCTION 

The MC145474175 is equipped with a serial control port 
(SCP). This SCP is used by external devices (such as an 
MC145488 DDLC) to communicate with the srr transceiver. 
The SCP is an industry standard serial control port and is 
compatible with Motorola's SPI used on several single chip 
MCUs. 

The SCP is a four-wire bus with control and status bits as 
well as data being passed to and from the srr transceiver in 
a full-duplex fashion. The SCP interface consists of a transmit 
path, a receive path, an associated clock, and an enable 
signal. These signals are known as SCP Tx, SCP Rx, 

SCPClK, and SCPEN. The clock determines the rate of 
exchange of data in both the transmit and receive directions, 
and the enable signal govems when this exchange is to take 
place. 

The operation/configuration of the srr transceiver is 
programmed by setting the state of the control bits within the 
srr transceiver. The control,· status, and data information 
reside in eight 4-bit wide nibble registers and sixteen 8-bit wide 
byte registers. The nibble registers are accessed via an 8-bit 
SCP bus transaction. The 16 byte-wide registers are accessed 
by first writing to a pointer register within the eight 4-bit wide 
nibble registers. This pOinter register (NR(7)) will then contain 
the address of the byte wide register to be read from or written 
to, on the following SCP transaction. Thus, an SCP byte 
access is in essence a 16-bit operation. Note that this 16-bit 
operation can take place by means of two 8-bit accesses or 
a single 16-bit access. 

SCP TRANSACTIONS 
There are four types of SCP transactions. These are: 

1. SCP nibble read 
2. SCP nibble write 
3. SCP byte read 
4. SCP byte write 

SCP Nibble Read 
A nibble read is an 8-bit SCP transaction. Figure 13 

illustrates this process. To initiate an SCP nibble read the 
SCPEN pin must be brought low. Following this, a Read/Write 
(Rm) bit followed by three primary address bits (AO-A3),are 
shifted (MS8 first) into an intermediate buffer register on the 
first four rising edges of SCPClK, following the high-to-Iow 
transition of SCPEN. If a read operation is to be performed 
then Rm should be a 1. The three address bits clocked in 
after the R!W bit select which nibble register is to be read. 
The contents of this nibble register are shifted out on SCP 
Tx on the subsequent four falling edges of SCPClK (i.e., the 
four falling edges of SCPClK after the rising edge of 
SCPClK which clocked in the last address bit, lS8). SCPEN 
should be brought back high after the transaction, before 
another falling edge of SCPClK is encountered. Note that 
SCP Rx is ignored during the time that SCP Tx is being 
driven. Also note that SCP Tx comes out of high impedance 
only when it is transmitting data. 

IDLSYNC ___ --'n ... ______________________________ _ 
IDLCLK 

IDLRx 

IDL Tx -,;;.;;;,=,;;.;.:.::...., 
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Figure 12. Interchip Digital Link 
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SCPCLK W 

-----------------------~----------
HIGH IMPEDANCE ~ HIGH IMPEDANCE SCPTx 

NOTES: 
1. RJW = 1 for a read operation. 
2. Data is shifted out on SCP Tx on the falling edges of SCPCLK, MSB first. 
3. Data is shifted into the chip from SCP Rx on the rising edges of SCPCLK, MSB first. 

Figure 13. Serial Control Port Nibble Read Operation 

SCP Tx HIGH IMPEDANCE 

NOTES: 
1. RJW = 0 for a write operation. 
2. Data is shifted out on SCP Tx on the falling edges of SCPCLK, MSB first. 
3. Data is shifted into the chip from SCP Rx on the rising edges of SCPCLK, MSB first. 

Figure 14. Serial Control Port Nibble Write Operation 

SCP Nibble Write 
A nibble write is an a·bit SCP transaction. Figure 14 

illustrates this process. To initiate an SCP nibble write the 
SCPEN pin must be brought low. Following this an RIW bit 
followed by three primary address bits are shifted (MSB first) 
into an intermediate buffer register on the first four rising edges 
of SCPCLK following the high to low transition of SCPEN. If 
a write operation is to be performed then RIW should be a 
O. The three address bits clocked in after the RiW bit select 
the nibble register to be written to. The data shifted in on the 
next four rising edges of SCPCLK is then written to the 
selected register. Throughout this whole operation the SCP 
Tx pin remains in high-impedance state. Note that if a selected 
register or bit in a selected register is "read only" then a write 
operation has no effect. 

SCP Byte Read 
A byte read is a 16-bit SCP transaction. Figure 15 illustrates 

this process. To initiate an SCP byte read the SCPEN must 

MOTOROLA COMMUNICATIONS DEVICE DATA 

be brought low. Following this an RIW bit is shifted in from 
SCP Rx on the next rising edge of SCPCLK. This bit 
determines the operationto be performed, read or write. If RiW 
is a 1 then a read operation is selected. Conversely, if RiW 
is a 0 then a write operation is selected. The next three bits 
shifted in from SCP Rx on the three subsequent rising edges 
of SCPCLK are primary address bits as mentioned previously. 
If all three bits are 1, then nibble register 7 is selected (NR7). 
This is a pointer register, selection of which informs the device 
that a byte operation is to be performed. When NR7 is 
selected, the following four bits shifted in from SCP Rx on the 
following four rising edges of SCPCLK, are automatically 
written to NR7. These four bits are the address bits for the 
byte operation. In a read operation the next eight falling edges 
of SCPCLK will shift out the data from the selected byte 
register on SCP Tx. 

As mentioned previously, an SCP byte access is a 16-bit 
transaction. This can take place in one 16-bit exchange 
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(Figure 15) or two 8-bit exchanges (Figure 16). If the 
transaction is performed in two 8-bit exchanges the SCPEN 
should be returned high after the first eight bits have been 
shifted into the part. When SCPEN comes low again the MSB 
of the selected byte will present itself on SCP Tx. The following 
eight falling edges of SCPCLK will shift out the remaining eight 
bits of the byte register. Note that the order in which data is 
written into the part and read out of the part is independent 
of whether the byte access is done in one 16-bit exchange 
or in two 8-bit exchanges. 

SCP Byte Write 
A byte write is also a 16-bit SCP transaction. Figure 17 

illustrates this process. To initiate an SCP byte write the 
SCPEN must be brought low. As before, the next bit 
determines whether the operation is to be read or write. If the 
first bit is a 0 then a write operation is selected. Again the next 
three bits read in from SCP Rx on the subsequent three rising 
edges of SCPCLK must all be 1 in order to select the painter 

SCPCLK 

SCPTx HIGH IMPEDANCE 

NOTES: 
1. ANi = 1 for a read operation. 
2. Data is shifted out on SCP Tx on the falling edges of SCPCLK, MSB first. 

nibble register (NR7). The following four bits shifted in are 
automatically written into NR7. As in an SCP byte read these 
bits are the address bits for the selected byte register 
operation. The next eight rising edges of SCPCLK shift in the 
data from the SCP Rx. This data is then stored in the selected 
byte register. Throughout this operation SCP Tx will be in a 
high-impedance state. Note that if the selected byte is read 
only, then this operation will have no effect. 

As mentioned previously an SCP byte access is a 16-bit 
transaction. This can take place in one 16-bit exchange 
(Figure 17) or two 8-bit exchanges (Figure 18). If the 
transaction is performed in two 8-bit exchanges, then SCPEN 
should be returned high after the first eight bits have been 
shifted into the part. When SCPEN comes low again, the next 
eight rising edges of SCPCLK shift data in from SCP Rx. This 
data is then stored in the selected byte. Figure 18 illustrates 
this process. 

HIGH IMPEDANCE 

3. Data is shifted into the chip from SCP Ax on the rising edges of SCPCLK, MSB first. 

SCPCLK W 

SCPTx 

Figure 15. Serial Control Port Byte Read Operation 

L---___ ---Ir~ ~1L-____ --l 

HIGH IMPEDANCE 
HIGH 

IMPEDANCE 

Figure 16. Serial Control Port Byte Read Operation (Double 8-Bit Transaction) 
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SCPCLK 

SCPRx 

HIGH IMPEDANCE 
SCPTx 

NOTES: 
1. RiW = 0 for a write operation. 
2. Data is shifted out on SCP Tx on the falling edges of SCPCLK, MSB first. 
3. Data is shifted into the chip from SCP Rx on the rising edges of SCPCLK. MSB first. 

Figure 17. Serial Control Port Byte Write Operation 

'--___ -----Ips 

SCPCLK lllr 

SCPRx 

SCPTx 
HIGH IMPEDANCE 

Figure 18. Serial Control Port Byte Write Operation (Double 8·Blt Transaction) 
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NIBBLE MAP DEFINITION BYTE MAP DESCRIPTION 
There are eight nibble registers (NRO through NR7) in the 

MC145474175. Control and status information reside in these 
nibble registers. These nibble registers are accessed via the 
SCP (see Tables 3 and 4 ). 

There are sixteen byte registers (BRO through BR 15) in the 
MC145474175. Control, status, and maintenance information 
reside in these byte registers. These byte registers are 
accessed via the SCP (see Tables 5 and 6). 

Table 3. SCP Nibble Map for NT Operation 

(3) (2) (1) (0) 

NRO Software Reset Transmit Power Down Absolute Minimum Power Retum to Normal 

NR1 Activation Indication (AI) Error Indication (EI) Frame Sync (FS) 

NR2 Activation Request (AR) Deactivate Request (DR) Activation Timer #1 Expire 

NR3 IRQ #3 Change In Rx INFO IRQ #2 Multiframe Reception IRQ #6 FECV Detection 

NR4 IRQ #3 Enable IRQ #2 Enable IRQ #6 Enable 

NR5 Idle B 1 Channel on SfT Loop Idle B2 Channel on SfT Loop Invert B1 Channel Invert B2 Channel 

NR6 2B+D IDL Non-Tranparent Loopback Activate IDL M FIFO Activate IDL A FIFO Exchange B1 & B2 at IDL 

Table 4. SCP Nibble Map for TE Operation 

(3) (2) (1) (0) 

NRO Software Reset Transmit Power Down Absolute Minimum Power Retum to Normal 

NR1 Activation Indication (AI) Error Indication (EI) Multiframlng Detect Frame Sync (FS) 

NR2 Activation Request (AR) Activation Timer #3 Expire Class 

NR3 IRQ #3 Change in Rx INFO IRQ #2 Multiframe Reception IRQ #1 0 Channel 
Collision 

NR4 IRQ #3 Enable IRQ #2 Enable IRQ #1 Enable 

NR5 Enable B 1 Channel on SfT Loop Enable B2 Channel on 8fT Loop Invert B1 Channel Invert B2 Channel 

NR6 2B+ 0 IDL Non-Tranparent Loopback Activate IDL M FIFO Activate IDL A FIFO Exchange B1 & B2 at IDL 

MC145474.MC145475 
2-816 
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Table 5. SCP Byte Map for NT Operation 

(7) (6) (5) (4) (3) (2) 

BRO M7 M6 MS M4 M3 M2 

BRl A7 A6 AS A4 A3 A2 

BR2 SC1.lto SC1.2to SC1.3to SC1.4to 
Loop Loop Loop Loop 

BR3 01 from Loop 02 from Loop 03 from Loop 04 from Loop o BitOuality INT Every M. 
Indicate Frame 

BR4 Fr. Viol. Fr. Viol. Fr. Viol. Fr. Viol. Fr. Viol. Fr. Viol. 
CountB7 Count B6 CountBS CountB4 Count B3 CountB2 

BRS BPVCount BPVCount BPV Count BPVCount BPVCount BPVCount 
B7 B6 BS B4 B3 B2 

BR6 Bl srr LB Bl srr LB B2 srr LB B2 srr LB IDL Bl LB IDL Bl LB 
Transparent Non-Trans. Transparent Non-Trans. Transparent Non-Trans. 

BR7 Act. Proc. Reserved Enable InvertE IDL Master IDLCLK 
Disabled Multiframing Channel Mode Speed LSB 

BRS IDLM FIFO IDLAFIFO Act.IDLM Act.IDLA Enable IRO Enable IRO 
,,1/2 Full ,,1/2 Full FIFO HOZ FIFOHOZ #4 #5 

BR9 SC2.1to SC2.2to SC2.3to SC2.4to SC3.1to SC3.2to 
Loop Loop Loop Loop Loop Loop 

BR10 SC4.1to SC4.2to SC4.3to SC4.4to SCS.lto SCS.2to 
Loop Loop Loop Loop Loop Loop 

BR11 Do Not Do Not RxlNFO RxlNFO TxlNFO Tx INFO 
React to React to State Bl State BO State Bl State BO 
INFO 1 INF03 

BR12 Reserved Reserved Reserved Reserved Reserved Reserved 

BR13 NTl Star TTL Input IDL CLK Mute B20n Mute Bl on Force E to 
Mode Levels Speed MSB IDL IDL Zero 

BR14 Reserved Reserved 

BR1S Reserved Reserved Reserved Reserved Reserved Reserved 

MOTOROLA COMMUNICATIONS DEVICE DATA 

(1) (0) 

Ml MO 

Al AO 

Fr. Viol. Fr. Viol. 
Count Bl Count BO 

BPV Count BPVCount 
Bl BO 

IDL B2 LB IDL B2 LB 
Transparent Non-Trans. 

Act. Timer 
#2 

IRO #4,IDL IRO#SIDL 
A FIFO M FIFO 

SC3.3to SC3.4to 
Loop Loop 

SCS.3to SC5.4to 
Loop Loop 

EXT srr Tx 96 kHz 
Loopback Test Signal 

Reserved Reserved 

Reserved Reserved 

Reserved Reserved 
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Table 6. SCP Byte Map for TE Operation 

(7) (6) (5) 

BRO M7 M6 M5 

BRI A7 A6 AS 

BR2 QI to Loop Q2toLoop Q3to Loop 

BR3 SC1.1 Irom SCI.2Irom SCI.3Irom 
Loop Loop Loop 

BR4 Fr. Viol. Fr. Viol. Fr. Viol. 
CountB7 CountB6 CountB5 

BRS BPVCount BPVCount BPVCount 
B7 B6 BS 

BR6 BI SrrLB BI SrrLB B2SrrLB 
Transparent Non-Trans. Transparent 

BR7 Act. Proc. DChannel 
Ignored Proc. 

Ignored 

BRB IDLM FIFO IDLAFIFO Acl.lDLM 
s 112 Full S 1/2 Full FIFOHOZ 

BR9 SC2.1lrom SC2.21rom SC2.31rom 
Loop Loop Loop 

BRIO SC4.llrom SC4.21rom SC4.31rom 
Loop Loop Loop 

BRll RxlNFO 
StateBI 

BRI2 Reserved Reserved Reserved 

BRI3 TTL Input IDLCLK 
Levels SpeedMSB 

BR14 

BRIS Reserved Reserved Reserved 

D CHANNEL OPERATION 

INTRODUCTION 

(4) 

M4 

A4 

Q4toLoop 

SCI.4lrom 
Loop 

Fr. Viol. 
CountB4 

BPVCount 
B4 

B2 srr LB 
Non-Trans. 

MapEto 
IDLon D 
Channel 

Acl.lDLA 
FIFO HOZ 

SC2.4lrom 
Loop 

SC4.4lrom 
Loop 

RxlNFO 
State BO 

Reserved 

Mute B20n 
IDL 

Reserved 

The SIT interface is designed for full duplex transmission 
of two 64 kbps B channels and one 16 kbps D channel, 
between one NT device and one or more TEs. The TEs gain 
access to the B channels by sending Layer 2 frames to the 
network over the D channel. CCITT 1.430 and ANSI Tl.605 
specify a D channel access algorithm for TEs to gain access 
to the D channel. The MCI45474175 SIT transceiver is fully 
compliant with the D channel access algorithm as defined 
in CCITT 1.430 and ANSI Tl.605. The SCP bits and pins 
directly pertaining to D channel operation are shown in Tables 
7 and 8. 

D channel data is clocked into the MC145474175 via IDl 
Rx on the falling edges of IDl ClK. Data is clocked out onto 
IDl Tx on the rising edges of IDl CLK. This is in accordance 
with the IDl specification as outlined earlier. 

GAINING ACCESS TO THE D CHANNEL IN TE MODE 
The pins DREQ and DGRANT are used in the TE mode 

of operation to request and grant access to the D channel. 
An external device wishing to send a layer 2 frame should 
bring DREQ high, and maintain it high for the duration of the 
layer 2 frame. DGRANT is an output signal used to indicate 
to an external device that the D channel is clear. Note that 

MC145474.MC145475 
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(3) (2) (I) (0) 

M3 M2 MI MO 

A3 A2 AI AD 

INT Every 
M Frame 

Fr. Viol. Fr. Viol. Fr. Viol. Fr. Viol. 
CountB3 CountB2 CountBI CountBO 

BPVCount BPVCounl BPVCount BPV Count 
B3 B2 BI BO 

IDL Bl LB IDL Bl LB IDLB2 LB IDL B2 LB 
Transparent Non-Trans. Transparent Non-Trans. 

IDL Free IDLCLK LAPDPol. 
Run Speed LSB ConI. 

Enable IRQ Enable IRQ IRQ#4IDL IRQ#5IDL 
#4 #5 A FIFO MFIFO 

S03.1lrom SC3.2lrom SC3.3lrom SC3.4lrom 
Loop Loop Loop Loop 

SC5.1lrom SCS.21rom SCS.31rom SCS.41rom 
Loop Loop Loop Loop 

TxlNFO TxlNFO EXTSrr Tx 96 kHz 
StateBI State BO Loopback Test Signal 

Reserved Reserved Reserved Reserved 

MuteBlon Force IDL 
IDL Transmit 

Reserved Reserved Reserved Reserved 

Reserved Reserved Reserved Reserved 

the DGRANT signal actually goes high on~ received E echo 
bit prior to the programmed priority class selection. DGRANT 
goes high at a count of (n - 1) to accommodate the delay 
between the input of D channel data via the IDl interface and 
the line transmission of those bits towards the NT. If at the 
time of the IDl SYNC pulse falling edge, the DGRANT and 
the DREQ signals are both detected high, the TE mode 

Table 7. D Channel SCP Bit Description 

MC145474ns MC145474n5 
NT Mode TEMode 

SCP Bit Description SCP Bit Description 

BR7(4) Invert the Echo NR2(O) Class 
Channel 

BR13(2) Force the Echo NR3(1) Interrupt on D Channel 
Channel to '0' Collision 

BR13(7) NTI Star Mode NR4(1) Interrupt Enable for 
NR3(1) 

BR7(1) LAPD Polarity Control 

BR7(4) Map Echo Bits to D 
TImeslots on IDL Tx 

BR7(6) D Channel Procedures 
Ignored 
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transceiver will begin FIFO buffering of the input D channel 
bits from the IDL interface. This FIFO is four bits deep. Note 
that DGRANT goes high on the' boundaries of the demodu
lated E bits. In order for the contention algorithm to work on 
the D channel, HDLC data must be used. The MC145474175 
modulates the D channel data onto the srr bus in the form 
that it is received from the IDL bus. Thus, the data must be 
presented to it in HDLC format. Note that one of the 
applications of the MC145488 DDLC is for use with the 
MC145474175 in the terminal mode. The MC145488 will 
perform the HDLC conversion and perform the necessary D 
channel handshaking. 

Table 8. D Channel Operation Pin Description 

Pin # MC145474 MC145475 

5 DGRANT DGRANT 

7 DREO ANDin 

B ANDout 

9 DREO 

10 CLASS/ECHOin 

Note that the active polarity of the DREQ and DGRANT 
signals may be reversed by setting the LAPD polarity control 
bit (BR7(1)) in the SCPo When BR7(1) is a 0 the active polarity 
is as described above. Conversely, when BR7(1) is a 1 the 
MC145474175 will drive DGRANTto a logic 0 when DGRANT 
is active and to a logic 1 when DGRANT is inactive. Also, when 
BR7(1) is 1, DREQ will be considered to be active low. 

GAINING ACCESS TO THE D CHANNEL IN NT MODE 
When configured as an NTthe MC145474175 has automatic 

access to the D channel. This is because the srr interface 
is designed for communication between a single NT and one 
or more TEs. As such, the NT does not have to compete for 
access to the D channel. Thus, there are no DREQ or 
DGRANT functions associated with the NT mode of operation. 
Data present in the D bit positions of the IDL frame on IDL 
Rx are modulated onto the D bit timeslots on the srr loop. 
Demodulated D channel data from the TErrEs is transmitted 
onto IDL Tx in accordance with the IDL specification. The 
ECHO function of an NT configured srr transceiver is 
performed internally in the MC145474175. To assist in testing 
an srr loop the MC145474175 features the SCP test bits 
BR7(4) and BR13(2). Setting BR7(4) in the NT mode will invert 
the E echo channel (i.e., the logical inverse of the demodulated 
D channel data from the TErrEs is transmitted in the E 
channel). Setting BR13(2) to a 1 will force the E channel to 
all Os. Refer to Section 8 for a more detailed description of 
these test bits. Setting BR13(7) to a 1 puts the "NT configured" 
MC145474175 srr transceiver into the NTl Star mode of 
operation. In this mode, the bits to be ECHOed back to the 
TErrEs are obtained from the ECHOin pin. 

MULTIFRAMING 
A Layer 1 signalling channel between the NT and TE is 

provided in the MC145474175 in accordance with CCITT 1.430 
and ANSI Tl.605. In the NT to TE direction, this Layer 1 
channel is the S channel. In the TE to NT direction it is the 
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Q channel. The S channel is subdivided into five subchannels: 
SC1, SC2, SC3, SC4, and SC5. The MC145474175 is capable 
of transmitting and receiving data In all S subchannels as well 
as the Q channel by simply reading orwriting to the appropriate 
SCP registers. Interrupts are also available to indicate the 
reception of multiframe information. See the MC145474175 
Data Book for a complete description. 

NT1 STAR MODE OPERATION 
Appendix B of ANSI Tl.605 describes an example of an 

NT that will support multiple T interfaces. This is to 
accommodate multipoint operation with more than eight TEs. 
The MC145475 can be configured for NTl Star mode of 
operation. This mode is for use in wire ORing multiple NT 
configured srr chips on the IDL side. Each NT has a common 
IDL SYNC, IDL CLK, IDL Tx, and IDL Rx, as shown in Figure 
19. Each NT is then connected to its own individual srr loop 
containing either a single TE or a group of TEs. As such, the 
contention for either of the B channels or for the D channel 
is now extended from a Single passive bus to a grouping of 
passive busses. 

ISDN employs the use of HDLC data on the D channel. 
Access to either of the B channels is requested and either 
granted or denied by the user sending Layer 2 frames on the 
D channel. In normal operation where there is only one NT, 
the TEs are granted access to the D channel in accordance 
with their priority and class. By counting the required number 
of E channel echo bits being 1, the TEs know when the 
D channel is clear. Thus in the NT1 Star mode of operation, 
where there are multiple passive busses competing for the 
same Bl, B2, and D channels, the same E echo channel must 
be transmitted from each NT to its passive bus. This is 
accomplished in the MC145475 by means of the ANDin, 
ANDout, and ECHOin pins. 

Figure 13 shows how to connect the multiple number of NTs 
in the NTl Star mode. Successive connection of the ANDout 
(this is the output of an intemal AND gate whose inputs are 
the demodulated D bits and the data on the ANDin pin) and 
ANDin pins, and the common connections of the ECHOin 
pins, succeeds in senc;ling the same E echo channel to each 
group of TErrEs. To configure a series of NTs for NTl Star 
mode, BR13(7) must be set to 1 in each NT. Data transmitted 
on IDL Tx in NTl Star mode, will have the following format: 
a logic 0 is VSS, a logic 1 causes IDL Tx to go to a 
high-impedance state. This then permits the series wire ORing 
of the IDL bus. Note that one of the NTs must have its ANDin 
pin pulled high. 

TRANSMISSION LINE INTERFACE CIRCUITRY 
The MC145474175 is an ISDN srr transceiver fully 

compliant with CCITT 1.430 and ANSI Tl.605. As such it is 
designed to interface with a four wire transmission medium, 
one pair being the transmit path, the other pair the receive 
path. TxP and TxN, a fully differential output transmit pairfrom 
the MC145474175, are designed to interface to the transmit 
pair of the transmission medium via auxiliary discrete 
components and a 1:1 turns ratio transformer. RxP and RxN 
are a high-impedance differential input pair used for coupling 
the receive line signal through a 1:1 turns ratio transformer 
(see Figures 20 and 21). 
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Figure19. NT1 Star Mode of Operation 
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Advance Information 
5 V PCM Codec-Filter 

The MC1454BO is a general purpose per channel PCM Codec-Filter with pin 
selectable Mu-Law or A-Law companding, and is offered in 20-pin DIP and SOG 
packages. This device performs the voice digitization and reconstruction as well 
as the band limiting and smoothing required for PCM systems. This device is 
designed to operate in both synchronous and asynchronous applications and 
contains an on-chip precision reference voltage. 

This device has an input operational amplifier whose output Is the input to the 
encoder section. The encoder section immediately low-pass filters the analog 
signal with an active R-C filter to eliminate very high frequency noise from being 
modulated down to the passband by the switched capacitor filter. From the active 
R-C filter, the analog signal is converted to a differential signal. From this point, 
all analog signal processing Is done differentially. This allows processing of an 
analog signal that is twice the amplitude allowed by a single-ended design, which 
reduces the significance of noise to both the inverted and non-Inverted signal 
paths. Another advantage of this differential design is that noise injected via the 
power supplies Is a common-mode Signal that Is cancelled when the Inverted and 
non- inverted signals are recombined. This dramatically Improves the power 
supply rejection ratio. 

After the differential converter, a differential switched capacitor filter band
passes the analog signal from 200 Hz to 3400 Hz before the signal is digitized 
by the differential compressing AID converter. 

The decoder accepts PCM data and expands it using a differential D/Aconverter. 
The output of the D/A is low-pass filtered at 3400 Hz and slnXlX compensated 
by a differential switched capacitor filter. The signal Is then filtered by an active 
R-C filter to eliminate the out of band energy of the switched capacitor filter. 

The MC1454BO PCM codec-filter accepts a variety of clock formats, including 
Short Frame Sync, Long Frame Sync, IDL, and GCI timing environments. This 
device also maintains compatibility with Motorola's family of Telecommunication 
products, including the MC14LC5472 U-Interface Transceiver, MC145474175 SIT 
Interface Transceiver, MC145532 ADPCM Transcoder, MC145422126 UDLT-1, 
MC145421/25 UDLT-2, and MC3419/MC33120 SLiC. 

The MC145480 PCM codec-filter utilizes CMOS due to its reliable low-power 
performance and proven capability for complex analog/digital VLSI functions. 

• Single 5 V Power Supply 
• Typical Power Dissipation of 23 mW, Power Down of 0.01 mW 
• Fully Differential Analog Circuit Design for Lowest Noise 
• Transmit Band-Pass and Receive Low-Pass Filters on Chip 
• Active R-C Pre-Filtering and Post-Filtering 
• Mu-Law and A-Law Companding by Pin Selection 
• On-Chip Precision Reference Voltage (1.575 V) 
• Push-Pull 300 n Power Drivers with External Gain Adjust 
• MC145536EVK is the evaluation kit that also includes the MC145532 ADPCM 

Transcoder 

MC145480 

PSUFFIX 
PLASTIC DIP 

CASE73B 

OW SUFFIX 
SOG 

CASE 7510 

PIN ASSIGNMENT 

RO+ VAG 

RO- TI+ 

PI TI-

PO- TG 

PO+ MulA 

VOD Vss 
FSR FST 

DR DT 

BeLKR BCLKT 
POI MCLK 

This document contains Infonnation on a new product. Specifications and Information herein are subject to chango wHhout notice. 
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Figure 1. MC14548D PCM Codec-Filter Block Diagram 

DEVICE DESCRIPTION 

A PCM codec-filter is used for digitizing and reconstructing 
the human voice. These devices are used primarily for the 
telephone network to facilitate voice switching and transmis
sion. Once the voice is digitized, it may be switched by digital 
switching methods or transmitted long distance (T1, micro
wave, satellites, etc.) without degradation. The name codec 
is an acronym from "COder" forthe analog-to-digital converter 
(ADC) used to digitize voice, and "DECoder" for the 
digital-to-analog converter (DAC) used for reconstructing 
voice. A codec is a single device that does both the ADC and 
DAC conversions. 

To digitize intelligible voice requires a signal-to-distortion 
ratio of about 30 dB over a dynamic range of about 4D dB. 
This may be accomplished with a linear 13-bit ADC and DAC, 
but will far exceed the required signal-to-distortion ratio at 
larger amplitudes than 40 dB below the peak amplitude. This 
excess performance is at the expense of data per sample. 
Two methods of data reduction are implemented by 
compressing the 13-bit linear scheme to companded pseudo
logarithmic a-bit schemes. The two companding schemes are: 
Mu-255 Law, primarily in North America and Japan, and 
A-Law, primarily used in Europe. These companding schemes 
are accepted worldwide. These companding schemes foll~w 
a segmented or "piecewise-linear" curve formatted as sign 
bit, three chord bits, and four step bits. For a given chord, all 
sixteen of the steps have the same voltage weighting. As the 
voltage of the analog input increases, the four step bits 
increment and carry to the three chord bits which increment. 
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When the chord bits increment, the step bits double their 
voltage weighting. This results in an effective resolution of s!x 
bits (sign + chord + four step bits) across a 42 dB dynamiC 
range (seven chords above 0, by 6 dB per chord). 

In a sampling environment, Nyquist theory says that to 
properly sample a continuous signal, it must be sampled at 
a frequency higher than twice the signal's highest frequency 
component. Voice contains spectral energy above 3 kHz, but 
its absence is not detrimental to intelligibility. To reduce the 
digital data rate, which is proportional to the sampling rate, 
a sample rate of a kHz was adopted, consistent with a 
bandwidth of 3 kHz. This sampling requires a low-pass filter 
to limit the high frequency energy above 3 kHz from distorting 
the in band signal. The telephone line is also subject to 50/60 
Hz power line coupling, which must be attenuated fro~ ~he 
signal by a highpass filter before the analog-to-dlgltal 
converter. 

The digital-to-analog conversion process recons~ructs a 
staircase version of the desired inband signal, which has 
spectral images of the inband si.gnal modulated ab~ut the 
sample frequency and its harmOniCs. These spectral Images 
are called aliasing components, which need to be attenuated 
to obtain the desired signal. The low-pass filter used to 
attenuate these aliasing components is typically called a 
reconstruction or smoothing filter. 

The MC1454aO PCM codec-fiIter has the codec, both 
presampling and reconstruction filters, a precision voltage 
refer- ence on chip, and requires no external components. 
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POWER SUPPLY 

VOO 

PIN DESCRIPTION 

Positive Power Supply (Pin 6) 
This Is the most positive power supply and is typically 

connected to +5 V. This pin should be decoupledto VSS with 
a 0.1 !!F ceramic capacitor. 

VSS 
Negative Power Supply (Pin 15) 

This is the most negative power supply and is typically 
connected to 0 V. 

VAG 
Analog Ground Output (Pin 20) 

This output pin provides a mid-supply analog ground 
regulated to 2.4 V. This pin should be decoupled to VSS with 
a 0.01 !!F to 0.1 !!F ceramic capacitor. All analog signal 
processing within this device is referenced to this pin. If the 
audio signals to be processed are referenced to VSS, then 
special precautions must be utilized to avoid noise between 
VSS and the VAG pin. Refer to the applications information in 
this document for more information. The VAG pin becomes 
high impedance when this device is in the powered down 
mode. 

CONTROL 

MulA 
MulA Law Select (Pin 16) 

This pin controls the compression for the encoder and the 
expansion for the decoder. Mu-Law companding is selected 
when this pin is connected to VDD and A-Law companding 
is selected when this pin is connected to VSS. 

PDI 
Power Down Input (Pin 10) 

This pin puts the device into a low power dissipation mode 
when a logic 0 is applied. When this device is powered down, 
all of the clocks are gated off and all bias currents are turned 
off, which causes RO+, RO-, PO-, PO+, TG, VAG, and DT 
to become high impedance. The device will operate normally 
when a logic 1 is applied to this pin. The device goes through 
a power-up sequence when this pin is taken to a logic 1 state, 
which prevents the DT PCM output from going low 
impedance for at least two FST cycles. The filters must settle 
out before the DT PCM output or the RO+ or RO- receive 
analog outputs will represent a valid analog signal. 

ANALOGIN.TERFACE 

TI+ 
Transmit Analog Input (Non-Inverting) (Pin 19) 

This is the non-inverting input of the transmit input gain 
setting operational amplifier. This pin accommodates a 
differential to single ended circuit for the input gain setting 
op amp. This allows input signals that are referenced to the 
VSS pin to be level shifted to the VAG pin with minimum noise. 
This pin may be connected to the VAG pin for an inverting 
amplifier configuration if the input signal is already 
referenced to the VAG pin. The common mode range of the 
TI+ and TI- pins is from 1.2 V, to VDD minus 2 V. This is 
an FET gate input. Connecting both TI+ and TI- pins to VDD 
will place this amplifier's output (TG) into a high-impedance 
state, thus allowing the TG pin to serve as a high-impedance 
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input to the transmit filter. 

TI-
Transmit Analog Input (Inverting) (Pin 18) 

This is the inverting input of the transmit gain setting 
operational amplifier. Gain setting resistors are usually 
connected from this pin to TG and from this pin to the analog 
signal source. The common mode range of the TI+ and TI
pins is from 1.2 V to VDD -2 V. This is an FET gate input. 
Connecting both TI+ and TI- pins to VDD will place this 
amplifier's output (TG) into a high-impedance state, thus 
allowing the TG pin to serve as a high-impedance input to the 
transmit filter. 

TG 
Transmit Gain (Pin 17) 

This is the output of the transmit gain setting operational 
amplifier and the input to the transmit band-pass filter. This 
op amp is capable of driving a 2 kn load. Connecting both 
TI+ and TI- pins to VDD will place this amplifier's output (TG) 
into a high-impedance state, thus allowing the TG pin to serve 
as a high-impedance input to the transmit filter. All signals at 
this pin are referenced to the VAG pin. This pin is high impe
dance when the device is in the powered down mode. 

RO+ 
Receive Analog Output (Non-Inverting) (Pin 1) 

This is the non-inverting output of the receive smoothing 
filter from the digital-to-analog converter. This output is 
capable of driving a 2 kn load to 1.575 V peak referenced 
to the VAG pin. This pin is high impedance when the device 
is in the powered down mode. 

RO-
Receive Analog Output (Inverting) (Pin 2) 

This is the inverting output of the receive smoothing filter 
from the digital-to-analog converter. This output is capable of 
driving a 2 kn load to 1.575 V peak referenced to the VAG 
pin. This pin is high impedance when the device is in the 
powered down mode. 

PI 
Power Amplifier Input (Pin 3) 

This is the inverting input to the PO- amplifier. The 
non-inverting input to the PO- amplifier is internally tied to 
the VAG pin. The PI and PO- pins are used with external 
resistors in an inverting op amp gain circuit to set the gain 
of the PO+ and PO- push-pull power amplifier outputs. 
Connecting PI to VDD will power down the power driver 
amplifiers and the PO+ and PO- outputs will be high 
impedance. 

PO-
Power Amplifier Output (Inverting) (Pin 4) 

This is the inverting power amplifier output, which is used 
to provide a feedback signal to the PI pin to set ·the gain of 
the push-pull power amplifier outputs. This pin is capable of 
driving a 300 n load to PO+. The PO+ and PO- outputs are 
differential (push-pull) and capable of driving a 300 n load to 
3.15 V peak, which is 6.3 V peak-to-peak. The bias voltage 
and signal reference of this output is the VAG pin. The VAG 
pin cannot source or sink as much current as this pin, and 
therefore low impedance loads must be between PO+ and 
PO-. Connecting PI to VDD will power down the power driver 
amplifiers and the PO+ and PO- outputs will be high 
impedance. This pin is also high impedance when the device 
is powered down by the PDI pin. 
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PO+ 
Power Amplifier Output (Non-Inverting) (Pin 5) 

This is the non-inverting power amplifier output, which is 
an inverted version of the signal at PO-. This pin is capable 
of driving a 300 n load to PO-. Connecting PI to VDD will 
power down the power driver amplifiers and the PO+ and 
PO- outputs will be high impedance. This pin is also high 
impedance when the device is powered down by the PDI 
pin. See PI and PO- for more information. 

DIGITAL INTERFACE 

MClK 
Master Clock (Pin 11) 

This is the master clock input pin. The clock signal applied 
to this pin is used to generate the internal 256 kHz clock and 
sequencing signals for the switched-capacitor filters, ADC, 
and DAC. The internal prescaler logic compares the clock on 
this pin to the clock at FST (8 kHz) and will automatically accept 
256, 512, 1536, 1544, 2048, 2560, or 4096 kHz. For MClK 
frequencies of 256 and 512 kHz, MClK must be synchronous 
and approximately rising edge aligned to FST. For optimum 
performance at frequencies of 1.536 MHz and higher, MClK 
should be synchronous and approximately rising edge aligned 
to the rising edge of FST. In many applications, MClK may 
be tied to the BClKT pin. 

FST 
Frame Sync, Transmit (Pin 14) 

This pin accepts an 8 kHz clock that synchronizes the output 
of the serial PCM data at the DT pin. This input is compatible 
with various standards including IDl, long Frame Sync, Short 
Frame Sync, and GCI formats. If both FST and FSR are held 
low for several 8 kHz frames, the device will power down. 

BClKT 
Bit Clock, Transmit (Pin 12) 

This pin controls the transfer rate of transmit PCM data. 
In thelDl and GCI modes it also controls the transfer rate 
of the receive PCM data. This pin can accept any bit clock 
frequency from 64 to 4096 kHz for long Frame Sync and 
Short Frame Sync timing. This pin can accept clock 
frequencies from 256 kHz to 4.096 MHz in IDl mode, and 
from 512 kHz to 6.176 MHz for GCI timing mode. 

DT 
Data, Transmit (Pin 13) 

This pin is controlled by FST and BClKT and is high 
impedance except when outputting PCM data. When 
operating in the IDl or GCI mode, data is output in either the 
B1 or B2 channel as selected by FSA. This pin is high 
impedance when the device is in the powered down mode. 

FSR 
Frame Sync, Receive (Pin 7) 

When used in the long Frame Sync or Short Frame Sync 
mode, this pin accepts an 8 kHz clock, which synchronizes 
the input of the serial PCM data at the DR pin. FSR can be 
asynchronous to FST in the long Frame Sync or Short Frame 
Sync modes. When an ISDN mode (IDl or GCI) has been 
selected with BClKR, this pin selects either B1 (logic 0) or 
B2 (logic 1) as the active data channel. 

BClKR 
Bit Clock, Receive (Pin 9) 

When used in the long Frame Sync or Short Frame Sync 
mode, this pin accepts any bit clock frequency from 64 to 4096 
kHz. When this pin is held at a logic 1, FST, BClKT, DT, and 
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DR become IDl Interface compatible. When this pin is held 
at a logic 0, FST, BClKT, DT, and DR become GCI Interface 
compatible. 

DR 
Data, Receive (Pin 8) 

This pin is the PCM data input, and when in a long Frame 
Sync or Short Frame Sync mode is controlled by FSR and 
BClKA. When in the IDl or GCI mode, this data transfer is 
controlled by FST and BClKT. FSR and BClKR select the 
B channel and ISDN mode, respectively. 

FUNCTIONAL DESCRIPTION 

ANALOG INTERFACE AND SIGNAL PATH 
The transmit portion of this device includes a low-noise, 

three-terminal op amp capable of driving a 2 kg load. This 
op amp has inputs of TI+ (Pin 19) and TI- (Pin 18) and its 
output is TG (Pin 17). This op amp is intended to be configured 
in an inverting gain circuit. The analog signal may be applied 
directly to the TG pin if this transmit op amp is independently 
powered down by connecting the TI+ and TI- inputs to the 
VDD power supply. The TG pin becomes high impedance 
when the transmit op amp is powered down. The TG pin is 
internally connected to a 3-pole anti-aliasing pre-filter. This 
pre-filter incorporates a 2-pole Butterworth active low-pass 
filter, followed by a single passive pole. This pre-filter is 
followed by a single-ended to differential converter that is 
clocked at 512 kHz. All subsequent analog processing utilizes 
fully differential circuitry. The next section is a fully-differential, 
5-pole switched-capacitor low-pass filter with a 3.4 kHz 
frequency cutoff. After this filter is a 3-pole switched-capacitor 
high-pass filter having a cutoff frequency of about 200 Hz. This 
highpass stage has a transmission zero at dc that eliminates 
any dc coming from the analog input or from accumulated op 
amp offsets in the preceding filter stages. The last stage of 
the highpass filter is an autozeroed sample and hold amplifier. 

One bandgap voltage reference generator and digital-to
analog converter (DAC) are shared by the transmit and 
receive sections. The autozeroed, switched-capacitor band
gap reference generates precise positive and negative 
reference voltages that are virtually independent of tempera
ture and power supply voltage. A binary-weighted capacitor 
array (CDAC) forms the chords of the companding structure, 
while a resistor string (RDAC) implements the linear steps 
within each chord. The encode process uses the DAC, the 
voltage reference, and a frame-by-frame autozeroed 
comparator to implement a successive-approximation con
version algorithm. All of the analog circuitry involved in the 
data conversion (the voltage reference, RDAC, CDAC, and 
comparator) are implemented with a differential architecture. 

The receive section includes the DAC described above, a 
sample and hold amplifier, a 5-pole, 3400 Hz switched 
capacitor low-pass filter with sinXlX correction, and a 2-pole 
active smoothing filter to reduce the spectral components of 
the switched capacitor filter. The output of the smoothing filter 
is buffered by an amplifier, which is output at the RO+ and 
RO- pins. These outputs are capable of driving a 4 kn load 
differentially or a 2 kg load to the VAG pin. The MC145480 
also has a pair of power amplifiers that are connected in a 
push-pull configuration. The PI pin is the inverting input to the 
PO- power amplifier. The non-inverting input is internally tied 
to the VAG pin. This allows this amplifier to be used in an 
inverting gain circuit with two extemal resistors. The PO+ 
amplifier has a gain of minus one, and is internally connected 
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to the PO- output. This complete power amplifier circuit is 
a differential (push-pull) amplifier with adjustable gain that is 
capable of driving a 300 n load to +12 dBm. The power 
amplifier may be powered down independently of the rest of 
the chip by connecting the PI pin to VDD. 

POWER DOWN 
There are two methods of putting this device into a low 

power consumption mode, which makes the device 
nonfunctional and consumes virtually no power. PDI is the 
power down input pin which, when taken low, powers down 
the device. Another way to power the device down is to hold 
both the FST and FSR pins low. When the chip is powered 
down, the VAG, TG, RO+, RO-, PO+, PO-, and DT outputs 
are high impedance. To return the chip to the power up state, 
PDI must be high and either the FST or the FSR frame sync 
pulse must be present. The DT output will remain in a 
high-impedance state for at least two FST pulses after power 
up. 

MASTER CLOCK 

Since this codec-filter design has a single DAC architecture, 
the MCLK pin is used as the master clock for all analog signal 
processing including analog-to-digital conversion, digital-to
analog conversion, and for transmit and receive filtering 
functions of this device. The clock frequency applied to the 
MCLK pin may be 256 kHz, 512 kHz, 1.536 MHz, 1.544 MHz, 
2.048 MHz, 2.56 MHz, or 4.096 MHz. This device has a 
prescalerthat automatically determines the proper divide ratio 
to use for the MCLK input, which achieves the required 256 
kHz internal sequencing clock. The clocking requirements of 
the MCLK input are independent of the PCM data transfer 
mode (i.e., Long-Frame Sync, Short-Frame Sync, IDL mode 
or GCI mode). 

DIGITALVO 

The MC145480 is pin selectable for Mu-Law or A-Law. Table 
1 shows the 8-bit data word format for positive and negative 
zero and full scale for both companding schemes (see Tables 
3 and 4 at the end of this document for a complete PCM word 
conversion table). Table 2 shows the series of eight PCM 
words for both Mu-Law and A-Law that correspond to a digital 
milliwatt. The digital mW is the 1 kHz calibration signal 
reconstructed by the DAC that defines the absolute gain or 
o dBmO Transmission Level Point (TLP) of the DAC. The 
o dBmO level for Mu-Law is 3.17 dB below the maximum level 
for an unclipped tone signal. The 0 dBmO level for A-Law is 

3.14 dB below the maximum level for an unclipped tone signal. 
The timing for the PCM data transfer is independent of the 
companding scheme selected. Refer to Figure 2 for a 
summary and comparison of the four PCM data interface 
modes of this device. 

Long Frame Sync 
Long Frame Sync Is the industry name for one type of 

clocking format that controls the transfer of the PCM data 
words. (Refer to Figure 2a) The "Frame Sync" or "Enable" 
is used for two specific synchronizing functions. The first is 
to synchronize the PCM data word transfer, and the second 
is to control the internal analog-to-digital and digital-to-analog 
conversions. The term "Sync" refers to the function of 
synchronizing the PCM data word onto or off olthe multiplexed 
serial PCM data bus, which is also known as a PCM highway. 
The term "Long" comes from the duration of the frame sync 
measured in PCM data clock cycles. Long Frame Sync timing 
occurs when the frame sync is used directly as the PCM data 
output driver enable. This results in the PCM output going low 
impedance with the rising edge of the transmit frame sync, 
and remaining low impedance for the duration of the transmit 
frame sync. 

The implementation of Long Frame Sync has maintained 
compatibility and been optimized for external clocking 
simplicity. This optimization includes the PCM data output 
going low impedance with the logical AND of the transmit 
frame sync (FST) with the transmit data bit clock (BCLKT). 
The optimization also includes the PCM data output (DT) 
remaining low impedance until the middle of the LSB (seven 
and a half PCM data clock cycles) or until the FST pin is taken 
low, whichever occurs last. This requires the frame sync to 
be approximately rising edge aligned with the initiation of the 
PCM data word transfer, but the frame sync does not have 
a precise timing requirementforthe end olthe PCM data word 
transfer. The device recognizes Long Frame Sync clocking 
when the frame sync is held high for two consecutive falling 
edges of the transmit data clock. The transmit logic decides 
on each frame sync whether it should interpret the next frame 
sync pulse as a Long or a Short Frame Sync. This decision 
is used for receive circuitry also. The device is designed to 
prevent PCM bus contention by not allowing the PCM data 
output to go low impedance for at least two frame sync cycles 
after power is applied or when coming out olthe powered down 
mode. 

Table 1. PCM Codes for Zero and Full Scale 

Level 

+ Full Scale 

+ Zero 

-Zero 

- Full Scale 
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Sign Bit 

1 

1 

0 

0 

Mu-Law 

Chord Bits Step Bits 

000 0000 

1 11 1111 

111 1111 

000 0000 

A-Law 

Sign Bit Chord Bits Step Bits 

1 010 1010 

1 101 0101 

0 101 0101 

0 010 1010 
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Table 2. PCM Codes for Digital mW 

Mu-Law A-Law 

Phase Sign Bit Chord Bits Step Bits Sign Bit Chord Bits Step Bits 

!tI8 0 001 1110 0 011 0100 

3!t18 0 000 1011 0 010 0001 

5!t18 0 000 1011 0 010 0001 

7!t18 0 001 1110 0 011 0100 

9!t18 1 001 1110 1 011 0100 

11!t18 1 000 1011 1 010 0001 

13!t18 1 000 1011 1 010 0001 

15!t18 1 001 1110 1 011 0100 

The receive side of the device is designed to accept the 
same frame sync and data clock as the transmit side and to 
be able to latch its own transmit PCM data word. Thus the 
PCM digital switch needs to be able to generate only one type 
of frame sync for use by both transmit and receive sections 
of the device. 

The logical AND of the receive frame sync with the receive 
data clock tells the device to start latching the S-bit serial word 
into the receive data input on the falling edges of the receive 
data clock. The internal receive logic counts the receive data 
clock cycles and transfers the PCM data word to the 
digital-to-analog converter sequencer on the ninth data clock 
rising edge. 

This device is compatible with four digital interface modes. 
To ensure that this device does not reprogram itself for a 
different timing mode, the BClKR pin must change logic state 
no less than every 125 1lS. The minimum PCM data bit clock 
frequency of 64 kHz satisfies this requirement. 

Short Frame Sync 
Short Frame Sync is the industry name for the type of 

clocking format that controls the transfer of the PCM data 
words (refer to Figure 2b). The "Frame Sync" or "Enable" 
is used for two specific synchronizing functions. The first is 
to synchronize the PCM data word transfer, and the second 
is to control the internal analog-to-digital and digital
to-analog conversions. The term "Sync" refers to the function 
of synchronizing the PCM data word onto or off of the 
multiplexed serial PCM data bus, which is also known as 
a PCM highway. The term "Short" comes from the duration 
of the frame sync measured in PCM data clock cycles. Short 
Frame Sync timing occurs when the frame sync is used as 
a "pre-synchronization" pulse that is used to tell the internal 
logic to clock out the PCM data word under complete control 
of the data clock. The Short Frame Sync is held high for 
one falling data clock edge. The device outputs the PCM 
data word beginning with the following rising edge of the data 
clock. This results in the PCM output going low Impedance 
with the rising edge of the transmit data clock, and remaining 
low impedance until the middle of the lSB (seven and a half 
PCM data clock cycles). 

The device recognizes Short Frame Sync clocking when 
the frame sync is held high for one and only one falling edge 
of the transmit data clock. The transmit logic decides on each 
frame sync whether it should interpret the next frame sync 
pulse as a long or a Short Frame Sync. This decision is used 
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for receive circuitry also. The device is designed to prevent 
PCM bus contention by not allowing the PCM data output to 
go low impedance for at least two frame sync cycles after 
power is applied or when coming out of the powered down 
mode. 

The receive side of the device is designed to accept the 
same frame sync and data clock as the transmit side and to 
be able to latch its own transmit PCM data word. Thus the 
PCM digital switch needs to be able to generate only one type 
of frame sync for use by both transmit and receive sections 
of the device. 

The falling edge of the receive data clock latching a high 
logic level at the receive frame sync input tells the device to 
start latching the S-bit serial word into the receive data input 
on the following eight falling edges of the receive data clock. 
The internal receive logic counts the receive data clock cycles 
and transfers the PCM data word to the digital-to-analog 
converter sequencer on the rising data clock edge after the 
lSB has been latched into the device. 

This device is compatible with four digital interface modes. 
To ensure that this device does not reprogram itself for a 
different timing mode, the BClKR pin must change logic state 
no less than every 1251lS. The minimum PCM data bit clock 
frequency of 64 kHz satisfies this requirement. 

Interchip Digital Link (IDL) 
The Interchip Digital Link (IDl) Interface is one of two 

standard synchronous 2B+D ISDN timing interface modes 
with which this device is compatible. In the IDl mode, the 
device can communicate In either of the two 64 kbps 
B channels (refer to Figure 2c for sample timing). The IDl 
mode is selected when the BClKR pin is held high for two 
or more FST (IDl SYNC) rising edges. The digital pins that 
control the transmit and receive PCM word transfers are 
reprogrammed to accommodate this mode. The pins affected 
are FST, FSR, BClKT, DT and DR. The IDl Interface consists 
of four pins: IDl SYNC (FST), IDl ClK (BClKT), IDl TX (DT), 
and IDl RX (DR). The IDl interface mode provides access 
to both the transmit and receive PCM data words with common 
control clocks of iDl Sync and IDl Clock. In this mode, the 
FSR pin controls whether the B1 channel or the B2 channel 
is used for both transmit and receive PCM data word transfers. 
When the FSR pin is low, the transmit and receive PCM words 
are transfered in the B1 channel, and for FSR high the B2 
channel is selected. The start of the B2 channel is ten IDl 
ClK cycles after the start of the B1 channel. 
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FST(FSR) 

BCLKT (BCLKR) 

DT 

DON'T CARE 

Figure 2a. Long Frame Sync (Transmit and Receive have individual clocking) 

FST(FSR) 

BCLKT (BCLKR) 

DT 2 6 7 

DR I DON'T CARE I 3 4 DON'T CARE 

I DL SYNC (FST) 

IDL CLOCK (BCLKT) 

IDL TX (DT) 

IDLRX (DR) 

FSC (FST) 

DCL(BCLKT) 
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DoudDT) 

Din (DR) 

Figure 2b. Short Frame Sync (Transmit and Receive have Individual clocking) 

B1·CHANNEL (FSR = 0) B2·CHANNEL (FSR = 1) 

Figure 2c. IDL Interface - BCLKR = 1 (Transmit and Receive have common clocking) 

__ ~n~ ______________________________ _ 

4 7 Is H 4 6 7 lsi 
DON'T 

3 4 7 I sl 4 7 lsi DON'T CARE CARE 

B1·CHANNEL (FSR = 0) B2·CHANNEL (FSR = 1) 

Figure 2d. GCllnterface - BCLKR = 0 (Transmit and Receive have common clocking) 

Figure 2. Digital Timing Modes for the PCM Data Interface 
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The IDl SYNC (FST, Pin 14) is the input for the IDl frame 
synchronization signal. The signal at this pin is nominally high 
for one cycle of the IDl Clock signal and is rising edge aligned 
with the IDl Clock signal. (Refer to Figure 4 and the IDl Timing 
specifications for more details.) This event identifies the 
beginning of the IDl frame. The frequency of the IDl Sync 
signal is 8 kHz. The rising edge of the IDl SYNC (FST) should 
be aligned approximately with the rising edge of MClK. MClK 
must be one of the clock frequencies specified in the Digital 
Switching Characteristics table, and is typically tied to IDl ClK 
(BClKT). 

The IDlClK (BClKT, Pin 12) is the inputforthe PCM data 
clock. AlilDl PCM transfers and data control sequencing are 
controlled by this ciock following the IDl SYNC. This pin 
accepts an IDl data clock frequency of 256 kHz to 4.096 MHz. 

The IDl TX (DT, Pin 13) is the output for the transmit PCM 
data word. Data bits are output for the B1 channel on 
sequential rising edges of the IDl ClK signal beginning after 
the IDl SYNC pulse. If the B2 channel is selected, then the 
PCM word transfer starts on the eleventh IDl ClK rising edge 
after the IDl SYNC pulse. The IDl TX pin will remain low 
impedance forthe duration of the PCM word until the lSB after 
the falling edge of IDl ClK. The IDl TX pin will remain in a 
high impedance state when not outputting PCM data or when 
a valid IDl Sync signal is missing. 

The IDl RX (DR, Pin 8) is the input for the receive PCM 
data word. Data bits are inputforthe B1 channel on sequential 
falling edges of the IDl ClK signal beginning after the IDl 
SYNC pulse. If the B2 channel is selected, then the PCM word 
is latched in starting on the eleventh IDl ClK falling edge after 
the IDl SYNC pulse. 

General Circuit Interface (GCI) 
The General Circuit Interface (GCI) is the second of two 

standard synchronous 2B + D ISDN timing interface modes 
with which this device is compatible. In the GCI mode, the 
device can communicate in either of the two 64 kbps 
B-channels. (Refer to Figure 2d for sample timing.) The GCI 
mode is selected when the BClKR pin is held low for two 
or more FST (FSC) rising edges. The digital pins that control 
the transmit and receive PCM word transfers are repro
grammed to accommodate this mode. The pins affected are 
FST, FSR, BClKT, DT and DR. The GCI Interface consists 
of four pins: FSC (FST), DCl (BClKT), Dout (DT), and Din 
(DR). The GCI interface mode provides access to both the 
transmit and receive PCM data words with common control 
clocks of FSC (frame synchronization clock) and DCl (data 
clock). In this mode, the FSR pin controls whether the B1 
channel or the B2 channel is used for both transmit and 
receive PCM data word transfers. When the FSR pin is low, 
the transmit and receive PCM words are transfered in the 
B1 channel, and for FSR high the B2 channel is selected. 
The start of the B2 channel is 16 DCl cycles after the start 
of the B1 channel. 

The FSC (FST, Pin 14) is the input for the GCI frame 
synchronization signal. The signal atthis pin is nominally rising 
edge aligned with the DCl clock signal. (Refer to Figure 6 
and the GCI Timing specifications for more details.) This event 
identifies the beginning of the GCI frame. The frequency of 
the FSC synchronization signal is 8 kHz. The rising edge of 
the FSC (FST) should be aligned approximately with the rising 
edge of MClK. MClK must be one of the clock frequencies 
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specified in the Digital Switching Characteristics table, and 
is typically tied to DCl (BClKT). 

The DCl (BClKT, Pin 12) is the input for the clock that 
controls the PCM data transfers. The clock applied at the DCl 
input is twice the actual PCM data rate. The GCI frame begins 
with the logical AND of the FSC with the DCL. This event 
initiates the PCM data word transfers for both transmit and 
receive. This pin accepts a GCI data clock frequency of 
512 kHz to 6.176 MHz for PCM data rates of 256 kHz to 3.088 
MHz. 

The GCI Dout (DT, Pin 13) is the output for the transmit 
PCM data word. Data bits are output for the B1 channel on 
alternate rising edges of the DCl clock signal, beginning with 
the FSC pulse. If the B2 channel is selected, then the PCM 
word transfer starts on the seventeenth DCl rising edge after 
the FSC rising edge. The Dout pin will remain low impedance 
for 15-112 DCl clock cycles. The Dout pin becomes high 
impedance after the second falling edge of the DCl clock 
during the lSB of the PCM word. The Dout pin will remain 
in a high-impedance state when not outputting PCM data 
or when a valid FSC signal is missing. 

The Din (DR, Pin 8) is the input for the receive PCM data 
word. Data bits are latched in for the B1 channel on alternate 
rising edges of the DCl clock Signal, beginning with the 
second DCl clock after the rising edge of the FSC pulse. If 
the B2 channel is selected then the PCM word is latched in 
starting on the eighteenth DCl rising edge after the FSC rising 
edge. 

PRINTED CIRCUIT BOARD LAYOUT 
CONSIDERATIONS 

The MC145480 is manufactured using high-speed CMOS 
VlSI technology to implement the complex analog signal 
processing functions of a PCM codec-filter. The fully 
differential analog circuit design techniques used for this 
device result in superior performance for the switched 
capacitor filters, the analog-to-digital converter (ADC) and the 
digital-to-analog converter (DAC). Special attention was given 
to the design of this device to reduce the sensitivities of noise, 
including power supply rejection and susceptibility to radio 
frequency noise. This special attention to design includes a 
fifth order low-pass filter, followed by a third order high-pass 
filter whose output is converted to a digital signal with greater 
than 75 dB of dynamic range, all operating on a single 5 V 
power supply. This results in a Mu-law lSB size for small 
audio signals of about 38611V. The typical idle channel noise 
level of this device is less than one lSB. In addition to the 
dynamic range of the codec/filter function of this device, the 
input gain-setting op amp has the capability of greater than 
35 dB of gain intended for an electret microphone interface. 

This device was designed for ease of implementation, but 
due to the large dynamic range and the noisy nature of the 
environmentforthis device (digital switches, radio telephones, 
DSP front-end, etc.) special care must be taken to assure 
optimum analog transmission performance. 

PC BOARD MOUNTING 
It is recommended that the device be soldered to the PC 

board for optimum noise performance. If the device is to be 
used in a socket, it should be placed in a low parasitic pin 
inductance (generally, low-profile) socket. 
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Power Supply, Ground, and Noise 
Considerations 

This device is intended to be used in switching applications 
which often require plugging the PC board into a rack with 
power applied. This is known as "hot-rack insertion." In these 
applications care should be taken to limit the voltage on any 
pin from going positive of the VDD pins, or negative of the 
VSS pins. One method is to extend the ground and power 
contacts of the PCB connector. The device has input 
protection on all pins and may source or sink a limited 
amount of current without damage. Current limiting may be 
accomplished by series resistors between the signal pins and 
the connector contacts. 

The most important considerations for PCB layout deal with 
noise. This includes noise on the' power supply, noise 
generated by the digital circuitry on the device, and cross 
coupling digital or radio frequency signals into the audio 
signals of this device. The best way to prevent noise is to: 

1. Keep digital signals as far away from audio signals as 
possible. 

2. Keep radio frequency signals as far away from the 
audio signals as possible. 

3. Use short, low inductance traces for the audio circuitry 
to reduce inductive, capacitive, and radio frequency 
noise sensitivities. 

4. Use short, low inductance traces for digital and RF 
circuitry to reduce inductive, capacitive, and radio 
frequency radiated noise. 

5. Bypass capacitors should be connected from the VDD 
and VAG pins to VSS with minimal trace length. Ceramic 
monolithic capacitors of about 0.1 IlF are acceptable 
to decouple the device from its own noise. The VDD 
capacitor helps supply the instantaneous currents of 
the digital circuitry in addition to decoupling the noise 
which may be generated by other sections of the 
device or other circuitry on the power supply. The VAG 
decoupling capacitor helps to reduce the impedance 
of the VAG pin to VSS at frequencies above the band
width of the VAG generator, which reduces the 
susceptibility to RF noise. 

6. Use a short, wide, low inductance trace to connect the 
VSS ground pin to the power supply ground. The VSS 
pin is the digital ground and the most negative power 
supply pin for the analog circuitry. All analog signal 
processing is referenced to the VAG pin, but because 
digital and RF circuitry will probably be powered by 
this same ground, care must be taken to minimize high 
frequency noise in the VSS trace. Depending on the 
application, a double sided PCB with a VSS ground 
plane connecting all of the digital and analog VSS pins 
together would be a good grounding method. A multi
layer PC board with a ground plane connecting all of 
the digital and analog VSS pins together would be the 
optimal ground configuration. These methods will re
sult in the lowest resistance and the lowest inductance 
in the ground circuit. This is important to reduce voltage 
spikes in the ground circuit resulting from the high 
speed digital current spikes. The magnitude of digitally 
induced voltage spikes may be hundreds of times 
larger than the analog signal the device is required to 
digitize. 

MC145480 
2-830 

7. Use a short, wide, low inductance trace to connect the 
VDD power supply pin to the 5 V power supply. De
pending on the application, a double sided PCB with 
VDD bypass capacitors to the VSS ground plane, as 
described above, may complete the low impedance 
coupling for the power supply. For a multilayer PC 
board with a power plane, connecting all of the VDD 
pins to the power plane would be the optimal power 
distribution method. The integrated circuit layout and 
packaging considerations for the 5 V VDD power circuit 
are essen- tially the same as for the VSS ground circuit. 

8. The VAG pin is the reference for all analog signal 
processing. In some applications the audio signal to 
be digitized may be referenced to the VSS ground. To 
reduce the susceptibility to noise at the input of the 
ADC section, the three terminal op amp may be used 
in a differential to single ended circuit to provide level 
conversion from the VSS ground to the VAG ground with 
noise cancellation. The op amp may be used for more 
than 35 dB of gain in microphone interface circuits, 
which will require a compact layout with minimum trace 
lengths as well as isolation from noise sources. It is 
recommended that the layout be as symmetrical as 
possible to avoid any imbalances which would reduce 
the noise cancelling benefits of this differential op amp 
circuit. Refer to the application schematics for exam
ples of this circuitry. 
If possible, reference audio signals to the VAG pin 
instead of to the VSS pin. Handset receivers and tele
phone line interface circuits using transformers may 
be audio signal referenced completely to the VAG pin. 
Refer to the application schematics for examples of 
this circuitry. The VAG pin cannot be used for ESD or 
line protection. 

9. For applications using multiple MC145480 PCM co
dec-filters, the VAG pins cannot be tied together. The 
VAG pins are capable of sourcing and sinking current 
and will each be driving the node, which will result in 
large contention currents, crosstalk susceptibilities, 
and increased noise. 

10. The MC145480 is fabricated with advanced high speed 
CMOS technology'that is capable of responding to 
noise pulses on the clock pins of 1 ns or less. It should 
be noted that noise pulses of such short duration may 
not be seen with oscilloscopes that have less band
width than 600 MHz. The most often encountered 
sources of clock noise spikes are inductive or capaci
tive coupling of high-speed logic Signals, and ground 
bounce. The best solution for addressing clock spikes 
from coupling is to separate the traces and use short 
low inductance PC board traces. To address ground 
bounce problems, all integrated circuits should have 
high frequency bypass capacitors directly across their 
power supply pins, with low inductance traces for 
ground and power supply. A less than optimum solution 
may be to limit the bandwidth of the trace by adding 
series resistance and/or capacitance at the input pin. 
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MAXIMUM RATINGS (Voltages Referenced to VSS Pin) 

Rating Symbol 

DC Supply Voltage VDD 

Voltage on any Analog Input or Output Pin 

Voltage on any Digital Input or Output Pin 

Operating Temperature Range TA 

Storage Temperature Range Tstg 

POWER SUPPLY (TA = - 40 to + 85°C) 

Characteristics Min 

DC Supply Voltage 4.75 

Active Power Dissipation (No Load, PI " VDD - 0.5 V) -
(No Load, PI ~ VDD - 1.5 V) -

Power Down Dissipation (VIH for logic levels must be " 3.0 V) PDI=VSS -
FST and FSR = VSS, PDI = VDD -

DIGITAL LEVELS (VDD = + 5 V ± 5%, VSS = 0 V, TA = - 40 to + 85°C) 

Characteristics Symbol 

Input Low Voltage VIL 

Input High Voltage VIH 

Output Low Voltage (DT pin, iOL = 2.5 rnA) VOL 

Output High Voltage (DT pin, IOH = - 2.5 rnA) VOH 

Input Low Current (VSS ~ Yin ~ VDD) IlL 

Input High Current (VSS ~ Yin ~ VDD) IIH 

Output Current in High Impedance State (VSS ~ DT ~ VDD) IOZ 

Input Capacitance of Digital Pins (except DT) Cin 

Input Capacitances of DT pin when High-Z Cout 
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Value 

- 0.5 to 6 

VSS - 0.3 to VDD + 0.3 

VSS - 0.3 to VDD + 0.3 

-40 to + 85 

- 85 to+150 

Typ Max 

5.0 5.25 

23 33 
25 35 

0.01 0.5 
0.1 1.0 

Min Max 

- 0.6 

2.2 -

- 0.4 

VDD-0.5 -

-10 +10 

-10 +10 

-10 + 10 

- 10 

- 15 

Unit 

V 

V 

V 

°c 

°c 

Unit 

V 

mW 

mW 

Unit 

V 

V 

V 

V 

ItA 

ItA 

J.lA 

pF 

pF 
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ANALOG ELECTRICAL CHARACTERISTICS (VDD = + 5 V ± 5%, VSS = 0 V, TA = - 40 to + 85°C) 

Characteristics Min Typ Max Unit 

Input Current TI+,TI- - ±0.1 ±1.0 I1A 
AC Input Impedance to VAG (1 kHz) TI+,TI- - 1.0 - Mn 

Input Capacitance TI+,TI- - - 10 pF 

Input Offset Voltage of TG Op Amp TI+,TI- - - ±5 mV 

Input Common Mode Voltage Range TI+, TI- 1.2 VDD-2.0 V 

Input Common Mode Rejection Ratio TI+, TI- - 60 - dB 

Gain Bandwidth Product (10kHz) of TG Op Amp (RL ~ 10 kn) - 3000 - kHz 

DC Open Loop Gain of TG Op Amp (RL ~ 10 kil) - 95 - dB 

Equivalent Input Noise (C-Mess) Between TI+ and TI- at TG - -30 - dBmC 

Output Load Capacitance for TG Op Amp 0 - 100 pF 

Output Voltage Range for TG V 
(RL = 10 k!l to VAG) 0.5 - VDD-0.5 
(RL = 2 kn to VAG) 1.0 - VDD-l.0 

Output Current (0.5 V S Vout S VDD - 0.5 V) TG, RO+, RO- ±1.0 - - mA 

Output Load Resistance to VAG TG, RO+, and RO- 2 - - kn 

Output Impedance (0 to 3.4 kHz) RO+or RO- - 1 - n 

Output Load Capacitance RO+or RO- O - 500 pF 

DC Output Offset Voltage of RO+ or Ro- Referenced to VAG - - ±25 mV 

VAG Output Voltage Referenced to VSS (No Load) 2.2 2.4 2.6 V 

VAG Output Current with ± 25 mV Change In Output Voltage ±2.0 ±10 - mA 

Power Supply Rejection Ratio Transmit 50 80 - dBC 
(0 to 100 kHz @100 mVrrns applied to VDD, Receive 50 75 -
C-Message Weighting, all analog signals 
referenced to VAG pin.) 

Power Drivers PI, PO+, PO-

Input Current (VAG - 0.5 V S PI S VAG + 0.5 V) PI - ±0.05 ±1.0 I1A 
Input Resistance (VAG - 0.5 V S PI S VAG + 0.5 V) PI 10 - - Mn 

Input Offset Voltage PI - - ±20 mV 

Output Offset Voltage of PO+ Relative to PO- (Inverted Unity Gain for PO-) - - ±50 mV 

Output Current (VSS + 0.7 V S PO+ or PO- S VDD - 0.7 V) ±10 - - mA 

PO+ or PO- Output Resistance (Inverted Unity Gain for PO-) - 1 - n 

Gain Bandwidth Product (10kHz, Open Loop for PO-) - 1000 - kHz 

Load Capacitance (PO+ or PO-to VAG, or PO+to PO-) 0 - 1000 pF 

Gain of PO+ Relative to PO- (RL = 300 n, + 3 dBmO, 1 kHz) -0.2 0 +0.2 dB 

Total Signal to Distortion at PO+ and PO- with a 300 n Differential Load 45 60 - dBC 

Power Supply Rejection Ratio Ot04kHz 40 55 - dB 
(0 to 25 kHz @ 100 mVrms applied to VDD. 4to 25 kHz - 40 -
PO- Connected to PI. Differential or measured 
referenced to VAG pin.) 
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ANALOG TRANSMISSION PERFORMANCE 
(VDD = + 5 V ± 5%, VSS = 0 V, All Analog Signals Referenced to VAG, 0 dBmO = 0.775 Vrms = +0 dBm @ 600 n, FST = FSR = 8 kHz, 
BCLKT = MCLK = 2.048 MHz Synchronous Operation, TA = - 40 to + 85°C, Unless Otherwise Noted) 

End-to-End AID D/A 

Characteristics Min Max Min Max Min 

Absolute Gain (0 dBmO @ 1.02 kHz, TA=25°C, VDD = 5.0 V) - - -0.25 +0.25 -0.25 

Absolute Gain Variation with Temperature o to +70°C - - - ±0.03 -
-40 to +85°C - - - ±0.05 -

Absolute Gain Variation with Power Supply (T A = 25°C) - - - ±0.03 -
Gain vs Level Tone (Mu-Law, Relative to -10 dBmO, 1.02 kHz) 

+ 3 to-40 dBmO @ Oto +85°C - - -0.25 +0.25 -0.20 
+ 3 to-40dBmO @-40toO°C - - -0.25 +0.25 -0.25 

- 40 to - 50 dBmO @ 0 to +85°C - - -0.8 +0.8 -0.5 
-40 to-50dBmO @-40toO°C - - -0.8 +0.8 -0.9 
- 50 to - 55 dBmO @ 0 to +85°C - - -1.3 +1.3 -1.0 
-50 to-55dBmO @-40toO°C - - -1.3 +1.3 -1.8 

Gain vs Level Pseudo Noise, CCITT G.712 
(A-Law, Relative to -10 dBmO) -10to-40dBmO - - -0.25 + 0.25 -0.25 

-40to-50 dBmO - - -0.60 +0.30 -0.30 
-50 to-55 dBmO - - -1.00 +0.45 -0.45 

Total Distortion, 1.02 kHz Tone (Mu-Law, C-Message Weighting) 
+3dBmO - - 34 - 34 

Oto-30 dBmO - - 36 - 36 
- 40 dBmO @ 0 to +85°C - - 30 - 30 
-40 dBmO @ -40 to O°C - - 28.5 - 28.5 

-45 dBmO - - 25 - 25 

Total Distortion, Pseudo Noise, CCITT G.714 (A-Law) 
- 3dBmO - - 30.0 - 30.0 

- 6 to - 27 dBmO - - 35.0 - 36.0 
-34dBmO - - 34.0 - 34.5 

- 40 dBmO @ 0 to +85°C - - 28.5 - 29.5 
- 40 dBmO @ - 40 to O°C - - 28.0 - 28.5 

-55dBmO - - 13.5 - 14.5 

Idle Channel Noise (For End-to-End and AID, See Note 1) 
(Mu-Law, C-Message Weighted) - - - 18 -
(A-Law, Psophometric Weighted) - - - -68 -

Frequency Response (Relative to 1.02 kHz @ 0 dBmO) 
15Hz - - - -40 -0.5 
50 Hz - - - -30 -0.5 
60 Hz - - - -26 -0.5 

200 Hz - - -1.0 -0.4 -0.5 
300 to 3000 Hz - - -0.20 +0.15 -0.15 

3300 Hz - - -0.35 +0.15 -0.35 
3400 Hz - - -0.8 0 -0.8 
4000 Hz - - - -14 -

4600 Hz to 100 kHz - - - -32 -
Inband Spurious (1.02 kHz @ 0 dBmO, Transmit and Receive) 

300 to 3000 Hz - -48 - -48 -
Out-of-Band Spurious at RO+ (300 to 3400 Hz @ 0 dBmO in) 

4600 to 7600 Hz - -30 - - -
7600 to 8400 Hz - -40 - - -

8400 to 100,000 Hz - -30 - - -
Idle Channel Noise Selective (8 kHz, Input = VAG, 30 Hz Bandwidth) - -70 - - -
Absolute Delay (1600 Hz) - - - 315 -
Group Delay Referenced to 1600 Hz 

500 to 600 Hz - - - 210 -40 
600 to 800 Hz - - - 130 -40 

800 to 1000 Hz - - - 70 -40 
1000 to 1600 Hz - - - 35 -30 
1600 to 2600 Hz - - - 70 -
2600 to 2800 Hz - - - 95 -
2800 to 3000 Hz - - - . 145 -

Crosstalk of 1020 Hz @ 0 dBmO from AID or D/A (Note 2) - - - -75 -
Intermodulation Distortion of two Frequencies of Amplitudes 

(- 4 to - 21 dBmO from the Range 300 to 3400 Hz) - -41 - -41 -

NOTES: 1. Extrapolated from a 1020 Hz @ - 50 dBmO distortion measurement to correct for encoder enhancement. 
2. Selectively measured while stimulated with 2667 Hz @ - 50 dBmO. 
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DIGITAL SWITCHING CHARACTERISTICS, LONG FRAME SYNC AND SHORT FRAME SYNC 
(VDD = +5 V±5%, VSS = OV, All Digital Signals Referenced to VSS, TA =-40 to + 85°C, Cl = 150 pF, Unless Otherwise Noted) 

Ref# Characteristics Min TyP Max Unit 

1 Master Clock Frequency for MClK - 256 - kHz 
- 512 -
- 1536 -
- 1544 -
- 2048 -
- 2560 -
- 4096 -

1 MClK Duty Cycle for 256 kHz Operation 45 - 55 % 

2 Minimum Pulse Width High for MClK (Frequencies of 512 kHz or Greater) 50 - - ns 

3 Minimum Pulse Width low for MClK (Frequencies of 512 kHz or Greater) 50 - - ns 

4 Rise Time for All Digital Signals - - 50 ns 

5 Fall Time for All Digital Signals -' - 50 ns 

6 Setup Time from MClK low to FST High 50 - - ns 

7 Setup Time from FST High to MClK low 50 - - ns 

8 Bit Clock Data Rate for BClKT or BClKR 64 - 4096 kHz 

9 Minimum Pulse Width High for BClKT or BClKR 50 - - ns 

10 Minimum Pulse Width low for BClKT or BClKR 50 - - ns 

11 Hold Time from BClKT (BClKR) low to FST (FSR) High 20 - - ns 

12 Setup Time for FST (FSR) High to BClKT (BClKR) low 80 - - ns 

13 Setup Time from DR Valid to BClKR low 0 - - ns 

14 Hold Time from BClKR low to DR Invalid 50 - - ns 

LONG FRAME SPECIFIC TIMING 

15 Hold Time from 2nd Period of BClKT (BClKR) low to FST (FSR) low 50 - - ns 

16 Delay Time from FST or BClKT, Whichever Is Later, to DT for Valid MSB Data - - 60 ns 

17 Delay Time from BClKT High to DT for Valid Chord and Step Bit Data - - 60 ns 

18 Delay Time from the later of the 8th BClKT Falling Edge, or the Failing Edge of FST to 10 - 60 ns 
DT Output High Impedance 

19 Minimum Pulse Width low for FST or FSR 50 - - ns 

SHORT FRAME SPECIFIC TIMING 

20 Hold Time from BClKT (BClKR) low to FST (FSR) low 50 - - ns 

21 Setup Time from FST (FSR) low to MSB Period of BClKT (BClKR) low 50 - - ns 

22 Delay Time from BClKT High to DT Data Valid 10 - 60 ns 

23 Delay Time from the 8th BClKT low to DT Output High Impedance 10 - 60 ns 
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Figure 3. Long Frame Sync Timing 
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Figure 4. Short Frame Sync Timing 
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DIGITAL SWITCHING CHARACTERISTICS FOR IDL MODE 
(VDD = 5.0 V ± 5%, TA = - 40 to + 85°C, Cl = 150 pF, See Figure 5, Note 1.) 

Ref# Characteristics Min Max Unit 

31 Time Between Successive IDl Syncs Note 2 

32 Hold Time of IDl SYNC After Falling Edge of IDl ClK 20 - ns 

33 Setup Time of IDl SYNC Before Falling Edge IDl ClK 60 - ns 

34 IDl Clock Frequency 256 4096 kHz 

35 IDl Clock Pulse Width High 50 - ns 

36 IDl Clock Pulse Width low 50 - ns 

37 Data Valid on IDl RX Before Falling Edge of IDl ClK 20 - ns 

38 Data Valid on IDl RX After Falling Edge of IDl ClK 75 - ns 

39 Falling Edge of IDl ClK to High Z on IDl TX 10 50 ns' 

40 Rising Edge of IDl ClK to low Z and Data Valid on IDl TX 10 60 ns 

41 Rising Edge of IDl ClK to Data Valid on IDl TX - 50 ns 

NOTES: 1. Measurements are made from the point at which the logic signal achieves the guaranteed minimum or maximum logiC level. 
2. In IDl mode, both transmit and receive 8-bit PCM words are accessed durtng Bl channel or both transmit and receive. 8-bit PCM words 

are accessed durtng the B2 channel as shown in Figure 5. IDl accesses must occur at a rate of 8 kHz (1251's interval). 

IDLE SYNC 
(FST) 

IDLCLOCK 
(BCLKT) 

IDL TX 
(DT) 

IDLRX 
(DR) 

~----------------------------{31r-------------------------------~ 

Figure 5. IDL Interface Timing 
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DIGITAL SWITCHING CHARACTERISTICS FOR GCI MODE 
(VDD = 5.0 V ± 5%, TA = - 40 to + 85°C, Cl = 150 pF, See Figure 6, Note 1.) 

Ref# Characteristics Min Max Unit 

42 Time Between Successive FSC Pulses Note 2 

43 DCl Clock Frequency 512 6176 kHz 

44 DCl Clock Pulse Width High 50 - ns 

45 DCl Clock Pulse Width low 50 - ns 

46 Hold Time of FSC After Falling Edge of DCl 20 - ns 

47 Setup Time of FSC to DCl Falling Edge 60 - ns 

48 Rising Edge of DCl (After Rising Edge of FSC) to low Impedance and Valid Data of Dout - 60 ns 

49 Rising Edge of FSC (While DCl is High) to low Impedance and Valid Data of Dout - 60 ns 

50 Rising Edge of DCl to Valid Data on Dout - 60 ns 

51 Second DCl Falling Edge During lSB to High Impedance of Dout 10 50 ns 

52 Setup Time of Din Before Rising Edge of DCl 20 - ns 

53 Hold Time of Din After DCl Rising Edge - 60 ns 

NOTES: 1. Measurements are made from the point at which the logic signal achieves the guaranteed minimum or maximum logic level. 
2 .. In GCI mode, both transmit and receive 8-bit PCM words are accessed during B1 channel or both transmit and receive 8-bit PCM 

words are accessed during the B2 channel as shown in Figure 6. GCI accesses must occur at a rate of 8 kHz (12511S interval). 

FSC 
(FST) 

DCl 
(BClKn 

D' (Olin 

FSC 
(FST) 

oCl 
(BClKT) 
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Table 3. Mu-Law Encode-Decode Characteristics 

Normalized Digital Code Normalized 
Chord Number Step Encode 

1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 Decode 
Number of Steps Size Decision 

Levels Sign I Chord I Chord I Chord I Step I Step I Step I Step 
Levels 

8159 1 0 0 0 0 0 0 0 8031 

8 16 256 7903 
: : 

4319 
1 0 0 0 1 1 1 1 4191 

4063 
: : 

7 16 128 2143 1 0 0 1 1 1 1 1 2079 
2015 

: : 
6 16 64 1055 

1 0 1 0 1 1 1 1 1023 
991 

: : 
5 16 32 511 1 0 1 1 1 1 1 1 495 

479 
: : 

4 16 16 239 1 1 0 0 1 1 1 1 231 
223 

: : 
3 16 8 103 

1 1 0 1 1 1. 1 1 99 
95 

: : 
2 16 4 35 

1 1 1 0 1 1 1 1 33 
31 

: : 
15 2 3 1 1 1 1 1 1 1 1 0 2 

1 1 
1 

1 1 1 1 1 1 1 1 0 
0 

NOTES: 
1. Characteristics are symmetrical about analog zero with sign bit = 0 for negative analog values. 
2. Digital code includes inversion of all magnitude bits. 
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Table 4. A-Law Encode-Decode Characteristics 

Normalized Digital Code 
Chord Number Slep Encode 

1 I 2 I 3 I 4 I 5 I 6 I 7 I Number of Sleps Size Decision 
Levels Sign I Chord I Chord I Chord I Slep I Slep I Slep I 
4096 

1 a 1 a 1 a 1 
3968 

7 16 128 : 
2176 

1 a 1 a a 1 a 
2048 

: 
6 16 64 1088 

1 a 1 1 a 1 a 
1024 

: 
5 16 32 544 

1 a a a a 1 a 
512 

: 
4 16 16 272 

1 a a 1 a 1 a 
256 

: 
3 16 8 136 

1 1 1 a a 1 a 
128 

: 
2 16 4 68 

1 1 1 1 a 1 a 
64 

: 
1 32 2 2 

1 1 a 1 a 1 a 
a 

NOTES: 
1. Characteristics are symmetrical about analog zero with sign bit = a for negative analog values. 
2. Digital code includes inversion of all even numbered bits. 
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Technical Summary 
Dual Data Link Controller 

This Technical Summary gives a brief overview of the MC145488 Dual Data 
Link Controller. The MC145488 is a two-channel ISDN LAPD controller with an 
on-chip direct memory access (DMA) controller. It is intended for ISDN terminal 
and switch applications where one or two channels of data will use HDLC-type 
protocols. The DDLC can also be used in local area, wide area network, and bridge 
router applications. Each serial interface can be clocked at data rates up to 10 
Mbps. The DDLC can operate with microprocessors using clock frequencies up 
to 20.5 MHz. 

The DDLC is ideally suited for use with the MC145474 SfT transceiver. The 
interchip digital link (IDL) easily connects the chips together, providing a powerful 
layer one/layer two ISDN solution. A serial control port is provided to efficiently 
control the MC145474 or other ISDN family devices. The DDLC is compatible 
with 68000 and 80186 bus structures. 

Note 
This document is a summary of principal features and operation of 
the DDLC. Please refer to the MC145488 DDLC data book for the 
complete description and electrical specifications. It can be ordered 
from your local Motorola sales office or from the Motorola Literature 
Distribution Center as MC1454881D. 

• Two Independent Full-Duplex Bit-Oriented Protocol Controllers Support 
- HDLC, SDLC, CCITT X.25, CCITT Q.921 (LAPD), and V.120 at Basic 
- and Primary Rates 

• Four Channel On-Chip DMA Controller 
- 64 Kbyte Address Range with Expansion Control 
- Internal Programmable Wait-State Generator 
- Two Buffer Descriptors for Each Receiver Channel 

• Compatible with 68000 and 80186 Bus Structures 
- Non-multiplexed 16- or 8-Bit Data Bus 
- Frame sizes up to 4096 bytes 

• Bit-Level HDLC Processing Including: 
- Flag Generation/Detection 
- Abort Generation/Detection 
- Zero Insertion/Deletion 
- CRC-CCITT Generation/Checking 
- Residue Bit Handler 

• TEI/SAPI Address Comparison 
- Three Address Comparisons 
- Wildcard Bits for Block Comparisons 

• Transparent Mode for Codec Compatibility 
• Programmable Interrupt Vector Generation 
• Two Independent Timers Configurable as a Watchdog Timer 
• Flexible Serial I nterface with: 

- IDL Interface for Connection to Other ISDN Family Devices 
- Timeslot Interface for Connection to PBX-Type Backplanes 
- Modem Interface for Other Applications 

• Supports CCITT Specification 1.460 
• Supports DMI Specification 3.1 Modes 0, 1, 2, and 3 
• Serial Control Port for ISDN Family Device Control 
• Low-Power CMOS with Automatic Power-Down 
• Serial Data Rates Up to 10 Mbps 
• DDLC Master Clock Up to 20.5 MHz 

MICROWIRE is a trademark of National Semiconductor, Inc. 
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GENERAL DESCRIPTION 

DDLC OVERVIEW 
The MC145488 Dual Data Link Controller (DDLG) is a 

high-performance two-channel protocol controller with an 
on-chip direct memory access controller (DMAC). Each 
channel has a full-duplex transceiver with independent 
protocol controllers to handle the bit-level tasks of HDLC-type 
bit-oriented protocols, including LAPB and LAPD. Each 
channel also has dedicated DMA controllers for transmit and 
receive. A transparent mode is provided which bypasses the 
protocol circuitry so that serial data may be directly transferred 
between the host processor's memory and the serial interface. 
The DDLC's microprocessor interface is configurable to 68000 
or 80186 systems and may be used in 8-bit or 16-bit bus 
modes. The DDLC's master clock can be obtained from 
microprocessor clocks up to 20.5 MHz. 

Each channel has a serial data interface which operates 
up to and above Tl or El primary rate speeds in three modes: 
IDL, Timeslot, and Modem. In the IDL (Interchip Digital Link) 
mode for ISDN applications, the IDL bus is supported. When 
in the IDL D channel mode, the DREQ and DGRNT access 
control lines to the ISDN D channel, through the MC145474 
srr transceiver, are enabled. The timeslot mode is used to 
connect the DDLC to PBX-type PCM highway backplanes. 
Both long-frame and short-frame timing are supported as well 
as synchronous transmit and receive. In the modem mode, 
each channel has its own separate transmit and receive clock 
inputs along with modem control lines (RTS, CTS, and CD). 
The two channels are independent and may be in different 
interface modes. 

A serial control port (SCP) is provided to pass control 
information to other devices in a system. The SCP is 
compatible with Motorola's Serial Peripheral Interface (SPI) 
and National Semiconductor's MICROWIRETM Plus. Two 
internal timers may be used for general purpose, low 
resolution timing of HDLC-type protocols. One of the timers 
may be configured as a watchdog timer to reset the entire 
system in the event of a hardware or software failure. 

Power consumption is an important aspect of ISDN terminal 
designs, and the DDLC was designed to use the minimum 
power possible while maintaining maximum functionality. The 
DDLC keeps power consumption to a minimum with an 
automatic power-down feature that tums off sections of 
circuitry that are not being used. Only those circuits that are 
actually used (e.g., when the CS pin is activated for a register 
read/write or when the DMA controller performs a bus 
transaction) enter the normal power state for the duration of 
the access and for any time required for internal processing. 

Two internal loopback functions and special chip and 
system test modes are available. The loopbacks are controlled 
by the host for on-line maintenance. The test modes are 
activated by bits in the master control register and provide 
access to the internal state machines. 

HDLC PROTOCOL OVERVIEW 
HDLC (High-Level Data Link Control) and its descendants, 

LAPB (Link Access ProtOCOl-Balanced) and LAPD (Link 
Access Protocol for the D channel), are bit-oriented 
synchronous protocols which are widely used in data 
communications systems. LAPB and LAPD share the basic 
format of HDLC but differ in minor aspects (see Figure 1). 

In the packet mode, the DDLC transmits and receives data 
in a format called a frame or packet. All frames start with an 
opening flag and end with a closing flag. Between the flags, 
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a frame contains an address field, control field, information 
field, and a cyclic redundancy check field (CRG). 

n BITS 1 16 BITS 

INFORMATION I CRC I 
BBITS 

FLAG I 
Figure 1. HDLC Frame Format 

Flag 
Theflag is the unique binary pattern (01111110).11 provides 

the frame boundary and a reference for the position of each 
field of the frame. 

Address Field 
The 8- or 16-bits following the opening flag comprise the 

address field. The address field is used to distinguish between 
the various devices in a network. The DDLC has address 
recognition circuitry included, which relieves the host from this 
task. 

Control Field 
The 8 or 16 bits following the address field are the control 

field. Commands and responses between the devices in a 
network are exchanged in this field. 

Information Field 
This field follows the control field and precedes the CRC 

field. The information field contains the data to be transferred 
and may be a null field. 

Cycle Redundancy Check Field 
The 16-bits preceding the closing flag are the Cycle 

Redundancy Check (CRC) field. This field detects bit errors 
in the address, control, and information fields. Checking is with 
the standard CCITT polynominal x16x12x5 + 1 for both the 
transmitter and receiver. The transmitter calculates the CRC 
on all bits of the frame (except for the flags) and transmits 
the complement of the resulting remainder as the CRC field. 
The receiver performs the similar computation on all bits 
(except for the flags) and compares the result to FOB8. 

Zero Insertion and Deletion 
Zero insertion and deletion, which allows the content of the 

frame to be transparent, is automatically performed by the 
DDLC. A binary 0 is inserted by the transmitter after any 
succession of five 1 s within a frame (between flags). This 
eliminates the possibility of data imitating a flag character. The 
receiver deletes all Os that were inserted by the transmitter 
to regenerate the original data. 

Abort 
The function of prematurely terminating a data frame is 

called an abort. The transmitter aborts a frame by sending 
between seven and fourteen consecutive 1 s. When the 
receiver detects an abort character, it responds by clearing 
the FIFO and clearing the buffer in memory. It then begins 
searching for a new frame. 

Idle and Interframe Time Fill 
For LAPB and other applications, there are three states that 

the data link may be in: in-frame, inter-frame time fill, and idle. 
In-frame is the period from the beginning of an opening flag 
and the end of a clOSing flag. Inter-frame time fill is the period 
between frames when continuous flags are transmitted. Idle 
is an out-of-frame period when continuous 1 s are on the link. 
In LAPD, on the D channel, there are only two states: inframe 
and idle. Continuous flags are not transmitted between 
frames. 
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BLOCK DIAGRAM DESCRIPTION 
This section is a brief overview of the internal blocks of the 

DDLC. The blocks include two protocol controllers that handle 
the bit-level aspects of HDLC-like packet protocols and four 
FI FOs that buffer the data, a four-channel DMA controller, and 
a microprocessor interface block that connects the DDLC to 
the host system. Figure 3 is a simplified block diagram of the 
DDLC. While the DDLC has two data transceivers, only one 
is shown for simplicity. 

TRANSMIT BIT HANDLER 
Two identical bit-level protocol transmitters are provided 

which perform HDLC-type framing. This section describes the 
operation of only one transmitter, but it applies to both. 

Packet Operation 
The transmitter is designed to operate with as little 

intervention from the host processor as possible. To transmit 
a frame of data, the host merely informs the DDLC of the 
starting address of the data frame in memory and the length 
of the frame in bytes. The DDLC then transmits an opening 
flag and the data (LSB first) from memory. When the 
transmitter detects that the end of the data buffer has been 
reached, a CRC field and a closing flag are appended. The 
transmitter generates an abort character if the FIFO 
underruns. During inter-frame periods, the DDLC can be 
configured to transmit either continuous flags (7E hex) or 
continuous marks (FF hex). 

IDLE 

L--i==~ __ ABORT 

DATA READY OR 
FLAG IDLE 

'---,:::==-__ ABORT OR 
NOCTS FLAG SENT AND 

NOCTSOR 

l~r~1 .m~ 
~ ~ ~ I ~fTAI "~U=~R 
12 (!l a: NOCTS 
~:5;!i 

I 
u..LSj2§ CR1SENT 

SEND ~. ABORT OR 
FLAG NOCTS 

L......--L-..:2--.J 

ABORT 

ABORT 
SENT 

Figure 2. Transmitter State Diagram HDLC Operation 
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State Diagram 
Figure 2 is the state diagram for the transmitter in packet 

operation. 

Abort 
The DDLC can be configured to transmit a standard HDLC 

abort character. It can also transmit an abort character which 
is compatible with DMI 3.1 modes 2 or 3 for restricted 
B-channel applications. An abort character will be transmitted 
when the TX Fifo underruns, when the Force Abort bit is set 
in the Transmit Control Register, or when the CTS pin is 
deasserted. 

Flow Control Mechanisms 
The DDLC provides two flow control mechanisms: one for 

basic rate ISDN applications and the other for standard 
modem applications. The following paragraphs describe the 
operation of the two schemes. 

ISDN D Channel Contention 
When the DDLC is operating on the 0 channel with the 

companion MC145474 srr transceiver, the DREQ and 
DGRNT lines must be used to comply with the basic rate 0 
channel contention algorithm. When the DDLC has a data 
frame to transmit, it asserts DREQ (high). When DGRNT is 
detected high from the MC145474 transmission from the 
DDLC begins in the IDL D-bit time slots when DREQ and 
DGRNT are both active. If DGRNT is deasserted (goes low) 
in the middle of a frame, the DDLC automatically aborts the 
frame in progress and prepares to retransmit the entire frame 
when the 0 channel becomes available again. This is done 
without interrupting the host. 

Modem Flow Control 
The transmitter indicates to a modem that it has data ready 

to transmit with signals similar to 0 channel operation. In this 
mode, Request-To-Send (RTS) is directly controlled by the 
Transmit Enable (TE) bit. When TE is high, the RTS pin is 
asserted (low). During inter-frame periods, either flags or 
marks (as selected) are transmitted but the RTS pin remains 
asserted until the user negates the TE bit. Transmission of 
a frame, if one is ready, actually begins when the modem 
asserts Clear-to-Send (CTS low). If CTS is negated for more 
than one Tx CLK period while a frame is in transmission, the 
frame is aborted and the DMA pOinters are reset so that the 
frame can be retransmitted without interrupting the host. 

Interrupts 
There is one interrupt generated by the transmitter state 

machine. Transmit Frame Complete indicates that an entire 
frame and its closing flag have been successfully transmitted. 
Ordinarily, this interrupt is used for basic rate ISDN 0 channel 
operation. Two other interrupts associated with the transmitter 
are generated by the DMA controller and are discussed in the 
section describing the DMA controller. 

Transmit FIFO 
The transmitter has a FIFO which buffers it from the DMA 

controller. It is four characters deep and nine bits wide. The 
ninth bit is a Tag bit which is set when the the last byte of a 
frame is read from memory by the DMA controller. After the 
tagged byte, the DDLC sends a closing CRC and flag 
sequence. 
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Figure 3. DDLC Block Diagram (One Transceiver Shown) 

Transparent Operation 
The transmitter has the capability of operating with 

unframed data such as PCM-encoded voice or proprietary 
protocols. Raw data may be transmitted from memory with 
byte alignment maintained through the FIFO and transmitter. 
Byte alignment signals must be provided. In the modem mode, 
the alignment signal is externally generated. In IDL and 
timeslot operation, it is internally generated but user pro
grammable. The DDLC transmits data continuously as long 
as there is data to transmit. 

Interframe Time Fill 
The bit sequence that is transmitted between frames is 

determined by the value of the ITF bit in the Transmit Control 
register. The interframe time fill can be either the X.25 flag 
character (7E hex) or the LAPD marks (1) idle. 

RECEIVE BIT HANDLER 
The receiver provides the complementary functions to the 

transmitter. This section describes the operation of one 
receiver, but it applies to both receivers. 

Packet Operation 
The receiver is reset and idle until the Receive Enable bit 

is set, at which time it begins searching for a flag character. 
When a flag is found, the selected address field of the frame, 
if desired, is checked and if a match is found, the DDLC passes 
the frame of data to the allocated buffer in memory. If no 
address match is found, the DDLC clears the FIFO, resets 
the DMA pointers, and searches for a new frame. Zeros 
inserted by the transmitter are removed from the data before 
placing the bytes in memory. When the closing flag is detected, 
the CRC field is checked and if found to be correct, the DDLC 
queues an interrupt indicating that a good data frame has been 
received and is in memory. If the CRC is found to be in error, 
the DDLC automatically resets the buffer pointers to the start 
of the buffer and searches for a new frame. 

Each receiver has two receive buffers, A and B. This permits 
one buffer to be actively receiving a frame while software is 
obtaining the data from and reinitializing the other buffer. If 
an incoming frame is longer than the length defined for the 
active receive buffer, the DDLC will switch to the second buffer 
if it is enabled. 

If an abort character is found, the buffer pointers in the DMA 
controller are reset and the aborted frame is ignored. The FI FO 
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is cleared and the receiver begins searching for a flag. No 
interrupt is generated. 

State Diagram 
Figure 4 shows the state diagram of the receiver. 

NO 
FLAG 

FLAG 
FOUND 

NO 
FLAG 

OUT OF 
FRAME 

FLAG 
FOUND 

FLAG 
FOUND 

ABORT OR 
ADDRESS 
MISMATCH 

Figure 4. Receiver State Diagram HDLC Operation 

Non-Octet Aligned Packets 
The receiver has the capability of operating in non-octet 

aligned packet systems. The residue bit count indicating the 
number of orphan data bits at the end of the information field 
is placed in the RC bits of the Receive Status register. These 
bits are valid until overwritten by another frame. In non-octet 
aligned systems, the software should check the residue count 
soon after receiving a Receive Buffer Complete Interrupt to 
ensure that the residue count is not overwritten by the next 
frame. Orphan bits are LSB justified in memory. Note: The 
DDLC does not transmit non-octet aligned frames. 

Address Recognition (Filtering) 
The receiver can filter received frames by comparing their 

address fields to user programmable addresses. Two 
addresses may be programmed with another (broadcast, FF 
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hex) hardwired into the receiver. Address filtering may be 
performed on either the first OR second octet following the 
opening flag of a frame. Typically, in ISDN terminal 
applications, the TEl address (second) field will be of interest. 
In network applications, the SAP I (first) field will be checked. 
A separate Wildcard register allows selected bits of Compare 
Address 0 to be ignored during the comparison procedure. 
If received frames are rejected by address recognition, the 
receiver is reset and searches for a new frame. Address 
recognition may be disabled by clearing the Address Compare 
Enable bit to O. 

Receive FIFO 
The receiver has a FI FO that is similar to the transmitter's. 

It is four characters deep and ten bits wide (eight bits for data 
and two bits for the Tag). Serial bytes are produced by the 
receiver and converted to parallel. As each byte is formed, 
it is pushed into the FI FO. A comparator in the controller keeps 
track of the occupancy of the FIFO and requests that the DMA 
controller place a word of data (16-bits) in memory when there 
are two or more bytes in the FIFO. In 8-bit operation, the FIFO 
requests service when one or more bytes of data read are 
ready to be placed in memory. If the FIFO overruns because 
the DMA controller did not service a request, an interrupt is 
queued. When a receiver is operating at 64 kbps in the 16-bit 
mode, DMA requests from that FIFO occur at approximately 
250 Ils intervals. 

Transparent Operation 
The DDLC receiver provides a transparent operation mode 

for passing raw octet-aligned serial data to memory via DMA. 
This feature is useful for storing PCM voice or proprietary 
protocols in memory. When using the DDLC to pass PCM 
voice to memory, maximum buffer size of 4096 bytes should 
be used. The Receive Buffer Overrun Interrupt is used in 
conjunction with Receive Buffers A and B that are available 
for each channel when transparent mode is used. Because 
the transparent mode requires that data be in eight-bit 
quantities, synchronization procedures for defining octet 
boundaries are required. In the modem mode, the sync signal 
is externally generated and input on the CD pin. In IDL mode 
timeslot operation, the sync signal is internally generated but 
user programmable. Once byte alignment is obtained in the 
receiver, it is maintained through the DMA controller into 
memory. 

Interrupts 
There are two interrupts generated by the receiver. The. 

receiver queues an interrupt when a frame has been 
successfully received. The receive idle interrupt indicates that 
15 or more consecutive 1 s were received. This interrupt is 
considered normal operation. The current status of receive 
idle and carrier detect is available in the Receive Status 
register, but the user must remember that they can change 
immediately aiter being read. The carrier detect pin also 
generates an interrupt when it changes state. 

DMA CONTROLLER 
In orderto relieve the host software from critically timed data 

transfers to or from the protocol controllers, the DDLC 
provides four DMA channels, one for each transmitter and 
receiver. 

DMA Operation 
When the DMA controller detects a service request from 

one of the FIFOs, it prepares the address and data from the 
transfer then requests ownership of the system bus from the 
host. When ownership is granted, the DMA controller assumes 
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control of the bus and transfers data either to or from memory. 
Transfers are 16 bits or 8 bits, depending on the selected bus 
width. When the number of bytes in a received frame is odd, 
the last byte is placed in the most significant byte of the last 
word. The least significant byte contains unknown data. The 
receive byte count contains the correct number of bytes 
received (including the CRC). When odd length frames are 
transmitted, the last word read from memory has the last byte 
transmitted in the most significant byte, and the least 
Significant byte of that word is discarded. 

The DMA controller uses a round robin strategy to service 
internal DMA requests. A channel that was just serviced is 
not polled again until all other channels have been polled and 
serviced, if needed. The DDLC services one DMA request 
per bus arbitration cycle. The DDLC does not perform burst 
DMAs, so other devices can have access to the microproces
sor bus. This type of operation improves system performance 
and guarantees that the DDLC is well behaved. 

It is impossible to precisely predict what the DDLC bus 
occupancy will be, but worst case with both channels 
operating full-duplex at 64 kbps (aggregate rate of 256 Kbps) 
in a 16-bit 68000 system with a 12 MHz MCLK, approximately 
0.66% of the host bus bandwidth is consumed by the DDLC. 
Bus occupancy increases linearly with data rate. At very high 
data rates, latency from the bus request to the bus grant and 
interrupt service latency become the limiting factors. It must 
also be kept in mind that the DDLC can generate interrupts 
quickly, especially with a large number of small data packets 
at a high clock rate. 

Buffer Descriptors 
As previously stated, the DDLC has four DMA channels. 

Pointer registers and counters are required so that the DMA 
controller knows where to place or fetch data in memory. 

Transmit Buffer Descriptors 
When the host has a frame of data to transmit, it informs the 

DMA controller where the data resides in memory. A 16-bit 
register, the Transmit Base Address register, points to the first 
word ofthe transmitted frame and provides a 64 kbyte address 
range. The host programs the address of the first word to be 
transmitted into this register. The length of the data frame must 
also be given to the DMA controller, so a 12-bit Transmit 
Frame Length register is used to indicate the length of the 
frame in bytes. Frames of up to 4096 bytes in length may be 
transmitted. 

Back to back frames can be transmitted by updating the 
transmit buffers when the Transmit DMA Complete interrupt 
is generated. 

Note 
Once a transmit buffer descriptor has been prepared, it 
must not be disturbed until the transmit DMA complete 
or transmit frame complete interrupts are generated. 

Receive Buffer Descriptors 
The receive buffer descriptors have a 16-Bit Receive Buffer 

Base Address register, a 12-Bit Buffer Length register, and 
a 12-Bit Frame Length register. The 16-Bit Base Address 
register provides 64 kbyte address range and contains the 
address of the first word of the data buffer to accept a data 
frame. The 12-Bit Frame Length register indicates the length 
of the memory buffer in bytes. Buffers of up to 4096 bytes may 
be built. The DMA controller never places data outside of the 
boundaries set-up by these two registers. The Frame Length 
register indicates the number of bytes (including the CRC) 
received. 
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Each channel has a pair of buffer descriptors. These may 
be used alternately so that while one buffer is filling, another 
buffer is ready in-waiting. " back-to-back data frames are 
received, after the first buffer has been closed the second is 
immediately ready for the next frame. There must be at least 
one buffer ready to accept data when the Rx Enable bit is set. 
Figure 6 describes the activity of the receiver with four buffers 
in memory. 

If a packet is being received and no buffers are ready, the 
receive FIFO will overrun, the Receiver Enable bit is reset, 
and an interrupt is queued indicating the overrun. If both 
descriptors are ready, then Buffer A is filled first. If a received 
frame is larger than a buffer, the Buffer (A or B) Overrun 
Interrupt is queued, but the receiver continues to receive and 
the DMA controller places the data in the alternate buffer (if 
it is available). If an altemate buffer is not ready, the Rx FIFO 
Overrun Interrupt is generated and the receiver is reset. 

Once a data frame has been completely received, the 
number of bytes received is indicated in the Frame Length 
register. The number in this register is valid only when the 
Receive DMA Complete bit (Buffer A or Buffer B) in the 
Receive Status register is set to '1 '. 

Note: As with the transmitter, once a receive buffer 
descriptor has been prepared, it must not be disturbed until 
the closing flag has been found and DMA activity on the buffer 
has stopped. 

Address Expansion 
The DDLC provides signals for expansion of the 64 kbyte 

address space. The OWN pins are activated with timing 
identical to the address pins to enable external address 
expansion circuitry onto the address bus. Using the OWN pins 
with the RiW pin, the transmit and receive buffers may all be 
on separate 64 kbyte pages in memory. 

Transmit Channel Operation 
Figure 6 is a simplified state diagram of the DMAcontrolier's 

operation when a transmit channel requests service. 

RECEIVER 

/ 
BUFFER A START ADDR·ABOO HEX 
BUFFER A LENGTH·200 HEX 
BUFFER B START ADDR·ADOO HEX 
BUFFER B LENGTH·200 HEX 

BUFFER A START ADDR·B300 HEX 
BUFFER A LENGTH·200 HEX 
BUFFER B START ADDR·B500 HEX 
BUFFER B LENGTH-200 HEX 

Tx DMA REQUEST 

BUS GRANTED 

BUFFER 
1--- EMPTY 

Figure 5. Transmit DMA State Diagram 

Four interrupts are produced by the transmitter DMA 
channel. Transmit DMA Complete indicates that the last byte 
of data has been transferred from the buffer into the transmit 
FIFO. FIFO Underrun indicates the DMA requests were not 
serviced and the FI FO underran. Bus Error is generated when 
the BERR pin is activated during a DMA cycle. Address Error 
is generated when either lACK or CS are activated during a 
DMA cycle. 
Receive Channel Operation 

Figure 8 is a simplified state diagram for operation of the 
DMA controller when a receive channel requests service. 

ABOO B300 

BUFFER BUFFER 
1 3 

ADOO B500 

BUFFER BUFFER 
2 4 

I SYSTEM MEMORY I 

Figure 6. Alternate Receive Buffer Operation 
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MICROPROCESSOR INTERFACE 

The microprocessor block interfaces the internal 16-bit bus 
to the host 8- or 16-bit bus. The block also performs all timing 
conversion and buffering. This block has three modes of 
operation described in this section: system slave, system 
master, and interrupt generator. 

System Slave Mode 
When the DDLC is in this mode, it appears as fast memory 

to the host processor. The host can read from or write to the 
registers in the DDLC. This mode is entered when the CS pin 
is activated. Internal address decoding circuitry is selected 
and the desired register is connected to the intemal bus for 
access by the host. 

System Master (OMA) Mode 
During DMA operation, the DDLC becomes a system 

master and controls the system bus. When one of the internal 
FIFOs requests a DMA transfer, the DDLC negotiates with 
the system host for ownership of the bus. After successful 
negotiation, one DMA request is serviced, and then the bus 
is relinquished. The DDLC has the capability of reading or 
writing data from or to memory. If the memory system is slow, 
the DDLC inserts wait states (user selectable) until the 
memory is ready to complete the access. The DDLC has the 
capability of recovering from system faults such as address 
or bus errors. 

Interrupt Operation 
The DDLC has 27 vectored interrupt sources to inform the 

host of its status. One group of interrupts is normal operation 
interrupts. These inform the host that a particular task was 
completed and that new tasks are desired. Another group is 
bit handler faults, which inform the host that a DDLC channel 
detected a fault from which it cannot recover without 
assistance from the host. A third group is the timer and SCP 
interrupts. The last group of interrupts is the system faults. 
These include DMA bus and address errors. The interrupts 
are presented to the host as a vector number in an interrupt 
acknowledge cycle. The interrupts are encoded into the low 
four bits so the DDLC vector space consumes 16 out of 256 
locations. Software can program the base vector number, so 
the DDLC vectors can be located anywhere within the vector 
table. For applications not using vectored interrupts, the 
equivalent vector number is accessible in the Master Status 
register. 

SERIAL INTERFACE 
The serial interface block has a variety of configurations that 

make it compatible with most common interfaces. Each serial 
interface is independent, so two different configurations may 
be active simultaneously. The serial interface has an IDL 
mode, a timeslot mode, and a general purpose modem mode. 
The serial interface supports long frame and short frame 
timing. It also supports subrate multiplexing. The serial mode 
is selected by programming the appropriate bits in the Serial 
Interface Control register. 

A full set of serial interface control and handshake pins are 
provi~ed. The name and functionality change to reflect the 
serial mode of operation. Separate receive and transmit clock 
inputs are provided for all modes except IDL and timeslot 
modes. 
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The serial interface also supports transfer of transparent 
data. Depending on which type of serial interface is used, an 
external synchronization signal must be provided to maintain 
byte alignment. In IDL mode, the byte synchronization is 
programmed by the microprocessor. 

SERIAL CONTROL PORT 
A Serial Control Port, similar to the Serial Peripheral 

Interface (SPI) on Motorola single-chip microprocessors, is 
provided to communicate with external devices via a serial 
link. The SCP functions are multiplexed onto other serial pins 
so when the SCP is enabled, certain modem control features 
are lost. Please refer to the MC145488/D Data Book for 
complete details. 

TIMERS 
Two timers are provided for general purpose low-resolution 

protocol uses. The clock to the timer is derived from the 
Master MPU Clock (MCLK). The baud rate generator in the 
SCP block is used to drive the timer divide chain. This clock is 
then divided by 1024 and applied to an eight-bit 
down-counter. The counter is readable and writable by the 
host and may be set to any value. The counter counts down 
toward zero from the current value. A non-maskable interrupt 
is generated when the counter underflows from FF to FE. The 
timers continue counting down after reaching FE. The status 
bit from the previous interrupt must be cleared before a new 
interrupt is generated. The timer function and interrupt are 
enabled by setting the TImer Enable bit in the TImer register 
to one. The timer interrupt status bits must be read while set 
before they can be cleared. The timers are intended for low 
accuracy uses such as protocol timers. Figure 7 describes 
the clock selection choices for the timers. 
Watchdog Timer 

TImerO may be configured as a watchdog timerforthe entire 
host system. When the Watchdog Enable bit is set, an extra 
divide by 16 is added to the clock input of the counter. When 
the counter underflows from FF to FE, the Reset pin becomes 
an output for 16 MCLK cycles and a logic low is output. This 
provides a system reset to the host. The host can write any 
value (except FE hex) to the TImer register to setup any 
timeout. TIme-outs of up to 5.6 seconds are available with a 
12 MHz MCLK. 

POWER CONSUMPTION 
The DDLC is designed utilizing high-performance CMOS 

technology. As as result, average power consumption is very 
low. However, because there are wide address and data 
buses, peak currents may exceed 150 mA for short periods 
of time (less than 20 ns) while the drivers are charging or 
discharging the buses. 

REGISTER SET 
The DDLC has many user accessible registers. These 

registers control the blocks or indicate status. Other registers, 
used by the DMA section, are used as buffer descriptors and 
counters. For a more detailed description, please refer to the 
DDLC data book. The address for each register is the 
hexadecimal offset from the base address of the chip select. 
The registers may be accessed as 8-bit registers or 16-bit 
registers. Table 1 is a map of the registers and their principal 
function. 
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00 
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04 

06 

10 

12 

14 

20 

22 

24 

26 

28 

2A 

2C 

2E 

30 

32 

34 

36 

38 

3A 

3C 

3E 

40 

42 

44 

46 

48 

4A 

4C 

4E 

50 

52 

54 

56 

58 

5A 

5C 

5E 

Table 1. Register Memory Map 
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- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
PCM Codec-Filter 
Mono-Circuit 

The MC145500, MC145501, MC145502, MC145503, and MC145505 are all 
per channel PCM codec-filter mono-circuits. These devices perform the voice 
digitization and reconstruction as well as the band limiting and smoothing 
required for PCM systems. The MC145500 and MC145503 are general purpose 
devices that are offered in a 16-pin package. They are designed to operate in 
both synchronous and asynchronous applications and contain an on chip 
precision reference voltage. The MC145501 is offered in an 18-pin package and 
adds the capability of selecting from three peak overload voltages (2.5, 3.15, and 
3.78 V). The MC145505 is a synchronous device offered in a 16-pin DIP and 
wide body SOIC package intended for instrument use. The MC145502 is the 
full-featured device which presents all of the options of the chip. This device is 
packaged in a 22-pin DIP and a 28-pin chip carrier package and contains all the 
features of the MC145500 and MC145501 plus several more. Most of these 
features can be made available in a lower pin count package tailored to a specific 
user's application. Contact the factory for further details. 

These devices are pin-for-pin replacements for Motorola's first generation of 
MC14400/01/02l03/05 PCM mono-circuits and upwardly compatible with the 
MCl4404/06/07 codecs and other industry standard codecs. They also maintain 
compatibility with Motorola's family of MC33120 and MC3419 SLiC products. 

The MC145500 family of PCM codec-filter mono-circuits utilizes CMOS due 
to its reliable low-power performance and proven capability for complex analogi 
digital VLSI functions. 

MC145500 

• 16-Pin Package 
• Transmit Bandpass and Receive Low-Pass Filter on Chip 
• Pin Selectable MulA Law Companding with Corresponding Data Format 
• On Chip Precision Reference Voltage (3.15 V) 
• Power Dissipation of 50 mW, Power Down of 0.1 mW at ± 5 V 
• Automatic Prescaler Accepts 128 kHz, 1.536, 1.544, 2.048, and 2.56 MHz for 

Internal Sequencing 

MC145501 - All of the Above Plus: 

• 18-Pin Package 
• Selectable Peak Overload Voltages (2.5, 3.15, 3.78 V) 
• Access to the Inverting Input of the Txllnput Operational Amplifier 

MC145502 - All of the Above Plus: 

• 22-Pin and 28-Pin Packages 
• Variable Data Clock Rates (64 kHz to 4.1 MHz) 
• Complete Access to the Three Terminal Transmit Input Operational Amplifier 
• An External Precision Reference May Be Used 

MC145503 - All of the Above Features of the MC145500 Plus: 

• 16-Pin Package 
• Complete Access to the Three Terminal Transmit Input Operational Amplifier 

MC145505 - Same as MC145503 Except: 

• 16-Pin Package 
• Common 64 kHz to 4.1 MHz Transmit/Receive Data Clock 

16 

MC145500 
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MC145502 
MC145503 
MC145505 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC145500/01/02l03/05 PCM CODEC/FILTER MONO-CIRCUIT BLOCK DIAGRAM 

RxOD ....... --< 

Vref c:-------------------IH 
RSIc:-----------------~H 

Txl '-----' 

-Tx D---1 

+Tx D---I 

NOTES: ~ Controlled by VLS 
Rx ~ 100 kQ (internal resistors) 

PIN ASSIGNMENTS 
(Drawings Do Not Reflect Relative Size) 

MC145500L MC145503L, P MC145505L, P 

VAG VDD VAG VDD VAG VDD 

RDD RxO RDD RDD 

RxO RCE RCE + Tx RCE 

Txl RDC Txl RDC DCLK 

TOC -Tx TDC CCI 

PDI TDD TDD 

VSS TDE PDI TDE 10 TOE 

VLS MSI VSS 9 VLS 

MC145502L, P MC145503DW MC145505DW 

Vref RSI VAG VDD VAG [ 1- 16 VDD 

VAG VDD RxO RDD RxO [ 2 15 RDD 

RxO RDD + Tx RCE + Tx [ 3 14 RCE 

RxG RCE Txl RDC Txl [ 4 13 DCLK 

RxO RDC TOC -Tx [ 5 12 CCI 

+ Tx TOC MulA TOD MulA [ 6 11 TOD 

Txl CCI PDI TOE PDf [ 7 10 TDE 

- Tx TDD VSS [ 8 9 VLS 

MulA TOE 

PDI MSI 

VSS VLS 

r---"\+----E3 RDD 

RSI 

VAG 

RxO 

PDI 

VSS 

RxG 
RxO 
+ Tx 

NC 
NC 
Txl 

-Tx 

1+---E3 RCE 

RDC 

1+----8 CCI 

MC145501L 

VDD 

RDD 

RCE 

RDC 

TOC 

TOD 

TOE 

MSI 

VLS 

MC145502FN 

MSI 

TDD 

TDE 
TDC 

~~~~~$~ 
3 2 1282726 

25 RCE 
24 RDC 
23 TDC 

28-PIN PQLCC 22 NC 
(TOP VIEW) 21 NC 

10 20 CCI 
11 19 TOD 

12 13 1415 16 1718 

NC; NO CONNECTION 
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ABSOLUTE MAXIMUM RATINGS (Voltage Referenced to VSS) 

Rating Symbol Value Unit 

DC Supply Voltage VDD-VSS -0.510 13 V 

Voltage, Any Pin to VSS V - 0.5 to VDD + 0.5 V 

DC Drain Per Pin (Excluding VDD, VSS) I 10 mA 

Operating Temperature Range TA -40to+85 °C 

Storage Temperature Range Tstg -85to+150 °C 

RECOMMENDED OPERATING CONDITIONS (T A = - 40 10 + 85°C) 

Characteristic 

DC Supply Voltage 
Dual Supplies: VDD = - VSS, (VAG = VLS = 0 V) 
Single Supply: VDD to VSS (VAG is an Output, VLS = VDD or VSS) 

MC145500, MC145501, MC145502, MC145503, MC145505 (Using Intemal 
3.15 V Reference) 

MC145501, MC145502 Using Intemal2.5 V Reference 
MC145501, MC145502 Using Internal 3.78 V Reference 
MC145502 Using External 1.5 V Reference, Referenced to VAG 

Power Dissipation 
CMOS Logic Mode (VDD to VSS = 10 V, VLS = VDD) 
TIL Logic Mode (VDD = + 5 V, VSS = - 5 V, VLS = VAG = 0 V) 

Power Down Dissipation 

Frame Rate Transmit and Receive 

Data Rate 
MCI45500, MC145501, MCI45503 
Must Use One of These Frequencies, Relative to MSI Frequency of 8 kHz 

Data Rate for MC145502, MC145505 

Full Scale Analog Input and Output Level 
MC145500, MC145503, MCI45505 
MC145501, MC145502 (Vref= VSS) RSI=VDD 

RSI=VSS 
RSI=VAG 

MC145502 Using an Extemal Reference Voltage Applied at Vref Pin RSI=VDD 
RSI=VSS 
RSI=VAG 

DIGITAL LEVELS (VSS to VDD =4.75 Vto 12.6 V, TA =-40 10 + 85°C) 

Characteristic 

Input Voltage Levels (TDE, TDC, RCE, RDC, RDD, DC, MSI, CCI, PDf) 
CMOS Mode (VLS;' VDD, VSS Is Digital Ground) "0" 

"1" 
TIL Mode (VLS S VDD - 4.0 V, VLS is Digital Ground) "0" 

"1" 

Output Current for TDD (Transmit Digital Data) 
CMOS Mode (VLS = VDD, VSS = 0 V and is Digital Ground) 

(VDD = 5 V, Vout = 0.4 V) 
(VDD = 10 V, Vout = 0.5 V) 
(VDD '= 5 V, Vout = 4.5 V) 

(VDD = 10 V, Vout = 9.5 V) 
TTL Mode (VLS S VDD - 4.75 V, VLS = 0 V and is Digital Ground) 
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(VOL = 0.4V) 
(VOH=2.4V) 

Min 

This device contains circuitry to pro
tect against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be tak
en to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vin 
and Vout be constrained to the range 
VSSS (Vin or Voutl S VDD. 

Unused inputs must always be tied to 
an appropriate logic voltage level (e.g., 
VSS, VDD, VLS, or VAG)· 

Typ Max Unit 

V 
4.75 5.0 6.3 

8.5 - 12.6 

7.0 - 12.6 
9.5 - 12.6 

4.75 - 12.6 

mW 
- 40 70 
- 50 90 

- 0.1 1.0 mW 

7.5 8.0 8.5 kHz 

- 128 - kHz 
- 1536 -
- 1544 -
- 2048 -
- 2560 -
64 - 4096 kHz 

Vp 
- 3.15 -
- 3.78 -
- 3.15 -
- 2.5 -
- 1.51 x Vref -
- 1.26x Vref -
- Vref -

Symbol Min Max Unit 

V 
VIL - 0.3xVDD 
VIH 0.7xVDD -
VIL - VLS+ 0.8 V 
VIH VLS+2.0V -

mA 

IOL 1.0 -
3.0 -

IOH -1.0 -
-3.0 -

IOL 1.6 -
IOH -0.2 -
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ANALOG TRANSMISSION PERFORMANCE 
(VDD = + 5 V ± 5%, VSS = -5 V ±5%, VLS = VAG = 0 V, Vref = RSI = VSS (Internal 3.15 V Reference), 0 dBmO = 1.546 Vrms = + 6 dBm @ 

600 n, TA = - 40 to + B5°C, TDC = RDC = CC = 2.04B MHzl, TDE = RCE = MSI = B kHz, Unless Otherwise Noted) 

End-to-End AID D/A 

Characteristic Min Max Min Max Min Max Unit 

Absolute Gain (0 dBmO @ 1.02 kHz, TA = 25°C, VDD = 5 V, VSS = -5 V) - - -0.30 + 0.30 -0.30 +0.30 dB 

Absolute Gain Variation with Temperature 0 to + 70°C - - - ±0.03 - ±0.03 dB 

Absolute Gain Variation with Temperature - 40 to +B5'C - - - ±0.1 - ±0.1 dB 

Absolute Gain Variation with Power Supply (VDD = 5 V, VSS = -5 V, 5%) - - - ±0.02 - ±0.02 dB 

Gain vs Level Tone (Relative to - 10 dBmO, 1.02 kHz) + 3 to-40 dBmO -0.4 +0.4 -0.2 +0.2 -0.2 +0.2 dB 
-40 to-50 dBmO -O.B + O.B -0.4 +0.4 -0.4 +0.4 
- 50 to-55 dBmO -1.6 + 1.6 -O.B +O.B -O.B + O.B 

Gain vs Level Pseudo Noise (A-Law Relative to - 10 dBmO) dB 
CCITIG.714 -10 to -40 dBmO - - -0.25 + 0.25 -0.25 +0.25 

-40 to -50 dBmO - - -0.30 +0.30 -0.30 +0.30 
- 50 to - 55 dBmO - - -0.45 + 0.45 -0.45 + 0.45 

Total Distortion - 1.02 kHz Tone (C-Message) o to-30 dBmO 35 - 36 - 36 - dBC 
-40dBmO 29 - 29 - 30 -
-45dBmO 24 - 24 - 25 -

Total Distortion With Pseudo Noise (A-Law) -3dBmO 27.5 - 28 - 28.5 - dB 
CCITIG.714 - 6 to-27 dBmO 35 - 35.5 - 36 -

-34dBmO 33.1 - 33.5 - 34.2 -
-40dBmO 2B.2 - 2B.5 - 30.0 -
-55dBmO 13.2 - 13.5 - 15.0 -

Idle Channel Noise (For End-End and AID, See Note 1) 
Mu-Law, C-Message Weighted - 15 - 15 - 9 dBrnCO 

A-Law, Psophometric Weighted - -69 - -69 - -7B dB mOp 

Frequency Response (Relative to 1.02 kHz @ 0 dBmO) 15t060Hz - -23 - -23 - 0.15 dB 
300 to 3000 Hz -0.3 + 0.3 -0.15 +0.15 -0.15 +0.15 

3400 Hz -1.6 0 -O.B 0 -O.B 0 
4000 Hz - -2B - -14 - -14 

;,4600 Hz - -60 - -32 - -30 

Inband Spurious (1.02 kHz @ 0 dBmO, Transmit and RxO) - - - -43 - -43 dBmO 
300 to 3000 Hz 

Out-of-Band Spurious at RxO (300 - 3400 Hz @ 0 dBmO In) dB 
4600 to 7600 Hz - -30 - - - -30 
7600 to B400 Hz - -40 - - - -40 

B400 to 100,000 Hz - -30 - - - -30 

Idle Channel Noise Selective @ B kHz, Input = VAG, 30 Hz Bandwidth - -70 - - - -70 dBmO 

Absolute Delay @ 1600 Hz (TDC = 2.04B MHz, TDE = 8 kHz) - - - 310 - 1BO I's 

Group Delay Referenced to 1600 Hz (TDC = 2048 kHz, I's 
TDE = B kHz) 500 to 600 Hz - - - 200 -40 -

600 to 800 Hz - - - 140 -40 -
BOO to 1 000 Hz - - - 70 -30 -

1000 to 1600 Hz - - - 40 -20 -
1 600 to 2600 Hz - - - 75 - 90 
2600 to 2800 Hz - - - 110 - 120 
2BOO to 3000 Hz - - - 170 - 160 

Crosstalk of 1020 Hz @ 0 dBmO From AID or D/A (Note 2) - - - -75 - -BO dB 

Intermodulation Distortion of Two Frequencies of Amplitudes - 4 to - - - -41 - -41 dB 
- 21 dBmO from the Range 300 to 3400 Hz 

NOTES: 
1. Extrapolated from a 1020 Hz @ - 50 dBmO distortion measurement to correct for encoder enhancement. 
2. Selectively measured while the AID is stimulated with 2667 Hz @ - 50 dBmO. 
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ANALOG ELECTRICAL CHARACTERISTICS (VOO=-VSS=5 Vt06V± 5%, TA=-40to+B5'C) 

Characteristic 

Input Current + Tx, - Tx (Txl for MC145500) 

AC Input Impedance to VAG (1 kHz) +Tx,-Tx 
Txl for MC145500 

Input Capacitance +Tx,-Tx 

Input Offset Voltage of Txl Op Amp 

Input Common Mode Voltage Range +Tx,-Tx 

Input Common Mode Rejection Ratio +Tx,-Tx 

Txl Unity Gain Bandwidth RL2:10ka 

Txl Open Loop Gain RL2:10kO 

Equivalent Input Noise (C-Message) Between + Tx and - Tx, at Txl 

Output Load Capacitance for Txl Op Amp 

Output Voltage Range Txl Op Amp, RxO or RxO 
RL = 10 ka to VAG 
RL= 600 OtoVAG 

Output Current Txl, RxO, RxO VSS + 1.5 V S VoutS VOO-l.5 V 

Output Impedance RxO, RxO' Oto 3.4 kHz 

Output Load Capacitance for RxO and RxO' 

Output dc Offset Voltage Referenced to VAG Pin RxO 
RxO' 

Internal Gainsetting Resistors for RxG to RxO and RxO 

External Reference Voltage Applied to Vref (Referenced to VAG) 

Vref Input Current 

VAG Output Bias Voltage 

VAG Output Current Source 
Sink 

Output Leakage Current Ouring Power Oown for the Txl Op Amp, VAG, 
RxO, and RxO 

Positive Power Supply Rejection Ratio, Transmit 
0-100 kHz @ 250 mV, C-Message Weighting Receive 

Negative Power Supply Rejection Ratio, Transmit 
0-100 kHz @ 250 mV, C-Message Weighting Receive 

• Assumes that RxG IS not connected for gain modifications to RxO. 
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Symbol 

lin 

Zin 

VICR 

CMRR 

BWp 

AVOL 

Vout 

Zout 

IVAG 

Min Typ Max Unit 

- ±0.01 ±0.2 I1A 
5 10 - MO 

0.1 0.2 -
- - 10 pF 

- <± 30 - mV 

VSS+l.0 - VOO-2.0 V 

- 70 - dB 

- 1000 - kHz 

- 75 - dB 

- -20 - dBmCO 

0 - 100 pF 

V 
VSS+O.B - VOO-l.0 
VSS + 1.5 - VOO-l.5 

±5.5 - - rnA 

- 3 - 0 

0 - 200 pF 

- - ±100 mV 
- - ±150 

62 100 225 kO 

0.5 - VOO-l.0 V 

- - 20 I1A 
- 0.53VOO+ - V 

0.47VSS 

0.4 - O.B rnA 
10.0 - -
- - ±30 I1A 

45 50 - dBC 
55 65 -
50 55 - dBC 
50 60 -
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MODE CONTROL LOGIC (VSS to VDD = 4.75 V to 12.6 V, TA = - 40 to + 85°C) 

Characteristic Min Typ Max Unit 

VLS Voltage for TTL Mode (TTL Logic Levels Referenced to VLS) VSS - VDD-4.0 V 

VLS Voltage for CMOS Mode (CMOS Logic Levels of VSS to VDD) VDD-0.5 - VDD V 

MulA Select Voltage V 
Mu·LawMode VDD-0.5 - VDD 
Sign Magnitude Mode VAG-0.5 - VAG +0.5 
A·Law Mode VSS - VSS + 0.5 

RSI Voltage for Reference Select Input (MC145501 and MC145502) 3.78 V Mode VDD-0.5 - VDD V 
2.5 V Mode VAG-0.5 - VAG +0.5 

3.15 V Mode VSS - VSS + 0.5 

Vref Voltage for Internal or External Reference (MC145502 Only) V 
Internal Reference Mode VSS - VSS + 0.5 

External Reference Mode VAG + 0.5 - VDD -1.0 

Analog Test Mode Frequency, MS = CCI (MC145500, MC145501, MC145502 Only) - 128 - kHz 
See Pin Description; Test Modes 

SWITCHING CHARACTERISTICS (VSS to VDD = 9.5 V to 12.6 V, TA = - 40 to + 85°C, CL = 150 pF, CMOS or TTL Mode) 

Characteristic Symbol Min Typ Max Unit 

Output Rise Time TDD trLH - 30 80 ns 
Output Fall Time trHL - 30 80 

Input Rise Time TDE, TDC, RCE, RDC, DC, MSI, CCI trLH - - 4 I's 
Input Fall Time trHL - - 4 

Pulse Width TDE Low, TDC, RCE, RDC, DC, MSI, CCI tw 100 - - ns 

DCLK Pulse Frequency (MC145502105 ONLY) TDC, RDC, DC fCL 64 - 4096 kHz 

CCI Clock Pulse Frequency (MSI = 8 kHz) fCL1 - 128 - kHz 
CCI is internally tied to TDC on the MC145500101/03, therefore, the fCL2 - 1536 -
transmit data clock must be one of these frequencies. This pin will ac· fCL3 - 1544 -
cept one of these discrete clock frequencies and will fCL4 - 2048 -
compensate to produce internal sequencing. fCL5 - 2560 -

Propagation Delay Time ns 
TDE Rising to TDD Low Impedance TTL tp1 - 90 180 

CMOS - 90 150 
TDE Falling to TDD High Impedance TTL tp2 - - 55 

CMOS - - 40 
TDC Rising Edge to TDD Data, During TDE High TTL tp3 - 90 180 

CMOS - 90 150 
TDE Rising Edge to TDD Data, During TDC High TTL tp4 - 90 180 

CMOS - 90 150 

TDC Falling Edge to TDE Rising Edge Setup Time tsu1 20 - - ns 

TDE Rising Edge to TDC Falling Edge Setup Time tsu2 100 - - ns 

TDE Falling Edge to TDC Rising Edge to Preserve the Next TDD Data tsu8 20 - - ns 

RDC Falling Edge to RCE Rising Edge Setup Time tsu3 20 - - ns 

RCE Rising Edge to RDC Falling Edge Setup Time tsu4 100 - - ns 

RDD Valid to RDC Falling Edge Setup Time tsu5 60 - - ns 

CCI Falling Edge to MSI Rising Edge Setup Time tsu6 20 - - ns 

MSI Rising Edge to CCI Falling Edge Setup Time tsu7 100 - - ns 

RDD Hold Time from RDC Falling Edge th 100 - - ns 

TDE, TDC, RCE, RDC, RDD, DC, MSI, CCllnput Capacitance - - 10 pF 

TDE,TDC, RCE, RDC, RDD, DC, MSI, CCI Input Current - ±0.01 ±10 I1A 
TDD CapaCitance During High Impedance (TDE Low) - 12 15 pF 

TDD Input Current During High Impedance (TDE Low) - ±0.1 ± 10.0 I1A 
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DEVICE DESCRIPTIONS 
A codec-filter is a device which is used for digitizing and 

reconstructing the human voice. These devices were 
developed primarily for the telephone network to facilitate 
voice switching and transmission. Once the voice is digitized, 
it may be switched by digital switching methods or transmitted 
long distance (Tl, microwave, satellites, etc.) without 
degradation. The name codec is an acronym from "Coder" 
for the AID used to digitize voice, and "Decoder" for the D/A 
used for reconstructing voice. A codec is a single device that 
does both the AID and D/A conversions. 

To digitize intelligible voice requires a signal to distortion 
of about 30 dB for a dynamic range of about 40 dB. This may 
be accomplished with a linear 13-bit AID and D/A, but will far 
exceed the required signal to distortion at amplitudes greater 
than 40 dB below the peak amplitude. This excess 
performance is at the expense of data per sample. Two 
methods of data reduction are implemented by compressing 
the 13-bit linear scheme to companded 8-bit schemes. These 
companding schemes follow a segmented or "piecewise-lin
ear" curve formatted as sign bit, thre.e chord bits, and four step 
bits. For a given chord, all 16 of the steps have the same 
voltage weighting. As the voltage of the analog input 
increases, the four step bits increment and carry to the three 
chord bits which increment. With the chord bits incremented, 
the step bits double their voltage weighting. This results in an 
effective resolution of 6-bits (sign + chord + four step bits) 
across a 42 dB dynamic range (7 chords above zero, by 6 
dB per chord). There are two companding schemes used; 
Mu-255 Law specifically in North America, and A-Law 
specifically in Europe. These companding schemes are 
accepted world wide. The tables show the linear quantization 
levels to PCM words for the two companding schemes. 

In a sampling environment, Nyquist theory says that to 
properly sample a continuous signal, it must be sampled at 
a frequency higher than twice the signal's highest frequency 
component. Voice contains spectral energy above 3 kHz, but 
its absence is not detrimental to intelligibility. To reduce the 
digital data rate, which is proportional to the sampling rate, 
a sample rate of 8 kHz was adopted, consistent with a 
bandwidth of 3 kHz. This sampling requires a low-pass filter 
to limit the high frequency energy above 3 kHz from distorting 
the inband signal. The telephone line is also subject to 50/60 
Hz power line coupling which must be attenuated from the 
signal by a high-pass filter before the AID converter. 

The D/A process reconstructs a staircase version of the 
desired inband signal which has spectral images of the inband 
signal modulated about the sample frequency and its 
harmonics. These spectral images are called aliasing 
components which need to be attenuated to obtain the desired 
signal. The low-pass filter used to attenuate filter aliasing 
components is typically called a reconstruction or smoothing 
filter. 

The MC145500 series PCM codec-filters have the codec, 
both presampling and reconstruction filters, a precision 
voltage reference on chip, and require no external compo
nents. There are five distinct versions of the Motorola 
MC145500 Series. 

MC145500 
The MC145500 PCM codec-filter is intended for standard 

byte interleaved synchronous and asynchronous applica
tions. The TDC pin on this device is the input to both the TDC 
and CCI functions in the pin description. Consequently, for 
MSI = 8 kHz, TDC can be one of five discrete frequencies. 
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These are 128 kHz (40 to 60% duty cycle) 1.536, 1.544, 2.048, 
or 2.56 MHz. (For other data clock frequencies see MC145502 
or MC145505.) The internal reference is set for 3.15 V peak 
full scale, and the full scale input level at Txl and output level 
at RxO is 6.3 V peak-to-peak. This is the + 3 dBmO level of 
the PCM codec-filter. All other functions are described in the 
pin description. 

MC145501 
The MC145501 PCM codec-filter offers the same features 

and is for the same application as the MC145500, but offers 
two additional pins and features. The reference select input 
allows the full scale level of the device to be set at 2.5 Vp, 
3.15 Vp, or 3.78 Vp. The -Tx pin allows for external transmit 
gain adjust and simplifies the interface to the MC3419 SLiC. 
Otherwise, it is identical to MC145500. 

MC145502 
The MC145502 PCM codec-filter is the full feature 22-pin 

device. It is intended for use in applications requiring maximum 
flexibility. The MC145502 contains all the features of the 
MC145500 and MC145501. The MC145502 is intended for 
bit interleaved or byte interleaved applications with data clock 
frequencies which are nonstandard or time varying. One of 
the five standard frequencies (listed above) is applied to the 
CCI input, and the data clock inputs can be any frequency 
between 64 kHz and 4.096 MHz. The Vref pin allows for use 
of an external shared reference or selection of the internal 
reference. The RxG pin accommodates gain adjustments for 
the inverted analog output. All three pins of the input 
gain-selting operational amplifier are present, providing 
maximum flexibility for the analog interface. 

MC145503 
The MC145503 PCM codec-filter is intended for standard 

byte interleaved synchronous or asynchronous applications. 
TDC can be one of five discrete frequencies. These are 128 
kHz (40 to 60% duty cycle), 1.536, 1.544,2.048, or 2.56 MHz. 
(For other data clock frequencies see MC145502 or 
MC145505.) The internal reference is set for 3.15 V peak full 
scale, and the full scale input level at Txl and output level at 
RxO is 6.3 V peak-to-peak. This is the + 3 dBmO level of the 
PCM codec-filter. The + Tx and - Tx inputs provide maximum 
flexibility for analog interface. All other functions are described 
in the pin description. 

MC145505 
The MC145505 PCM codec-filter is intended for byte 

interleaved synchronous applications. The MC145505 has all 
the features of the MC145503 but internally connects TDC 
and ROC (see pin description) to the DC pin. One of the five 
standard frequencies (listed above) should be applied to CCI. 
The data clock input (DC) can be any frequency between 64 
kHz and 4.096 MHz. 

DIGITAL 

VLS 

PIN DESCRIPTIONS 

Logic Level Select input and TTL Digital Ground 
VLS controls the logic levels and digital ground reference 

for all digital inputs and the digital output. These devices can 
operate with logic levels from full supply (VSS to VDD) or 
with TTL logic levels using VLS as digital ground. For VLS = 
VDD,aIlI/Oisfulisupply(VsStoVDDswing)withCMOSswitch 
points. For VSS < VLS < (VDD - 4 V), all inputs and 
outputs are TTL compatible with VLS being the digital ground. 
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The pins controlled by VLS are inputs MSI, CCI, TDE, TDC, 
RCE, RDC, RDD, PDI, and output TDD. 

MSI 
Master Synchronization Input 

MSI is used for determining the sample rate of the transmit 
side and as a time base for selecting the internal prescale 
dividerforthe convert clock input (CCI) pin. The MSI pin should 
be tied to an 8 kHz clock which may be a frame sync or system 
sync signal. MSI has no relation to transmit or receive data 
timing, except for determining the internal transmit strobe as 
described under the TDE pin description. MSI should be 
derived from the transmit timing in asynchronous applications. 
In many applications MSI can be tied to TDE. (MSI is tied 
internally to TDE in MC145503/05.) 

CCI 
Convert Clock Input 

CCI is designed to accept five discrete clock frequencies. 
These are 128 kHz, 1.536 MHz, 1.544 MHz, 2.048 MHz, or 
2.56 MHz. The frequency at this input is compared with MSI 
and prescale divided to produce the internal sequencing clock 
at 128 kHz (or 16 times the sampling rate). The duty cycle 
of CCI is dictated by the minimum pulse width except for 
128 kHz, which is used directly for internal sequencing and 
must have a 40 to 60% duty cycle. In asynchronous 
applications, CCI should be derived from transmit timing. (CCI 
is tied internally to TDC in MC145500101/03.) 

TDC 
Transmit Data Clock Input 

TDC can be any frequency from 64 kHz to 4.096 MHz, and 
is often tied to CCI if the data rate is equal to one of the five 
discrete frequencies. This clock is the shift clock for the 
transmit shift register and its rising edges produce successive 
data bits at TDD. TDE should be derived from this clock. (TDC 
and RDC are tied together internally in the MC145505 and 
are called DC.) CCI is internally tied to TDCon the MC1455001 
01/03. Therefore, TDC must satisfy CCltiming requirements 
also. 

TOE 
Transmit Data Enable Input 

TDE serves three major functions. The firstTDE rising edge 
following an MSI rising edge generates the internal transmit 
strobe which initiates an AID conversion. The internal transmit 
strobe also transfers a new PCM data word into the transmit 
shift register (sign bit first) ready to be output at TDD. The 
TOE pin is the high impedance control for the transmit digital 
data (TDD) output. As long as this pin is high, the TDD output 
stays low impedance. This pin also enables the output shift 
register for clocking out the 8-bit serial PCM word. The logical 
AND of the TDE pin with the TDC pin clocks out a new data 
bitatTDD. TDE should be held high for eight consecutive TDC 
cycles to clock out a complete PCM word for byte interleaved 
applications. The transmit shift register feeds back on itself 
to allow multiple reads of the transmit data. If the PCM word 
is clocked out once per frame in a byte interleaved system, 
the MSI pin function is transparent and may be connected to 
TOE. 

The TDE pin may be cycled during a PCM word for bit 
interleaved applications. TDE controls both the high imped
ance state of the TDD output and the internal shift clock. TDE 
must fall before TDC rises (tsu8) to ensure integrity of the next 
data bit. There must be at least two TDC falling edges between 
the last TDE rising edge of one frame and the first TDE rising 
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edge of the next frame. MSI must be available separate from 
TDE for bit interleaved applications. 

TOO 
Transmit Digital Data Output 

The output levels at this pin are controlled by the VLS 
pin. For VLS connected to VDD, the output levels are from 
VSS to VDD. For a voltage of VLS between VDD - 4 V and 
VSS, the output levels are TTL compatible with VLS being 
the digital ground supply. The TDD pin is a three-state output 
controlled by the TDE pin. The timing of this pin is controlled 
byTDCandTDE. When inTTLmode, this output maybe made 
high-speed CMOS compatible using a pull-up resistor. The 
data format (Mu-Law, A-Law, or sign magnitude) is controlled 
by the MulA pin. 

ROC 
Receive Data Clock Input 

RDC can be any frequency from 64 kHz to 4.096 MHz. This 
pin is often tied to the TDC pin for applications that can use 
a common clock for both transmit and receive data transfers. 
The receive shift register is controlled by the receive clock 
enable (RCE) pin to clock data into the receive digital data 
(RDD) pin on falling RDC edges. These three signals can be 
asynchronous with all other digital pins. The RDC input is 
internally tied to the TDC input on the MC145505 and called 
DC. 

RCE 
Receive Clock Enable Input 

The rising edge of RCE should identify the sign bit of a 
receive PCM word on RDD. The next falling edge of RDC, 
after a rising RCE, loads the first bit of the PCM word into the 
receive register. The next seven falling edges enter the re
mainder olthe PCM word. On the ninth rising edge, the receive 
PCM word is transferred to the receive buffer register and the 
AID sequence is interrupted to commence the decode pro
cess. In asynchronous applications with an 8 kHz transmit 
sample rate, the receive sample rate should be between 7.5 
and 8.5 kHz. Two receive PCM words may be decoded and 
analog summed each transmit frame to allow on chip confer
encing. The two PCM words should be clocked in as two single 
PCM words, a minimum of 31.251ls apart, with a receive data 
clock of 512 kHz or faster. 

ROD 
Receive Digital Data Input 

RDD is the receive digital data input. The timing for this pin 
is controlled by RDC and RCE. The data format is determined 
by the MulA pin. 

MulA 
Select 

This pin selects the companding law and the data format 
at TDD and RDD. 

MulA = VDD; Mu255 Companding D3 Data Format with 
Zero Code Suppress 
MulA = VAG; Mu255 Companding with Sign Magnitude 
Data Format 
MulA = VSS; A-law Companding with CCITT Data Format 
Bit Inversions 

SIGN! A·LAW 
CODE MAGNITUDE Mu-LAW (CCITT) 

+ FULL SCALE 1111 1111 1000 0000 1010 1010 
+ ZERO 1000 0000 1111 1111 1101 0101 
-ZERO 0000 0000 0111 1111 0101 0101 

-FULL SCALE 0111 1111 0000 0010 0010 1010 
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SIGN· 
BIT CHORD BITS STEP BITS 

NOTE: Starting from sign magnitude. to change format: 
To Mu-Law-

MSB is unchanged (sign) 
Invert remaining seven bits 
If code is 0000 0000. change to 0000 0010 (for zero 

code suppression) 
ToA-Law-

POl 

MSB is unchanged (sign) 
Invert odd numbered bits 
Ignore zero code suppression 

Power Down Input 
The power down input disables the bias circuitry and gates 

off all clock inputs. This puts the VAG. Txl. RxO. RxO. and TOO 
outputs into a high-impedance state. The power dissipation 
is reduced to 0.1 mW when POI is a low logic level. The circuit 
operates normally with POI = VDD or with a logic high as 
defined by connection at VLS. TOO will not come out of high 
impedance for two MSI cycles after POI goes high. 

DCLK 
Data Clock Input 

In the MC145505. TDC and ROC are internally connected 
to DCLK. 

ANALOG 

VAG 
Analog Ground inputlOutput Pin 

VAG is the analog ground power supply inputloutput. All 
analog signals into and out of the device use this as their 
ground reference. Each version of the MC145500 PCM 
codec-filter family can provide its own analog ground supply 
internally. The dc voltage of this internal supply is 6% positive 
of the midway between VDD and VSS. This supply can sink 
more than 8 mA but has a current source limited to 400 jJA. 
The output of this supply Is internally connected to the analog 
ground input of the part. The node where this supply and the 
analog ground are connected is brought out to the VAG pin. 
In symmetric dual supply systems (±5. ±S. etc.). VAG may be 
externally tied to the system analog ground supply. When 
RxO or RxO drive low impedance loads tied to VAG. a pull-up 
resistor to VDD will be required to boost the source current 
capability if VAG is not tied to the supply ground. All analog 
Signals for the part are referenced to VAG. including noise; 
therefore. decoupling capacitors (0.1 jlF) should be used 
from VDD to VAG and VSS to VAG. 

Vref 
Positive Voltage Reference Input (MC145502 Only) 

The Vref pin allows an external reference voltage to be 
used for the AID and D/A conversions. If Vref is tied to VSS. 
the internal reference is selected. If Vref > VAG. then the 
external mode is selected and the voltage applied to Vref is 
used for generating the internal converter reference voltage. 
In either internal or external reference mode. the actual 
voltage used for conversion is multiplied by the ratio selected 
by the RSI pin. The RSI pin circuitry is explained under its 
pin description below. Both the intemal and extemal 
references are inverted within the PCM codec-liIter for 
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negative input voltages such that only one reference Is 
required. 

External Mode - In the external reference mode (Vref > 
VAG). a 2.5 V reference like the MC1403 may be connected 
from Vref to VAG. A single extemal reference may be shared 
by tying together a number of Vref pins and VAG pins from 
different codec-filters. In special applications. the extemal ref
erence voltage may be between 0.5 and 5 V. However. the 
reference voltage gain selection circuitry associated with RSI 
must be considered to arrive at the desired codec-filter gain. 

Intemal Mode - In the intemal reference mode (Vref = 
VSS). an internal 2.5 V reference supplies the reference 
voltage for the RSI circuitry. The Vref pin is functionally 
connected to VSS forthe MC145500. MC145501. MC145503. 
and MC145505 pinouts. 

RSI 
Reference Select Input (MC145501/02 Only) 

The RSllnput allows the selection ofthree different overload 
or full scale AID and D/A converter reference voltages inde
pendent of the internal or external reference mode. The RSI 
pin is a digital input that senses three different logic states: 
VSS. VAG. and VDD. For RSI = VAG. the reference voltage is 
used directlyfortheconverters. The internal reference is 2.5 V. 
For RSI = VSS. the reference voltage is multiplied by 
the ratio of 1.26. which results in an internal converter refer
ence of 3.15 V. For RSI = VDD. the reference voltage is 

. multiplied by 1.51. which results in an intemal converter refer-
ence of 3.78 V. The device requires a minimum of 1.0 V of 
headroom between the internal converter reference to VDD. 
VSS has this same absolute valued minimum. also measured 
from VAG pin. The various modes of operation aresummarized 
in Table 2. The RSI pin is functionally connected to VSS for 
the MC145500. MC145503. and MC145505 pinouts. 

RxO,RiO 
Receive Analog Outputs 

These two complimentary outputs are generated from the 
output of the receive filter. They are equal in magnitude and 
out of phase. The maximum signal output of each is equal 
to the maximum peak-to-peak signal described with the 
reference. If a 3.15 V reference is used with RSI tied to VAG 
and a + 3 dBmO sine wave is decoded. the RxO output will 
be a 6.3 V peak-ta-peak signal. RxO will also have an 
inverted Signal output of 6.3 V peak-ta-peak. External loads 
may be connected from RxO to RxO for a 6 dB push-pull 
Signal gain or from either RxO or RxO to VAG. With a 3.15 
V reference each output will drive 600 n to + 9 dBm. With 
RSI tied to VDD. each output will drive 900 n to + 9 dBm. 

RxG 
Receive Output Gain Adjust (MC145502 Only) 

The purpose of the RxG pin is to allow external gain 
adjustment for the RxO pin. If RxG is left open. then the output 
signal at RxO will be inverted and output at RxO. Thus the 
push-pull gain to a load from RxO to Fii(O is two times the 
output level at RxO. If external resistors are applied from RxO 
to RxG (RI) and from RxG to RxO (RG). the gain of RxO can 
be set differently from inverting unity. These resistors should 
be in the range of 10 kn. The RxO output level is unchanged 
by the resistors and the RxO gain is approximately equal to 
minus RG/RI. The actual gain is determined by taking into 
account the internal resistors which will be in parallel to these 
extemal resistors. The internal resistors have a large 
tolerance. but they match each other very closely. This 
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matching tends to minimize the effects of their tolerance on 
external gain configurations. The circuit for RxG and RxO is 
shown in the block diagram. 

Txl 
Transmit Analog Input 

Txl is the input to the transmit filter. It is also the output of 
the transmit gain amplifiers of the MC145501/02103/05. The 
input impedance is greater than 100 kn to VAG in the 
MC145500. The Txl input has an internal gain of 1.0, such 
that a +3 dBmO signal at Txl corresponds to the peak 
converter reference voltage as described in the Vref and RSI 
pin descriptions. For 3.15 V reference, the +3 dBmO input 
should be 6.3 V peak-to-peak. 

+Tx/-Tx 
Positive Tx Amplifier Input (MC145502103/05 Only) I 
Negative Tx Amplifier Input (MC145501/02103/05 Only) 

The Txl pin is the input to the transmit band-pass filter. If 
+ Tx or - Tx is available, then there is an internal amplifier 
preceding the filter whose pins are + Tx, - Tx, and Txl. These 
pins allow access to the amplifier terminals to tailor the input 
gain with external resistors. The resistors should be in the 
range of 10 kU If + Tx is not available, it is internally tied to 
VAG. If - Tx and + Tx are not available, the Txl is a unity gain 
high-impedance input. 

POWER SUPPLIES 

VDD 
Most Positive Power Supply 

VDD is typically 5 to 12 V. 

VSS 
Most Negative Power Supply 

VSS is typically 10 to 12 V negative of VDD. 
For a ±5 V dual-supply system, the typical power supply 

configuration is VDD = + 5 V, VSS = - 5 V, VLS = 0 V (digital 
ground accommodating TTL logic levels), and VAG = 0 V 
being tied to system analog ground. 

For single-supply applications, typical power supply 
configurations include: 

VDD = 10 V to 12 V 
VSS = 0 V 
VAG generates a mid supply voltage for referencing all 

analog signals. 
VLS controls the logic levels. This pin should be connected 

to VDD for CMOS logic levels from VSS to VDD. This pin 
should be connected to digital ground for true TTL logic levels 
referenced to VLS. 

TESTING CONSIDERATIONS (MC145500/01/02 ONLy) 
An analog test mode is activated by connecting MSI and 

CCI to 128 kHz. In this mode, the input of the AID (the output 
of the Tx filter) is available at the PDI pin. This input is direct 
coupled to the AID side of the codec. The AID is a differential 
design. This results in the gain of this input being effectively 
attenuated by half. If monitored with a high-impedance buffer, 
the output of the Tx low-pass filter can also be measured at 
the PDI pin. This test mode allows independent evaluation 
of the transmit low-pass filter and AID side of the codec. The 
transmit and receive channels of these devices are tested with 
the codec-filter fully functional. 

MC145503 

fO.l 
5V 

IlF ...--...!. 16 51 kO" 
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VAG VOO 

2 RxO 15 
ROO Rx 

o----! + Tx RCE 
14 ENABL 

5kO 10kO 
4 Txl 13 

I 
ROC 

U 
CLOCK 

5 
- Tx TOC rE 681 

< ,i MulA TOO 11 

Tx 

E 

-= ~ POI TOE 
10 

8 VSS VLS~n 
0.1 IlF I 

1 
*To define R 

-b 

DO when TOO is high Z. 

-5V 

Figure 1. Test Circuit 

Table 1. Options Available by Pin Selection 

RSI* V,e" 
Pin Level Pin Level Peak-to-Peak Overload Voltage (Txl, RxO) 

VOO VSS 7.56 Vpp 

VOO VAG + VEXT (3.02 x VEXT) Vpp 

VAG VSS 5Vpp 

VAG VAG +VEXT (2 x VEXT) Vpp 

VSS VSS 6.3 Vpp 

VSS VAG + VEXT (2.52 x VEXT) Vpp 

*On MC145500/03/05, RSI and V,ef tied internally to VSS. On MC145501, V,ef tied internally to VSS. 
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Table 2. Summary of Operation Conditions User Programmed Through Pins VDD. VAG and VSS . 

~ Programmed RSI 
Logic Peak Overload 
Level MulA Voltage VLS 

VDD Mu·Law Companding Curve and D3/D4 3.78 CMOS 
Digital Formats with Zero Code Suppress Logic Levels 

VAG Mu-Law Companding Curve and Sign 2.50 TTL Levels 
Magnitude Data Format VAG Up 

VSS A-Law Companding Curve and CCITT 3.15 TTL Levels 
Digital Format VSSUp 

TOE 

TOC 

"Data output during this time will vary depending on TDC rate and TDE timing. 

Figure 2. Transmit Timing Diagram 

RCE 

Figure 3. Receive Timing Diagram 

MSI 

CCI 

Figure 4. MSIICCI Timing Diagram 
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Table 3. Mu-Law Encode-Decode Characteristics 

Normalized Digital Code 
Encode Normalized 

Chord Number Step Decision 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 Decode 
Number of Steps Size Levels Sign I Chord I Chord I Chord I Step I Step I Step I Step Levels 

8159 
1 0 0 0 0 0 0 0 8031 

7903 
8 16 256 

4319 
1 0 0 0 1 1 1 1 4191 

4063 

7 16 128 2143 
1 0 0 1 1 1 1 1 2079 

2015 

6 16 64 1055 
1 0 1 0 1 1 1 1 1023 

991 

5 16 32 511 
1 0 1 1 1 1 1 1 495 

479 

4 16 16 239 
1 1 0 0 1 1 1 1 231 

223 

3 16 8 103 
1 1 0 1 1 1 1 1 99 

95 

2 16 4 35 
1 1 1 0 1 1 1 1 33 

31 

1 15 2 3 
1 1 1 1 1 1 1 0 2 

1 
1 1 1 1 1 1 1 1 1 1 0 

0 

NOTES: 
1. Characteristics are symmetrical about analog zero with sign bit = 0 for negative analog values. 
2. Digital code includes inverison of all magnitude bits. 
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Table 4. A-Law Encode-Decode Characteristics 

Normalized 
Digital Code 

Encode Normalized 
Chord Number: Step Decision 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 Decode 

Number of Steps Size Levels Sign I Chord I Chord I Chord I Step I Step I Step I Step Levels 

4096 
1 0 1 0 1 0 1 0 4032 

3968 
7 16 128 

2176 
1 0 1 0 0 1 0 1 2112 

2048 

6 16 64 1088 
1 0 1 1 0 1 0 1 1056 

1024 

5 16 32 544 
1 0 0 0 0 1 0 1 528 

512 

4 16 16 272 
1 0 0 1 0 1 0 1 264 

256 

3 16 8 136 
1 1 1 0 0 1 0 1 132 

128 

2 16 4 68 
1 1 1 1 0 1 0 1 66 

64 

1 32 2 2 
1 1 0 1 0 1 0 1 1 

0 

NOTES: 
1. Characteristics are symmetrical about analog zero with sign bit = 0 for negative analog values. 
2. Digital code includes alternate bit inverison, as specified by CCITT. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
ADPCM Transcoder 
Conforms to G.721-1988 and T1.301-1987 

MC145532 

DWSUFFIX 
SOG 

CASE 751G 

The MC145532 Adaptive Differential Pulse Code Modulation (ADPCM) 
Transcoder provides a low-cost, full-duplex, single-channel transcoder to (from) 
a 64 kbps PCM channel from (to) either a 16 kbps, 24 kbps, 32 kbps, or 64 kbps 
channel. 

• Complies with CCITT Recommendation G.721-1988 
• Complies with the American National Standard (T1.301-1987) - LSUFFIX 

CERAMIC 
CASE 620 

• Full-Duplex, Single-Channel Operation 

• Il-Law or A-Law Coding is Pin Selectable 

• Synchronous or Asynchronous Operation 
• Easily Interfaces with Any Member of Motorola's PCM Codec-Filter 

Mono-Circuit Family or Other Industry Standard Codec 
• Serial PCM and ADPCM Data Transfer Rate from 64 kbps to 5.12 Mbps 

• Power Down Capability for Low Current Consumption 

• The Reset State, an Option Specified in the Standards, is Automatically Initiated 
When the RESET Pin is Released 

• Simple Time Slot Assignment Timing for Transcoder Applications 

• Single 5 V Power Supply 
• 16-Pin Package 
• The MC145536EVK is the evaluation platform for the MC145532 and also 

includes the MC145480 5 V PCM Codec-Filter 

000 

DOE 

DOC 

001 

DIE 

BLOCK DIAGRAM 

DIGITAL 
SIGNAL 

PROCESSOR 

EDO 

EDE 

EDC 

EDI 

EIE 

1 

MODE 

APD -----------.j 
1+----------- RESET 

14---------- SPC 

VSS ----~~ ~4---VDD 

PIN ASSIGNMENT 

MODE [ 1· 16 VDD 
DDO[ 2 15 EDO 

DOE [ 3 14 EOE 

DOC [ 4 13 EDC 

DDI[ 5 12 EDI 

DIE[ 6 11 P EIE 

RESET [ 7 10 P SPC 

VSS[ 8 9 P APD 

This dOCllment contains Information on a new product under development. Motorola reserves the right to change or discontinue this product without notice. 
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DEVICE DESCRIPTION 
An Adaptive Differential PCM (ADPCM) transcoder is used 

to reduce the data rate required to transmit a PCM encoded 
voice signal while maintaining the voice fidelity and intelli
gibility of the PCM signal. 

The transcoder is used on 64 kbps data streams which 
represent either voice or voice band data signals that have 
been digitized by a codec (e.g., MC145557). The transcoder 
uses a filter to attempt to predict the next PCM input value 
based on previous PCM input values. The error between the 
predicted and the true PCM input value is the information that 
is sent to the other end of the line. Hence the word differential, 
since the ADPCM data stream is the difference between the 
true PCM input value and the predicted value. The term 
"adaptive" applies to the filter that is performing the prediction. 
It is adaptive in that its transfer function changes based on 
the PCM input data. That is, it adapts to the statistics of the 
signals presented to it. 

ENCODER INPUT 

EDI 

PIN DESCRIPTION 

Encoder Data Input (Pin 12) 
PCM data to be encoded are applied to this input pin which 

operates synchronously with EDC and EIE to enter the data 
in a serial format. 

EDC 
Encoder Data Clock (Pin 13) 

Data applied to· EDI are latched into the transcoder on a 
falling edge of EDC and data are output from EDO on a rising 
edge of this input pin. The frequency of EDC may be as low 
as 64 kHz or as high as 5.12 MHz. 

EIE 
Encoder Input Enable (Pin 11) 

The beginning of a new PCM word is indicated to the 
transcoder by a rising edge applied to this input. The frequency 
of EIE may not exceed 8 kHz. 

ENCODER OUTPUT 

EDO 
Encoder Data Output (Pin 15) 

ADPCM data are available in a serial formatfrom this output, 
which operates synchronously with EDC and EOE. EDO is 
a three-state output which remains in a high-impedance state, 
except when presenting data. 

EOE 
Encoder Output Enable (Pin 14) 

Each ADPCM word is requested by a rising edge on this 
input, which causes the EDO pin to provide the data when 
clocked by EDC. One EOE must occur for each EIE. 

DECODER INPUT 

DDI 
Decoder Data Input (Pin 5) 

ADPCM data to be decoded are applied to this input pin, 
which operates in conjunction with DOC and DIE to enter the 
data in a serial format. 

MC145532 
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DOC 
Decoder Data Clock (Pin 4) 

Data applied to 001 are latched into the transcoder on the 
falling edge of DOC and data are outputfrom 000 on the rising 
edge of DOC. The frequency of DOC may be as low as 64 kHz 
or as high as 5.12 MHz. 

DIE 
Decoder Input Enable (Pin 6) 

The beginning of a new ADPCM word is indicated by a rising 
edge applied to this input. Data are serially clocked into 001 
on the subsequent falling edges of DOC following the DIE 
rising edge. The frequency of DIE may not exceed 8 kHz. 

DECODER OUTPUT 
000 
Decoder Data Output (Pin 2) 

PCM data are available in a serial format from this output, 
which operates in conjunction with DOC and DOE. 000 is 
a three-state output that remains at a high-impedance state 
except when presenting data. 

DOE 
Decoder Output Enable (Pin 3) 

Each ADPCM word is requested by a rising edge on this 
input which causes the 000 pin to provide the data when 
clocked by DOC. One DOE must occur for each DIE. 

CONTEXT 

MODE 
Mode Select (Pin 1) 

A logic 0 applied to this input makes the transcoder 
compatible with 1!-255 companding and 03 data format. A 
logic 1 applied to this pin makes the transcoder compatible 
with A-law companding with even bit inversion data format. 

SPC 
Signal Processor Clock (Pin 10) 

This input is typically clocked with a 20.48 MHz clock signal 
which is used as the digital signal processor master clock. 
This pin has a CMOS compatible input. 

RESET 
Reset (Pin 7) 

A logic 0 applied to this input forces the transcoder into a 
low power dissipation mode. A rising edge on this pin causes 
power to be restored and the optional transcoder RESET state 
(specified in the standards) to be forced. Valid data is available 
at the output pins four input enables after a rising edge on 
this pin. This pin has ~,~MOS compatible input. 

APD 
Absolute Power Down (Pin 9) 

A logic 1 applied to this input forces the transcoder into a 
power saving mode. This pin has a CMOS compatible input. 

POWER SUPPLY 

VDD 
Positive Power Supply (Pin 16) 

The most positive power supply pin, normally 5 V. 

VSS 
Negative Power Supply (Pin 8) 

The most negative power supply pin, normally 0 V. 
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FUNCTIONAL DESCRIPTION 

ENCODING/DECODING RATES 

The MC145532 allows for the encoding and decoding of 
data at one of four rates on a sample by sample basis. Each 
data sample that is provided to the part is accompanied by 
an indication of the rate at which it is to be encoded ordecoded. 
The width of the enable pulse determines the encoding/decod
ing rate chosen for each sample. 

The 64 kbps rate allows for PCM data to be passed directly 
through the part. The 32 kbps rate is either the G.721 or the 
T1.301-1987 standard, depending on the state of the mode 
pin. The 24 kbps encoding rate is compliant with CCITT G. 723 
and G.726. The 16 kbps rate is a modified quantizerfrom the 
32 kbps technique and is not a standard. 

TIMING 

Figures 1 through 8 show the timing of the input and output 
pins. The MC145532 determines the mode of the timing 
signals, either short or long frame, for each enable, 
independent of the mode of any previous enables. A transition 
from short frame to long frame mode or vice versa will cause 
at least one frame of data to be destroyed. Each of the four 
sets of I/O pins determines its mode independent of the other 
sets. Thus the encoder input could be operating with long 
frame timing and the output could be operating with short 
frame timing. Note that the short frame timing on the input 
enables can only be used with the 32 kbps transcoding rate. 
The number of data clock falling edges enclosed by the input 
enable line (EIE or DIE) determines both the short frame or 
long frame mode and the transcoding rate. The mode of the 
input or output is determined each frame. In all modes, the 
data is captured by the MC145532 on the falling edge of either 
EDC or DDC. 

ENCODER INPUT - SHORT FRAME 

Figure 1 shows the timing of the encoder data clock (EDC), 
the encoder input enable (EIE), and the encoder data input 
(ED I) pins in short frame operation. 

The determination of short frame mode is made by the 
MC145532 based on one falling EDC edge while EIE is high. 
Note that only a 32 kbps encoding rate can be specified when 
using short frame mode on the encoder input. 

ENCODER INPUT - LONG FRAME 

Figure 2 shows the clock, enable, and data signals for the 
encoder input in long frame mode. In this mode, the data is 
captured by the MC145532 on the falling edge of EDC. 

The determination of the encoding rate is made based on 
the number of falling EDC edges seen by the MC145532 while 
EIE is high. Four edges implies a 32 kbps encoding rate, three 
edges implies a 24 kbps encoding rate, two edges implies a 
16 kbps rate, and from five to eight inclusive imply a 64 kbps 
rate. The encoding rate may be changed on a frame by frame 
basis. The encoded word is available at EDO (via EOE and 
EDC) from 250 Jls to 375 JlS after it is requested. 

ENCODER OUTPUT - SHORT FRAME 
Figure 3 shows the timing of the encoder output in short 

frame mode. The length of the LSB is always one half of an 
EDC cycle. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

The EDO will provide the correct number of bits for the 
encoding rate that was selected for this frame of data on the 
encoder input pins. The data is loaded into the MC145532 
during one frame, encoded on the next frame, and read during 
the third frame. 

ENCODER OUTPUT - LONG FRAME 
Figure 4 shows the timing of the encoder output in long 

frame mode. The enable must be wider than two falling edges 
of the EDC to be in long frame mode. If the enable falls before 
the correct number of bits have been presented to the output 
(EDO), the transcoder will complete the presentation of the 
bits to the output with the LSB being one half of an EDC period 
wide. If the enable falls after the one half EDC period of the 
LSB, then the LSB will be extended up to the full EDC clock 
period and the subsequent data will be a recirculation of the 
previous data, which repeats until the enable pin falls. This 
is shown on the second enable for the 16 kbps encoding rate 
example in Figure 4. 

DECODER INPUT - SHORT FRAME 

Figure 5 shows the timing of the decoder data clock, the 
decoder input enable, and the decoder data input pins in short 
frame operation. Note that in this mode only a 32 kbps 
decoding rate can be selected. 

DECODER INPUT - LONG FRAME 

Figure 6 shows the clock, enable, and data signals for the 
decoder input in long frame mode. 

The determination of the decoding rate is made based on 
the number of falling DDC edges seen by the MC145532while 
DIE is high. Four edges implies a 32 kbps decoding rate, three 
edges implies a 24 kbps decoding rate, two edges implies a 
16 kbps rate, and from five to eight edges inclusive imply a 
64 kbps rate. The decoding rate may be changed on a frame 
by frame basis. 

DECODER OUTPUT - SHORT FRAME 

Figure 7 shows the timing of the decoder output in short 
frame mode. 

The DDO will provide the 8-bit PCM word for the decoding 
rate that was selected for this frame of data on the decoder 
input pins. The data is loaded into the MC145532 during one 
frame, decoded on the next frame, and read during the third 
frame. 

DECODER OUTPUT - LONG FRAME 

Figure 8 shows the timing of the decoder output in long 
frame mode. Note that at least eight bits are presented to the 
output, provided that at least two falling edges of DDC are 
seen while DOE is high. The enable can be used to extend 
the LSB to a full DDC period and/or cause the eight bits of 
data to be recirculated to the output pin until the enable falls. 

STANDARDS INFORMATION 

The following standards apply to the MC145532: 
T1.301-1987-32 kbps APDCM 
T1.303-1988-24 kbps ADPCM. 
CCITT G.721 , G.723, and G.726-32 kpbs and 24 kpbs 

CCITT documents may be obtained by contacting Omnicom 
in the USA at (703) 281-1135. 

MC145532 
2-877 



ABSOLUTE MAXIMUM RATINGS (Voltages Referenced to VSS) 

Rating Symbol Value Unit 

OC Supply Voltage VOO - 0.5 to+ 7.0 V 

Voltage, Any Pin to VSS V - 0.5 to VOO + 0.5 V 

DC Current, Any Pin lin ±IO rnA 

Operating Temperature TA -40to+85 °C 

Storage Temperature Tstg -85to+150 °C 

RECOMMENDED OPERATING CONDITIONS (T A = - 40 to + 85°C) 

Parameter 

OC Supply Voltage 

Power Oissipation 

DIGITAL CHARACTERISTICS (VOO = 5.0 V, TA = - 40 to + 85°C) 

Parameter 

High Level Input Voltage Mode, OOE, ~OC, 001, OlE, EIE, EOI, EOC, EOE 

Low Level Input Voltage Mode, OOE, ~OC, 001, OlE, EIE, EOI, EOC, EOE 

High Level Input Voltage RESET, APO, SPC 

Low Level Input Voltage RESET, APO, SPC 

Input Current " 
Input Capacitance 

High Level Output Voltage (IOH = -2.0 rnA) 000, EOO 

Low Level Output Voltage (IOL = 2.0 MA) OOO,EOO 

Output Leakage Current (VOO = 5.5 V) OOO,EOO 

SWITCHING CHARACTERISTICS (VOO = 5.0 V, TA = - 40 to + 85°C) 

Parameter 

SPC Frequency 

SPC Outy Cycle 

This device contains circuitry to protect 
against damage due to high static voltages or 
electric fields; however, it is advised that 
normal precautions be taken to avoid 
application of any voltage higher than. 
maximum rated voltages to this high 
impedance circuit. For proper operation it is 
recommendedthatVlnandVoutbeconstrained 
to the range VSS ~ (Vin or Voutl ~ VOO. 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., eltherVSS 
orVOO)· 

~ymbol Min Max Unit 

VOO 4.50 5.50 V 

Po - 0.28 W 

Symbol Min Max Unit 

VIH 2.0 - V 

VIL - 0.8 V 

VIH 0.7VOO - V 

VIL - 0.3VOO V 

lin - ±I.O j1A 

Cin - 10 pF 

VOH 4.6 - V·; 

VOL - 0.4 V 

Ilkg - ±5.0 I1A 

Min Max Unit 

19.990 23 MHz 

45 55 % 

MC145532 
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ENCODER INPUT - SHORT FRAME (VDD = 5.0 V, TA = - 40 to + 85°C) 

Parameter Symbol Min Max Unit 

Enable Low Setup Time tsu(EIE)L 15 - ns 

Enable Low Hold Time th(EIE)H 30 - ns 

Enable Valid Time tv(EIE) 15 - ns 

Enable Hold Time th(EIE) 15 - ns 

Data Valid Time tY(EDI) 15 - ns 

Data Hold Time th(EDI) 15 - ns 

EDC 

EIE ~I...-.. ________ ---Jn .... __________ _ 
LSB 

EDI 

EDC 

1+---Iot-tsu(EIE)L 

EIE 

EDI 

tv(EDI) fI __ M-;:IB;-. __ ~ Ih(EDI) 

Figure 1. Encoder Input Tlmlng-Short Frame 
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ENCODER INPUT - LONG FRAME (VDD = 5.0 V, TA = - 40 to + 85°C) 

Parameter . Symbol Min Max Unit 

Enable Low Hold lime Iti(EIE)L 30 - ns 

Enable Valid lime tv(EIE) 15 - ns 

Data Valid lime tv(EDI) 15 - ns 

Data Hold lime th(EDI) 15 - ns 

EDC 

EIE32kbps ~ 

EIE24 kbps ~ 

EIE16kbps ~ 

EIE64kbps ~ 
1111111111 111111111 

LSB LSB 

EDI 

EDC 

EIE 

EDI 

Figure 2. Encoder Input Timing-Long Frame 
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ENCODER OUTPUT - SHORT FRAME (VDD = 5.0 V, TA = - 40 to + 85°C) 

Parameter Symbol Min Max Unit 

Enable Low Hold lime th(EOE)L 30 - ns 

Enable Valid lime tv(EOE) 15 - ns 

Enable Hold lime th(EOE) 15 - ns 

Data Valid lime tv(EDO) - 40 ns 

Data Three-State lime (with 150 pF Load) tz(EDO) 1 30 ns 

EDC 

EOE nL-----______ ---J~'--_______ n 
LSB LSB 

EDO----{ 

·32 kbps transcoding rate selected for this frame at EIE @ 64 kbps trans coding rate selected for this frame at EI E 

EDC 

EOE 

tV(EDO)-+--+tIr-_____ "'.,.... __ --. 

EDO ------------------<1 MSB 

Figure 3_ Encoder Output Timing-Short Frame 
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ENCODER OUTPUT - LONG FRAME (VDD = 5.0 V, TA = - 40 to + 85°C) 

Parameter Symbol Min Max 

Enable Low Hold TIme th(EOE)L 30 -
Enable Valid TIme tv(EOE) 15 -
Enable to Data TIme (Whichever Edge Occurs Last) tEOE-EDO - 40 

Clock to Data TIme (Whichever Edge Occurs Last) tEDC-EDO - 45 

EDC 

EOE~ *1.-1 ___ _ 

32 kbps 

EDO 

EOE~ 
24kbps 

EDO 

EOE~ 
16 kbps 

EDO 

EOE~ 
64kbps 

EDO 

EDC 

EOE 

~ 

U 

*EDO Driver is controlled by EOE 
#EDO completes the presentation of data 
@Data recirculates 

EDO ------------4--~ 

Figure 4. Encoder Output Timing-long Frame 

@L-I __ _ 

u 

Unit 

ns 

ns 

ns 

ns 
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DECODER INPUT - SHORT FRAME (VDD = 5.0 V, TA = - 40 10 + 85°C) 

Parameter Symbol Min Max Unit 

Enable Low Selup Time 10 Falling DOC Isu(DIE)L 15 - ns 

Enable Low Hold Time from Falling DOC Ih(DIE)H 30 - ns 

Enable Valid Time 10 Falling DOC Iv(DIE) 15 - ns 

Enable Hold Time from Falling DOC Ih(DIE) 15 - ns 

Data Valid Time Before Falling DOC Iv(DDI) 15 - ns 

Data Hold Time from Falling DOC IJ1(DDI) 15 - ns' 

DOC 

DIE ~,---________ --,nL.. ________ _ 
DDI-----{ 

DOC 

-+r--th(DIE)---i+-

DIE 

001 

Figure 5. Decoder Input Timlng-Short Frame 
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DECODER INPUT - LONG FRAME (VDD = 5.0 V, TA = - 40 to + 85°C) 

. Enable Hold Time from Falling DOC 

Enable Valid Time to Falling DOC 

Data Valid Time to Falling DOC 

Data Hold Time from Falling DOC 

DOC 

DIE~ 
32 kbps 

DOl 

DIE~ 
24 kbps 

DOl 

DIE~ 

Parameter Symbol Min Max 

th(DIE) 30 -
tv(DIE) 15 -
tv(DDI) 15 -
th(DDI) 15 -

16 kbps 

DDI~------------------------~-----------------------

DIE ---.J 
64 kbps 

DOl 

DOC 

DIE 

001 

~\\\~ I u 

________ .....;[""" .1. ,sa ''''---r 
Figure 6. Decoder Input Timing-Long Frame 

Unit 

ns 

ns 

ns 

ns 

MC145532 
2-884 

MOTOROLA COMMUNICATIONS DEVICE DATA 



DECODER OUTPUT - SHORT FRAME (VDD = S.O V, TA = - 40 to + BSDC) 

Parameter Symbol Min Max Unit 

Enable Low Hold Time th(DOE)L 30 - ns 

Enable Valid Time tv(DOE) 15 - ns 

Enable Hold Time th(DOE) 15 - ns 

Rising Edge of DOC to Valid 000 tv(DDO) - 40 ns 

Delay Time from Bth DOC Low to 000 Output Disabled tz(DDO) - 30 ns 

DOC 

DOE n n 
~ I~------------~ ~ ______________ _ 

LSB 

000-----( 

DOC 

DOE 

000 ------------------<1 

Figure 7. Decoder Output TIming-Short Frame 
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DECODER OUTPUT - LONG FRAME (VDD = 5.0 V, TA = - 40 10 + 85·C) 

Parameter Symbol Min Max Unit 

Enable Low Hold Time Ih(DOE)L 30 - ns 

Enable Valid Time Iv(DOE) 15 - ns 

Rising Edge of DOE 10 Valid 000 (when DOC Is High) lODE-DOD - 40 ns 

Rising Edge of DOC 10 Valid 000 (when DOE is High) IDDC-DDO - 45 ns 

Delay Time from 81h DOC Low or DOE Low 10 000 Outpul Disabled Iz(DDO) 0 30 ns 

DOC 

ooE~ ~\\ \\\\\ \\~ I L 
000 

DOC 

DOE 

000 ------------~--~ 

Figure 8. Decoder Output Timing-Long Frame 
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1.544 MHz 

TS1 J 
TS2 

TS3 

TS4 

PCM BUS OUT 000 Y 

PCMYBUSOUT 
TS1 

ADPCM Z BUS IN 
TS3 

1.544 MHz 

PCMXBUSOUT 
TS3 

TS4 

POWER DOWN 

~ 

.---
.f;" 

f' 

.f;" 

MC145532 

MODE VDD -+5V 

000 EDO 
DOE EOE 
DOC EDC 

001 EDI 
DIE EIE 
RESET SPC -
VSS APD~ 

MC145532 

MODE VDD -+5V 

000 EDO 
DOE EOE 

DOC EDC 

001 EDI 

DIE EIE 
RESET SPC 

VSS APD~ 

DDOx------------------~ 

PCM BUS IN EDly -------------------< 

EDlx 

ADPCM Z BUS OUT 
TS 1 

PCMYBUS IN 
TS3 

TS2 

PCMX BUS IN 

TS1 

20.48 MHz 

L 

ADPCM BUS OUT EDOzy ~>--------------------------

EDOZX------------~>-------------------

ADPCMBUS IN DDlzy ------------------<~----------

DDlzx -------------------------~ 

Figure 9. ADPCM Transcoder Application 
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MC145503 AOPCMIN 

VOO +5V VAG 
':' 

ANALOG OUT --";;;"'-1 RxO 
':' 

ROD 1-----1--=--1 
ANALOG IN + Tx RCE TSm1 TSm 

Txl ROC 1--1--_-1---11-1 
-Tx TOC 1-+--" 
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Figure 10. ADPCM Transcoder/Codec Application 
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-5V 

ANALOG OUT 

+5V 

2.048 MHz 
ADPCM IN 
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2.048 MHz = MClKR = BClKR = DOC 
= MClKX = BClKX = EDC 

8kHz= DOE = DIE= FSR J 
= EOE = EIE = FSX 

MC145557 

VBB VFXI+ ~ 
f GNDA VFXI-

VFRO GSX 

VCC TSX 
FSR FSX 
DR Ox 

ff 
BClKR BClKXl-
MClKR MClKX 

MC145532 

+5 V- MODE VDD -+5V 

000 EDO 
DOE EOE 

DOC EDC -
001 EDI 

DIE EIE 
RESET SPC 

~ VSS APD --:;!;. 

, ... 
J 
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ADPCMOUT 
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Figure 11. ADPCM Transcoder/Codec Application (A-Law) 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Technical Summary 
ADPCM Codec 

This technical summary provides a brief description of the MC145540 ADPCM 
Codec. A complete data book for the MC145540 is available and can be ordered 
from your local Motorola sales office. The data book number is MC145540/D. 

The MC145540 ADPCM Codec is a single chip implementation of a PCM 
codec-filter and an ADPCM encoder/decoder, and therefore provides an efficient 
solution for applications requiring the digitization and compression of voiceband 
signals. This device is designed to operate over a wide voltage range, 2.7 to 5.25 V 
and, as such, is ideal for battery powered as well as ac powered applications. 
The MC145540 ADPCM Codec also includes a serial control port and internal 
control and status registers that permit a microcomputer to exercise many built-in 
features. 

The ADPCM Codec is designed to meet the 32 kbps ADPCM conformance 
requirements of CCITT Recommendation G.721 and ANSI Tl.301. It also meets 
ANSI Tl.303 and CCITT Recommendation G.723 for 24 kbps ADPCM operation, 
and the 16 kbps ADPCM standard, CCITT Recommendation G.726. This device 
also meets the PCM conformance specification of the CCITT G.714 Recommen
dation. 

• Single 2.7 to 5.25 V Power Supply 
• Typical 3 V Power Dissipation of 60 mW, Power Down of 151lW 
• Differential Analog Circuit Design for Lowest Noise 
• Complete Mu-Law and A-Law Companding PCM Codec-Filter 
• ADPCM Transcoder for 64, 32, 24, and 16 kbps data rates 
• Universal Programmable Dual Tone Generator 
• Programmable Transmit Gain, Receive Gain, and Sidetone Gain 
• Low Noise, High Gain, Three Terminal Input Operational Amplifier for 

Microphone Interface 
• Push-Pull, 300 n Power Drivers with External Gain Adjust for Receiver 

Interface 
• Push-Pull, 300 n Auxiliary Output Drivers for Ringer Interface 
• Voltage Regulated Charge Pump to Power the Analog Circuitry in Low Voltage 

Applications 
• Receive Noise Burst Detect Algorithm 
• Order Complete Document as MC145540/D 
• Device Supported by MC145537EVK ADPCM Codec Evaluation Kit 

28 

MC145540 

PSUFFIX 
PLASTIC DIP 

CASE 710 

DWSUFFIX 
SOG 

CASE 751F 

ORDERING INFORMATION 

MCI45540 SUFFIX DENOTES 

Plastic DIP 

SOG Package E :w 

PIN ASSIGNMENT 

TG I 1- 28 ~ VDD 

TI- r 2 27 ~ FSR 

TI+ l 3 26 P BClKR 

VAG r 4 25 ~ DR 

RO l 5 24 ~ Cl+ 

AXO- 6 23 ~ Cl-

AXO+ 7 22 P VSS 

VOSP 8 21 P SPC 

VEXT 9 20 ~ OT 

PI 10 19 ~ BClKT 

PO- II 18 FST 

PO+ 12 17 SCP Rx 

POI/RESET 13 16 SCP Tx 

SCPEN 14 15 SCPClK 

This document contains inlonnation on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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BLOCK DIAGRAM 

PO+ .-1-1---< 

PO-

PI .-H-----' 

RO 

AXO- .-1-+---;;'1 
,-<:>+-O-....J 

AXO+ 

TG .-1-1----, 

TI
TI+ 

VDD 

VSS 

PIN DESCRIPTIONS 
POWER SUPPLY PINS 

VSS 
Negative Power Supply (Pin 22) 

CODEC·FllTER 

This is the most negative power supply and is typically 
connected to 0 V. 

VEXT 
External Power Supply Input (Pin 9) 

This pOl'@r supply input pin must be between 2.70 and 
5.25 V. Internally, it is connected to the input of the VDSP 
voltage regulator, the 5 V regulated charge pump, and all 
digital 1/0 including the Serial Control Port and the ADPCM 
Serial Data Port. This pin is also connected to the analog 
output drivers (PO+, PO-, AXO+, and AXO-). This pin 
should be decoupled to VSS with a 0.1 ~F ceramic capacitor. 
This pin is internally connected to the VDD and VDSP pins 
when the device is powered down. 

VOSP 
Oigital Signal Processor Power Supply Output (Pin 8) 

This pin is connected to the output of the on·chip VDSP 
voltage regulator which supplies the positive voltage to the 
DSP circuitry and to the other digital blocks of the ADPCM 
Codec. This pin should be decoupled to VSS with a 0.1 ~F 
ceramic capacitor. This pin cannot be used for powering 
external loads. This pin is internally connected to the VEXT 
pin during power down to retain memory. 
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VOO 

DSP 

ADPCM 
TRANSCODER, 
RECEIVE GAIN 

AND 
DUAL TONE 

GENERATOR 

SEQUENCE! 
CONTROL 

DR 

FSR 

BClKR 

BClKT 

FST 

DT 

VDSP 

SPC 

Positive Power Supply Input/Output (Pin 28) 
This is the positive output of the on-Chip voltage regulated 

charge pump and the positive power supply input to the analog 
sections of the device. Depending on the supply voltage 
available, this pin can function in one of two different operating 
modes: 
1. When VEXT is supplied from a regulated 5 V (±5%) power 

supply, VDD is an input and should be externally con
nected to VEXT. Charge pump capacitor C1 should not 
be used and the charge pump should be disabled in BRO 
(b2). In this case VEXT and VDD can share the same 
0.1 ~F ceramic decoupling capacitor to VSS. 

2. When VEXT is supplied from 2.70 to 5.25 V, such as bat
tery powered applications, the charge pump should be 
used. In this case, VDD is the output of the on-chip voltage 
regulated charge pump and must not be connected to 
VEXT. VDD should be decoupled to VSS with a 1.0 IlF 
ceramic capacitor. This pin cannot be used for powering 
external loads in this operating mode. This pin is internally 
connected to the VEXT pin when the charge pump is 
turned off or the device is powered down. 

VAG 
Analog Ground Output (Pin 4) 

This output pin provides a mid-supply analog ground 
regulated to 2.4 V. All analog signal processing within this 
device is referenced to this pin. This pin should be decoupled 
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to VSS with a 0.01 to 0.1 ~F ceramic capacitor. If the audio 
signals to be processed are referenced to VSS, then special 
precautions must be utilized to avoid noise between VSS and 
the VAG pin. Refer to .the applications information in this 
document for more information. The VAG pin becomes high 
impedance when in analog power-down mode. 

C1-,C1+ 
Charge Pump Capacitor Pins (Pin 23 And 24) 

These are the capacitor connections to the internal voltage 
regulated charge pump that generates the VDD supply 
voltage. A 0.1 ~F capacitor should be placed between these 
pins. Note that if an external VDD is supplied, this capacitor 
should not be in the circuit. 

ANALOG INTERFACE PINS 

TG 
Transmit Gain (Pin 1) 

This is the output of the transmit gain setting operational 
amplifier and the input to the transmit band-pass filter. This 
op amp is capable of driving a 2 kO load to the VAG pin. 
When TI- and TI+ are connected to VDD, the TG op amp 
is powered down and the TG pin becomes a high-impedance 
input to the transmit filter. All signals at this pin are referenced 
to the VAG pin. This pin is high impedance when the device 
is in the analog power-down mode. This op amp is powered 
by the VDD pin. 

TI-
Transmit Analog Input (Inverting) (Pin 2) 

This is the inverting input of the transmit gain setting 
operational amplifier. Gain setting resistors are usually 
connected from this pin to TG and from this pin to the analog 
signal source. The common mode range of the TI + and TI
pins is from 1.0 V, to VDD - 2 V. Connecting this pin and TI + 
(Pin 3) to VDD will place this amplifier's output (TG) in a 
high-impedance state, thus allowing the TG pin to serve as 
a high-impedance input to the transmit filter. 

TI+ 
Transmit Analog Input (Non-inverting; Pin 3) 

This is the non-inverting input of the transmit input gain 
setting operational amplifier. This pin accommodates a differ
ential to single-ended circuit for the input gain setting op amp. 
This allows input signals that are referenced to the VSS pin 
to be level shifted to the VAG pin with minimum noise. This 
pin may be connected to the VAG pin for an inverting amplifier 
configuration if the input signal is already referenced to the 
VAG pin. The common mode range of the TI + and TI- pins 
is from 1.0 V to VDD - 2 V. Connecting this pin and TI- (Pin 
2) to VDD will place this amplifier's output (TG) in a high
impedance state, thus allowing the TG pin to serve as a 
high-impedance input to the transmit filter. 

RO 
Receive Analog Output (Pin 5) 

This is the non-inverting output of the receive smoothing 
filter from the digital-to-analog converter. This output is 
capable of driving a 2 kO load to 1.575 V peak referenced 
to the VAG pin. This pin may be dc referenced to either the 
VAG pin or a voltage of half of VEXT by BR2 (b7). This pin 
is high impedance when the device is in the analog 
power-down mode. This pin is high impedance except when 
it is enabled for analog signal output. 
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AXO-
Auxiliary Audio Power Output (Inverting) (Pin 6) 

This is the inverting output of the auxiliary power output 
drivers. The Auxiliary Power Driver is capable of differentially 
driving a 300 0 load. This power amplifier is powered from 
VEXT and its output can swing to within 0.5 VofVSS andVEXT. 
This pin may be dc referenced to either the VAG pin or a 
voltage of half of VEXT by BR2 (b7). This pin is high 
impedance in power down. This pin is high impedance except 
when it is enabled for analog signal output. 

AXO+ 
Auxiliary Audio Power Output (Non-inverting; Pin 7) 

This is the non-inverting output of the auxiliary power 
output drivers. The Auxiliary Power Driver is capable of 
differentially driving a 300 0 load. This power amplifier is 
powered from VEXT and its output can swing to within 0.5 
V of VSS and VEXT. This pin may be dc referenced to either 
the VAG pin or a voltage of half of VEXT by BR2 (b7). This 
pin is high impedance in power down. This pin is high 
impedance except when it is enabled for analog signal output. 

PI 
Power Amplifier Input (Pin 10) 

This is the inverting input to the PO- amplifier. The 
non-inverting input to the PO- amplifier may be dc 
referenced to either the VAG pin or a voltage of half of VEXT 
by BR2 (b7). The PI and PO- pins are used with external 
resistors in an inverting op amp gain circuit to set the gain 
of the PO+ and PO- push-pull power amplifier outputs. 
Connecting PI to VDD will power down these amplifiers and 
the PO+ and PO- outputs will be high impedance. 

PO-
Power Amplifier Output (Inverting) (Pin 11) 

This is the inverting power amplifier output that is used to 
provide a feedback signal to the PI pin to set the gain of the 
push-pull power amplifier outputs. This power amplifier is 
powered from VEXT and its output can swing to within 0.5 
V of VSS and VEXT. This should be noted when setting the 
gain of this amplifier. This pin is capable of driving a 300 0 
load to PO+ independent of supply voltage. The PO+ and 
PO - outputs are differential (push-pull) and capable of 
driving a 300 0 load to 3.15 V peak, which is 6.3-V 
peak-to-peak when a nominal 5 V power supply is used for 
VEXT. The bias voltage and Signal reference for this pin may 
be dc referenced to either the VAG pin or a voltage of half 
of VEXT by BR2 (b7). Lowimpedance loads must be between 
PO+ and PO-. This pin is high impedance when the device 
is in the analog power-down mode. This pin is high 
impedance except when it is enabled for analog signal output. 

PO+ 
Power Amplifier Output (Non-inverting) (Pin 12) 

This is the non-inverting power amplifier output that is an 
inverted version of the signal at PO-. This power amplifier 
is powered from VEXT and its output can swing to within 0.5 
V of VSS and VEXT. This pin is capable of driving a 300 0 
load to PO-. This pin may be dc referenced to either the VAG 
pin or a voltage of half of VEXT by BR2 (b7). This pin is high 
impedance when the device is in the analog power-down 
mode. See PI and PO- for more information. This pin is high 
impedance except when it is enabled for analog signal output. 
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ADPCMlPCM SERIAL INTERFACE PINS 

FST 
Frame Sync, Transmit (Pin 18) 

When used in the Long Frame Sync or Short Frame Sync 
mode, this pin accepts an 8 kHz clock that synchronizes the 
output of the serial ADPCM data at the DT pin. 

BCLKT 
Bit Clock, Transmit (Pin 19) 

When used in the Long Frame Sync or Short Frame Sync 
mode, this pin accepts any bit clock frequency from 64 to 5120 
kHz. 

DT 
Data, Transmit (Pin 20) 

This pin is controlled by FST and BCLKT and is high 
impedance except when outputting data. 

SPC 
Signal Processor Clock (Pin 21) 

This input requires a 20.48 or 20.736 MHz clock signal that 
is used as the DSP engine master clock. Internally the device 
divides down this clockto generate the 256 kHz clock required 
by the PCM Codec. (This clock may be optionally specified 
for higher frequencies; contact the factory for more informa
tion.) 

DR 
Data, Receive (Pin 25) 

ADPCM data to be decoded are applied to this input, which 
operates synchronously with FSR and BCLKR to enter the 
data in a serial format. 

BCLKR 
Bit Clock, Receive (Pin 26) 

When used in the Long Frame Sync or Short Frame Sync 
mode, this pin accepts any bit clock frequency from 64 to 
5120 kHz. This pin may be used for applying an external 
256 kHz clock for sequencing the analog signal processing 
functions of this device. This is selected by the SCP port at 
BRO (b7). 

FSR 
Frame Sync, Receive (Pin 27) 

When used in the Long Frame Sync or Short Frame Sync 
mode, this pin accepts an 8 kHz clock that synchronizes the 
input of the serial ADPCM data at the DR pin. FSR can 
operate asynchronous to FST in the Long Frame Sync or 
Short Frame Sync mode. 
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SERIAL CONTROL PORT INTERFACE PINS 

POI/RESET 
Power-Down Input/Reset (Pin 13) 

A logic 0 applied to this input forces the device into a 
low-power dissipation mode. A rising edge on this pin causes 
power to be restored and the ADPCM Reset state (specified 
in the standards) to be forced. 

SCPEN 
Serial Control Port Enable Input (Pin 14) 

This pin, when held low, selects the Serial Control Port 
(SCP) for the transfer of control and status information into 
and out of the MC145540 ADPCM Codec. This pin should 
be held low for a total of 16 periods of the SCPCLK signal 
in order for information to be transferred into or out of the 
MC145540 ADPCM Codec. The timing relationship between 
SCPEN and SCPCLK is shown in Figures 6 through 9. 

SCPCLK 
Serial Control Port Clock Input (Pin 15) 

This input to the device is used for controlling the rate of 
transfer of data into and out of the SCP Interface. Data are 
clocked into the MC145540 ADPCM Codec from SCP Rx on 
rising edges of SCPCLK. Data are shifted out of the device 
on SCP Tx on falling edges of SCPCLK. SCPCLK can be 
any frequency from 0 to 4.096 MHz. An SCP transaction 
takes place when SCPEN is brought low. Note that SCPCLK 
is ignored when SCPEN is high ( i.e., it may be continuous 
or it can operate in a burst mode). 

SCP Tx 
Serial Control Port Transmit Output (Pin 16) 

SCP Tx is used to output control and status information 
from the MC145540 ADPCM Codec. Data are shifted out of 
SCP Tx on the falling edges of SCPCLK, most significant 
bit first. 

SCP Rx 
Serial Control Port Receive Input (Pin 17) 

SCP Rx is used to input control and status information to 
the MC145540 ADPCM Codec. Data are shifted into the 
device on rising edges of SCPCLK. SCP Rx is ignored when 
data are being shifted out of SCP Tx or when SCPEN is high. 
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ADPCM/PCM SERIAL INTERFACE TIMING DIAGRAMS 

FST(FSR) 

BCLKT (BCLKR) 

DT 11 12 I 3 14 I 5 16 I 7 181-1 ----------

DR I DON'T CARE 11 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I DON'T CARE 

Figure 1. Long Frame Sync (64 kbps PCM Data Timing) 

FST(FSR) 

BCLKT (BCLKR) 

DT 1 I 21 314t-1 ---------------

DR I DON'T CARE I I 2 I 3 I 4 I DCN'TCARE 

Figure 2. Long Frame Sync (32 kbps ADPCM Data Timing) 

FST (FSR) 

BCLKT (BCLKR) 

DT 2131-1 -----------------

DR I DON'T CAREl 1 2 I 3 I DON'T CARE 

Figure 3. Long Frame Sync (24 kbps ADPCM Data Timing) 

FST (FSR) --~~~---------------------------
BCLKT (BCLKR) 

DT ------~~r------------------------------------------------
DR I DON'T CAREl 1 I 2 I DON'T CARE 
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Figure 4. Long Frame Sync (16 kbps ADPCM Data Timing) 
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FST(FSR) 

BClKT (BClKR) 

OT ----111 213 1411---------------

OR I OON'T CARElli 2 I 3 I 4 I OON'TCARE 

Figure 5. Short Frame Sync (32 kbps ADPCM Data Timing) 

SCPEN ~~ _____ ~~~~ _______ ~~ 
SCPClK 

SCPRx I A3 I A2 I Al I AO ~\~\C~ 071 061 osl 04 1 03 1 02 1 01 I 00 ® 
SCPTx -------------HIGHIMPEOANCE ---------------

Figure 6. SCP Byte Register Write Operation Using Double 8-Bit Transfer 

~L-____ --.I 
55 

L...--________ ----'~ 

SCPClK 

SCPRx RIW 

SCPTx ----HIGH IMPEOANCE ------11 071 061 osl 041 031 021 01 I 00 ~ 

Figure 7. SCP Byte Register Read Operation Using Double 8-Bit Transfer 

SCPEN ~~ ______________________ ..J 

SCPClK ....... ,.......~~ ...... ~,....... .... 

SCP Rx I A31 A21 Al I AO I 071 061 osl 041 031 021 01 I 00 ~~~~ 

SCPTx ----------- HIGHIMPEOANCE ------------ ------

Figure 8. SCP Byte Register Write Operation Using Single 16-Bit Transft. 
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SCPEN ----,~ __________________________________________ ~ 

SCPCLK 

SCPRx RIW 

SCPTx ---HIGH IMPEDANCE ------II D71 061 DSI D41 D31 D21 D1 I DO 1-1 -----

Figure 9. SCP Byte Register Read Operation Using Single 16-Bit Transfer 

SERIAL CONTROL PORT (SCP) INTERFACE 
The MC145540 is equipped with an industry standard Serial 

Control Port (SCP) Interface. The SCP is used by an extemal 
controller, such as an M68HC05 family microcontroller, to 
communicate with the MC145540 ADPCM Codec. 

The SCP is a full·duplex, four·wire interface used to pass 
control and status information to and from the ADPCM Codec. 
The SCP Interface consists of a transmit output, a receive 
input, a data clOCk, and an enable signal. These device pins 
are known as SCP Tx, SCP Rx, SCPCLK, and SCPEN, 
respectively. The SCPCLK determines the rate of exchange 
of data in both the transmit and receive directions, and the 
SCPEN signal governs when this exchange is to take place. 

The operation and configuration of the ADPCM Codec is 
controlled by setting the state of the control and status 
registers within the MC145540 and then monitoring these 
control and status registers. The control and status registers 
reside in sixteen 8·bit wide Byte Registers, BRO-BR15. A 
complete register map can be found in the Serial Control Port 
Registers section. 

BYTE REGISTER OPERATIONS 
The sixteen Byte Registers are addressed by addressing 

a four·bit byte register address (A3:AO) as shown in Figures 
6 and 7. A second 8·bit operation transfers the. data word 
(D7:DO). Alternatively, these registers can be accessed with 
a Single 16·bit operation as shown in Figures 8 and 9. 

ADPCM CODEC DEVICE DESCRIPTION 
The MCl45540 is a single channel MU-Law or A·Law 

companding PCM codec·filter with an ADPCM encoder/de
coder operating on a single voltage power supply from 2.7 
to 5.25 V. 

The MC145540 ADPCM Codec is a complete solution for 
digitizing and reconstructing voice in compliance with cCln 
G.714, G.721, G.723, G.726 and ANSI T1.301 and Tl.303 
for 64,32,24, and 16 kbps. This device satisfies the need 
for high quality, low power, low data rate voice transmission, 
and storage applications and is offered in 28·pin Plastic Dip 
and SOG packages. 

Referring to Figure 10, the main functional blocks of the 
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MC145540 are the switched capacitor technology PCM 
codec-filter, the DSP based ADPCM encoder/decoder, and 
the voltage regulated charge pump. As an introduction to the 
functionality olthe ADPCM Codec, a basic description ofthese 
functional blocks follows. 

PCM CODEC-FILTER BLOCK DESCRIPTION 
A PCM codec·filter is a device used for digitizing and 

reconstructing the human voice. These devices were 
developed primarily for the telephone network to facilitate 
voice switching and transmission. Once the voice is digitized, 
it may be switched by digital switching methods or transmitted 
long distance (Tl, microwave, fiber optics, satellites, etc.) 
without degradation. The name codec is an acronym from 
·COder" for the analog-to·dig~al converter (ADC) used to 
digitize voice, and "DECoder" for the digital·to-analog 
converter (DAC) used for reconstructing voice. A codec is a 
single device that does both the ADC and DAC conversions. 

To digitize voice intelligibly requires a signal to distortion 
of about 30 dB for a dynamic range of about 40 dB. This may 
be accomplished with a linear 13·bit ADC and DAC, but will 
far exceed the required signal to distortion at amplitudes 
greater than 40 dB below the peak amplitude. This excess 
performance is at the expense of bits of data per sample. Two 
methods of data reduction are implemented by compressing 
the 13-bit linear scheme to companded 8·bit schemes. These 
companding schemes follow a segmented or "piecewise· 
linear" curve formatted as sign bit, three chord bits, and four 
step bits. For a given chord, all 16 of the steps have the same 
voltage weighting.· As the voltage of the analog input 
increases, the four step bits increment and carry to the three 
chord bits, which increment. When the chord bits increment, 
the step bits double their voltage weighting. This results in an 
effective resolution of six bits (sign + chord + four step bits) 
across a 42·dB dynamic range (seven chords above 0, by 6 
dB per chord). There are two companding schemes used: 
Mu·255 Law specifically in North America and A·Law 
specifically in Europe. These companding schemes are 
accepted world wide. 
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In a sampling environment, Nyquist theory says that to 
properly sample a continuous signal, it must be sampled at 
a frequency higher than twice the signal's highest frequency 
component. Voice contains spectral energy above 3 kHz, but 
its absence is not detrimental to intelligibility. To reduce the 
digital data rate, which is proportional to the sampling rate, 
a sample rate of 8 kHz was adopted, consistent with a 
bandwidth of 3 kHz. This sampling requires a low-pass filter 
to limit the high frequency energy above 3 kHz from distorting 
the inband signal. The telephone line is also subject to 50/60 
Hz power line coupling, which must be attenuated from the 
signal by a high-pass filter before the analog-to-digital 
converter. 

The digital-to-analog conversion process reconstructs a 
staircase version of the desired inband signal which has 
spectral images of the inband signal modulated about the 
sample frequency and its harmonics. These spectral Images 
are called aliasing components which need to be attenuated 
to obtain the desired signal. The low-pass filter used to 
attenuate these aliasing components is typically called a 
reconstruction or smoothing filter. 

The MC145540 ADPCM Codec incorporates this codec 
function as one of its main functional blocks. 

ADPCM TRANSCODER BLOCK DESCRIPTION 

An Adaptive Differential PCM (ADPCM) transcoder is used 
to reduce the data rate required to transmit a PCM encoded 
voice signal while maintaining the voice fidelity and intelligibil
ity of the PCM signal. 

The ADPCM transcoder is used on both Mu-Law and A-Law 
64 kbps data streams which represent either voice or voice 
band data signals that have been digitized by a PCM 
codec-filter. The PCM to ADPCM encoder section of this 
transcoder has a type of linear predicting digital filter which 
is trying to predict the next PCM sample based on the previous 
history of the PCM samples. The ADPCM to PCM decoder 
section implements an identical linear predicting digital filter. 
The error or difference between the predicted and the true 
PCM input value is the information that is sent from the 
encoder to the decoder as an ADPCM word. The characteris
tics ofthis ADPCM word include the number of quantized steps 
(this determines the number of bits per ADPCM word) and 
the actual meaning of this word is a function of the predictor's 
output value, the error signal and the statistics of the history 
of PCM words. The term "adaptive" applies to the transfer 
function of the filter that generates the ADPCM word which 
adapts to the statistics of the signals presented to it. This 
means that an ADPCM word "3" does not have the same 
absolute error voltage weighting for the analog signal when 
the channel is quiet as it does when the channel is processing 
a speech signal. The ADPCM to PCM decoder section has 
a reciprocating filter function which interprets the ADPCM 
word for proper reconstruction of the PCM sample. 

The adaptive characteristics of the ADPCM algorithm make 
it difficult to analyze and quantify the performance of the 
ADPCM code sequence. The 32 kbps algorithm was 
optimized for both voice and moderate speed modems 
( s 4800 baud). This optimization includes that the algorithm 
supports the voice frequency band of 300-3400 Hz with 
minimal degradation for signal-to-distortion, gain-versus-Iev
el, idle channel noise; and other analog transmission 
performance. This algorithm has also been subjected to 
audibility testing with many languages for Mean Opinion Score 
(MOS) ratings and performed well when compared to 64.kbps 
PCM .. The standards committees have specified multiple 

MC145540 
2-898 

16000 word test vectors for the encoder and for the decoder 
to verify compliance. To run these test vectors, the device must 
be initialized to the reference state by resetting the device. 

In contrast to 64-kbps PCM, the ADPCM words appear as 
random bit activity on an oscilloscope display whether the 
audio channel is processing speech or a typical PCM idle 
channel with nominal bit activity. The ADPCM algorithm does 
not support dc signals with the exception of digital quiet, which 
will result in all ones in the ADPCM channel. All digital 
processing is performed on 13-bit linearizations of the 8-bit 
PCM companded words, whether the words are Mu-Law or 
A-Law. This allows an ADPCM channel to be intelligibly 
decoded into a Mu-Law PCM sequence or an A-Law PCM 
sequence irrespective of whether it was originally digitized as 
Mu-Law or A-Law. There will be additional quantizing 
degradation if the companding scheme is changed because 
the ADPCM algorithm is trying to reconstruct the original 13-bit 
linear codes, which included companding quantization. 

CHARGE PUMP 
The charge pump is the functional block that allows the 

analog signal processing circuitry olthe MC145540 to operate 
with a power supply voltage as low as 2.7 V. This analog signal 
processing circuitry includes the PCM codec-filter function, 
the transmit trim gain, the receive trim gain, the sidetone gain 
control, and the transmit input operational amplifier. This 
circuitry does not dissipate much current but it does require 
a nominal voltage of 5 V for the VDD power supply. 

The charge pump block is a regulated voltage doubler which 
takes twice the current it supplies from the voltage applied 
to the VEXT power supply pin which may range from 2.7 to 
5.25 V and generates the required 5 VVDD supply. Thecharge 
pump block receives as inputs the VEXT supply voltage, the 
same 256 kHz clock that sequences the analog signal 
processing circuitry, and the Charge Pump Enable signal from 
the SCP block. It also makes use of the capacitor connected 
to the C1 + and C1- pins and the decoupling capaCitor 
connected to the VDD pin. 

FUNCTIONAL DESCRIPTION 

POWER SUPPLY CONFIGURATION 

Analog Signal Processing Power Supply 
All analog signal processing is powered by the VDD pin 

at 5 V. This voltage may be applied directly to the VDD pin 
or 5 V may be obtained by the on-chip 5 V regulated charge 
pump which is powered from the VEXT pin. The VEXT pin is 
the main positive power supply pin for this device. 

For applications that are not 5 V regulated, the on-chip 5 V 
regulated charge pump may be turned on and C1 will be 
required. VDD will require a 1.0 IlF decoupling capacitor to 
filter the voltage spikes of the charge pump. This allows the 
VEXT power supply to be from 2.7 to 5.25 V. This mode of 
operation is intended for hand held applications where three 
NiCad cells or three dry cells would be the power supply. 

The on-chip 5 V regulated charge pump is a single stage 
charge pump that effectively series regulates the amount of 
voltage it generates and internally applies this regulated 
voltage to the VDD pin. This 5 V voltage is developed by 
connecting the external 0.1 IlF capacitor (C1) between the 
VEXT power supply pin and the power supply ground pin, 
VSS. This puts a charge of as much as 2.7 V on C1. The 
charge pump circuitry then connects the negative lead of C1 
to the VEXT, pin which sums the voltage of C1 with the voltage 
at VEXT for a minimum potential voltage of 5.4 V. The charge 
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voltage on C1 is regulated such that the summing of voltages 
is regulated to 5 V. This limits all of the voltages on the device 
to safe levels for this IC fabrication technology. This charge 
pumped voltage is then stored on the 1.0 I1F capacitor 
connected at VDD and VSS, which filters and serves as a 
reservoir for power. The clock period for this charge pump 
is the same 256 kHz as the analog sequencing clock, 
minimizing noise problems. 

For applications with a regulated 5 V (±5%) power supply, 
the VDD pin and the VEXT pin are connected to the 5 V power 
supply. These pins may share one decoupling capacitor in 
this configuration as a function of extemal noise on the power 
supply. The on-chip, 5 V regulated charge pump should be 
turned off via the SCP port at register O. The external 
capacitor (C1) should not be populated for these applications. 

Digital Signal Processing Power Supply 
This device has an on-chip series regulator which limits 

the voltage of the Digital Signal Processing (DSP) circuitry 
to about 3 V. This reduces the maximum power dissipation 
of this circuitry. From the VEXT power supply pin, the DSP 
circuitry appears as a constant current load instead of a 
resistive (CV2/2) load for a constant clock frequency. This 
series regulator is designed to have a low drop-out voltage, 
which allows the DSP circuitry to work when the VEXTvoltage 
is as low as 2.7 V. The output of this regulator is brought out 
to the VDSP pin for a 0.1 I1F decoupling capacitor. This 
regulator is not designed to power any loads external to the 
device. 

ANALOG INTERFACE AND SIGNAL PATH 

Transmit Analog 
The transmit analog portion of this device includes a low

noise, three terminal operational amplifier capable of driving 
a 2 kQ load. This op amp has inputs of TI + and TI- and its 
output is TG. This op amp is intended to be configured in an 
inverting gain circuil. The analog signal may be applied di
rectly to the TG pin if this transmit op amp is independently 
powered down. Power down may be achieved by connecting 
both the TI+ and TI- inputs to the VDD pin. The TG pin be
comes high impedance when the transmit op amp is powered 
down. The TG pin is internally connected to a time continuous 
three-pole anti-aliasing pre-filter. This pre-filter incorporates 
a two-pole Butterworth active low-pass filter, followed by a 
single passive pole. This pre-filter is followed by a single
ended to differential converter that is clocked at 512 kHz. All 
subsequent analog processing utilizes fully differential circuit
ry. The output of the differential converter is followed by the 
transmit trim gain stage. This stage is intended to compen
sate for gain tolerances of external components such as 
microphones. The amount of gain control is 0-7 dB in 1 dB 
steps. This stage only accommodates positive gain because 
the maximum signal levels of the output of the input op amp 
are the same as the transmit filter and ADC, which should 
nominally be next to the clip levels of this device's circuitry. 
Any requirement for attenuation of the output of the input op 
amp would mean that it is being overdriven. The gain is pro
grammed via the SCP port in BR1 (b2:bO). The next section 
is a fully-differential, 5-pole switched-capacitor low-pass filter 
with a 3.4 kHz frequency cutoff. After this filter is a 3-pole 
switched-capacitor high-pass filter having a cutoff frequency 
of about 200 Hz. This high-pass stage has a transmission 
zero at dc that eliminates any dc coming from the analog input 
or from accumulated op amp offsets in the preceding filter 
stages. (This high-pass filter may be removed from the signal 
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path under control of the SCP port BRS (b4).) The last stage 
of the high-pass filter is an autozeroed sample and hold 
amplifier. 

One bandgap voltage reference generator and digital-to
analog converter (DAC) are shared by the transmit and 
receive sections. The autozeroed, switched-capacitor band
gap reference generates precise positive and negative 
reference voltages that are virtually independent of tempera
ture and power supply voltage. A binary-weighted capacitor 
array (CDAC) forms the chords of the companding structure, 
while a resistor string (RDAC) implements the linear steps 
within each chord. The encode process uses the DAC, the 
voltage reference, and a frame-by-frame autozeroed compar
ator to implement a successive-approximation analog-to
digital conversion (ADC) algorithm. All of the analog circuitry 
involved in the data conversion (the voltage reference, RDAC, 
CDAC, and comparator) are implemented with a differential 
architecture. 

The nonlinear companded Mu-Law transfer curve of the 
ADC may be changed to S-bit linear by BRS (b5). 

The input to the ADC is normally connected to the output 
of the transmit filter section, but may be switched to measure 
the voltage at the VEXT pin for battery voltage monitoring. 
This is selected by the I/O Mode in BRO (b4:b3). In this mode, 
the ADC is programmed to output a linear S-bit PCM word 
for the voltage at VEXT which is intended to be read in BR9 
(b7:bO). The data formattor the ADC output is a "Don't Care" 
for the sign bit and seven magnitude bits. The scaling for 
the ADC is for 6.3 V at VEXT equals full scale (BIN X111 
1111). The ADPCM algorithm does not support dc signals. 

Transmit Digital 
The Digital Signal Processor (DSP) section of this device 

is a custom designed, interrupt driven, microcoded machine 
optimized for implementing the ADPCM algorithms. In the full 
duplex speech mode, the DSP services one encode interrupt 
and one decode interruptperframe (125 I1s). Theencode algo
rithm (i.e., 16 kbps, 24 kbps, or 32 kbps ADPCM, or 64 kbps 
PCM) is determined by the length of the transmit output enable 
at the FST pin. The length of the FST enable measured in 
transmit data clock (BCLKT) cycles tells the device which en
coding rate to use. This enable length information is used by 
the encoder each frame. The transmit ADPCM word corre
sponding to this request will be computed during the next 
frame and will be available a total of two frames after being 
requested. This transmit enable length information can be 
delayed by the device an additional fourframes corresponding 
to a total of six frames. These six frames of delay allow the 
device to be clocked with the same clocks for both transmit 
(encode) and receive (decode), and to be frame aligned for 
applications that require every sixth frame signaling. It is im
portant to note that the enable length information is delayed 
and not the actual ADPCM (PCM) sample word. The amount 
of delay for the FST enable length is controlled in BR7 (b5). 
If the FST enable goes low before the falling edge of BCLKT 
during the last bit of the ADPCM word, the digital data output 
circuitry counts BCLKT cycles to keep the data output (DT 
pin) low impedance for the duration of the ADPCM data word 
(2,3,4, or S BCLKT cycles) minus one half of a BCLKT cycle. 

Receive 
Receive Digital 

The receive digital section of this device accepts serial 
ADPCM (PCM) words at the DR pin under the control of the 
BCLKR and FSR pins. The FSR enable duration, measured 
in BCLKR cycles, tells the device which decode algorithm (i.e., 
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16 kbps, 24 kbps, or 32 kbps ADPCM, or 64 kbps PCM) the 
DSP machine should use for the word that is being received 
at the DR pin. This algorithm may be changed on a frame by 
frame basis. 

The DSP machine receives an interrupt when an ADPCM 
word has been received and is waiting to be decoded into 
a PCM word. The DSP machine performs a decode and an 
encode every frame when the device is operating in its full 
duplex conversation mode. The DSP machine decodes the 
ADPCM word according to CCITT G.726 for 32 kbps, 24 
kbps, and 16 kbps. This decoding includes the correction for 
the CCITT/ANSI Sync function, except when the receive 
digital gain is used. The receive digital gain is anticipated to 
be user adjustable gain control in handset applications where 
as much as 12 dB of gain or more than 12 dB of attenuation 
may be desirable. The receive digital gain is a linear multiply 
performed on the 13-bit linear data before it is converted to 
Mu-Law or A-Law, and is programmed via the SCP port in 
BR3 (b7:bO). The decoded PCM word may be read via the 
SCP port in BR10 (b7:bO). 

Receive Analog Signal Processing 
The receive analog signal processing section includes the 

DAC described above, a sample and hold amplifier, a trim gain 
stage, a 5-pole, 3400 Hz switched capacitor low-pass filter 
with sinXlX correction, and a 2-pole active smoothing filter to 
reduce the spectral components of the switched capacitor 
filter. (The receive low-pass smoothing filter may be removed 
from the signal path for the additional spectral components 
for applications using the on-chip tone. generator function 
described below. This low-pass filter performs the sinXlX 
compensation. The receive filter is removed from the circuit 
via the SCP in BR2 (b4).) The input to the smoothing filter 
is the output to the receive trim gain stage. This stage is 
intended to compensate for gain tolerances of external 
components such as handset receivers. This stage is capable 
of 0 to 7 dB of attenuation in 1-dB steps. This stage only 
accommodates attenuation because the nominal signal levels 
of the DAC should be next to the clip levels of this device's 
circuitry and any positive gain would overdrive the outputs. 
The gain is programmed via the SCP port in BR2 (b2:bO).The 
output of the 2-pole active smoothing filter is buffered by an 
amplifier which is output at the RO pin. This output is capable 
of driving a 2 kn load to the VAG pin. 

Receive Analog Output Drivers and Power Supply 
The high current analog output circuitry (PO+, PO-, PI, 

AXO+, AXO-) is powered by the VEXT power supply pin. 
Due to the wide range of VEXT operating voltages for this 
device, this Circuitry and the RO pin have a programmable 
reference point of either VAG (2.4 V) or VEXT/2. In 
applications where this device is powered with 5 V, it is 
recommended that the dc reference for this circuitry be 
programmed to VAG. This allows maximum output signals 
for driving high power telephone line transformer interfaces 
and loud speaker/ringers. For applications that are battery 
powered, VAG pin will still be 2.4 V, but the receive analog 
output circuitry will be powered from as low as 2.7 V. To 
optimize the output power, this circuitry should be referenced 
to one half of the battery voltage, VEXT/2. The RO pin is 
powered by the. VDD pin, but its dc reference point is 
programmed the same as the high current analog output 
circuitry. 

This device has two pairs of power amplifiers that are 
connected in a push-pull configuration. These push-pull 
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power driver pairs have similar drive capabilities, but have 
different circuit configurations and different intended uses. 
The PO+ and PO- power drivers are intended to 
accommodate large gain ranges with precise adjustment by 
two external resistors for applications such as driving a 
telephone line or a handset receiver. The PI pin is the 
inverting input to the PO- power amplifier. The non-inverting 
input is internally tied to the same reference as the RO output. 
This allows this amplifier to be used in an inverting gain circuit 
with two external resistors. The PO + amplifier has a gain of 
-1, and is internally connected to the PO- output. This 
complete power amplifier circuit is a differential (push-pull) 
amplifier with adjustable gain which is capable of driving a 
300 Q load to +12 dBm when VEXT is 5 V. The PO+ and PO
outputs are intended to drive loads differentially and not to 
VSS or VAG. The PO+ and PO- power amplifiers may be 
powered down independently of the rest of the chip by 
connecting the PI pin to VDD or in BR2 (b5). 

The other paired power driver outputs are the AXO+ and 
AXO-Auxiliary outputs. These push-pull output amplifiers are 
intended to drive a ringer or loud speaker with impedance as 
low as 300 Q to +12 dBm when VEXT is 5 V. The AXO+ 
and A'X.O- outputs are intended to drive loads differentially 
and nollo VSS orVAG. The AXO + and AXO-poweramplifiers 
may be powered down independently of the rest of the chip 
via the SCP port in BR2 (b6). 

SIDETONE 
The Sidetone function of this device allows a controlled 

amount of the output from the transmit filter to be summed 
with the output of the DAC at the input to the receive low-pass 
filter. The sidetone component has gains of -8.5 dB, -10.5 
dB, -12.0 dB, -13.5 dB, -15.0 dB, -18.0 dB, -21.5 dB, and 
,;; -70 dB. The sidetone function is controlled by the SCP port 
in BR1 (b6:b4). 

UNIVERSAL TONE GENERATOR 
The Universal Dual Tone Generator function supports both 

the transmit and the receive sides of this device. When the 
tone generator is being used, the decoder function of the DSP 
circuit is disabled. The output of the tone generator is made 
available to the input of the receive digital gain function for 
use at the receive analog outputs. In handset applications, 
this could be used for generating DTMF, distinctive ringing or 
call progress feedback signals. In telephone line interface 
applications, this tone generator could be used for signaling 
on the line. The tone generator output is also available for the 
input tothe encoder function of the DSP machine foroutputting 
at the DT pin. This function is useful in handset applications 
for non-network signaling such as information services, 
answering machine control, etc. At the network interface side 
of a cordless telephone application, this function could be used 
for dialing feedback or call progress to the handset. The tone 
generator function is controlled by the SCP port in BR4, BR5, 
and BR7. The tone generator does not work when the device 
is operated in 64 kbps mode, except when analog loopback 
is enabled at BRO (b5). 

POWER DOWN AND RESET 
There are two methods of putting all of this device into a 

low power consumption mode that makes the device 
nonfunctional and consumes virtually no power. PDI/RESET 
is the power down input and reset pin which, when taken low, 
powers down the device. Another way to power the device 
down is by the SCP port at BRO. BRO allows the analog section 
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of this device to be powered down individually andlorthe digital 
section of this device to be powered down individually. When 
the chip is powered down, the VAG, TG, RO, PO+, PO-, 
AXO+, AXO-, DT and SCP Tx outputs are high impedance 
. To return the chip to the power up state,POi/RESET must 
be high and the SPC clock and the FST or the FSR frame 
sync pulses must be present. The ADPCM algorithm is reset 
to the CCITT initial state following the reset transition from 
low to high logic states. The DT output will remain in a high 
impedance state for at least two FST pulses after power up. 
This device is functional after being reset for full-duplex voice 
coding with the charge pump active. 

SIGNAL PROCESSING CLOCK (SPC) 
This is the clock that sequences the DSP circuit. This clock 

may be asynchronous to all other functions of this device. 
Clock frequencies of 20.48 MHz or 20.736 MHz are 
recommended. This clock is also used to drive a digitally phase 
locked prescaler that is referenced to FST (8 kHz) and 
automatically determines the proper divide ratio to use for 
achieving the required 256 kHz internal sequencing clock for 
all analog signal processing, including analog-to-digital 
conversion, digital-to-analog conversion, transmit filtering, 
receive filtering and analog gain functions of this device and 
the charge pump. 

The analog sequencing function of the SPC clock may be 
eliminated by reprogramming the device to use the BCLKR 
pin as the direct input for the required 256 kHz analog 
sequencing clock. The 256 kHz clock applied at BCLKR must 
be an integer 32 times the FST 8 kHz clock and be 
approximately rising edge aligned with the FST rising edge. 
This mode requires that the transmit and receive ADPCM 
transfers be controlled by the BCLKT pin. This is repro
grammed via the SCP port in BRO(b7). 

DIGITALVO 
The MC145540 is programmable for Mu-Law or A-Law. The 

timing for the PCM data transfer is independent of the 
companding scheme selected. Table 1 shows the 8-bit data 
word format for positive and negative zero and full scale for 
both 64 kbps companding schemes (see Figures 1 through 
5 for asummary and comparison olthe five PCM data interface 
modes of this device). 

Long Frame Sync 
Long Frame Sync is the industry name for one type of 

clocking format which controls the transfer of the ADPCM or 
PCM data words (see Figures 1 through 4). The "Frame Sync" 
or "Enable" is used for two specific synchronizing functions. 
The first is to synchronize the PCM data word transfer, and 
the second is to control the internal analog-to-digital and 
digital-to-analog conversions. The term "Sync" refers to the 
function of synchronizing the PCM data word onto or off of 

the multiplexed serial PCM data bus, also known as a PCM 
highway. The term "Long" comes from the duration olthe frame 
sync measured in PCM data clock cycles. Long Frame Sync 
timing occurs when the frame sync is used directly as the PCM 
data output driver enable. This results in the PCM output going 
low impedance with the rising edge of the transmit frame sync, 
and remaining low impedance for the duration of the transmit 
frame sync. 

The implementation of Long Frame Sync for this device has 
maintained industry compatibility and been optimized for ex
ternal clocking simplicity. The PCM data output goes low 
impedance with the rising edge of the FST pin but the MSB 
olthe data is clocked out due to the logical AND olthe transmit 
frame sync (FST pin) with the transmit data clock (BCLKT pin). 
This allows either the rising edge of the FST enable or the 
rising edge of the BCLKT data clock to be first. This imple
mentation includes the PCM data output remaining low 
impedance until the middle of the LSB (seven and a half data 
clock cycles for 64 kbps PCM, three and a half data clock 
cycles for 32 kbps ADPCM, etc.). This allows the frame sync 
to be approximately rising edge aligned with the initiation of 
the PCM data word transfer but the frame sync does not have 
a precise timing requirement forthe end of the PCM data word 
transfer. This prevents bus contention between similar de
vices on a common bus. The device recognizes Long Frame 
Sync clocking when the frame sync is held high fortwo consec
utive falling edges of the transmit data clock. 

In the full duplex speech mode, the DSP services one 
encode interrupt and one decode interrupt per frame (1251-15). 
The encode algorithm (i.e., 16 kbps, 24 kbps, or 32 kbps 
ADPCM or 64 kbps PCM) is determined by the length of the 
transmit output enable at the FST pin. The length of the FST 
enable measured in transmit data clock (BCLKT) cycles tells 
the device which encoding rate to use. This enable length 
information is used by the encoder each frame. The transmit 
ADPCM word corresponding to this request will be computed 
during the next frame and be available a total of two frames 
after being requested. This transmit enable length information 
can be delayed by the device an additional four frames 
corresponding to a total of six frames. This six frames of delay 
allows the device to be clocked with the same clocks for both 
transmit (encode) and receive (decode), and to be frame 
aligned for applications that require every sixth frame 
signaling. It is important to note that the enable length 
information is delayed and not the actual ADPCM (PCM) 
sample word. The amount of delay for the FST enable length 
is controlled by the SCP port at BR7 (b5). The digital data 
output circuitry counts BCLKT cycles to keep the data output 
(DT pin) low impedance for the duration of the ADPCM data 
word (2, 3, 4, or 8 BCLKT cycles) minus one half of a BCLKT 
cycle. 

Table 1. PCM Full Scale and Zero Words 

Mu-Law 

Level Sign Bit Chord Bits 

+ Full Scale 1 000 

+ Zero 1 111 

-Zero 0 1 1 1 

- Full Scale 0 000 
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Step Bits Sign Bit 

o 000 1 

1111 1 

1111 0 

o 000 0 

A-Law 

Chord Bits 

o 1 0 

1 0 1 

1 0 1 

o 1 0 

Step Bits 

1 0 1 0 

o 1 0 1 

o 1 0 1 

101 0 
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The length of the FST enable tells the DSP what encoding 
algorithm to use. The transmit logic decides on each frame 
sync whether it should interpret the next frame sync pulse as 
a long or a Short Frame Sync. The device is designed to 
prevent PCM bus contention by not allowing the PCM data 
output to go low impedance for at least two frame sync cycles 
aiter power is applied or when coming out of the power-down 
mode. 

The receive side of the device is designed to accept the 
same frame sync and data clock as the transmit side and to 
be able to latch its own transmit PCM data word. Thus the 
PCM digital switch only needs to be able to generate one type 
of frame sync for use by both transmit or receive sections of 
the device. 

The logical AND of the receive frame sync with the receive 
data clock tells the device to start latching the serial word into 
the receive data input on the falling edges of the receive data 
clock. The intemal receive logic counts the receive data clock 
falling edges while the FSR enable is high and transfers the 
enable length and the PCM data word into intemal registers 
for access by the DSP machine which also sets the DSP's 
decoder interrupt. 

The receive digital section of this device accepts serial 
ADPCM (PCM) words at the DR pin under the control of the 
BClKR and FSR pins. The FSR enable duration measured 
in BClKR cycles, tells the device which decode algorithm (i.e., 
16 kbps, 24 kbps, or 32 kbps ADPCM, or 64 kbps PCM) the 
DSP machine should use for the word that is being received 
at the DR pin. This algorithm may be changed on a frame by 
frame basis. 

When the device is programmed to be in the PCM Codec 
mode by BRO (4:3), the device will output and input the 
complete a-bit PCM words using the long frame sync clocking 
format as though the FST and FSR pulses were held high for 
a data clock cycles. 

The DSP machine receives an interrupt when an ADPCM 
word has been received and is waiting to be decoded into a 
PCM word. The DSP machine performs a decode and an 
encode every frame when the device is operating in its full 
duplex conversation mode. The DSP machine decodes the 
ADPCM word according to CCITT G. 726 for 32 kbps, 24 kbps, 
and 16 kbps. 

Short Frame Sync 
Short Frame Sync is the industry name for this type of 

clocking format which controls the transfer of the ADPCM data 
words (see Figure 5). This device uses short frame sync timing 
for 32 kbps ADPCM only. The "Frame Sync" or "Enable" is 
used for two specific synchronizing functions. The first is to 
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synchronize the ADPCM data word transfer, and the second 
is to control the internal analog to digital and digital to analog 
conversions. The term "Sync" refers to the function of 
synchronizing the ADPCM data word onto or off of the 
multiplexed serial ADPCM data bus, also known as a PCM 
highway. The term "Short" comes from the duration of the 
frame sync measured in PCM data clock cycles. Short Frame 
Sync timing occurs when the frame sync is used as a 
"pre-synchronization" pulse that is used to tell the intemallogic 
to clock out the ADPCM data word under complete control 
of the data clock. The Short Frame Sync is held high for,one 
falling data clock edge. The device outputs the ADPCM data 
word beginning with the following rising edge of the data clock. 
This results in the ADPCM output going low impedance with 
the rising edge of the transmit data clock, and remaining low 
impedance until the middle of the'lSB (three and a half PCM 
data clock cycles). 

The device recognizes Short Frame Sync clocking when 
the frame sync is held high for one and only one falling edge 
of the transmit data clock. The transmit logic decides on each 
frame sync whether it should interpret the next frame sync 
pulse as a long or a Short Frame Sync. It is not recommended 
to switch between long Frame Sync and Short Frame Sync 
clocking without going through a power down cycle due to bus 
contention problems. The device is designed to prevent PCM 
bus contention by not allowing the ADPCM data output to go 
low impedance for at least two frame sync cycles after power 
is applied or when coming out of a powered down mode. 

The receive side of the device is designed to accept the 
same frame sync and data clock as the transmit side and to 
be able to latch its own transmit ADPCM data word. Thus the 
PCM digital switch only needs to be able to generate one type 
of frame sync for use by both transmH or receive sections'of 
the device. 

The falling edge of the receive data clock (BClKR) latching 
a high logic level at the receive frame sync (FSR) input tells 
the device to start latching the 4-bit ADPCM serial word into 
the receive data input on the following four falling edges of 
the receive data clock. The internal receive logic counts the 
receive data clock cycles and transfers the ADPCM data word 
to a register for access by the DSP. 

When the device is programmed to be in the PCM Codec 
mode by BRO (4:3), the device will output the complete a-bit 
PCM word using the short frame sync clocking format. The 
a-bit PCM word will be clocked out (or in) the same way that 
the 4-bit ADPCM word would be, except that the fourth bit will 
be valid for the full BClKT period and the eighth bit will be 
valid for only one half of the BClKT period. 
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SERIAL CONTROL PORT REGISTER MAP 

The SCP register map consists of 16 byte registers. Registers BRO-BR5 and BR7 -BRl 0 provide external control of and status 
olthe part. Register BR15 holds the value olthe mask number for the particular MC145540. BR6 and BRll-BR14 are not defined 
and as such are presently reserved. 

Table 2. Byte Register Map 

Byte b7 b6 b5 b4 b3 b2 bl 

BRO Ext MUlA Law Analog I/O Mode I/O Mode Charge Analog 
256 kHz Select Loopback (1) (0) Pump Power 

Clk Disable Down 

BR1 Reserved Sidetone Sidetone Sidetone Transmit Transmit Transmit 
Gain (2) Gain (1) Gain (0) Mute Gain (2) Gain (1) 

BR2 RO AXO PO Receive ROMute Analog Analog 
Reference Enable Disable Filter Receive Receive 

Select Disable Gain (2) Gain (1) 

BR3 Digital Rx Digital Rx Digital Rx Digital Rx Digital Rx Digital Rx Digital Rx 
Gain Gain (6) Gain (5) Gain (4) Gain (3) Gain (2) Gain (1) 

Enable 

BR4 N.B. Time N.B. Time N.B. Time N.B. Time N.B.Time N.B. Time N.B. Time 
I Tone I Tone I Tone I Tone I Tone I Tone I Tone 
Paramo Paramo Paramo Paramo Paramo Paramo Paramo 

(7) (6) (5) (4) (3) (2) (1) 

BRS N.B. N.B. N.B. N.B. N.B. N.B. N.B. 
Threshold Threshold Threshold Threshold Threshold Threshold Threshold 

(7)1 (6)1 (5) I (4) I (3) I (2)1 (1) I 
Address Address Don't Don't Tone Tone Tone 
Paramo Paramo Care Care Paramo Paramo Paramo 

(1) (0) (11) (10) (9) 

BR6 Reserved Reserved Reserved Reserved Reserved Reserved Reserved 

BR7 Tone N.B. 216 G.7261 Tone Reserved Tone 1 
Paramo Detect Delay Motorola Enable Enable 
Status Enable 16 kbps 

BRS Software Software Linear Highpass Reserved Reserved Reserved 
Encoder Decoder Cadec Disable 

Reset Reset Mode 

BR9 Encoder Encoder Encoder Encoder Encoder Encoder Encoder 
PCM(7) PCM(6) PCM(5) PCM(4) PCM(3) PCM(2) PCM(l) 

BR10 D/APCM D/APCM D/APCM D/APCM D/A PCM D/A PCM D/A PCM 
(7) (6) (5) (4) (3) (2) (1) 

BR11 Reserved Reserved Reserved Reserved Reserved Reserved Reserved 

BR12 Reserved Reserved Reserved Reserved Reserved Reserved Reserved 

BR13 Reserved Reserved Reserved Reserved Reserved Reserved Reserved 

BR14 Reserved Reserved Reserved Reserved Reserved Reserved Reserved 

BR15 Reserved Reserved Reserved Reserved Mask (3) Mask (2) Mask (1) 

Note: "Setting" a bit corresponds to writing a 1 to the register and "clearing" a bit corresponds to writing a 0 to the register. 
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Enable 
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Figure 11. MC145540 Handset Application 
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Figure 12. MC145540 Transformer Application 
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Figure 13. MC145540 Transformer + Speaker Application 
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Product Preview 
CT2 Speech and Framing IC 

This specification describes a device to be used in a CT2 CAl handset or a 
single or multi-line base station. It provides three key functions of a CT2 system: 
voice conversion from analog-to-digital, ADPCM encoding of the voice data, and 
bit framing for the radio (RF) interface. 

The CT2 Speech and Framing circuit (CT2SF) core is a combination of the 
MC145540 ADPCM/Codec and lime Division Duplex (TDD) bit framing logic. 

More details of the architecture of the ADPCM/Codec can be found in the 
MC145540'data sheet. 

• Intended for both fixed and portable applications 
• Single 2.7 to 5.25 V Power Supply 
• Typical 3 V Power Dissipation of 85 mW, Power Down of 1.2 mW 
• Differential Analog Circuit Design for Lowest Noise 
• Complete Mu-Law and A-Law Companding PCM Codec-Filter 
• ADPCM Transcoder for 64,32,24, and 16 kbps Data Rates 
• Universal Programmable Dual Tone Generator 
• Programmable Transmit Gain, Receive Gain, and Sidetone Gain 
• Low Noise, High Gain, Three Terminal Input Op Amp for Microphone Interface 
• Push-Pull 300 n Power Drivers with External Gain Adjust for Receiver Interface 
• Push-Pull 300 n Auxiliary Output Drivers for Ringer Interface 
• Voltage Regulated Charge Pump to Power the Analog Circuitry in Low Voltage 

Applications 
• Receive Side Noise Burst Detect Algorithm 
• Implements TransmiVReceive Bit Framing and D Channel Handler as Defined in 

CAl spec MPT1375 
• Includes D Channel Handler (Parity, CRC, SYNCD, Preamble, ... ) 
• 8 Bits Parallel Control Port PCP for MCU access of Internal Registers 
• Timing Recovery Digital Phase-Locked Loop 
• FSK Switched Capacitor Filter with Programmable Attenuation 
• External Data Interface Enables Multiplexing of Speech and Data 

• 64-Pin PQFP Package 

MC145542 

This document contains Information on a product under development. Motorola reserves the right to change or dlsoontlnue this product without notice. REV. 1 
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PCM Codec-Filter 
The MC145554, MC145557, MC145564, and MC145567 are all per channel 

PCM codec-filters. These devices perform the voice digitization and reconstruc
tion as well as the band limiting and smoothing required for PCM systems. They 
are designed to operate in both synchronous and asynchronous applications and 
contain an on-chip precision voltage reference. The MC145554 (Mu-Law) and 
MC145557 (A-Law) are general purpose devices that are offered in 16-pin pack
ages. The MC145564 (Mu-Law) and MC145567 (A-Law), offered in 20-pin 
packages, add the capability of analog loop-back and push-pull power amplifiers 
with adjustable gain. 

These devices have an input operational amplifier whose output is the input 
to the encoder section. The encoder section immediately low-pass filters the ana
log signal with an active R-C filter to eliminate very-high-frequency noise from 
being modulated down to the pass band by the switched capacitor filler. From 
the active R-C filler, the analog signal is converted to a differential signal. From 
this point, all analog signal processing is done differentially. This allows process
ing of an analog signal that is twice the amplitude allowed by a single-ended 
design, which reduces the significance of noise to both the inverted and non
inverted signal paths. Another advantage of this differential design is that noise 
injected via the power supplies is a common-mode signal that is cancelled when 
the inverted and non-inverted signals are recombined. This dramatically im
proves the power supply rejection ratio. 

After the differential converter, a differential switched capacitor filter band 
passes the analog signal from 200 Hz to 3400 Hz before the signal is digitized 
by the differential compressing AID converter. 

The decoder accepts PCM data and expands it using a differential D/A conver
ter. The output of the D/A is low-pass filtered at 3400 Hz and sinXlX compensated 
by a differential switched capacitor filter. The signal is then filtered by an active 
R-C filter to eliminate the out of band energy of the switched capacitor filter. 

These PCM codec-fillers accept both long-frame and short-frame industry 
standard clock formats. They also maintain compatibility with Motorola's family 
of TSACs and MC3419/MC34120 SLiC products. 

The MCl45554/57/64/67 family of PCM codec-fiIters utilizes CMOS due to its 
reliable low-power performance and proven capability for complex analog/digital 
VLSI functions. 

MC145554157 (16-Pin Package) 

• Fully Differential Analog Circuit Design for Lowest Noise 
• Performance Specified for Extended Temperature Range of - 40 to + 85"C 
• Transmit Band-Pass and Receive Low-Pass Filters On-Chip 
• Active R-C Pre-Filtering and Post-Filtering 
• Mu-Law Companding MC145554 
• A-Law Companding MC145557 
• On-Chip Precision Voltage Reference (2.5 V) 
• Typical Power DiSSipation of 40 mW, Power Down of 1.0 mW at ± 5 V 

MC145564167 (20-Pin Package) 
All of the Features of the MC145554/57 Plus: 

• Mu-Law Companding MC145564 
• A-Law Companding MC145567 
• Push-Pull Power Drivers with External Gain Adjust 
• Analog Loop-Back 

MC145554 
MC145557 
MC145564 
MC145567 

MC145554 
and 

MC145557 

MC145564 
and 

MC145567 

.• -
1 P SUFFIX 1 P SUFFIX 

PLASTIC PLASTIC 
CASE 648 CASE 738 

~~ 16rl~DU 2~HDD 
1 

LSUFFIX 
CERAMIC 
CASE 620 

16. 
1 

DWSUFFIX 
SOG 

CASE 751G 

LSUFFIX 
CERAMIC 
CASE 732 

DWSUFFIX 
SOG 

CASE 7510 
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PIN ASSIGNMENTS 

MC145554, MC145557 MC145564, MC145567 

VBB 

GNDA 

VFRO 

VCC 

FSR 

DR 

BCLKR! CLKSEL 

MCLKR!PDN 

GSx ANLB* 

r 
VFXI-

VPO+* 

VPO-* 

VPI* _-------' 

*MC145564 and MC145567 only. 

VFXI+ VPO+ 1- 20 VBB 

VFXI- GNDA 2 19 VFXI+ 

GSX VPO- 3 18 VFXI-

TSX VPI 4 17 GSX 

FSX VFRO 16 ANLB 

DX VCC 6 15 TSX 

BCLKX FSR 7 14 FSX 

MCLKX DR 13 DX 

BCLKRi CLKSEL 12 BCLKX 

MCLKRiPDN 10 11 MCLKX 

FUNCTIONAL BLOCK DIAGRAM 

VCC GNDA VBB 
MCLKR! BCLKR! 

FSx FSR MCLKX BCLKX PDN CLKSEL 

iii 

SAR 
REG 

RECEIVE 
LATCH 

TRANSMIT 
SHIFT 
REG 

RECEIVE 
SHIFT 
REG 

DX 
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DEVICE DESCRIPTION 

A codec-filter is used for digitizing and reconstructing the 
human voice. These devices were developed primarily for the 
telephone network to facilitate voice switching and transmis
sion. Once the voice is digitized, it may be switched by digital 
switching methods or transmitted long distance (T1, micro
wave, satellites, etc.) without degradation. The name codec 
is an acronym from "COder" (for the AID used to digitize voice) 
and "DECoder" (for the D/A used for reconstructing voice). 
A codec is a single device that does both the AID and D/A 
conversions. 

To digitize intelligible voice requires a signal-to-distortion 
ratio of about 30 dB over a dynamic range of about 40 dB. 
This can be accomplished with a linear 13-bit AID and D/A, 
but will far exceed the required signal-to-distortion ratio at 
amplitudes greater than 40 dB below the peak amplitude. This 
excess performance is at the expense of data per sample. 
Methods of data reduction are implemented by compressing 
the 13-bit linear scheme to companded 8-bit schemes. There 
are two companding schemes used: Mu-255 Law specifically 
in North America, and A-Law specifically in Europe. These 
companding schemes are accepted world wide. These 
companding schemes follow a segmented or "piecewise-lin
ear" curve formatted as sign bit, three chord bits, and four step 
bits. For a given chord, all sixteen of the steps have the same 
voltage weighting. As the voltage of the analog input 
increases, the four step bits increment and carry to the three 
chord bits which increment. When the chord bits increment, 
the step bits double their voltage weighting. This results in an 
effective resolution of six bits (sign + chord + four step bits) 
across a 42 dB dynamic range (seven chords above zero, by 
6 dB per chord). Tables 3 and 4 show the linear quantization 
levels to PCM words for the two companding schemes. 

In a sampling environment, Nyquist theory says that to 
properly sample a continuous signal, it must be sampled at 
a frequency higher than twice the signal's highest frequency 
component. Voice contains spectral energy above 3 kHz, but 
its absence is not detrimental to intelligibility. To reduce the 
digital data rate, which is proportional to the sampling rate, 
a sample rate of 8 kHz was adopted, consistent with a 
bandwidth of 3 kHz. This sampling requires a low-pass filter 
to limit the high frequency energy above 3 kHz from distorting 
the in-band signal. The telephone line is also subject to 50/60 
Hz power line coupling, which must be attenuated from the 
Signal by a high-pass filter before the AID converter. 

The D/A process reconstructs a staircase version of the 
desired in-band signal, which has spectral images of the in
band signal modulated about the sample frequency and its 
harmonics. These spectral images, called aliasing compo
nents, need to be attenuated to obtain the desired Signal. The 
low-pass filter used to attenuate these aliasing components 
is typically called a reconstruction or smoothing filter. 

The MC145554/57/64/67 PCM codec-filters have the 
codec, both presampling and reconstruction filters, and a 
preCision voltage reference on chip, and require no external 
components. 

DIGITAL 

FSR 

PIN DESCRIPTION 

Receive Frame Sync 
This is an 8 kHz enable that must be synchronous with 

BCLKR. Following a rising FSR edge, a serial PCM word at 
DR Is clocked by BCLKR into the receive data register. FSR 
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also initiates a decode on the previous PCM word. In the 
absence of FSX, the length of the FSR pulse is used to 
determine whether the 1/0 conforms to the short frame sync 
or long frame sync convention. 

DR 
Receive Digital Data Input 

BCLKR/CLKSEL 
Receive Data Clock and Master Clock Frequency 
Selector 

If this input is a clock, it must be between 128 kHz and 4.096 
MHz, and synchronous with FSR.ln synchronous applications 
this pin may be held at a constant level; then BCLKX is used 
as the data clock for both the transmit and receive sides, and 
this pin selects the assumed frequency of the master clock 
(see Table 1 in Functional Description). 

MCLKR/PDN 
Receive Master Clock and Power Down Control 

Because of the shared DAC architecture used on these 
devices, only one master clock is needed. Whenever FSX is 
clocking, MCLKX is used to derive all internal clocks, and the 
MCLKR/PDN pin merely serves as a power-down control. If 
MCLKR/PDN pin is held low or is clocked (and at least one 
of the frame syncs is present), the part is powered up. If this 
pin is held high, the part is powered down. If FSX is absent 
but FSR is still clocking, the device goes into receive 
half-channel mode, and MCLKR (if clocking) generates the 
internal clocks. 

MCLKX 
Transmit Master Clock 

This clock is used to derive the internal sequencing clocks; 
it must be 1.536 MHz, 1.544 MHz, or 2.048 MHz. 

BCLKX 
Transmit Data Clock 

BCLKX may be any frequency between 128 kHz and 4.096 
MHz, but it should be synchronous with MCLKX. 

Ox 
Transmit Digital Data Output 

This output is controlled by FSX and BCLKX to output the 
PCM data word; otherwise this pin is in a high-impedance 
state. 

FSx 
Transmit Frame Sync 

This is an 8 kHz enable that must be synChronous with 
BCLKX. A rising FSX edge initiates the transmission of a seri
al PCM word, clocked by BCLKX, out of DX. If the FSX pulse 
is high for more than eight BCLKX periods, the DX and TSX 
outputs will remain in a low-impedance state until FSX is 
brought low. The length of the FSX pulse is used to determine 
whether the transmit and receive digital 1/0 conforms to the 
short frame sync or to the long frame sync convention. 

TSX 
Transmit Time Slot Indicator 

This is an open-drain output that goes low whenever the 
DX output is in a low-impedance state (i.e., during the transmit 
time slot when the PCM word is being output) for enabling 
a PCM bus driver. 

ANLB 
Analog Loop-Back Control Input (MC145564/67 Only) 

When held high, this pin causes the input of the transmit 
RC active filter to be disconnected from GSX and connected 
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to VPO+ for analog loop-back testing. This pin is held low in 
normal operation. 

ANALOG 

GSX 
Gain-Setting Transmit 

This output of the transmit gain-adjust operational amplifier 
is internally connected to the encoder section of the device. 
It must be used in conjunction with VFXI- and VFXI+ to set 
the transmit gain for a maximum signal amplitude of 2.5 V 
peak. This output can drive a 600 n load to 2.5 V peak. 

VFXI-
Voice-Frequency Transmit Input (Inverting) 

This is the inverting input of the transmit gain-adjust 
operational amplifier. 

VFXI+ 
Voice-Frequency Transmit Input 
(Non-Inverting) 

This is the non-inverting input of the transmit gain-adjust 
operational amplifier. 

VFRO 
Voice-Frequency Receive Output 

This receive analog output is capable of driving a 600 n 
load to 2.5 V peak. 

VPI 
Voltage Power Input (MC145564167 Only) 

This is the inverting input to the first receive power amplifier. 
Both of the receive power amplifiers can be powered down 
by connecting this input to VBB. 

VPO-
Voltage Power Output (Inverted) (MC145564/67 Only) 

This inverted output of the receive push-pull power 
amplifiers can drive 300 n to 3.3 V peak. 

VPO+ 
Voltage Power Output (Non-Inverted) 
(MC145554167 Only) 

This non-inverted output of the receive push-pull power 
amplifier pair can drive 300 n to 3.3 V peak. 

POWER SUPPLY 

GNDA 
Analog Ground 

This terminal is the reference level for all signals, both 
analog and digital. It is a V. 

VCC 
Positive Power Supply 

VCC is typically 5 V. 

VBe 
Negative Power Supply 

VBB is typically - 5 V. 

FUNCTIONAL DESCRIPTION 

ANALOG INTERFACE AND SIGNAL PATH 

The transmit portion of these codec/filters includes a low
noise gain selting amplifier capable of driving a 600 11 load. 
Its output is fed to a three-pole anti-aliasing pre-filter. This 
pre-filter incorporates a two-pole Butterworth active low-pass 
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filter, and a single passive pole. This pre-filter is followed by 
a single ended-to-differential converter that is clocked at 256 
kHz. All subsequent analog processing utilizes fully differential 
circuitry. The next section is a fully-differential, five-pole 
switched capacitor low-pass filter with a 3.4 kHz passband. 
After this filter is a 3-pole switched-capacitor high-pass filter 
having a cutoff frequency of about 200 Hz. This high-pass 
stage has a transmission zero at dc that eliminates any dc 
coming from the analog input or from accumulated operational 
amplifier offsets in the preceding filter stages. The last stage 
of the high-pass filter is an autozeroed sample and hold 
amplifier. 

One bandgap voltage reference generator and digital-to
analog converter (DAe) are shared by the transmit and re
ceive sections. The autozeroed, switched-capacitor band
gap reference generates precise positive and negative refer
ence voltages that are independent of temperature and 
power supply voltage. A binary-weighted capacitor array 
(CDAC) forms the chords of the companding structure, while 
a resistor string (RDAC) implements the linear steps within 
each chord. The encode process uses the DAC, the voltage 
reference, and a frame-by-frame autozeroed comparator to 
implement a successive-approximation conversion algo
rithm. All of the analog circuitry involved in the data 
conversion-the voltage reference, RDAC, CDAC, and 
comparator-are implemented with a differential architec
ture. 

The receive section includes the DAC described above, a 
sample and hold amplifier, a five-pole 3400 Hz switched ca
pacitor low-pass filter with sinXlX correction, and a two-pole 
active smoothing filter to reduce the spectral components of 
the switched capacitor filter. The output of the smoothing filter 
is a power amplifier that is capable of driving a 600 n load. 
The MC145564 and MC145567 add a pair of power amplifiers 
that are connected in a push-pull configuration; two external 
resistors set the gain of both of the complementary outputs. 
The output of the second amplifier may be internally con
nected to the input of the transmit anti-aliasing filter by 
bringing the ANLB pin high. The power amplifiers can drive 
unbalanced 300 n loads or a balanced 600 n load; they may 
be powered down independent of the rest of the chip by tying 
the VPI pin to VBB. 

MASTER CLOCKS 

Since the codec-filter design has a single DAC architec
ture, only one master clock is used. In normal operation (both 
frame syncs clocking), the MCLKX is used as the master 
clock, regardless of whether the MCLKR/ PDN pin is clocking 
or low. The same is true if the part is in transmit half-channel 
mode (FSX clocking, FSR held low). But if the codec-filter is 
in the receive half-channel mode, with FSR clocking and FSX 
held low, MCLKR is used for the internal master clock if it is 
clocking; if MCLKR is low, then MCLKX is still used for the 
internal master clock. Since only one of the master clocks is 
used at any given time, they need not be synchronous. 

The !paster clock frequency must be 1.536 MHz, 1.544 
MHz, or 2.048 MHz. The frequency that the codec-filter ex
pects depends upon whether the part is a Mu-Iaw or an A-law 
part, and on the state of the BCLKR/CLKSEL pin. The allow
able options are shown In Table 1. When a level (rather than 
a clock) is provided for BCLKR/CLKSEL, BCLKX is used as 
the bit clock for both transmit and receive. 
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Table 1. Master Clock Frequency Determination 

Master Clock Frequency Expected 

BCLKR/CLKSEL MC145554/64 MC145557/67 

Clocked, 1, or Open 1.536 MHz 2.04BMHz 
1.544 MHz 

0 2.04BMHz 1.536 MHz 
1.544 MHz 

FRAME SYNCS AND DIGITAL VO 
These codec·filters can accommodate both of the industry 

standard timing formats. The long frame sync mode is used 
by Motorola's MC145500 family of codec-filters and the UDlT 
family of digital loop transceivers. The short frame sync mode 
is compatible with the IDl (Interchip Digital Link) serial format 
used in Motorola's ISDN family and by other companies in 
their telecommunication devices. These codec·filters use the 
length of the transmit frame sync (FSX) to determine the timing 
format for both transmit and receive unless the part is 
operating in the receive half·channel mode. 

In the long frame sync mode, the. frame sync pulses must 
be at least three bit clock periods long. The DX and TSX out· 
puts are enabled by the logical ANDing of FSX and BClKX; 
when both are high, the sign bit appears at the DX output. 
The next seven rising edges of BClKX clock out the remain· 
ing seven bits of the PCM word. The DX and TSX outputs 
return to a high impedance state on the falling edge of the 
eighth bit clock or the falling edge of FSX, whichever comes 
later. The receive PCM word is clocked into DR on the eight 
falling BClKR edges following an FSR rising edge. 

For short frame sync operation, the frame sync pulses 
must be one bit clock period long. On the first BClKX rising 
edge after the falling edge of BClKX has latched FSX high, 
the DX and TSX outputs are enabled and the sign bit is pres
ented on DX. The next seven rising edges of BClKX clock 
out the remaining seven bits of the PCM word; on the eighth 
BClKX falling edge, the DX and TSX outputs return to a high 
impedance state. On the second falling BClKR edge follow· 

ing an FSR rising edge, the receive sign bit is clocked into 
DR. The next seven BClKR falling edges clock in the remain
ing seven bits of the receive peM word. 

Table 2 shows the coding format of the transmit and receive 
PCM words. 

HALF-CHANNEL MODES 

In addition to the normal full duplex operating mode, these 
codec·filters can operate in both transmit and receive half
channel modes. Transmit half·channel mode is entered by 
holding FSR low. The VFRO output goes to analog ground 
but remains in a low impedance state (to facilitate a hybrid 
interface); PCM data at DR is ignored. Holding FSX low while 
clocking FSR puts these devices in the receive half·channel 
mode. In this state, the transmit input operational aniplifier 
continues to operate, but the rest of the transmit circuitry is 
disabled; the DX and TSX outputs remain in a high imped· 
ance state. MClKR is used as the internal master clock if it 
is clocking. If MClKR is not clocking, then MClKX is used 
for the internal master clock, but in that case it should be syn· 
chronous with FSR. If BClKR Is not clocking, BClKX will be 
used for the receive data, just as in the full channel operating 
mode. In receive half·channel mode only, the length of the 
FSR pulse is used to determine whether short frame sync or 
long frame sync timing is used at DR. 

POWER DOWN 
Holding both FSX and FSR low causes the part to go into 

the power down state. Power down occurs approximately 2 
ms after the last frame sync pulse is received. An altemative 
way to put these devices In power down is to hold the 
MClKR/ PDN pin high. When the chip is powered down, the 
OX, TSX, and GSX outputs are high impedance, the VFRO, 
VPO-, and VPO+ operational amplifiers are biased with a 
trickle current so that their respective outputs remain stable 
at analog ground. To retum the chip to the power up state, 
MClKR/PDN must be low or clocking and at least one of the 
frame sync pulses must be present. The Ox and TSX outputs 
will remain in a high-impedance state until the second FSX 
pulse after power up. 

Table 2. PCM Data Format 

Mu·Law (MC145554164) 

Level Sign Bit Chord Bits Step Bits 

+ Full Scala 1 000 0000 

+ Zero 1 11 1 1111 

-Zero 0 111 111 1 

-Full Scale 0 000 0000 

MOTOROLA COMMUNICATIONS DEVICE DATA 

A-Law (MC145557167) 

Sign Bit Chord Bits Step Bits 

1 010 1010 

1 101 0101 

0 101 0101 

0 010 1010 
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MAXIMUM RATINGS (Voltage Referenced to GNDA) 

Rating Symbol Value Unit 

DC Supply Voltage VcctoVee -0.5 to +13 V 
VCCtoGNDA -0.3 to +7.0 
VeetoGNDA -7.0 to +0.3 

Voltage on Any Analog Input or Output Pin Vee- 0.3to V 
VCC+ 0.3 

Voltage on Any Digital Input or Output Pin GNDA-0.3to V 
VCC+ 0.3 

Operating Temperature Range TA -40 to +85 ·C 

Storage Temperature Range Tstg -85to+150 ·C 

POWER SUPPLY (T A = - 40 to + 85·C) 

Characteristic 

DC Supply Voltage VCC 
Vee 

Active Power Dissipation (No Load) MC145554/57 
MC145564/67 

MC145564167, VPI = Vee 

Power Down Dissipation (No Load) MC145554/57 
MC145564/67 

MC145564167, VPI = Vee 

Min 

This device contains circuitry to pro
tect against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be tak
en to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vin 
and Vout be constrained to the range 
VSS S (Vin or Vout) S VDD. 

Unused inputs must always be tied to 
an appropriate logic voltage level (e.g., 
VSS, GNDA, or VCC). 

Typ Max Unit 

4.75 5.0 5.25 V 
-4.75 -5.0 -5.25 

- 40 60 mW 
- 45 70 
- 40 60 

- 1.0 3.0 mW 
- 2.0 5.0 
- 1.0 3.0 

DIGITAL LEVELS (VCC = 5 V ± 5%, Vee = - 5 V ± 5%, GNDA = 0 V, TA = - 40 to + 85·C) 

Characteristic 

Input Low Voltage 

Input High Voltage 

Output Low Voltage 

Output High Voltage 

Input Low Current 

Input High Current 

Output Current in High Impedance State 

MC145554.MC145557.MC145564.MC145567 
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Ox or TSX, IOL = 3.2 mA 

OX, IOH = - 3.2 mA 
IOH=-1.6mA 

GNDA S Vln S VCC 

GNDA S Vin S VCC 

GNDA S Ox S VCC 

Symbol Min Max Unit 

VIL - 0.6 V 

VIH 2.2 - V 

VOL - 0.4 V 

VOH 2.4 - V 
VCC-0.5 -

IlL -10 +10 I1A 
IIH -10 +10 I1A 
IOZ -10 +10 I1A 
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ANALOG ELECTRICAL CHARACTERISTICS 
(VCC = + 5 V± 5%, VBB = -5 V± 5%, VFxl-Connected to GSX, TA =-40to + 65°C) 

Characteristic Min Typ Max Unit 

Input Current (- 2.5 $ Yin $ + 2.5 V) VFXI+, VFXI- - ±0.05 ±0.2 IJA 
AC Input Impedance to GNDA (1 kHz) VFXI+, VFXI- 10 20 - MQ 

Input Capacitance VFXI+, VFXI- - - 10 pF 

Input Offset Voltage of GSX Op Amp VFXI+, VFXI- - - ±25 mV 

Input Common Mode Voltage Range VFXI+, VFXI- -2.5 - 2.5 V 

Input Common Mode Rejection Ratio VFXI+, VFXI- - 65 - dB 

Unity Gain Bandwidth of GSX Op Amp (Rload ~ 10 kQ) - 1000 - kHz 

DC Open Loop Gain of GSX Op Amp (Rload ~ 10 kQ) 75 - - dB 

Equivalent Input Noise (C-Mess) Between VFXI+ and VFXI- at GSX - -20 - dBrnCO 

Output Load Capacitance for GSX Op Amp 0 - 100 pF 

Output Voltage Range for GSX Rload = 10 kQ to GNDA -3.5 - +3.5 V 
Rload = 600 Q to GNDA -2.6 - +2.6 

Output Current (- 2.8 V $ Vout $ + 2.6 V) GSX, VFRO ±5.0 - - rnA 

Output Impedance VFRO (0 to 3.4 kHz) - 1 - Q 

Output Load Capacitance for VFRO 0 - 500 pF 

VFRO Output DC Offset Voltage Referenced to GNDA - - ±100 mV 

Transmit Power Supply Rejection Positive, 0 to 100 kHz, C-Message 45 - - dBC 
Negative, 0 to 100 kHz, C-Message 45 - -

Receive Power Supply Rejection Positive, 0 to 100 kHz, C-Message 50 - - dBC 
Positive, 4 kHz to 25 kHz 50 - - dB 

Positive, 25 kHz to 50 kHz 43 - - dB 
Negative, 0 to 100 kHz, C-Message 50 - - dBC 

Negative, 4 kHz to 25 kHz 45 - - dB 
Negative, 25 kHz to 50 kHz 36 - - dB 

MC145564/67 Power Drivers 

Input Current (- 1 V $ VPI $ + 1 V) VPI - ±0.05 ±0.5 I'A 

Input Resistance (- 1 V $ VPI $ + 1 V) VPI 5 10 - MQ 

Input Offset Voltage (VPI Connected to VPO-) VPI - - ±50 mV 

Output Resistance, Inverted Unity Gain VPO+orVPO- - 1 - Q 

Unity Gain Bandwidth, Open Loop VPO- - 400 - kHz 

Load Capacitance (00 Q ~ Rload ~ 300 Q) VPO+ orVPO-to GNDA 0 - 1000 pF 

Gain from VPO-to VPO+ (Rload = 300 Q, VPO + to GNDA Level at VPO- - -1 - VN 
= 1.77 Vrms, +3 dBmO) 

Maximum 0 dBmO Level for Better than ± 0.1 dB Linearity Over the Rload= 600Q 3.3 - - Vrms 
Range -10 dBmO to +3 dBmO (For Rload between VPO+ and VPO-) Rload = 1200 Q 3.5 - -

Rload = 10 kQ 4.0 - -

Power Supply Rejection of Vec or VBB (VPO- Connected to VPI) o to 4 kHz 55 - - dB 
VPO + or VPO- to GNDA 4to 50 kHz 35 - -

Differential Power Supply Rejectkm of VCC or VBB (VPO- Connected to VPI) dB 
VPO+ to VPO-, 0 to 50 kHz 50 - -

MOTOROLA COMMUNICATIONS DEVICE DATA MC145554.MC145557.MC145564.MC145567 
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ANALOG TRANSMISSION PERFORMANCE 
(VCC = +5 V ± 5%, VBB = -5 V ± 5%, GNDA = 0 V, 0 dBmO = 1.2276 Vrms = +4 dBm @ 600 n, FSx = FSR = 8 kHz, 
BCLKx = MCLKX = 2.048 MHz Synchronous Operation, VFXI- Connected to GSX, TA = - 40 to + 85°C Unless Otherwise Noted) 

End-to-End AID D/A 

Characteristic Min Max Min Max Min Max Unit 

Absolute Gain (OdBmO @ 1.02 kHz, TA= 25°C, VCC = 5 V, VBB =-5 V) - - -0.25 +0.25 -0.25 +0.25 dB 

Absolute Gain Variation with Temperature Oto 70°C - - - ±0.03 - ±0.03 dB 
-40to+ 85°C - - - ±0.06 - ±0.06 

Absolute Gain Variation with Power Supply (VCC = 5 V, ± 5%, - - - ±0.02 - ±0.02 dB 
VBB =-5 V, ±5%) 

Gain vs Level Tone (Relative to - 10 dBmO, 1.02 kHz) +3to-40 dBmO -0.4 +0.4 -0.2 +0.2 -0.2 +0.2 dB 
-401o-50dBmO -0.8 +0.8 -0.4 +0.4 -0.4 +0.4 
-5010-55 dBmO -1.6 +1.6 -0.8 +0.8 -0.8 +0.8 

Gain vs Level Pseudo Noise CCITT G.712 -10to-40 dBmO - - -0.25 .+0.25 -0.25 +0.25 dB 
(MC145557/67 A-Law Relative to - 10 dBmO) -40to-50 dBmO - - -0.30 +0.30 -0.30 +0.30 

-50 to-55 dBmO - - -0.45 +0.45 -0.45 +0.45 

Total Distortion, 1.02 kHz Tone (C-Message) +3dBmO 33 - 33 - 33 - dBC 
Oto-30 dBmO 35 - 36 - 36 -

-40dBmO 29 - 30 - 30 -
-45dBmO 24 - 25 - 25 -
-55dBmO 15 - 15 - 15 -

Total Distortion With Pseudo Noise CCITT G.714 -3dBmO 27.5 - 28 - 28.5 - dB 
(MC145557/67 A-Law) - 6to- 27 dBmO 35 - 35.5 - 36 -

-34dBmO 33.1 - 33.5 - 34.2 -
-40 dBmO 28.2 - 28.5 - 30 -
-55dBmO 13.2 - 13.5 - 15 -

Idle Channel Noise (For End-End and AID, Note 1) 
(MC145554164 Mu-Law, C-Message Weighted) - 15 - 15 - 7 dBmCO 
(MC145557/67 A-Law, Psophometric Weighted) - -70 - -70 - -83 dBmOp 

Frequency Response (Relative to 1.02 kHz @ 0 dBmO) 15Hz - -40 - -40 -0.15 0 dB 
50Hz - -30 - -30 -0.15 0 
60Hz - -26 - -26 -0.15 0 

200Hz - - -1.0 -0.4 -0.15 0 
300 to 3000 Hz -0.3 +0.3 -0.15 +0.15 -0.15 +0.15 

3300 Hz -0.70 +0.3 -0.35 +0.15 -0.35 +0.15 
3400 Hz -1.6 0 -0.8 0 -0.8 0 
4000 Hz - -28 - -14 - -14 
4600 Hz - -60 - -32 - -30 

In-Band Spurious 300 to 3000 Hz - -48 - -48 - -48 dBmO 
(1.02 kHz @ 0 dBmO, Transmit and Receive) 

Out-of-Band Spurious at VFRO (300-3400 Hz @ 0 dBmO In) dB 
4600 10 7600 Hz - -30 - - - -30 
7600 to 8400 Hz - -40 - - - -40 

8400 to 100,000 Hz - -30 - - - -30 

Idle Channel Noise Selective (8 kHz, Input = GNDA, 30 Hz Bandwidth) - -70 - - - -70 dBmO 

Absolute Delay (1600 Hz) - - - 315 - 215 liS 

Group Delay Referenced to 1600 Hz 500 to 600 Hz - - - 220 -40 - I1S 
600 to 800 Hz - - - 145 -40 -

800 to 1000 Hz - - - 75 -40 -
100010 1.600 Hz - - - 40 -30 -
1600 10 2600 Hz - - - 75 - 90 
2600 10 2800 Hz - - - 105 - 125 
2800 10 3000 Hz - - - 155 - 175 

Crosstalk of 1020 Hz @ 0 dBmO from AID or D/A (Note 2) - - - -75 - -75 dB 

Intermodulation Distortion of Two Frequencies of Amplitudes - -41 - -41 - -41 dB 
-410-21 dBmO from the Range 300 to 3400 Hz 

NOTES: 
1. Extrapolated from a 1020 Hz @ -50 dBmO distortion measurement to correct for encoder enhancement. 
2. Selectively measured while the AID is stimulated with 2667 Hz @ -50 dBmO. 

MC145554.MC145557.MC145564.MC145567 
2-914 

MOTOROLA COMMUNICATIONS DEVICE DATA 



DIGITAL SWITCHING CHARACTERISTICS 
VCC = 5 V ± 5%, VBB = - 5 V ± 5%, GNDA = 0 V, All Signals Referenced to GNDA;TA = - 40 to + 85°C, Cload = 150 pF Un
less Otherwise Noted 

Characteristic 

Master Clock Frequency MClKX or MClKR 

Minimum Pulse Width High or low MClKX or MClKR 

Minimum Pulse Width High or low BClKX or BClKR 

Minimum Pulse Width low FSxor FSR 

Rise Time for all Digital Signals 

Fall Time for all Digital Signals 

Bit Clock Data Rate BClKX or BClKR 

Setup Time from BClKX low to MClKR High 

Setup Time from MClKX High to BCLKX Low 

Hold Time from BCLKx (BCLKR) Low to FSx (FSR) High 

Setup Time for FSX (FSR) High to BCLKX (BCLKR) Low for Long Frame 

Delay Time from BClKX High to Ox Data Valid 

Delay Time from BCLKX High to TSX Low 

Delay Time from the 8th BCLKX low of FSX Low to Ox Output Disabled 

Delay Time to Valid Data from FSx or BClKX, Whichever Is Later 

Setup Time from DR Valid to BCLKX Low 

Hold Time from BCLKR Low to DR Invalid 

Setup Time from FSX (FSR) High to BCLKX (BCLKR) Low In Short Frame 

Hold Time from BCLKX (BCLKR) Low to FSx (FSR) Low in Short Frame 

Hold Time from 2nd Period of BClKX (BClKR) low to FSX (FSR) Low In 
Long Frame 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Symbol Min Typ Max Unit 

fM - 1.536 - MHz 
- 1.544 -
- 2.048 -

tw(M) 100 - - ns 

tw(B) 50 - - ns 

tw(Fl) 50 - - ns 

tr - - 50 ns 

tf - - 50 ns 

fB 128 - 4096 kHz 

tsu(BRM) 50 - - ns 

tsu(MFB) 20 - - ns 

ih(BF) 20 - - ns 

tsu(FB) 80 - - ns 

id(BD) 20 60 140 ns 

id(BTS) 20 50 140 ns 

id(ZC) 50 70 140 ns 

id(ZF) 20 60 140 ns 

lsu(DB) 0 - - ns 

th(BD) 50 - - ns 

lsu(F) 50 - - ns 

th(F) 50 - - ns 

th(BFI) 50 - - ns 
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MCLKX 
MCLKR 

BCLKX 

FSx 
----' 

DX-------{ 

DR-------< 

Figure 1. Short Frame Sync Timing 
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MCLKX 
MCLKR 

BCLKX 

FSx 

Ox 

DR 

_____ J 

-5V 

ANALOG OUT 

+5V 

1.544MHzI 
2.04BMHz 

ADCPMIN 

POWER DOWN 

Figure 2. Long Frame Sync Timing 

VBB VFXI+ 
16 

2 
GNDA VFxl- ANALOG IN 

':' 3 
GSx VFRO 

4 
VCC TSx TXTIMESLOT 

5 MCl45554157 12 
FSR FSx 

11 6 
DR Ox 

10 
BCLKRi CLKSEL BCLKX 
MCLKRiPDN MCLKX 

8kHz 

MODE VDD 
16+ 5V 

2 
000 

15 
ADPCMOUT EDO 

3 14 
DOE EOE 

4 13 
DOC MCl45532 EDC 

5 12 
001 EDI 
DIE EIE 

11 

7 
PO/RESET SPC 

10 
20.48 MHz 

VSS ADP 9 

':' ':' 

Figure 3. ADPCM Transcoder Application 
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MC33120 
20 15 

+5V Vec VOO 
19 

EP 12 
PDI/ST2 

13 + 
18 

BP 
ST1 51lF,16V 

14 
VOG 

lN4002 

9 +5V 
VAG MCI4555417 

1k 17 -= CP 48.5 k 
Vce 

9.1 k 3 12 
16 

TSI RXI VFRO FSx 8 kHz SYNC 
9.1 k 5 4.7k FSR 

RING RSI 10 
1 k BCLKX OATACLOCK 

4 RFO 7 MC145554= CN BCLKR 1.544 MHZ 8 
IIlF MCLKR MCI45557= 

9 2.048 MHz 

11 15 
MCLKx 

11 
O.OO5IlF TXO VFXI- Ox TO PCMHWY 14 

50V 3 7 GSx OR 
BN CF 49.0k 16 13 

6 
VFXI+ TSx 

EN vaB 1+ 1.0IlF,50V GNOA VBB 

VEE E 101lF,50V -= -5V 

NOTE: Six resistors and two capacitors can be 5% tolerance. 

Figure 4. A Complete Single Party Channel Unit Using MC145554157 PCM CodeC/Filter and MC33120 SLIC 
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'5' TRANSCEIVER LAP·OIlAP·B CONTROLLER 
+5V MC145474P +5V +5V MC145488 

17 
VOO TEIN'i' 

4 52,2,9 
VOO DO 10 

33k 01 11 
+5V ISET 02 12 

SINTERFACE ':' SYNC 
8 60,44 

SYNC 0, 1 03 13 
Hl 21 9 59,45 04 14 

TX+ CLK CLKO, 1 05 15 

+5V RX 
10 55,49 TXO,l 06 16 

07 17 11 56,48 
RXO,l 08 18 7n 7n TX 

20 7 47 09 19 TX- OREO OREOl 010 20 
46 

OGNTl 011 22 OGRT 012 23 
':' 

50 SCPE 1 013 24 
014 25 

lkn SEL 
15 53 

SCPEO 
015 26 

RX+ Al 8 
CLK 

14 57 
SCPCLK A2 7 

+5V A3 6 13 54 
AX SCPTXO A4 5 MPU 

lkn lkn 12 58 
SCPRXO AS 4 BUS 

RX- TX A6 3 
IRO A7 1 

VSS RESET A8 68 
XTAL EXTAL A9 67 

':' Al0 66 
19 All 65 

15.36 MHz A12 64 
30pF 0 

30pF A13 63 

I ~ 
A14 62 
A15 61 

OWNO 42 
':' ':' OWNl 43 

HANDSET MCLK 27 

RJ·l1 MCl45554P +5V CS 28 
500n RiW 29 

+ RCVR VCC 
4 AS 30 

(WHITE) +5V 
VFRO 

12,5 LOS 31 
FSX, FSR UOS 32 

soon MCLK,BCLK 
10,7,8,9 RST 33 

10kn lACK 34 
+MIC (RED) VFXI- Ox 

11 IRO 36 
-RCVR O.lI1F 6 OTACK 37 
(WHITE) GSx DR BERR 38 

13 BR 39 -MIC(BLK) VFXI+ TSX 1 BG 40 
GNOA VBB BGACK 41 

COOECIFILTER -5V 

51,36,21 
VSS 

':' 

Figure 5. ISDN Voice/Data Terminal 
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Table 3. Mu-Law Encode-Decode Characteristics 

Normalized 
Digital Code 

Encode Normalized 
Chord Number Step Decision 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 Decode 

Number of Steps Size Levels Sign I Chord I Chord I Chord I Step I Step I Step I Step Levels 

8159 
1 0 0 0 0 0 0 0 8031 

7903 
8 16 256 

4319 
1 0 0 0 1 1 1 1 4191 

4063 

7 16 128 2143 
1 0 0 1 1 1 1 1 2079 

2015 

6 16 64 1055 
1 0 1 0 1 1 1 1 1023 

991 

5 16 32 511 
1 0 1 1 1 1 1 1 495 

479 

4 16 16 239 
1 1 0 0 1 1 1 1 231 

223 

3 16 8 103 
1 1 0 1 1 1 1 1 99 

95 

2 16 4 35 
1 1 1 0 1 1 1 1 33 

31 

1 15 2 3 
1 1 1 1 1 1 1 0 2 

1 
1 1 1 1 1 1 1 1 1 1 0 

0 

NOTES: 
1. Characteristics are symmetrical about analog zero with sign bit = 0 for negative analog values. 
2. Digital code includes inverison of all magnitude bits. 
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Table 4. A-Law. Encode-Decode Characteristics 

Normalized Digital Code 
Encode Normalized 

Chord Number Step Decision 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 Decode 
Number of Steps Size Levels Sign I Chord I Chord I Chord I Step I Step I Step I Step Levels 

4096 
1 0 1 0 1 0 1 0 4032 

3968 
7 16 128 

2176 
1 0 1 0 0 1 0 1 2112 

2048 

6 16 64 1088 
1 0 1 1 0 1 0 1 1056 

1024 

5 16 32 544 
1 0 0 0 0 1 0 1 528 

512 

4 16 16 272 
1 0 0 1 0 1 0 1 264 

256 

3 16 8 136 
1 1 1 0 0 1 0 1 132 

128 

2 16 4 68 
1 1 1 1 0 1 0 1 66 

64 

1 32 2 2 
1 1 0 1 0 1 0 1 1 

0 

NOTES: 
1. Characteristics are symmetrical about analog zero with sign bit = 0 for negative analog values. 
2. Digital code includes alternate bit inversion, as specified by cCln. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
ISDN U·lnterface Transceiver II 

The MC145572 is a second generation Integrated Services Digital Network 
U-Interface Basic Access Transceiver. The MC145572 is an enhancement of 
the MC1454721MC14LC5472 with low power consumption, fewer pins, fewer 
extemal components, and increased digital interface functionality. It provides 
144 kbps full duplex data transmission on twisted pair loops up to 18,000 feet 
or 5.5 km in length. 

• Single Chip 2B 1 Q, Echo Cancelling, Adaptively Equalized Transceiver 
• Conforms to the ANSI T1.601, " ... ISDN Basic Access Interface for Application 

for Use on Metallic Loops for Application on the Network Side of the NT 
(Layer 1 Specification)" and to ETSI Standards 

• Extended Maintenance Functions Provided Through Control Interface 
• Automatic Embedded Operations Channel Mode 
• All Maintenance Functions are Provided on Chip 
• Pin Selectable LT/NT Mode of Operation 
• Low Power CMOS 
• Maximum 300 mW Power Consumption When Activated 
• 44-Lead Surface Mount Package 
• Selectable Between IDL and GCllnterfaces 
• Six Programmable Timeslot Assigners 
• 8-kHz Reference Clock Input 
• Serial or Parallel Control Interfaces 
• Optional D Channel Interface 
• Optional Access to D Channel Through Control Interface 
• Software Compatible with MC1454721MC14LC5472 
• IDL Data Alignable to U-Interface Superframe for Transmit and Receive 
• Fewer External Components in Line Interface Circuit 
• Voltage Controlled Crystal Oscillator only Requires an External Crystal 

MC145572 

Tl1ls document contains Information on a product under development. Motorola reserves the rlght to change or discontinue this product without notice. 

MC145572 
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INTERFACE-

MC145572 BLOCK DIAGRAM 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
ISDN SIT Interface 
Transceiver II 

The MC145574 is the Motorola second generation ISDN SfT Interface Trans
ceiver. The MC145574 provides an economical VLSI Layer 1 interface for the 
transportation of two 64 kpbs B channels and one 16 kbps D channel between 
the network termination (NT) and terminal equipment (TE) applications. The 
MC145574 conforms to CCITT 1.430 and ANSI T1.605 specifications. 

The MC145574 provides the modulation line drive and demodulation/line re
ceive functions required of the interface. In addition, the MC145574 provides 
the activation/deactivation, error monitoring, framing, bit, and octet timing. The 
MC145574 provides the control signals for the interface to the Layer 2 devices. 
Complete multiframe capability is provided. 

• Backwards compatible with the MC145475 
• Conforms to CCITT 1.430 and ANSI T1.605 Specifications 
• Detects Far-End Code Violations (FECVs) in the NT Mode 
• Pin Selectable NT or TE Modes of Operation 
• Industry Standard Microprocessor SCP Interface 
• Incorporates IDL and IDL2 Interfaces 
• Supports 1 :2.5 Transformers for Transmit and Receive 
• IDL2 Interface has Time Slot Assignment Capability 
• GCI Compatible (General Circuit Interface) 
• Supports Full Range of SfT and IDL Loopbacks 
• Enhanced S&Q Multiframing Capability 
• Reduced Power Consumption 
• NT1 Star Mode of Operation 
• Incorporates all the Features of the MC145474 
• Supports TE Slave/Slave Mode for PBX Applications 
• Supports NT Terminal Mode for NT1fTA Applications 

PIN ASSIGNMENT 

ISET 28 RESET_L 

RxN 27 TxP 
RxP 26 TxN 

TEiNU 4 25 XTAL 
MASTERISLAVE_L 24 EXTAL 

TFSC/TCLKlDSTBIFIX 6 23 3V REG_OUTPUT 

MC145574 

VSS 7 22 OUTPUT _DRIVER_ VDD 

GCLSGlDGRANT/ANDout 8 21 VDD 
DREQ/ANDin 9 20 SCPJRQ.L 

CLASSJDJN/ECHOJN 10 19 TSEN/IDL_FST/GCLBCL 
IDL..FSC/IDL_FSRlGCLFSC 11 18 SCP _EN_UGCLEN_L 

IDL_DCUGCLDCL 12 17 SCP _CLKlGCLS2IGCLM2 

IDL..DinlGCLDin 13 16 SCP _RxlGCI_Sl/GCLMI 

IDL_Dout/GCLDout 14 15 SCP _ TxlGCLSOIGCLMO 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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ISET 

EXTALout 
XTALin 

TxP TxN 

MC145574 BLOCK DIAGRAM 

DGRANT DREQ RxP RxN 

CONTROL & DATA INTERFACE SIGNALS 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
3.3·Yolt.Only 
Driver/Receiver With an 
Integrated Standby Mode 
EIA-232E and CCITT V.28 

The MC145583 is a CMOS transceiver composed of three drivers and five 
receivers that fulfills the electrical specifications of EIA-232E, EIA-562, and CCITI 
V.28 while operating from a single +3.3 or +5.0 V power supply. This transceiver 
is a high· performance, low-power consumption device that is equipped with a 
Standby function. 

A voltage tripler and inverter converts the +3.3 Vto±8.8 V, or a voltage doubler 
and inverter converts the + 5.0 V to ±8.8 V. This is accomplished through an on
board 40 kHz oscillator and five inexpensive external electrolytic capacitors. 

Drivers: 
• ±6.0 Output Swing at 3.3 or 5.0 V power supply 
• 300 n, Power-Off Impedance 
• Output Cu,rrent Limiting 
• Three-State Outputs During Standby Mode 

Receivers: 
• ±25 V Input Range 
• 3 to 7 kn Input Impedance 
• 0.8 V Hysteresis for Enhanced Noise Immunity 
• Three-State Outputs During Standby Mode 

Charge Pumps: 
• +3.3 V to ±8.8 V Triple Charge Pump Architecture or + 5.0 V to ±8.8 V 

Doubler Charge Pump Architecture 
• Requires Five Inexpensive Electrolytic Capacitors 
• On-Chip 40 kHz Oscillators 

Ring Monitor Circuit: 
• Invert the Input Level on Rx1 to Logic Output Level on RIMON al Standby 

Mode 

cs+ 

GNO 

cs-

RIMON 

VSS 

STS 

Rxl 

Rx2 

Rx3 

Txl 

Rx4 

Tx2 

RxS 

Tx3 

MC145583 

DWSUFFIX 
SOG 

CASE 751F 

PIN ASSIGNMENTS 

C2+ 

VCC 

C2-

Cl + 

Cl-

VOO 

001 

002 

003 

011 

004 

012 

005 

013 

This document contains infonnation on a product under development. Motorola reserves the right to change or discontinue this product without notice. 

MC145583 
2-926 

MOTOROLA COMMUNICATIONS DEVICE DATA 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
Time Slot Interchange 
Circuit 

The MC145601 time slot interchange circuit (TSIC) is a CMOS IC designed 
for switching pulse code modulation 9PCM) voice or data, under microprocessor 
control, in a digital exchange or central office. It connects any of 256 incoming 
PCM channels to any of 256 outgoing PCM channels. 

• 5 V Supply 
• 8 x 32 Channel Input 
• 8 x 32 Channel Output 
• 256 Port Non-blocking Digital Switching Matrix 
• Building Block for Digital PABX 
• Expandable to Larger Capacity Block 
• 32 Serial Channels Per Frame 
• Typical Bit Rate: 2.048 Mbps 
• Typical Synchronization Rate: 8 kHz 
• Interface to MC88XXX Family Microprocessors 
• 8 Instructions Available 
• 40-Pin Dual-In-Line Package 

N MMENDED 
R NEW DESIGN 

MC145601 

PSUFFIX 
PLASTIC 
CASE 711 

PIN ASSIGNMENT 

OC4 RESET 

ClK 

OC2 SYNC 

OCl Tx7 

Tx6 

TxS 

Rx6 Tx4 

RxS VOO 

Tx3 

Vss Tx2 

Rx3 Txl 

Rx2 TxO 

Rxl 07 

RxO 06 

REAOY 05 

OTACK 04 

RS1 03 

RSO 02 

RiW 01 

cs 00 

This document contains Information on a new product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
PCM Conference Circuit 

The MC145611 PCM conference circuit is an HCMOS device designed for 
voice conference in a digital (PCM) telephone switch such as a TDM PABX. The 
device is capable of providing mixing of up to eight channels (parties) such that 
every party can hear when one or more parties speak at the same time. 

The technique of level priority coding is used. It provides a low cost means 
of mixing of PCM voice codes for voice conference application. 

• 20-Pin Dual-In-Line Package 
• Single +5 V Power Supply 
• Support Standard Mu-Law or A-Law PCM Codes 
• Directly Off the PCM Highways 
• 4.096 MHz Clock, 8 kHz Frame Sync, and Serial PCM Data Comply with 

Codec Timing Used in the PABX System 
• One-Frame Delay to PCM Data 
• Built-In Time Slot Assignment Circuit 
• Serial Data with MCU Interface 
• 8 Parties Conference in Single Group or Split into Two Groups 
• Intrusion Party Channel Time Slot Assignment Provided 
• Built-In Maskable Tone Signalling. Tone Level and Frequency External 

Adjustable 

NOT RECOMMEND D 
FOR NEW D GN 

MC145611 

PSUFFIX 
PLASTIC 
CASE73B 

PIN ASSIGNMENT 

OCI [ 1- 20 P VOO 

FS [ 2 19 P NC 

PCMin [ 3 18 P TSAO 

PCMout [ 4 17 PTE2 
PCMEN[ 5 16 pm 

MulA [ 6 15 PTL3 
CTS [ 7 14 pTl2 
cst 8 13 P TL1 

ON [ 9 12 P TF 

VSS [ 10 11 P OCLK 

NC = NO CONNECTION 

This document contains information on a new product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 
5-Yolt-Only Driver/Receiver With 
an Integrated Standby Mode 
EIA-232-E and CCITT V.28 

The MC145705/06/07 are a series of silicon-gate CMOS transceiver ICs that 
fulfill the electrical.specifications of EIA-232-E and CCITT V.28 while operating 
from a single +5 V power supply. These transceiver series are high performance 
and low power consumption devices that are equipped with standby and output 
enable function. 

A voltage doubler and inverter convert the +5 V to ±10 V. This is accomplished 
through an on-board 20 kHz oscillator and four inexpensive external electrolytic 
capacitors. 

The MC145705 is composed of two drivers and three receivers, the MC145706 
has three drivers and two receivers, and the MC145707 has three drivers and 
three receivers. These drivers and receivers are virtually identical to those of 
the MC145407. 

Available Driver/Receiver Combinations 

Device Drivers Receivers No_ of Pins 

MC145705 2 3 20 

MC145706 3 2 20 

MC145707 3 3 24 

Drivers: 
• ±7.5 Output Swing 
• 300 Q Power-Off Impedance 
• Output Current Limiting 
• TTL and CMOS Compatible Inputs 
• Three-State Outputs During Standby Mode 
• Hold Output OFF (MARK) State by TxEN Pin 

Receivers: 

• ±25 V Input Range 
• 3 to 7 kQ Input Impedance 
• 0.8 V Hysteresis for Enhanced Noise Immunity 
• Three-State Outputs During Standby Mode 

Charge Pumps: 
• +5 to ±10 V Dual Charge Pump Architecture 
• Supply Outputs Capable of Driving Three Drivers on 

the MC145403106 Simultaneously 
• Requires Four Inexpensive Electrolytic Capacitors 
• On-Chip 20 kHz Oscillators 

MC145705 
MC145706 
MC145707 

-
PSUFFIX 
PLASTIC 

CASE 738 

DWSUFFIX 
SOG 

CASE 751D 

_ 
PSUFFIX 

I PLASTIC 
CASE 724 

24 

DWSUFFIX 
SOG 

CASE 751E 

ORDERING INFORMATION 

MC145705P 
MC145706P 
MC145707P 

} PLASTIC 

MC145705DW } 
MC145706DW SOG 
MCl45707DW 

This document contains Inlonnation on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MC145705 
2 Drlvers/3 Receivers 

C2+ 

02-

STB 

Axl 

Rx2 

Txl 

Rx3 

Tx2 

MC145705.MC145706.MC145707 
2-930 

Cl+ 

VCC 

Cl-

VOO 

TxEN 

DOl 

002 

011 

003 

012 

PIN ASSIGNMENTS 

MC145707 
3 Drivers13 Receivers 

C2+ 

C2-

VSS 

NC 

Axl 

Txl 

Rx2 

Tx2 

Rx3 

Tx3 

NC = NO CONNECTION 

MC145706 
3 Drlvers12 Receivers 

02+ Cl+ 

Ycc 
C2- Cl-

Voo 

STB TxEN 

Txl 011 

Rxl DOl 

Tx2 012 

Rx2 D02 

Tx3 013 

Cl+ 

VCC 

Cl-

TxEN 

NC 

DOl 

011 

002 

012 

D03 

013 
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CHARGE PUMPS 

OSC 

C3 

VDD 

RECEIVER 

VDD VDD 

-= VSS 

'Protection Circuit 

DRIVER 

VDD 

300Q 
Tx o--'VI/Ir-<.---+ 

VSS 

MOTOROLA COMMUNICATIONS DEVICE DATA 

FUNCTION DIAGRAM 

STS 

LEVEL 
SHIFT 

GND 

+ 
C4 

Vss 

STS 

1.0V 

'---1<:>1--- 1.8 V 

TxEN 

DO 

-= 

VCC 

I--...... --DI 
1-----1.4V 
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MAXIMUM RATINGS (Voltage Polarities Referenced to GNO) 

Rating Symbol Value 

DC Supply Voltage VCC -0.5 to +6.0 

I nput Voltage Rx1-3 Inputs VIR VSS-15 to VOO+15 
011-3 Inputs -0.5 to VCC+0.5 

DC Current Per Pin I ±100 

Power Dissipation Po 1 

Operating Temperature Range TA -40 to +85 

Storage Temperature Range Tsta -85 to +150 

RECOMMENDED OPERATING LIMITS 

Parameter 

Power Supply 

Operating Temperature Range 

Unit 

V 

V 

mA 

W 

°c 

°c 

Symbol 

VCC 

TA 

This device contains protection circuitry 
to guard against damage due to high static 
voltages or electric fields. However, pre
cautions must be taken to avoid applica
tions of any voltage higher than maximum 
rated voltages to this high-impedance cir
cuit. For proper operation, it is recom
mended that the voltage at the 01 and DO 
pins be constrained to the range 
GNO S VOl S VOOandGNOSVOOS VCC. 
Also, the voltage at the Rx pin should be 
constrained to (V SS- 15 V) S V Rx1-Rx3 S 
(VOO+ 15 V), and Tx should be constrained 
to VSS S VTx1-Tx3 S VOO. 

Unused inputs must always be tied to 
an appropriate logic voltage level (e.g., 
GNO or VCC for 01, and GNO for Rx). 

Min Typ Max Unit 

4.5 5 5.5 V 

-40 - 85 °c 

DC ELECTRICAL CHARACTERISTICS (Voltage polarities referenced to GNO = 0 V; C1-C4 = 10 ItF; TA = -40 to +85°C) 

Parameter Symbol Min Typ Max Unit 

DC Power Supply VCC 4.5 5 5.5 V 

Quiescent Supply Current (Output Unloaded, Input Low) ICC - 1.7 3.5 mA 

Quiescent Supply Current (Stand-By Mode) (Output Unloaded, Input Open) ICC(STB) - <10 20 itA 

Control Signal Input Voltage (STB, TxEN) VIL - - 0.5 V 
Logic Low VIH VCc-O·5 - -

Logic High 

Control Signal Input Current Logic Low (TxEN) IlL - - -10 itA 
Logic High (STB) IIH - - 10 

Charge Pumps Output Voltage (C1, C2, C3, C4 = 10 ItF) VOO V 
Output Voltage (VOO) Iload= 0 mA 8.5 10.0 11 

Iload =5 mA 7.5 9.5 -
Iload = 10 mA 6.0 9.0 -

Output Voltage (VSS) Iload= 0 mA VSS -8.5 -10.0 -11 
Iload =5 mA -7.5 -9.2 -
Iload = 10 mA -6.0 -8.6 -

RECEIVER ELECTRICAL SPECIFICATIONS 
(Voltage polarities referenced to GNO = 0 V; VCC = +5 V ±10%; C1-C4 = 10 ItF; TA = -40 to +85°C) 

Parameter Symbol Min Typ Max Unit 

Input Turn-On Threshold (V001-003 = VOL) Von 1.35 1.8 2.35 V 
Rx1-Rx3 

Input Turn-Oil Threshold (V001-003 = VOH) Voll 0.75 1 1.25 V 
Rx1-Rx3 

Input Threshold Hysteresis (Von = VolI) Vhys 0.6 0.8 - V 
Rx1-Rx3 

Input Resistance Rin 3 5.4 7 kQ 

High-Level Output Voltage (001-003) VOH VCc-O·1 - - V 
lout =-20 itA VCc-O·7 4.3 -

VRx1-Rx3 = -3 to -25 V lout=-1 mA 

Low-Level Output Voltage (001-003) VOL - 0.01 0.1 V 
lout = +20 itA - 0.5 0.7 

V Rx1-Rx3 = +3 to +25 V lout = + 1.6 mA 

MC145705.MC145706.MC145707 
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DRIVER ELECTRICAL SPECIFICATIONS 
(Voltage polarities referenced to GNO = 0 V; VCC = +5 V ±10%; C1-C4 = 10 IlF; TA = -40 to +85°C) 

Parameter Symbol Min Typ Max Unit 

Oigitallnput Voltage 011-013 V 
Logic Low VIL - - 0.8 
Logic High VIH 2 - -

Input Current 011-013 I1A 
VOI=GNO IlL - 7 -
VOl = VCC IIH - - ±1.0 

Output High VoltageTx1-Tx3 VOH 6 7.5 - V 
(VOI1-013 = Logic Low, RL = 3 kn) 5 6.5 -

Tx1-Tx6* 

Output Low Voltage Tx1-Tx3 VOL ~ -7.5 - V 
(V0I1-013 = Logic High, RL = 3 kO) -5 ~.5 -

Tx1..,Tx6* 

Off Source Impedance Tx1-Tx3 loff 300 - - il 

Output Short Circuit Current (VCC = 5.5 V) ISC mA 
Tx1-Tx3 Shorted to GNO** - - ±60 
Tx1-Tx3 Shorted to ±15 V*** - - ±100 

.. 
*Speclficatlons for a MC14570X powenng a MC145406 or MC145403 With three additional drivers/receivers. 

**Specification is for one Tx output to be shorted at a time. Should all three driver outputs be shorted simultaneously, device power dissipation 
limits could be exceeded. 

***This condition could exceed package limitations. 

SWITCHING CHARACTERISTICS (VCC = +5 V, ±10%; C1-C4 = 10 IlF; TA = -40 to +85°C) 

I Parameter I Symbol I Min 

Drivers 

Propagation Oelay Time Tx1-Tx3 
Low·to-High 

(RL = 3 kil, CL = 50 pF or 2500 pF) 

High-to-Low 
(RL = 3 kil, CL = 50 pF or 2500 pF) 

Output Slew Rate Tx1-Tx3 
Minimum Load (RL = 7 kn, CL = 0 pF) 

Maximum Load (RL = 3 kn, CL = 2500 pF) 

Output Olsable Time 

Output Enable Time 

Receivers 

Propagation Oelay Time 001-003 
LoW-lo-High 

High-to-Low 

Output Rise Time 

Output Fall Time 

Output Oisable Time 

Output Enable Time 

TRUTH TABLE 
Drivers 

001-003 

001-003 

01 TxEN STB 

X X H 

X L L 

H H L 

tpLH 

-
tpHL 

-
SR 

-
-

tOAZ -
tOZA -

tpLH -
tPHL -

1r -

tf -
tRAZ -
tR7A -

Receivers 

Tx Rx STB 

Z* X H 

L H L 

L L L 

Typ Max Unit 

I1S 

0.5 1 

0.5 1 

V/IlS 
±6 ±ao 
±5 -
4 10 I1S 

25 50 ms 

I1S 
- 1 

- 1 

250 400 ns 

40 100 ns 

4 10 I1S 
25 50 ms 

DO 
Z* 

L 

H 

L H L H *GNO SVOO S VCCX = Oon~ Care 

*VSS SVTx S VOO X = Oon't Care 

MOTOROLA COMMUNICATIONS DEVICE DATA MC145705.MC145706.MC145707 
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PIN DESCRIPTIONS 

VCC 
Digitill Power Supply 

This digital supply pin is connected to the logic powersupply. 
This pin should have a 0.33 j.lF capacitor to ground. 

GND 
Ground 

Ground return pin is typically connected to the signal ground 
pin of the EIA-232D connector (Pin 7) as well as to the logic 
power supply ground. 

VDD 
Positive Power Supply 

This is the positive output of the on-chip voltage doubler 
and the positive power supply input of the driver/receiver 
sections of the device. This pin requires an extemal storage 
capacHor to filter the 50% duty cycle voltage generated by the 
charge pump. 

VSS 
Negative Power Supply 

This is the negative output of the on-chip voltage 
doublerlinverter and the negative power supply input of the 
driver/receiver sections of the device. This pin requires an 
extemal storage capacitor to filter the 50% duty cycle voltage 
generated by the charge pump. 

TxEN 
Output Enable 

This is the driver output enable pin. When this pin is in logic 
low level, the condition of the driver outputs (Tx1-Tx3) are 
in keep OFF (mark) state. 

STB 
Stand-By 

The device enters the stand-by mode while this pin is 
connected to the logic high level. During the stand-by mode, 
driver and receiver output pins become high-impedance state. 
In this condition, supply current ICC is below 10 l!A(Typ) and 
can be operated with low current consumption. 

C2+, C2-, C1+,C1-
Voltage Doubler And Inverter 

These are the connections to the internal voltage doubler 
and inverter, which generate the VDD and VSS voltages. 

Rx1, Rx2 (Rx3) 
Receive Data Input 

These are the EIA-232-E receive signal inputs. A voltage 
between +3 and +25 V is decoded as a space, and causes 
the corresponding DO pin to swing to ground (0 V). A voltage 
between -3 and -25 V is decoded as a mark,and causes the 
DO pin to swing up to Vcc. 

001, 002 (003) 
Data Output 

These are the receiver digital output pins, which swing from 
VCC to GND. Each output pin is capable of driving one LSTTL 
Input load. 

Output level of these pins is high-impedance while In 
standby mode. 

011, 012 (013) 
Data Input 

These are the high-impedance digital input pins to the 
drivers. Input voltage levels on these pins must be between 
VCC and GND. 

The level of these input pins are TTUCMOS compatible. 

Tx1, Tx2 (Tx3) 
Transmit Data Omput 

These are the EIA-232-E transmit signal output pins, which 
swing toward VDD and VSS. A logic 1 at a DI input causes the 
corresponding Tx output to swing toward VSS. The actual 
levels and slew rate achieved will depend on the output loading 
(RUCL). 

The minimum output impedance is 300 n when tumed off. 

SWITCHING CHARACTERISTICS 

Driver 

Txl-3 (OUTPUT) 

} 
Receiver ,---------., 

Rxl-3 (INP~ 50% 

001-3 (OUTPUT) 

If 

MC145705.MC145706.MC145707 
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- +3V 

OV 

VOH 

- VOL 

- +3V 

OV 

VOH 

- VOL 
Ir 

Driver - +5V 
STB(INPUT) f +1.5V 1 +1.5V 

OV 

+5V VOH 

Txl-3 (OUTPUT) 
HIGHZ 

IOAZ IOZA 

Receiver 

f 1 +1.5V 
- +5V 

STB(INPUT) +1.5V 
OV 
VOH 

001-3 (OUTPUT) 

lRAZ 
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- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
Telephone Ring Signal Converter 

The TCA3385 is a high efficiency telephone ring si'gnal converter designed for 
use with the TCA3386 (it can also be used stand-alone). These devices, together 
with a microprocessor, form the basis for a high-performance feature telephone 
set. 

The circuit includes a switching regulator which converts the ring signal from the 
telephone line into a DC supply signal suitable for powering the other devices in 
the telephone, e.g. TCA3386 and the MPU, during the ringing phase. 

• High efficiency step-down DC/DC converter with linear input impedance 

• Power derived from rectified AC ring signal or DC voltage 

• Drive output for external PNP transistor 

• System supply voltage determined by external transistor, coils and diodes 

• Two modes of operation: fixed internal or programmable ring detectthreshold 
(7 to 35V) 

• Programmable input impedance between 3K and 15Kohms 

• Ring detect output for microprocessor 

• Lightning and mains protection 

• Applications: telephone set, answering machine, home appliance, etc ... 

TCA3385 

,., 
DP SUFFIX 

PLASTIC PACKAGE 
CASE 626 

FPSUFFIX 
PLASTIC PACKAGE 

CASE 751G 

ORDERING INFORMATION 

TCA3385-DP Plastic DIP 
TCA3385-FP SO package 

BLOCK DIAGRAM AND TYPICAL APPLICATION CIRCUIT 

ToMPU 

MOTOROLA COMMUNICATIONS DEVICE DATA TCA3385 
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TCA3385 PIN DESCRIPTIONS 

Pin 1 GND, GROUND 
This is the reference ground for the overall system. 

Pin 2 Vee' POWER SUPPLY 
The output is a current which will establish a voltage 
defined by the load circuit and the voltage regulator 
(typically 5-6 volts for telephone application). 

Pin 3 DRV, DRIVE OUTPUT 
This output directly drives the base of the PNP transis
tor of the switch mode power supply system. 

Pin 4 CO, CURRENT OUTPUT 
This pin provides constant current output for charging 
the external capacitor Cosc' 

Pin 5 L1, LINE INPUT 
This pin can be driven either by a DC voltage or a non 
filtered rectified AC voltage. In a typical telephone 
application, it is connected to the positive side of a 
diode bridge before the twisted pair cable. 

Pin 6 Rin 
An external resistor Rin connected between this pin 
and LI sets the input impedance of the circuit. 

GND 

Vee 

DRV 

CO 

TCA3385 
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• 1 

2 

3 

4 

8 ROO 

7 MS 

6 Rin 

5 LI 

OlL8 pins 

Pin 7 MS, MODE SELECT 
An external resistor RL connected between this pin 
and ground sets the value ofthe ri~g detectthreshold. 

If RL = 0, Mode 1 is selected and a fixed 12 volt level 
is automatically chosen by the internal level sensor 
circuitry. 

Otherwise Mode 2 is selected and RL determines the 
value of the ring detect threshold. In Mode 2 RL also 
affects the input impedance of the circuit. 

Pin 8 ROO, RING DETECT OUTPUT 
This is a digital output for a microprocessor which 
indicates that a ring signal has been detected. This pin 
will shift from low to high each time the input voltage 
passes the preset threshold voltage. 

Depending on its load (resistive or capacitive), the 
signal at this pin can either remain high during the ring 
time, or be a square wave at twice the ringing signal 
frequency. 

GNO 1 • 16 ROO 

N.C. 2 15 N.C. 

Vee 3 14 MS 

N.C. 4 13 N.C. 

DRV 5 12 Rln 

N.C. 6 11 N.C. 

CO 7 10 LI 

N.C. 8 9 N.C. 

SOIC wide 16 pins 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Value Unit 

Line Voltage 120 Vrms 

Input Impedance 3K to 15K Ohms 

Maximum Peak Current (crowbar on) 500 mA 

Storage Temperature Range -65 to +150 °C 

Operating Junction Temperature 150 °C 

Devices should not be operated at or outside these values, Actual device operation should be restricted 
to within the "Recommended Operating Limits", 

RECOMMENDED OPERATING LIMITS 

Parameter Symbol Min Typ Max Unit 

Operating Ambient Temperature Range Ta 0 70 °C 

Line Voltage . Vin 90 Vrms 

Line Source Impedance Zs 500 Ohms 

THERMAL DATA 

Parameter Value Unit 

Thermal Resistance Junction-Ambient °cm 
Plastic Package Case 626 90 
SO Package Case 751 G 110 

MOTOROLA COMMUNICATIONS DEVICE DATA TCA3385 
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ELECTRICAL CHARACTERISTICS 

Parameter 

Ring Detect Output Voltage High 

Ring detect Output Voltage Low 

Turn-on Threshold Input Voltage 

(Mode 1, RL =0, ILoad=O) 

Threshold Temperature Drift 

(Mode 1, RL =0) 

On/Off Threshold Hysteresis 

(Mode 1, RL =0, ILoad=O) 

Turn-on Threshold Input Voltage 

(Mode 2, limit fixed by ext res RL) 

Threshold Temperature Drift 

(Mode 2) 

On/Off Threshold Hysteresis 

.(Mode 2) 

TCA3385 
2-938 

Ring Detect Output Pull-up Current 

(Vin = 15V) 

Ring Detect Output Pull-down Current 

Low State (VRDO < Vee /2) 
High State (VRDO > Vee /2) 

Vee Level (Ring Detector Enabled) 

@ Vee max = 5.5V 

Vcc Level (Ring Detector Disabled) 

@ Vee max = 5.5V 

Ring Detect Output Rise Time 

(no capacitor) 

Ring Detect Output Fall Time 

(no capacitor) 

Ring Detect Output Ripple 

(Crd = 0.47~F, f = 50Hz, no load) 

Symbol 

Voh 

Vol 

Vd1 

DVd1 

Hys1 

Vd2 

DVd2 

Hys2 

Id up 

Id down 

Vee on 

Vee off 

tr 

!t 

Vdrip 

Min Typ Max Unit 

Vee Vee Vee V 
-0.93 -0.7 -0.57 

11 20 mV 

11.2 12 13.0 V 

-5 mVrC 

1.2 1.8 2.4 V 

8 35 V 

-20 mVrC 

0.5 7 V 

0.5 1.5 2.5 mA 

IIA 
60 100 140 

10 20 26 

2.75 3.1 3.45 V 

1.40 1..8 2.3 V 

1 lIS 

4 lIS 

0.25 0.5 Vpp 
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SWITCHMODE POWER SUPPLY 

Parameter Symbol 

Vee Output Voltage (lioad = 36mA) Vee 

Output Power (Vin = 90V rms, f = 50Hz) Pout 

Power Supply Efficiency Eff 

Switching Frequency Fs 

(Vin = 40v, Rin = 500Kn) 

Output Voltage Ripple Vee rip 
(lioad = 36mA, Cload = 220IJ.F, Vin = 90V rms) 

Cose Charge Current leharge 
(Vin = 20V, Rin = 500Kn, RL = 0) 

Cose Discharge Current Idiseh. 
(Vin = 20V, Rin = 500Kn, RL = 0) 

LINE INPUT AND PROTECTION 

Parameter Symbol 

Input Impedance Zin 
Off-state (Vin = 4.5V, Rin = 500Kn, RL = 0) 

On-state (Vin > 25V, Mode 1, RL = 0) 

Fixed by external resistance Rin 
On-state (Vin > 25V, Mode 2) 

Fixed by external resistance Rin and RL 

Non-linearity @ 35 <Vin < 75 V NL 

Mode 1 

Mode 2 

Overvoltage Protection Threshold (Crowbar on) Vov 

Crowbar-on Input Voltage Von 
(Crowbar On, Iii mit = 40mA) 

Crowbar-on Power Dissipation Pd 

(Limited by Internal 100 ohms + external res.) 

Crowbar Turn-on Delay (CRD = O.lIJ.F) Ton 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Min 

50 

25 

3.1 

11 

Min 

25 

3 

3 

120 

4.3 

Typ Max Unit 

Fixed by Zener diode 

600 mW 

55 % 

35 45 KHz 

0.5 0.7 Vpp 

3.5 4.1 mA 

18 25 mA 

Typ Max Unit 

Kohm 

50 

~ 15 

100 

Rin+2RL 15 

~ 

% 

3 8 

3 8 

135 147 V 

6.5 8.7 V 

1.3 W 

130 IJ.S 
I 
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INTRODUCTION 

The TCA3385 is primarily intended for converting the 
ring signal delivered by a central office or PABX into a 
DC voltage which is suitable for powering the other 
components in an electronic telephone. It will supply 
the power to enable the use of the features of a 
sophisticated telephone, such as MPU control, gen
eration and amplification of ringing melodies at a 
speaker, display short messages of information, etc ... 
while the telephone is on-hook. 

The circuit combines a high efficiency DC/DC con
verter and a level sensor device which acts as a 
programmable ring detector and indicator for a MPU, 
thus initiating the operation of the telephone. 

OveNoltage protection is also achieved using a" crow
bar" technique. 

LINE INPUT AND PROTECTION 

The DC/DC converter has linear input impedance, 
which means that the circuit input impedance is ohmic 
and constant whenever the input voltage varies above 
the turn-on threshold voltage inside the tolerated 
limits. Anyvalue between 3Kand 15Kohms can be set 
using one or two resistors, depending on the mode of 
operation (see paragraph "RING DETECTOR" below). 
In Mode 1 the circuit input impedance Zin is a ratio of 
the resistor Rin between pin 5 and pin 6: Zin = Rin/1 00. 
In Mode 2, Zin is a function of Rin and the resistor RL 
between pin 7 and ground: Zin = (R in + 2RL)/1 00. 

On the other hand, the turn-on input circuitry guaran
tees that the input impedance is high at low voltages 
to avoid perturbing the line. 

The overvoltage protection device consists of two 
thyristors in series which are turned-on at a voltage 
between 1 20V and 150V. The input current is limited 
by a 100 ohms internal resistor, butan extern.al resistor 
is mandatory to prevent excessive currents. A 500 
ohms series resistor is recommended as minimum. 

RING DETECTOR 

The TCA3385 includes a ring detector (also called level 
sensor) whose function is to provide a digital output for 
a MPU.lt only operates when the circuit is sufficiently 
powered, i.e. when the DC/DC converter output (Vee) 
has reached a level greater than 3V. It also has hys
teresis which powers the level sensor off at 2V. 

TCA3385 
2-940 
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Figure 1. Ring Detection Threshold (Mode 2) 
vs Rin and Rl 

The digital output shifts from low to high according to 
the line input voltage, a preset level for detection and 
its load at pin 8. 

The level for ring detection may be set using one or 
two modes of operation as previously noted. I n Mode 
1, where pin 7 is connected to ground, an internally 
fixed level is set as the ring detect threshold, which is 
typically 12 Volts. In Mode 2 operation, where an 
external resistor RL is connected between pin 7 and 
ground, the ring detect threshold is programmable. Its 
value is a function of RL (see Figure 1). 

It should be noted that due to the I C design structure, 
Mode 1 is not a particular case of Mode 2. In fact. in 
Mode 2, RL must be chosen high enough so that the 
ring detector works efficiently (the minimum limit is 
fixed by the upper limit of 35V for the ring detect 
threshold; see Figure 1). 

In a telephone application, where the input signal is a 
rectified AC ringing signal. we can choose between 
two output modes at pin 8, pulsed or continuous: 
without a capacitor at pin 8, the ouput voltage will 
change state each time the input crosses the ring 
detect turn-on and turn-off thresholds, thus providing 
information on the frequency of the ring signal; on the 
other hand, if the load at pin 8 is a capacitor, the output 
voltage will shift from lowto high only the firsttimethe 
input crosses the turn-on threshold, and remain high 
until the end of the ringing pulse. This is permitted by 
the internal input circuitry at pin 8, which has an 
emitter-follower transistor for pull-Up and a non-linear 
current generator for pull-down (201lA for slow dis
charge, 1 001lA for fast discharge; see Figure 2). 
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SWITCHMODE POWER SUPPLY 

The TCA3385 is basically a DC/DC converter which 
works with external components: a PNP transistor, a 
coil, a zener diode, a capacitor and a holding diode. 

The circuit drives the external PNP for switching the 
current into the coil. This PNP should bea fast switching 
transistor, with a switching time of less than 2% ofthe 
total pulse time To = lifo (where fo is the switching 
frequency). For example, in a 50KHz application (To = 
20JlSl. rise time and fall time should be less than 
400ns; this is mandatory to keep the efficiency of the 
switch mode greater than 50%. Also, the PNP must 
withstand voltages as high as 150V. In the suggested 
application, a MPSA92 (or a BDC06) is used. 

The holding diode should also have a low forward 
voltage drop and fast switching characteristics so that 
high power output is achieved. It must withstand 
voltages as high as l50V. The coil as well should have 
its losses (both magnetic and resistive) minimized. 

The DC/DC converter consists of 3 main blocks: 

- a current mirror which produces a constant current 
for charging the external capacitor. This current is 
dependent on Vin . 

- a comparator to set the switching frequency of the 
power supply. The switching frequency is mainly 
dependent on the input voltage Vin and the input 
impedance Zin' 

- a drive stage for the PN P transistor. 

2 

1.5 mA 

8 

RDO 

Figure 2. Ring Detect Output Stage 
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EXTERNAL PROTECTION RESISTOR 

This device has been designed to accept overvoltage 
input signals, by switching ON two serial input thyris
tors, from levels exceeding l20V between pin 5 and 
pin 1. In this case the current is limited by an internal 
100 ohms series resistor with an external resistor Rv 
(nominally 500 ohms). 

a) Fast input signals 

If the slew rate of the overvoltage pulse is much 
greater than 500V/ms (which is valid for a 11lF series 
capacitor with a current limit of 500mA), then the peak 
current is equal to the applied peak voltage divided by 
the external resistance Rv' 

Under these conditions, the absolute maximum peak 
current is equal to 500mA, no matter how short the 
pulse. 

For example: for400Vmaximum limit, Rv = 400V/0.5A 
= 800 ohms. 

b) Slow input signals 

For slow signals (eg: ringing signals 25, 50, 100 Hz ... ) 
the maximum current must be limited to 250mA. So, 
for the French standard ringing voltage, Rv is equal to 
120V maiO.25A = 500 ohms. 

If the overvoltage is higher, Rv must be calculated for 
the new maximum input voltage. 

6.5 r--r--,---,----r---.---,.-----r----, 

4.5 '--_"--_-'--_-'---_--'-_-"-_---1-_--'._---' 
10 20 30 40 50 60 70 80 

INPUT VOLTAGE@Rin-5oo K (voHs) 

Figure 3. Input Impedance vs V in @ Rin = 500K 

90 
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40 50 60 70 
INPUT VOLTAGE@ Rin = 500 K (volls) 

Figure 4. SMPS Efficiency vs Vin @ Rin = SOOK 

20r------r------.-----.------,--~~ 

OL-____ -L ______ ~ ____ ~ ____ ~ ____ ~ 

40 48 56 64 72 80 
INPUT VOLTAGE @ Rin = 500 K (volls) 

Figure 6. Vee vs Vin @ Rin = SOOK (without Zener) 
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Figure S. Detect Threshold vs R10ad (Mode 1) 

~r----,----.---_.----,_--_.----,_---, 

v3K 
¥ ~ ~---+~--+-==~====t_--_4~~4_--~ 
~ 38 V r- L V5K _-= --.- -=-b:::. 
~ ~ 
~32 / ................................ .. 

u. •• ," 

~ 26 •••••••• , _.- - •• - -- -------

~ 20 ,,- -~~-~- I'-
V l'Zin=7K 11K 

14 
15K 

.....•............... 

---

15 25 35 45 55 65 75 85 
INPUT VOLTAGE (vohs) 

Figure 7. Oscillator frequency vs Vin 
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TECHNICAL DATA 

Product Preview 

SPEECH CIRCUIT 

The TCA3388 is a high density bipolar telephone speech net
work to replace the hybrid circuit in a telephone set. 

This circuit includes sidetone balance. microphone and push 
pull earphone amplifier with loop length compensation. program
mable impedance (real or complex). programmable DC mask 
(French. UK Low voltage and PABX configuration for each). direct 
interface for a DTMF/pulse dialer (adjustble DTMF input. pulse 
input. hook status output and mute input). regulated power supply 
and protection against excess signal voltage. 

Design precautions have been taken to increase RFI immunity. 
This circuit associated with a DTMF/pulse dialer (MC145516) 
and a tone ringer (MC340 1 7) forms the basis of a low cost 
telephone set. 

• Low voltage. low current operation: high peak-to-peak signal 
on the line 

• DC mask programmable by external pins 
• 2 to 4 wire conversion 
• Programmable impedance (real or complex) 
• Programmable sidetone balance with automatic line length 

tracking 
• Automatic line length receiving and sending gain control 
• Microphone amplifier with externally adjustable gain (piezo or 

electret transducers) 
• Earphone push pull amplifier with externally adjustable gain 

(piezo or electrodynamic transducers) 
• Mute facility for transmit and receive amplifier 
• Regulated supply voltage (3.6V) with high output current 

capability 
• Protection against excess signal voltage 
• Interface for DTMF/pulse dialer 
• Positive and negative logic input for pulse and mute 
• Hook status output 

MC 145516 

DTMF/PULSE 
DIALER 

SPEECH 
CIRCUIT 

LOW END TELEPHONE SET 

This document contains information on a new product. 
Specifications and information herein are subject to change without notice. 
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TeA 3388 

P SUFFIX 
PLASTIC PACKAGE 

CASE 738 

DW SUFFIX 
PLASTIC PACKAGE 

CASE 751D 

PIN ASSIGNMENT 

RXI 
TXI 2 
MIC 3 
LAO 4 
LAI 
HYL 6 
HYS 7 
CM 8 
IMP 9 
SAO 10 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 

RXO 
RXO 
GND 

Vcc 
I ref 
MUT 
PI 
HSO 
DCM 
SAl 
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160 

140 

120 
Line 

Current 100 

(mAl 80 

60 

40 

20 

0 

12 

10 

8 
Relative 
Gain (dBI 6 

4 

0 

Low Voltage 

Start Up 
....... _-'''--' --.-_.---_ ...... __ ..... __ .. 

French 

10 20 30 40 50 60 70 

Line Voltage (VI 

TeA 3388: De MASKS 

:-"-'-_ UK 
~===Fr 

2 

O+-~--~~-r~--~-r~--r-~~--~~~ 
o 10 20 30 40 50 60 70 

Line Voltage (VI 

TeA 3388: GAIN REGULATION 

12 Max. Gain Ref. Level: 12dB 

~~~~~~~~==~-------------UK 
10 Fr& LV 

8 
Relative 
Gain (dBI 6 

4 

2 

o 10 20 30 40 50 60 70 

Line Voltage (VI 

TeA 3388: GAIN REGULATION, PABX MODE 
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PIN DESCRIPTION 

1 :RXI - Input for Earphone Amplifier and 
Confidence Tone 

This pin receives the line signal via the hybrid balance 
and gain regulation circuits. A confidence tone (current) 
may also be applied to this point. 

2:TXI - Microphone Current Amplifier Input 

3:MIC - Microphone Negative Supply 
Bias current from the electret microphone is returned 

to ground through this pin. 

4:LAO - line Interface Drive Amplifier Output 

This pin controls the base of the high voltage line inter
face transistor. 

5:LAI - line Interface Drive Amplifier Input 
This pin receives the AC line voltage from the input 

impedance network and the current for DTMF signall
ing. The circuit input impedance is determined by line 
voltage and current feedback to this pin (which is at vir
tual earth). The line current signal developed at pin 11 
and transferred to pin 10 is received via R 14 and the line 
voltage signal via the netlNork ZOo 

This pin may also receive a current for DTM F 
signalling. 

6:HYL - Input for Long line Hybrid Network 

7:HYS - Input for Short line Hybrid Network 

The line signal is received between pins 6 and 10 and 
between pins 7 and 10. Pin 6 is connected to a network 
providing hybrid balance for long lines and pin 7 to a net
work providing hybrid balance for short lines. The 
received signals are weighted, according to the line 
length detected, summed and fed via the gain regulation 
and mute circuit to the earphone amplifier input (pin 
1). 

Both the hybrid balance impedance and the gain are 
therefore adapted to the line length. If this pin 7 is left 
open, the circuit will operate with a fixed hybrid balance 
impedance defined by the network on pin 6. In PABX 
mode, the receive mode and hybrid balance impedance 
are independant of the line length. 

8:CM - Mask Decoupling Capacitor 

For a return loss greater than 20 dB, and an imput 
impedance equal to 600 ohms at 300 Hz, C 
0.68~F. 

9:IMP - Impedance Network Return Point 

1 O:SAO - Line Current Sense Amplifier Output 

TCA3388 
2-946 

11 :SAI - line Current Sense Amplifier Input 

Voltage at this pin is proportional to the line current 
(I line x R2). 

12:DCM - DC Mask Selection 

Four dc masks are selected according to the DC 
voltage at this pin. An internal current generator sources 
(loop closed) or sinks (during line break) a constant 
current. The DC mask can be chosen by connecting 
appropriate external components (resistor, capacitor, or 
resistor plus capacitor) between this pin and ground. 

13:HSO - Hook Status Output/PABX Mode 

This pin is a digital output and reflects the status of the 
loop. HSO is high when the loop is closed, and low when 
loop is open. This pin also sets PABX mode if the load 
current is greater than 20~. In PABX mode the 
transmission and reception gains are fixed. The hybrid 
balance impedance is fixed whether a single or double 
network is used. 

14:PI - Pulse Dialing Input 

This pin is a bidirectional input current for pulse 
dialing. 

15:MUT - Mute Input 
This pin is bidirectional input current for combined 

microphone and earphone mute. 

16:1 Ref - Reference Current 

A programmable resistance connected to this pin sets 
a reference current for the circuit. 

17:Vcc - Regulated Supply Voltage 

18:GND - Ground 
This pin is ground for the entire circuit. 

19:RXO - Receive Amplifier Output 

This pin is the output of the first receive amplifier. 
Receive 'gain is set by connecting a resistor between 
RXO and RX1. 

20:RXO - Complementary Receive Amplifier 
Output 

This pin is the output of the second receive amplifier. 

Protection Mode 
Protection is incorporated. Detection of excess con

tinuous or signal voltage causes a transfer to a low dis
sipation mode after a delay. 
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TECHNICAL DATA 

Plastic Power Transistor 
Complementary Pair 
DPAK For Surface Mount and 
Telecom Applications 
... designed for use in subscriber loop interface circuit (SLlC) applications, in conjunction with 
the MC33120 SLiC intearated circuit. 
• Collector-Emitter Sustaining Voltage - VCEO(sus) = 100 Vdc (Min) @ IC = 10 mAdc 
• High DC Current Gain - hFE = 40 (Min) @ IC = 40 to 200 mAdc 

_ = 15 (Min) @ IC = 1 Adc 
• Lead Formed ior Surface Mount Applications in Plastic Sleeves (No Suffix) 
• Straight Lead Version in Plastic Sleeves ("-1" Suffix) 
• Lead Formed Version in 16 mm Tape and Reel ("RL" Suffix) 
• Low Collector-Emitter Saturation Voltage

VCE(sat) = 0.3 Vdc (Max) @ IC = 500 mAdc 
. = 0.6 Vdc (Max) @ Ie = 1 Adc 

• High Current-Gain - Bandwidth Proouct - IT = 40 MHz (Min) @ IC = 100 mAdc 
• Low Leakage -ICBO = 100 nAdc@ Rated VCB 

MAXIMUM RATINGS 

Rating Symbol 

Collector· Base Voltage VCB 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEB 

COllector-Current - Continuous 
IC 

Peak 

Base Current IB 

Total Device Dissipation@TC = 25'C 
PD 

Derate above 25'C 

Total Device Dissipation @TA= 25'C· 
PD 

Derate above 25'C 

Operating and Storage Junction 
TJ, Tstg 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case ROJC 
Junction to Ambient* R9..IA 

• When surface mounted on mlmlnum pad sizes recommended. 

TA TC 
2.5 25 

en 2 20 
~ 
lE. 
~ 1.5 15 
~ 
"en 
5 10 

~ 
~ 0.5 

o 

............ 
-....... r--... 

25 

I'--... TA ISURFACE MOUNTI 

"""'-~ r--... 
TC -- '::::::::-r-... 

-...;;:: 

50 75 100 
T, TEMPERATURE 1°C) 

Value 

100 

100 

7 

4 
8 

1 

12.5 
0.1 

1.4 
0.011 

-65 to +150 

Max 

10 
89.3 

~ -- .......... 
125 150 

Figure 1. Power Derating 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
WI'C 

Watts 
W/'C 

'c 

Unit 

'CIW 

NPN 
MJD243 

PNP 
MJD253 

COMPLEMENTARY 
POWER TRANSISTORS 

4 AMPERES 
100 VOLTS 
12.5 WATTS 

CASE 369A-13 

CASE 369-07 

MINIMUM PAD SIZES 
RECOMMENDED FOR 
SURFACE MOUNTED 

APPLICATIONS 

I--0.190 --.j 
I 4.826 I 

! 
0.165 
4.191 

11 
'----+----'0.100 

2.54 D DT;J,8 
3.0 

---.1 

L :1~r-0.243 ~ (( .;, ;nChe,) 
6.172 mm 

MJD243.MJD253 
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ELECTRICAL CHARACTERISTICS (T C = 2S"C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
VCEO(sus) 100 - Vde (IC= 10 mAde, IB = 0) 

Collector Cutoff Current 
(VCB = 100 Vde, IE = 0) - 100 nAde 
(VCB = 100 Vde, IE = 0, TJ = 12S"C) ICBO - 100 !lAde 

Emitter Cutoff Current (VeE = 7 Vde, I C = 0) lEBO - 100 nAde 

DC Current Gain (1) (IC = 40 mAde, \bE = 1 Vde) 40 -
(IC = 200 mAde, VCE = 1 Vde) hFE 40 180 -
(IC = 1 Ade, \bE = 1 Vde) 15 -

Collector-Em iller Saturation Voltage (1) (IC= 500 mAde, IB = 50 mAde) 
VCE(sat) 0.3 Vde 

(IC = 1 Ade, IB = 100 mAde) 

Base-Emiller Saturation Voltage (1) (IC = 2 Ade, IB = 200 mAde) 

Base-Emitter On VoRage (1) (IC = 500 mAde, \bE = 1 Vde) 

ie 
~ .... 
a'i 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) 
(IC = 100 mAde, VCE = 10 Vde, ftest = 10 MHz) 

Output Capacitance 
(VCB = 10Vde, IE = 0, f = 0.1 MHz) 

(1) Pulse Test: Pulse WIdth = 300 tJ5 Duty Cycle - 2%. 
(2) fT = IhFEI • ftest 

0 

5 

2 5m, 
~500~ 

1 
~, 1 m 

g§ O. 5 de 

a f--. BONDING WIRE LIMITED 
2 ~ ____ THERMALLY LIMITED @ TC = 25"C 
1 E (SINGLE PULSEI 

~ o. 
~ o. 
80.0 
~ 

~ 
51= ___ SECOND BREAKDOWN. LIMITED 

f--- CURVES APPLY BELOW 
0.0 

0.0 
2~ 
1 I I IRAT~D ~CEIO I I I I I I 

~100/L' 

I ....... 

1 5 10 20 50 
VCE, COLLECTOR·EMITIER VOLTAGE (VOLTSI 
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Figure 2. Active Region Maximum Safe Operating Area 
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r=:D 0.5 
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ffi a: _ 0.2 
~O 
<~ 
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E ~ 0.07 
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-
-
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-
-
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0.01 
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0.05 0,1 
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i""'" 

0.2 0.5 

-
- 0.6 

VBE(sat) - 1.8 Vde 

VBE(on) - 1.5 Vde 

fT 40 - MHz 

Cob - 50 pF 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 2 is based on TJ(pk) = 150°C; TC 
is variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
TJ(pk) "" 150°C. TJ(pk) may be calculated from the data 
in Figure 3. At high case temperatures, thermal limita
tions will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 

~ --+-R9JClti = rlt) 6JC --t-
P(pk) --+- R6JC = 10"C!W MAX--r-

I :: D CURVES APPLY FOR PO'!"ER·:: 
_._1 11 1--- I : PULSE TRAIN SHOWN : 

:- .12 -_, - READ TIME AT 11 = 
DUTY CYCLE, D = 11n2 - TJ(pk) - TC = P(pk) 6JC(I)-

I i ~~J 

I I 11 
10 20 50 100 200 

I, TIME (m,) 
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Figure 3. Thermal Response 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

... designed specifically for use with the MC3419 Solid-State Sub
scriber Loop Interface Circuit (SUC). 

• High Safe Operating Area 
ISIB @40V, 1.0 s = 0.375 A - TO-126 

• Collector-Emitter Sustaining Voltage 
VCEO(sus) = 100 Vdc (Min) 

• High DC Current Gain 
hFE @ 120 mA. 10 V = 1500 (Min) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 
- Peak 

Base Current 

Total Power Dissipation @ TC = 25°C 
Derate above 25°C 

Total Power Dissipation @ TA = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Symbol 

VCEO 

VCB 

VEB 

IC 

IB 

Po 

Po 

TJ, Tstg 

Characteristic Symbol 

Thermal Resistance, Junction to Case ROJC 

Thermal Resistance, Junction to Ambient 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Value Unit 

100 Vdc 

100 Vdc 

5.0 Vdc 

2.0 Adc 
4.0 

0.1 Adc 

15 Watts 
0.12 W/oC 

1.5 Watts 
0.012 W/oC 

-65 to +150 °C 

Max Unit 

8.33 °C/W 

83.3 °C/W 

NPN 

MJE270 
PNP 

MJE271 

2.0 AMPERE 

COMPLEMENTARY 
POWER DARLINGTON 

TRANSISTORS 

NOTES: 

100 VOLTS 
15 WATTS 

STYLE 3: 
PIN 1. BASE 

2 COLLECTOR 
3. EMITIER 

1. DIMENSIONING AND TOlERANCING PER ANSI 
Y14.5M,1982. 

2. CONTROLLING DIMENSION: INCH. 
3. 077-01 THRU·06 OBSOLETE, NEW STANDARD 

077-07. 

"M 
A 
B 
C 
0 
F 
G 
H 
J 
K 
M 
Q 

R 
S 
U 
V 

INCHES 
M'N M'N MAX 
10.80 0.425 0.435 
7.50 0.295 0.305 
2.42 0.095 0.105 
0.51 0.020 0.026 
2.93 0.115 0.130 

2.39 0.094 BSC 
1.27 0.050 0.095 
0.39 0.D15 0.025 

14.61 0.575 0.655 
3" 3°TYP 

3.76 4.01 0.148 0.158 
1.15 1.39 0.045 0.055 
0.64 088 0.025 0.035 
3.69 3.93 0.145 0.155 
1.02 0.040 

CASE 77-07 
TO-225AA TYPE 

MJ E270.MJE271 
2-951 



ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(IC = 10 mAde. IB = 0) 

Collector Cutoff Current 
(VCE = 100 Vde. IB = 0) 

Collector Cutoff Current 
(VCB = 100 Vde. IE = 0) 

Emitter Cutoff Current 
(VBE = 5.0 Vde. IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 
(VCE = 40 Vde. t = 1.0 s. non-repetitive) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lc = 20 mAde. VCE = 3.0 Vde) 
(lC = 120 mAde. VCE = 10 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 20 mAde. IB = 0.2 mAde) 
(lC = 120 mAde. IB = 1.2 mAde) 

Base-Emitter On Voltage 
(lc = 120 mAde. VCE = 10 Vde) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product (2) 
(lc = 0.05 Ade. VCE = 5.0 Vde. ftest = 1.0 MHz) 

NOTES: 
(1) Pulse Test: Pulse Width ~ 300 IJ.S. Duty Cvcle ~ 2.0%. 
12) fT = I hfe I. ftest 

FIGURE 1 - DC CURRENT GAIN 
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IC. COLLECTOR CURRENT (AMPS) 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

Collector Current - Continuous IC 

Total Device Dissipation @TA = 25°C Po 
Derate above 25°C 

Total Device Dissipation @TC = 25°C Po 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Ambient ROJA 

Thermal Resistance, Junction to Case ROJC 

Value 

80 

80 

5.0 

500 

1.0 
8.0 

2.5 
20 

-55to +150 

Max 

125 

50 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lc = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(lc = 100 /LAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10/LAde, IC = 0) 

Collector Cutoff Current 
(VCB = 60 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 50 mAde, VCE = 1.0 Vde) 
(lC = 250 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 250 mAde, IB = 10 mAde) 

Base-Emitter On Voltage 
(lc = 250 mAde, VCE = 1.0 Vde) 

SMAll-SIGNAL CHARACTERISTICS 

Collector-Base Capacitance 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
(lC = 200 mAde, VCE = 5.0 Vde, f = 20 MHz) 

(1) Pulse Test: Pulse Width", 300 ,... Duty Cycle'" 2.0%. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Unit 

Vde 

Vde 

Vde 

mAde 

Watt 
mWrC 

Watts 
mWrC 

°c 

Unit 

0c/w 

°CIW 

MPS6717 
CASE 29·05, STYLE 1 

TO·92 (TO·226AE) 

ONE WATT 
AMPLIFIER TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

Ceb 

hfe 

NPN SILICON 

Refer to MPSW05 for graphs. 

Min Max 

80 -

80 -

5.0 -

- 0.1 

- 10 

80 -
50 250 

- 0.5 

- 1.2 

- 30 

2.5 25 

Unit 

Vde 

Vde 

Vde 

/LAde 

/LAde 

-

Vde 

Vde 

pF 

-

MPS6717 
2·953 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

6-Pin DIP Optoisolators 
Transistor Output 

These devices consist of a gallium arsenide infrared emitting diode optically coupled 
to a monolithic silicon phototransistor detector. 

• Convenient Plastic Dual-In-Line Package 
• High Current Transfer Ratio - 100% Minimum at Spec Conditions 
• Guaranteed Switching Speeds 
• High Input-Output Isolation Guaranteed - 7500 Volts Peak 
• UL Recognized. File Number E54915 % 
• VDE approved per standard 0884/8.87 (Certificate number 62054), with additional 

approval to DIN IEC380NDE0806, IEC435NDE0805, IEC65NDE0860, VDEOll0b, 
covering all other standards llliith equal or less stringent requirements, including 
IEC204NDEOl13, VDE0160, VDE0832, VDE0833, etc. ® 

• Meets or Exceeds All JEDEC Registered Specifications 884 

• Special lead form available (add suffix "T" to part number) which satisfies VDE08831 
6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 
sheet for details. 

MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 

I Rating I Symbol Value Unit 

INPUT LED 

Reverse Voltage VR 6 Volts 

Forward Current - Continuous IF 60 mA 

LED Power Dissipation (C, T A = 25°C Po 120 mW 
with Negligible Power in Output Detector 

Derate above 25°C 1.41 mwrc 

OUTPUT TRANSISTOR 

Coliector·Emitter Voltage VCEO 30 Volts 

Emitter-Base Voltage VEBO 7 Volts 

Coliector·Base Voltage VCBO 70 Volts 

Collector Current - Continuous IC 150 mA 

Detector Power Dissipation (a TA = 25°C Po 150 mW 
with Negligible Power in Input LED 

Derate above 25°C 1.76 mwrc 

TOTAL DEVICE 

Isolation Source Voltage (1) VISO 7500 Vac 
(Peak ac Voltage, 60 Hz, 1 sec Duration) 

Total Device Power Dissipation (a TA = 25°C Po 250 mW 
Derate above 25°C 2.94 mWrC 

Ambient Operating Temperature Range TA -55to +100 °c 

Storage Temperature Range Tstg -55to +150 °c 

Soldering Temperature (10 seconds, 1/16" from case) - 260 °c 

(1) Isolation surge voltage is an internal device dielectric breakdown rating. 
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common. 

4N35 
4N36 
4N37 

6-PIN DIP 
OPTOISOLATORS 

TRANSISTOR 
OUTPUT 

CASE 730A 
PLASTIC 

SCHEMATIC 

30--

1. LED ANODE 
2. LED CATHODE 
3. N.C. 
4. EMITTER 
5. COLLECTOR 
6. BASE 

4N35.4N36.4N37 
2-954 
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ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Typ Max 

INPUT LED 

Forward Voltage (IF = 10 rnA) TA = 25°C VF 0.8 1.15 1.5 
TA = -55°C 0.9 1.3 1.7 
TA = 100°C 0.7 1.05 1.4 

Reverse Leakage Current (VR = 6 V) IR - - 10 

Capacitance (V = 0 V, f = 1 MHz) CJ - 18 -
OUTPUT TRANSISTOR 

Collector-Emitter Dark Current (VCE = 10 V, TA = 25°C) ICEO - 1 50 
(VCE = 30 V, TA = 100°C) - - 500 

Collector-Base Dark Current (VCB = 10 V) TA = 25°C ICBO - 0.2 20 
TA = 100°C - 100 -

Collector-Emitter Breakdown Voltage (lC = 1 rnA) V(BR)CEO 30 45 -
Collector-Base Breakdown Voltage (lC = lOOI'A) V(BR)CBO 70 100 -
Emitter-Base Breakdown Voltage (IE = 1001'A) V(BR)EBO 7 7.8 -
DC Current Gain (lC = 2 rnA, VCE = 5 V) hFE - 400 -
Collector-Emitter Capacitance (f = 1 MHz, VCE = 0) CCE - 7 -
Collector-Base Capacitance (f = 1 MHz, VCB = 0) CCB - 19 -
Emitter-Base Capacitance (f = 1 MHz, VEB = 0) CEB - 9 -

COUPLED 

Output Collector Current TA = 25°C IC 10 30 -
(IF = 10 rnA, VCE = 10 V) TA = -55°C 4 - -

TA = 100°C 4 - -

Collector-Emitter Saturation Voltage (lC = 0.5 rnA. IF = 10 rnA) VCE(sat) - 0.14 0.3 

Turn-On Time ton - 7.5 10 

Turn-Off Time (IC = 2 rnA, VCC = 10 V, toff - 5.7 10 

Rise Time RL = 100 n, Figure 11) tr - 3.2 -
Fall Time tf - 4.7 -
Isolation Voltage (f = 60 Hz, t = 1 sec) '--. VISO 7500 - -
Isolation Current (VI-O = 3550 Vpk) 4N35 1150 - - 100 

(VI-O = 2500 Vpk) 4N36 - - 100 
(VI-O = 1500 Vpk) 4N37 - 8 100 

Isolation Resistance (V = 500 V) RISO 1011 - -

Isolation Capacitance (V = 0 V, f = 1 MHz) CISO - 0.2 2 

TYPICAL CHARACTERISTICS 
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Figure 1. LED Forward Voltage versus Forward Current Figure 2. Output Current versus Input Current 

MOTOROLA COMMUNICATIONS DeViCe DATA 4N35.4N36.4N37 
2-955 



28 

24 
« 
~ 20 
z 
w 
g§ 16 a 
a: 
~ 12 

~ 
8 
9 

o 

I 
IJ 
II. 

o 

I-+-
V ~=10~A-

V" ,-
V 

/' 
/ 

/ 

/ 

I-'" 

2345678 
VCE. COLLECTOR·EMITTER VOLTAGE (VOLTSI 

Figure 3. Collector Current versus 
Collector-Emitter Voltage 

40 60 80 
TA. AMBIENT TEMPERATURE (OCI 

5mA-

2mA_ 
lmA-

10 

100 

Figure 5. Dark Current versus Ambient Temperature 

100 
70 
50 

~ 20 
~ 
1= 
15 10 
Z 7 
~ 5 
j 

1 
0.1 0.2 

VCC 10V 

~1 
100 

10 

" ~ I' 

" ~ 
0.5 0.7 1 2 5 7 10 20 

IF. LED INPUT CURRENT (mAl 

Figure 7. Turn-On Switching Times 

4N35.4N36.4N37 
2-956 

50 70100 

- 10 

I 
a: 

~ 

~ 
a: a 1 

~ 0.7 
~ 0.5 

8 
~ 0.2 
o 
9 0.1 

NORMALIZED TO T A = 25°C -

- 60 -40 -20 0 20 40 60 80 100 
TA. AMBIENT TEMPERATURE (OCI 

Figure 4. Output Current versus Ambient Temperature 

100 

50 

20 

~ 
~ 10 

RL 

1= 

--

1 
0.1 0.2 

100 
70 
50 

~ 20 
~ 
1= 
I±: 10 

~ 7 
~ 5 

~ 

1 
0.1 0.2 

RL 

VCC 

1000 If 

100l - I, 

~ '\. 

H [\ 
0.5 1 2 5 10 20 

IF. LED INPUT CURRENT (mAl 

Figure 6. Rise and Fall Times 

VCC 

V 
-...!L = lOPO V 

100 

'10 

0.5 0.7 1 2 5 7 10 20 
IF. LED INPUT CURRENT (mAl 

Figure 8. Turn-Off Switching Times 

10V 

50 100 

10V 

50 70100 

MOTOROLA COMMUNICATIONS DEVICE DATA 



0 
IF 0 IS 7/iA lB 

/ 
CL~D 
~ f = 1 MHz 

6/iA 

1/ 
.. - 5/iA 

4/iA 

3/iA 

2/iA 

1 flA 

6 

~ 14 

~ 12 
z 
;::10 

~ 
L'i 

B 

u 

o 
f--

CCB' 

1 r--
I r-- i' 

CES 

CCE r-i !;;::. 

1 f': 
I 

10 12 14 16 lB 20 0.05 0.1 0.2 0.5 1 2 5 10 20 
VCE, COLLECTOR·EMITTER VOLTAGE (VOLTS) 

Figure 9. DC Current Gain (Detector Only) 

TEST CIRCUIT 

VCC = 10 V 

. ~10011 
,,:1:: ~'" 

INPUT CURRENT ADJUSTED = 
TO ACHIEVE IC = 2 rnA. 

V, VOLTAGE (VOLTSI 

Figure 10. Capacitances versus Voltage 

-.J 
I 

WAVEFORMS 

l-
I 
I 
I 

, I 

INPUT PULSE 

10%~- ____ I_Z: ___ -

90% --:.1-, ______ :_ ,-l- ___ OUTPUT PULSE 

: II I r I 

~: I'+- tr ~ :<t-- tf 
I I I \ I 

ton~ ~ ~ I ~toff 

Figure 11. Switching Times 

~ 
M~ 
~~ 

OUTLINE DIMENSIONS 

~ ""~:Kt4f [', 
PLANE _ I--G t J' ---II---J S PL 

E S PL____ !. M 1-$-1 0'-:.1-=-3 ('--0.-00-5)""®~Ir:T'1 -=-B""®"I-A:-C®;=:-'M 1 
_ I4-DSPL 

~1-$-~1"-0.1~3~~.-=-00=5)r®~ICT'I"-A®~M~I~B~®~I 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.5M, 1982. 
2. CONTROlUNG DIMENSION: INCH. 
3. DIM l TO CENTER OF LEAD WHEN 

FORMED PARAllEL 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 0.320 0.350 8.13 8.89 
B 0.240 0.260 6.10 6.60 
C 0.115 0.200 2.93 5.08 
D 0.016 0.020 0.41 0.50 
E 0.040 0.070 1.02 1.77 

0.010 0.014 0.25 0.36 
O.100BSC 2.54 sse 

0.008 0.012 0.21 0.30 
0.100 0.150 2.54 3.Bl 

L 0.300 sse 7.62 sse 
M 0° 15° 0° 15° 
N 0.015 0.100 0.38 2.54 

50 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
1.1 GHz PLL Frequency 
Synthesizer Evaluation Kit 

MC145190EVK 
MC145191EVK 

The MC145190EVK and MC145191EVK are two versions of the same board that allow evaluation and demonstration of 
the Motorola MC145190 and MC145191 Frequency Synthesizers. The MC145190/91EVK is factory populated and tested with 
the MC145191 PLL as the active device. A sample of the MC145190 PLL is included in the kit for those who wish to evaluate this 
device. In addition, the board may be modified to evaluate the MC145192. 

MC145190/91 EVK FEATURES 

General: 

• Tumkey Design Includes PLL Devices, Low-Pass Filter, and Voltage Con
trolled Oscillator 

• Boards Are Controlled by Any IBM PC Compatible Computer Through the 
Printer Port 

• Up to Three EVK Boards Can Operate Independently from One Printer Port 
• Two or Three Board Cascades Are Constructed with Only Three Output Lines 

(Clock, Data, and Load) from the Printer Card 
• Contains All Components for Use of Either an Extemal or On-Board Crystal 

Reference 
• Five-Element Loop Filter Included 
• Includes Full Documentation, Including MC145190/91 EVK User Guide and 

MC145190/91 and MC145192 Data Sheets 

Software: 

• Menu-Driven Control Program Written in Turbo Pascal with Source Code Pro
vided on a 3.5" PC Compatible Disk 

• Frequency Range of Operation, Step Size, and Reference Frequency Can Be 
Changed in the Control Program 

• Byte-Oriented Format Is Used to Allow for Easy PLL Programming 

MC1451901MC145191 : 

• Single-Package Synthesizers with Serial Interfaces Capable of Direct Usage 
up to 1.1 GHz 

• Interfaces are Both SPI and MICROWIREw Compatible 
• No Address or Steering Bits are Required Because of Patented BitGrabberw 

Registers 
• Gain of Current Source/Sink Phase/Frequency Detectors Controllable via Seri

alPort 
• 7 mA Dynamic Current Consumption 

BitGrabber Is a trademark of Motorola. Inc. 
MICROWIRE Is a trademark of National Semlconductcr Corp. 
This document contains Information on a new product. SpecHicaDons and InfonnaDon herein are subject to change without notice. 

This document contains Infonnatlon on a new product. Specifications and InfonnaDon herein are subject to change without notice. 

MOTOROLA COMMUNICATIONS DEVICE DATA MC145190EVK.MC145191EVK 
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SERIAL 
CONTROL PORT 

GENERAL PURPOSE OUTPUTS -4-_-< 
PLUS LOCK DETECT 

1..-__ • OUTPUT 

Figure 1. MC145190/91EVK Functional Block Diagram 

MC145190EVK.MC145191 EVK 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
Calling Line I.D. Receiver 
Evaluation Kit 

MC145460EVK 

The MC145460EVK is a low cost evaluation platform for the MC145447 Calling Line 1.0. Receiver with Ring Detector. The 
MC145460EVK will facilitate development and testing of products that support the Bellcore customer premises equipment (CPE) 
data interface, which enables services such as Calling Number Delivery (CND). The MC145447 can be easily incorporated 
into any telephone, FAX, PBX, key system, answering machine, CND adjunct box or other telephone equipment with the help 
of the MC145460EVK development kit. 

MC145460EVK FEATURES 
• Easy clip on access to key MC145447 signals 
• Generous prototype area 
• Configurable for MC145447 automatic or external power up control 
• EIA·232 and logic level ports for connection to any PC or MCU development platform 
• Carrier Detect, Ring Detect and Data status LEOs 
• Component layout for input protection circuit 
• Documentation: MC145460EVK User GUide, MC145447 Data Sheet 
• Additional MC145447 sample 

MC145460EVK Block Diagram 

TIP 
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INPUT 
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CIRCUIT 
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MCI45447 
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RECEIVER! 
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I---+--' OUTPUT 

CD,RD,DATA 

LOGIC LEVEL 
1-L---.------1H. OUTPUT 

CD,RD,DATA 

This document contains Information on a new product. Specifications and Information herein are subject to change without notice. 
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MC14LC5494EVK 
Advance Information 
ISDN U-Interface Transceiver 
Evaluation Board 

The MC14LC5494EVK is the evaluation platform for the MC14LC5472 ISDN Basic Rate Access Transceiver. The 
MC14LC5494EVK provides the user with the necessary hardware and software needed to evaluate the many separate 
configurations under which the MC1454742 is intended to operate. 

General 
• Functionally equivalent to preceeding MC145494EVK 
• Provides Stand Alone NT1 and LT on Single Board 
• Board Can Be Broken Apart Providing Separate NT1 and LT 
• On Board microcontrollers with Resident Monitor Software 
• Convenient Access to Key Signals 
• NT1 and LT Software Development Platform 
• Conforms to ANSI T1.601 ( U-Interface) and CCITT 1.430 ( SfT-lnterface) 

Hardware 
• Utilizes the MC145474 SfT-lnterface Transceiver and the MC145472 U-Interface Transceiver 
• +5 V Only Power Supply 
• 'Push Button" Activation of U-Interface from NT1 or LT 
• Stand Alone Operation for Bit Error Rate Testing 
• Gated Data Clocks Provided for Bit Error Rate Testing 
• Interfaces Directly to M68302ADS IMP Evaluation Board 
• Can Be Used as U- or SfT-lnterface Terminal Development Tool 
• On Board 5-ppm LT Frequency Reference 
• EIA-232 Serial Port(s) for Terminal Interface 

Software 
• Stand Alone or Terminal Operation 
• Resident Firmware Monitor for User Control of Board 
• Device Driver for Serial Control Port Interface 
• Help Menu 
• Microcontroller Controlled or Automatic Activation/Deactivation 
• Access to All Maintenance Channels 
• MC68HC05 Assembly Language Source Code Available 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
BitGrabber is a trademark of Motorola Inc. MICROWIRE is a trademark of National Semiconductor Corp. 
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GENERAL OVERVIEW 

The MC14LC5494EVK U-Interface Evaluation Kit pro
vides Motorola ISDN customers a convenient and 
efficient vehicle for evaluation of the MC14LC5472 ISDN 
U-Interface Transceiver. The approach taken to demon
strate the MC14LC5472 ISDN U-Interface Transceiver is 
to provide the user with a fully functional NT1 (Network 
Termination TYPE 1) connected to an LT (Line Termina
tion). An NT1 provides transparent 2B+D data transfer 
between the U- and SfT-lnterfaces. In addition, it also pro
vides for customer and network initiated maintenance 
procedures. It does not, however, provide any interface to 
higher level protocols-this functionality is left to entities 
such as the NT2 (Network Termination TYPE 2). 

The MC14LC5494EVK ISDN U-Interface Evaluation Kit 
can be physically and functionally separated into two 
"halves." The left side of the card is the NT1 side, while the 
right side of the card is the LT side. Alternatively, it can be 

SIT·INTERFACE 

MC68302ADS 

MC683021ntegrated Multiprotocol Processor 
Application Development System 

0 
MC68302 

IMP ..-

0 1 

-
1 

0 00 
I 3021NTERFACE I 

CONNECTOR 

thought of as having both ends of the two-wire U-Interface, 
extending from the customer premise (NT1 ) to the switch line 
card (LT) on one board. 

The kit provides the ability to interactively manipulate sta
tus registers in the MC14LC5472 ISDN U-Interface Trans
ceiver as well as in the MC145474175 SfT Interface Trans
ceiver with the aid of an external terminal. A unique 
combination of hardware and software features allows for 
stand-alone or terminal activation of the U-Interface, provid
ing an excellent platform for NT1 and LT software 
development. 

The MC14LC5494EVK ISDN U-Interface Evaluation Kit 
can also be controlled using the MC68302 IMP Evaluation 
Board, thus completing a total Basic Rate ISDN evaluation 
solution with the Motorola MOS Digital/Analog ISDN product 
line. 

112 MCI4LC5494EVK 

IDL 
SIT U 

MCI45474 SCP MC145472 

~ 
.., MC68HC705 I 

GATED 
CLOCKS 

~ f 
I MC145407 I 

r GATED 1 f CLOCKS 

Figure 1. U-Interface Terminal or SIT-Interface Terminal Development Platform 
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Figure 2. MC14LC5494EVK Block Diagram 
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Figure 3. Motorola ISDN Solution 
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MC145536EVK 

Advance Information 
Codec-Filter/ADPCM Transcoder Evaluation Kit 

The MC145536EVK is the primary tool for evaluation and demonstration of the MC145480 Single +5 V Supply PCM 
Codec-Filter and the MC145532 ADPCM Transcoder. The MC145536EVK provides the user with the hardware needed 
to evaluate the many separate operating modes under which the MC145480 and MC145532 are intended to operate. 

General 

• Provides Stand Alone Evaluation on Single Board 
• +5 V Only Power Supply 
• Easily Interfaced to Test Equipment, Customer System, Second MC145536EVK or MC145537EVK 
• Convenient Access to Key Signals 
• Generous Prototype Area for Application Development 
• The kit provides analog-to-analog, analog-to-digital (64 kbps PCM; 32, 24, or 16 kbps ADPCM) or digital- (64 kbps PCM; 

32,24, or 16 kbps ADPCM) to-analog connections 
• Handset Included 
• Schematics, Data Sheets, and User's Manual Included 

MC145480 

• Single +5 V Power Supply 
• Typical Power Dissipation of 25 mW, Power Down of <1 mW 
• Conforms to CCITT and Bell Specifications 
• Mu-Law or A-Law Companding 
• Differential Analog Circuit Design for Lowest Noise 
• 20-Pin Plastic Package 
• Production in 1.5 Micron CMOS Process 
• UDR Design Layout Rules for Core Cell Applications 

MC145532 
• Single-Chip Full-Duplex PCM-to-ADPCM Encoder and ADPCM-to-PCM Decoder 
• Achieves High Audio Quality at Reduced Bit Rates 
• PCM Data Rate of 64 kbps 
• ADPCM Data Rates of 32, 24, or 16 kbps 
• Conforms to CCITT and ANSI ADPCM Standards 
• Custom DSP Engine Optimized for ADPCM Algorithm 
• Volume Production in 1.5 Micron CMOS Process 
• UDR Design Layout Rules for Core Cell Applications 

This document contains Inlonnatlon on a new product. Specifications and inlonnation herein are subject to change without notice. 
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MC145537EVK 

Advance Information 
MC145540 ADPCM Codec Evaluation Kit 

The MC145537EVK is the evaluation platform for the MC145540 ADPCM Codec. This board provides the clock genera
tor circuitry and microcontroller interface to facilitate the evaluation of the MC145540. 

MC145537EVK Hardware Features 

• Supports MC145540 +5 V or +3 V Operation 

• Handset Interface/Handset Included 

• Easy Access to all Analog and Digital Data, Clock, and Enable Signals 

• EIA-232-D/ V.28 Terminal Control 

• Analog-to-Digital (64 kbps PCM; 32, 24, or 16 kbps ADPCM) Path 

• Digital- (64 kbps PCM; 32, 24, or 16 kbps ADPCM) to-Analog Path 

• Supports Hardware Loopbacks 
• Analog-to-Analog 
• Digital-to-Digital 

• Ability to Connect Two MC145537EVKs Back-to-Back 

• Ability to Connect MC145537EVK and MC145536EVK Back-to-Back for +5 V Operation Only 

MC145537EVK Software Features 

• MC68HC705C8 Resident Monitor 

• Stand Alone or Terminal Operation 

• Device Driver for Serial Control Port Interface 

• Ability to Read/Write SCP Registers in MC145540 

• Registers Can Be Individually Displayed and Modified 

• Help Menu 

This document contains information on a new product. Specifications and information herein are subject to change without notics. 
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GENERAL OVERVIEW 

The MC145540 ADPCM Codec is a single-chip imple
mentation of a PCM Codec-Filter and an ADPCM 
Encoder/Decoder, and therefore provides an efficient solution 
for applications requiring the digitization and compression of 
voiceband signals. This device is designed to operate over a 
wide voltage range, 2.7 to 5.25 V, and as such is ideal for bat
tery powered as well as ac powered applications. The 
MC145540 ADPCM Codec also includes a serial control port 
and internal control and status registers that permit a micro
computer to exercise many built-in features. 

The MC145540 ADPCM Codec is designed to meet the 32 
kbps ADPCM conformance requirements of CCITT Recom
mendation G.721 and ANSI T1.301. It also meets ANSI 
T1.303 and CCITT Recommendation G.723 for 24 kbps 
ADPCM operation, and the 16 kbps ADPCM standard, CCITT 
Recommendation G.726. This device also meets the 64 kbps 
PCM conformance specification of the CCITT G.714 Recom
mendation. 

The MC145537EVK is the evaluation board for the 
MC145540 ADPCM Codec. This board provides the clock 
generation that controls both the transfer of PCM and ADPCM 
data into and out of the MC145540, as well as determining the 
data compression rate (16 kbps ADPCM, 24 kbps ADPCM, 32 

MC145537EVK 
3-14 

kbps ADPCM, or 64 kbps PCM) for the ADPCM transcoder 
function. This data compression rate is determined by the 
duration of the transmit and receive frame synchronization 
pulses measured in data clock cycles, which are programmed 
by an 8-position dip switch. This evaluation board has voltage 
level shifters that allow the MC145540 to operate at a voltage 
lower than the +5 V supply required for the clock generator 
and microcontroller. 

This MC145537EVK has an MC68HC705C8P microcon
troller, which is running a monitor routine that interfaces the 
MC145540 to a 9600 bps EIA-232 port for access by a com
puter terminal. The microcontroller provides access to the 
programming registers of the MC145540 for read and write 
operations. This facilitates exercising both the hardware op
tions for trim gain, sidetone, analog signal routing and 
Charge-pump operation, and the software options of the dual 
tone generator, noise burst detect and receive gain control. 
The evaluation board is designed to configure the MC145540 
after reset such that the charge-pump is operating and the de
vice is encoding and decoding analog at the rate determined 
by the clock circuitry. This allows the MC145537EVK to be 
functional without a computer terminal. 
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Figure 1. MC145537EVK Block Diagram 
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AN·872 

Application Note 

MC14402 MONO·CIRCUIT 
APPLICATIONS INFORMATION 

by 
Richard L. Hall and Michael D. Floyd 

Telecom Systems Engineering 

This application note is intended to ease customer evalua
tion of the Motorola MCI4402 PCM mono-circuit, par
ticularly when using the Motorola Mono-circuit Evaluation 
Board. Schematics and artwork of this board are given as 
well as layout guidelines for designing the mono-circuit into a 
custom PC board. Analog testing considerations are men
tioned to help sidestep some of the troublesome aspects of 
codeclfilter evaluations. 

EVALUATION BOARD DESCRIPTION 

The Motorola Mono-circuit Evaluation Board is a small 
PC board that contains all necessary clock circuitry for 
operating the MCI4402. Coaxial connectors allow access to 
the analog input/ output ports and the only other connec
tions required are to the three power terminals-VDD, VSS 
,and VAG. The schematic for this board is shown in Figure I 
"while the artwork is given in Figure 2. 

The clock circuitry uses a 2.048 Mhz crystal to produce the 
2.048 Mhz data clock as well as the 8 kHz sync signal. The 
8 kHz sync is an 8-data-c1ock-wide pulse that is connected to 
the RCE, TDE and MSI inputs of the mono-circuit. RCE 
and TDE are the receive and transmit enables respectively, 
while MSI is the 8 kHz reference input. The 8 kHz sync is 
generated by the MCI4417 TSAC (Time Slot Assigner Cir
cuit). 

Options are available to help evaluate different channel 
parameters. These include: 

• 600 or 900 ohm channel impedance 
• RSI peak overload voltage of 3.15 or 3.78 volts 
• TTL or CMOS logic levels 
• Transmit and Receive gain adjustment (RxO gain only) 
• A or MU-Iaw coding 
• Power-down capability 

MOTOROLA COMMUNICATIONS DEVICE DATA 

These options are selected by solderable wire straps (SI-S6) 
as described in the Strapping Information Chart. The straps 
can be replaced by DIP switches if desired and can be ob
tained from: 

Grayhill Inc. 
561 Hillgrove Avenue 
La Grange, Illinois 60525 

PIN 
78J05 
78J02 
78JOI 

Name 
SI 

S2,S3 
S4-S6 

Qty 

I 
2 
3 

Figure 3 shows the physical location of the strap points as 
well as the component layout. The solid lines indicate the 
normal strap positions as shipped from the factory which 
select Mu-Iaw, 900 ohm, CMOS, 3.78 volts peak operation. 
The straps EI-EIO allow reprogramming of the clock lines to 
provide different clock schemes. Refer to the schematic in 
Figure I for changing these straps. 

TEST CONSIDERATIONS 

Input/Output Levels 

Obtaining valid test data is highly dependent upon estab
lishing the proper input/output voltage levels. However, this 
can be a somewhat confusing task since the mono-circuit can 
use three different peak overload voltages-2.5, 3.1 and 3.8 
volts. The evaluation board permits selection of either 3.1 or 
3.8 volts. For 3.1 volts, the proper input/output level for a 0 
dBmO test signal is + 6 dBml600 ohms (1.5455 volts rms). 
For 3.8 volts, 0 dBmO corresponds to +6 dBml900 ohms 
(1.893 volts rms). Usually, measurement levels are referenced 

AN872 
4-3 



Tx 

VOO VSS 

21 

RxO 
R2 C9 

10k 50QPFV 4 

RxG 

Txl 

>-~~----~----~~~~~-Tx 

+Tx 

Vag 

MCI4402 
Mono-circuit 

TOO 

ROC 

TOC 

CCI 

RCE 

TOE 

MSI 

S6 

CMOS Digital 

VSS---a S5 Ground 

3.78V 

~ VOO 

VSS R-ICN 

RS 
I,,"Law) 

51 k 
0 S4 

E9 EB 

Data Clock 

VOO 

TOE TOO TOC ROC RO~ RCE 

Mono-circuit Asynchronous/32 Channel Synchronous Clock Circuit 

RED )>-----..... ---I .... -c VOO 
O.I.F 

C5 

GRN 

BlK )>----6----t~_( VSS 

2.048 MHz 

YI o 
20M 

RI .... -'V'''''-.. 

IVAGI 
Analog 
Ground 

MCI4069 

CI r30PF 

...LOigital 
-::"' Ground 

r1-,Analog 
V Ground 

E2 

YOut Yin 

VOO 

VOO 

10 

0 3 
14 8kHz 

15 

VOO 

r-------------------, 
, I 
l I 
I I SI 

I : lSB 
I I 
I I 
l I L. ___________________ ..J 

18 04 03 02 01 DO 16 
VOO TxE 

Enable 

I 
12 VCC 

Till UI RxE 15 NC 
13 

lE 
MCI4417 

14 
DC NC 

II 

0 2 0 2 NC 
128 kHz 

U2 
C2 MCI4013 

------------
0 1 13 

0 1 
8kHz 11 

CI E3 E4 

MSI MSI 
Out In 

10 

-= 
FIGURE 1 - MC14402 Switch Programmable Evaluation Board PIN 618-1030 
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to 0 dBmO to avoid possible confusion over absolute levels. 
For example, an absolute idle noise measurement of 21 
dBrnC becomes 15 dBrnCO when referenced to 0 dBmO 
(where 0 dBmO= +6 dBm in our system). 

Noise 

Special care has been taken in the layout of the evaluation 
board to minimize noise corruption. The analog and digital 
sections are isolated from each other and bypassing is present 
to reduce high frequency noise. The use of shielded cable for 
analog test lines is recommended to prevent extraneous en
vironmental noise pickup as well as the use of a power supply 
reasonably free of high frequency noise. A 500 pF capacitor 
has been put on the RxO output to bypass any radiated asyn
chronous noise that might be picked up at this node. 

Test Equipment 

There are many different pieces of telecommunications 
test gear on the market and most will be more than adequate 
for testing codec/filter parameters. However, the use of 
wideband measurement devices for such tests as quantizing 

MONOCKT ASYNC I 32 CHAN SYNC 

CLOCK CKT 
618- 1029 

\ ld~:di - = 
::r~ -

YIN 

YOUT 

voo 

• 
NOTE: Drawings are not actual size. 

V55 

voo 

EN 

V55 

• 

V55 

r 

distortion and gain tracking should be avoided since these 
parameters involve very low voltage levels that require a 
selective voltmeter function for accurate results. Also, atten
tion should be given to correct selection of input/output 
parameters on programmable test gear such as the Hewlett
Packard 3779 PMA and others. 

LAYOUT GUIDELINES FOR PC BOARDS 

• Bypassing of both VOO and VSS to VAG with 0.1 
microfarad ceramic capacitors (or any other capacitors 
with good high frequency behavior) as close to the part 
as possible. 

• Isolate analog lines from digital sections. The mono
circuit pinout facilitates this by keeping digital and 
analog pins on opposite sides of the chip. 

• Use gain-setting resistors in the range of 50 kO > R > 5 
kO to avoid high impedance nodes in the analog section. 

• If VLS is tied to VAG for TTL level selection, then this 
connection should be a short, direct, low inductance 
trace. 

• In a dual supply environment, VOO and VSS should be 
connected before VAG (ground). 

• • • 
FIGURE 2 - Evaluation Board Artwork 
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Tx • • 

Analog In. • 

.~~ 
• • • R9 ••• 

MSIOut • 
~ LUQUUOw 

VSS VAG VDD • ~~~~~~ • 
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Time Slot 
1. • MSB 

• • --:.-...: S1 
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NOTE: Solid line indicates normal strapping as shipped from factory; dashed lines indicate opiional straps as described below in the 
Strapping Information Chart. 

Reference Voltage 
(56) 

3.15 V 

3.78 V 

Reference Impedance 
(S2A) 

6000 

~O 

~O 

6000 

InputlOutput Levels 
(dBm) 

+6/+6 
+6/0 
010 

010 
+6/+6 
+6/0 
010 
010 

* Rout is located between Rx analog out and RxO output underneath the board. 

NOTE: Drawings are not actual size. 

FIGURE 3 - Component Layout 

Strapping Information Chart 

Sl These straps select via VI (MCI4417 TSAC) one 
of 32 possible time slots in the 8 kHz frame. 
When used in conjunction with another board, 
performance in different time slots can be 
evaluated. (that is TDE '* RCE). 

S2A Selects 600 or 900 ohm input impedance. 
S2B Selects A or Mu-law coding. 
S3A Selects either TTL(TT) or CMOS(CM) logic 

levels. The TTL levels swing from VDD and 
VAG; CMOS levels swing from VDD to VSS. 

S3B Powers device up or down. DN = Powered down 
and VP = Powered up. 

S4 Normally loops RDD to TDD. When R-ICN is 
strapped, Mu-law receive idle channel noise can 
be measured (RDD= 1 111 1111). 
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S5 

S6 

Rl,R3 

R4,RS 

Rout 

R2 R3 R4 R5 Rout* 
- - 10k 10 k Jumper 

- - 10 k 10 k 6000 
- - 20 k 10 k 6000 

16.6 k 10 k 16.6 k 10 k Jumper 

- - 10 k 10 k Jumper 

10 k 10 k 9000 
- - 20 k 10 k 9000 

12.5 k 10 k 25 k 10 k 6000 

Controls digital ground of clock logic. When 
CMOS is strapped, digital ground=Vss; when 
TIL is strapped, digital ground = VAG. Note 
that this strap must agree with the selection on 
S3A. 
Selects either 3.78 or 3.15 volts peak overload 
voltage. 
Adjusts RxO output level where gain = - R3/R2 
(optional). 
Adjusts Tx Analog In level where gain= 
-R4/RS. 
A I kilohm pullup resistor is needed when VAG 
output is used by itself to provide ground return 
for RxO or RxO. If VAG is tied to system power 
ground, this resistor can be deleted. 
Determines output impedance. 
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APPENDIX 

A DB By Any Other Name ••• 

The following is a brief discussion of decibels and how 
they are used in the telephone industry in an attempt to lessen 
the notorious confusion this term can create. 

Engineers are very familiar with the equation definition of 
a decibel which is: 

Decibels = dB = 20 log V2 
VI 

or its corollary: 

dB = IOlog~f. 

(1) 

(2) 

The use of the logarithmic function eases the use of the large 
range of voltage numbers encountered in the telephone in
dustry. A decibel is only a relative term; it defines the dif
ference between two absolute voltage levels. 

Which now brings us to the absolute decibel-the dBm 
(decibel milliwatt). A dBm is equivalent to a milliwatt of 
power delivered into a reference impedance-usually 600 
ohms. An equation commonly used to calculate dBm levels 
can be derived from equation (2): 

dBm = 10 log (P2/Pref) 
10 log (P2/0.001 W) 
10 log 1000 (P2) 
10 10 1000 (Vrms2) 

g 6OO0hm 

where reference impedance = 600 ohms. 

For example, to caiculate the peak-ta-peak voltage of a 
o dBm sinusoidal signal: 
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o - 10 log 1000 (Vrms2) 
- 600 

100 = (5/3)Vrms2 
Vrms2 = 0.6 
Vrms = 0.7746 
Vp-p = 2(2)II2Vrms 

= 2.191 volts peak-ta-peak. 

In order to understand the proper level at a certain point in 
a system, the term dBmO is used for reference. A dBmO 
defines the nominal signal level at a test point node. Absolute 
levels can then be referred to in dBmO for comparison to the 
nominal level. For example, suppose that at' a certain point in 
a system 0 dBmO = + 6 dBml600 ohms. Then a - 20 dBm 
signal would be equal to - 20 - ( + 6) = - 26 dBmO. There
fore, a - 20 dBm signal would be 26 dB down from the 
nominal level. 

Noise measurements require a different decibel unit as they 
usually involve some bandwidth or filtering constraint. One 
such unit commonly used (especially in North America) is 
dBm or decibels above reference noise. The reference noise 
level is defined as one picowatt into 600 ohms or - 90 dBm. 
Telephone measurements typically refer to dBmC which is 
the noise level measured through a C-message weighting filter 
(a filter that simulates the response of the human ear). Eura
pean systems use a related term called dBmp which is the 
dBm level noise measured through a psophometric filter. 
Both dBmC and dBmp can be referenced to 0 dBmO by add
ing a zero-dBmCO and dBmOp. Two examples are shown 
below to illustrate the use of these units: 

1) 0 dBmO = + 6 dBml600 ohms 
Noise measurement = 20 dBmC 

= 14 dBmCO 

2) 0 dBmO = +9 dBml600 ohms 
Noise measurement = - 70 dBmp 

= -79 dBmOp. 

Understanding these units should help avoid any possible 
correlation problems between measurements and published 
specifications. 
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INTRODUCTION 
This application note is intended to give an understanding 

of key sysiems and how they differ. A theoretical architec
ture based loosely on many of the 16 station key systems now 
in existence Will be presented. Possible variations and the im
pact on overall design will also be discussed. 

WHAT IS A KEY SYSTEM? 

A key system is a telephone system that can be used behind 
a PBX of central office. Generally, key systems are designed 
to support as many as lOll telephones, and provide service to 
these phones With up to 50 percent trunking (a trunk may be 
either a PBX or central office line co~ecting the key system 
to the rest of the world). The telephone set has several push 
buttons that are not generally found on a KSOO-type desk set. 
These push buttons allow direct access to several trunks, 
intercom lines and system features such as hold and do-not
disturb. The major difference between a key system and a 
PBX is that a key system allows the user full control over in
dividual . trunks, while a PBX assigns whatever trunk is 
available whe,n requested (usually this is done by dialing a 
"9"). 

HOW DOES "SQUARENESS" AFFECT THE SIZE? 
There are two basic architectural types of key systems, one 

known as a "square" system, and the other a "non-square" 
system. In a square system, every subset has control over 
every trunk so there can be no special reserved lines. Some 
designs go one step further by forcing a button appearance 
for each station. The most obvious size limiting factor in a 
square system is the number of buttons on the phone. In a 
non-square system, each phone is provided With a subset of 
the available trunks. While this makes the non-square system 
design appear more attractive, one must understand the com
plexity involved. In a square system, only one set of tip and 
ring Wire pair must be routed to the phone, and since each 
phone looks identical, bookkeeping by the CPU is held to a 
minimum. In a non-square system there must either be a 
separate voice pair for each trunk and intercom link; as in 
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IA2 system, or there must be a· way to program the 
telephone's "profile" into the CPU so it can control the sta
tion accesses. This presents real problems as there must be 
some input and display device associated With the CPU plus 
some form of non-volatile data storage. This storage can be 
anything as simple as several dip sWitches, or as complicated 
as an intelligent controller that hooks into the system With a 
CRT terminal and programs several EEPROMs. 

WHAT IS A tAl SYSTEM? 
The IA2 key system is an older system that relied on 

electro-mechanical devices to accomplish the tasks now 
replaced by modem integrated circuit technology. These 
systems generally included several pairs of tip and ring 
signals which led to each station, where complicated 
mechanical sWitches selected the desired pair. The connec
tions to the outside world were metallic, and therefore were 
of the non-protected variety. The biggest expense was cabling 
and installation labor, because the system required a' 25-pair 
cable for each phone. 

WHAT IS MEANT BY "PROTECI10N"? 
A protected key system is designed in such a way to pre

vent stressful voltages reaching the trunk under any circum
stances. Generally, this is accomplished by transformer 
coupling the trunk to the system at the interface and adding 
overvoltage protection. This Will prevent any accidents from 
causing problems With the trunk, such as 11 0 Vac getting to 
the trunk from an improperly installed telephone. When a 
key system is not protected, it must be installed by a 
registered agent of the manufacturing company. Both 
distributor and manufacturer are burdened by expensive 
agency agreements if a system is not protected. 

KEY SYSTEM ARCHITECfURE 
A l6-station square system with protection is outlined in 

Figure ·1. The trunk interfaces provide the necessary protec
tion to pass the FCC requirements, plus the circuitry to con
dition the voice and signaling information to make them 
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Call 
Progress 
Tones 

CPU 

FIGURE 1 - Key System Unit 

easier for the system to handle. The voice information is 
passed to a voice matrix, where the information can be 
routed to the proper destinations, and the signaling goes to 
the CPU to indicate what is happening at the interface. The 
station apparatus interfaces provide the voice arid data inter
faces to the phones. The progress tones are for internal 
supervisory signaling within the switch. The CPU is charged 
with the supervisory and monitoring tasks for all other parts 
of the system. 

A much more detailed look at the voice matrix is provided 
in Figure 2. The voice matrix is an analog crosspoint variety 
which may be composed of relays or CMOS switches. Relays 
are a good voice switch medium for systems with eight or less 
stations, but the newer crosspoint ICs, such as the MC142100 
and MC142101, are much more cost effective. There is some 
loss associated with the switches (about 100 ohms) that does 
not occur in the relays. In our example we will consider a 
4 x 4 x 2 crosspoint and the dotted lines outlining the three 
chips needed for the matrix. The music-on-Jiold (MOH) 
music and the tones are separated to help alleviate crosstalk 
within the switch structure. The design includes the ability to 
handle 3 trunks and 1 internal conversion. This appears to be 
a standard that was implemented through the years. Most 
systems allow expansion to either 2 more trunks or a trunk 
and an intercom link by adding to the matrix. Bridging more 
than one trunk or station can be easily accomplished by set
ting multiple contact points. 

The loss the switch introduces into the system is the major 
drawback to using the CMOS crosspoint switch. The FCC re
quires that the electrical-to-acousticalloss of the system from 
the trunk to the station must not exceed 2.S dB. A look at 
Figure 3A shows that a typical trunk-to-station loop has loss 
in two areas. The two crosspoint switches represent a typical 
200 ohm resistance when they are in an on state which creates 
about 2.S dB of loss in a 600 ohm system. Each transformer 
also introduces some loss so the electrical-to-electrical loss 
exceeds 2.S dB. Changing the internal resistance of the loop 
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minimizes the switch resistance but the transformer efficien
cy is greatly decreased so no advantage is found here. The 
loop could be amplified, but this is costly and leads to 
unstable circuitry so the phone must be designed to operate 
on different levels from a standard phone. The FCC allows 
another 2.S dB of loss for a station-to-station talk path as 
shown in Figure 3B so the extra switches in the loop are not 
a problem . 
. Figure 4A is a block diagram of the trunk circuit. When 

. the trunk is idle, the tip and ring are bridged by the loop relay 
across the ring detect circuit. This circuit signals the CPU 
when a call is ringing in from the central office or PBX. 
When the trunk is accessed by the system the loop relay con
nects tip and ring to. the transformer. The protect circuit 
helps prevent surge and static damage. The battery reversal 
detector is an optional circuit thai alerts the CPU when the 
tip and ring polarity has been reversed. This usually happens 
momentarily when a central office toll circuit has been ac
cessed, so this is for toll restriction. The loop detect circuit is 
needed to indicate when the connection has been terminated 
by the outside caller. This prevents the hold function from 
locking up a trunk. If pulse dialing is to be provided a relay 
circuit similar to the one in Figure 4B must be added to the 
loop. The CPU must read the pulses from the station and 
transfer them to the trunk. Another possible optional circuit 
is a ground loop detector. This is needed to detect grounds 
on a groundstart trunk. These trunks use a ground to start 
where loopstart trunks (the most common kind) use loop 
continuity to start. 

The station interface in Figu~ .. S is a four-wire design. The 
first pair (tip and ring) are used to provide voice communica
tions while the second pair (D + and D - ) provide data com
munications. The two resistors in the voice circuit provide a 
current limiting function to prevent catastrophic system 
failures should tip and ring get shorted together. The protect 
circuit functions in a manner similar to the trunk protect cir
cuit and the loop detect is used to detect the making and 
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FIGURE 2 - Voice Matrix 

breaking of the loop to pass pulse dialing signaling to the 
trunk. The resistors in the data interface do the same job in 
the voice circuit as does the protect circuit. The differential 
mode transmitter and receiver provide a serial data stream in
terface for the data communications. The data is generally in 
a half-duplex ping-pong arrangement, where the outgoing 
data tells the station which lamps should be on, whether the 
ringer is to ring, and whether the call announcer should be 
energized. The incoming data gives the status of the phone's 
hookswitch and the buttons on the keypad. 

Another name for the station apparatus is the keyphone or 
the subset. Figure 6 is a block diagram of the subset. Tip and 
ring come into the subset through the hookswitch. When the 
handset is on-hook, the tip and ring are directed to the 
handsfreel call announcer circuit. This circuit is similar to a 
speakerphone circuit. When the handset is removed from its 
cradle, the tip and ring is routed to the speech network for 
normal telephone operation. Each voice network is powered 
by the battery voltage on tip and ring. The data circuit is 
powered by its own battery feed to help prevent crosstalk be
tween voice and data. The data is brought into the control 
logic to activate the lamps, ringer, and in some cases, the 
handsfreel call announcer. 

There are several variations on the voice and data links to 
the subset.' Some systems impress the data, which generally 
has a rate well above the voice channel, onto the tip and ring 
for a single pair run. Extra filtering is needed to separate 
voice and data. Another variation connects tip and ring to 
the speech network causing the handsfreel call announcer to 
receive voice over the same wire pair as the data. This allows 
"off-hook call announcing" where the user can be paged via 
the call announcer while off-hook talking. Generally the out
put level of the call announcer is greatly attenuated when the 
handset is not in the cradle. 

Another interesting variation to the architecture deals with 
how the dialing is controlled by the system. In this arrange
ment all DTMF tones or dial pulses originate at the subset 
and are passed through the system as though it is trans
parent. This is known as end-to-end signaling. An alternative 
is to place the pulse or tone dialer on the trunk interface and 
read the dial by the control logic so the dialing information is 
passed through the CPU to be interpreted at the trunk. The 
major drawback here is that there must be extra circuitry in 
the subset to produce aural feedback. In a normal phone the 
DTMF encoder mutes the speech network. Since the encoder 
is not here the mute is lost. The levels needed at the trunk 
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may be uncomfortable, so they must not reach the user, 
therefore some feedback must be generated to indicate dial
ing has taken place. 

Adaptation of this system into a non-square system re
quires several major system modifications. Since a non
square system allows only a portion of the trunks and 
available features to be represented as buttons on the subset, 
some scheme of accessing other non-appearing trunks and 
features must be employed. This is usually done by dial ac
cess. In a dial access system, every subset must have a dial in
tercom button. When this button is accessed the system must 
provide a dial tone and a dialing register. The dialing register 
must be capable of countilig dial pulses and decoding DTMF 
data. Since DTMF decoders alone are in the $20-$30 price 
range the number of registers are generally restricted. This 

. can cause bottlenecking problems when there is a need for 
more dial accesses than the number of registers available. 
There is generally a tone associated with this overload (the 
overload is called blocking) that indicates to the user that all 
circuits are busy. If all intercom links are busy when access is 
needed, then blocking also occurs. Now that the buttons 
must have some flexible assignments a data base of the subset 
"profiles" must be retained by the CPU. In addition to this 
data base duty, new software overheads are necessary for the 
CPU to allow dial and button accesses, as well as the addi
tion of new, extended features such as dial intercom that are 
generally included in the non-square system. 

There are several alternatives in operation during a power 
failure. One solution is called powerfail cutthrough. In this 
scheme certain trunks are metalically connected to certain 
phones. Our subset design does not support this arrangement 
since ringing would be impossible and the call announcer 
would be bridged across tip and ring when the subset is 
on-hook. The system can be designed so that ringing occurs 
in a normal manner, but a ringing generator is necessary. The 
ringing generator is a specialized ac power source. An alter
native is battery back-up, and since most systems have a 
master power supply of 24-48 Vdc, this can be easily ac
complished. The major advantage to this that no calls are 
lost on the power loss as in cut-through, and unless a 
sophisticated cut-through system is employed, calls are lost 

. on the return to power which again is not a problem in a bat
tery backed-up system. The system must be a low-power 
design or the battery back -up system may become pro
hibitively expensive. 
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GLOSSARY OF KEY SYSTEM FEATURES 

All Call - This is where all of the call announcers are 
energized in the system for a general announcement. This is 
similar to a page except the call announcers are used instead 
of auxiliary amps and speakers. 

Background Music - This is a feature that requires an exter
nal music source. The music is routed to all of the call an
nouncers so that, if desired, the call announcer can provide 
music when the subset is idle. 

Busy Lamp Field - This is an array of lamps or LEDs that 
indicate when each station in the system is busy or idle. This 
is usually abbreviated as BLF. 

Call Announce - This function is performed instead of ring
ing. When an individual phone is call announced, the call an
nounce circuitry is energized. A warning tone is then sent to 
both parties and then the parties are connected as in a con
versation. The called party can talk over the call announcer 
as if it were a speakerphone. 

Call Forward-Busy - An incoming call is routed to a sec
ondary subset when first subset is busy. 

Call Forward-Follow Me - An incoming call to one subset is 
routed directly to another subset. 

Call Forward-No Answer - If a call is not answered in a 
specified period of time, the call is rerouted to a second 
subset. 

Call Park - This feature is only used in non-square systems. 
When a call comes in it can be "parked," then any subset 
can pick the call up by accessing the parked call. This allows 
the subsets to pick up calls on non-appearing trunks. 

Call Progress Monitor - This is a device that allows the 
monitoring of the calling function prior to completing the 
connection. All dial tones, dialing tones and ring back tones 
are heard over an auxiliary speaker as it would sound over a 
handset. This is a simplex device so no conversation can be 
held. 

Camp On-Auto Call Back - When a called station is busy, 
the caller can camp on to that station so that when the subset 
becomes idle, it will ring. If the caller hangs up prior to the 
subset becoming idle, the caller's subset will ring and after he 
answers, the other subset will ring. The second case is known 
as auto call back and is an extension of the first case being 
camp on. 

Conference - A conference is a call that has more than two 
parties involved in the call at one time. 

Dial Intercom - A dial intercom is an intercom that when 
accessed allows the user to access other subsets, trunks and 
features with dial codes. This is only found in systems where 
there is not an access button for each subset. 
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Do Not Disturb - When this feature is activated at a subset, 
no incoming calls will ring the subset, however, the phone 
can still be used for outgoing calls. The subset will not 
acknowledge the call announcer either. 

Direct Station Select - This allows one subset to establish an 
intercom call with a second subset by using a dedicated but
ton as opposed to a dial code. This is a very popular feature 
in small square systems and is generally referred to as DSS. 

Exclusion-Privacy - When active, this feature prevents 
other subsets from barging in on your call. 

Executive Override-Barge In - Barge in is a feature that 
allows one to enter an already active conversation so that a 
conference is created. Executive override is the same feature 
applied to special phones to overcome an exclusive call (see 
Exclusion). 

Handsfree - In an apparatus sense, this is known as 
speakerphone operation. In essence, a conversation is held 
over the subset's speaker and microphone while the handset 
is in the cradle. This frees the hands for other uses and 
several people can participate in the conversation at the 
handsfree end. 

Music-On-Hold - This is a feature that requires an outside 
music source that mayor may not be the same source used in 
background music. When someone is parked or put on hold 
they are provided with music instead of silence. 

Page - This feature is similar to All Call except the general 
announcements are made over a user-supplied public address 
system instead of call announcers. This is especially useful in 
warehouse situations. 

Recall - The recall feature is designed to prevent excessively 
long holds and call parks. When a call has exceeded the recall 
timeout while on hold or parked, it will ring the subset that 
either put it there or an attendant station. 

Remote Answer - This feature exists only on non-square 
systems. When an incoming call rings a subset, it can be 
answered at another subset that does not have that particular 
line by invoking the remote answer feature. 

Repertory Dial - This feature can be associated with either 
the subset or the system. This is where several commonly 
called phone numbers are internally stored and can be 
automatically dialed when accessed. This is also known as 
speed or abbreviated dialing. 

Secretarial Intercom - This is a special case DSS where the 
called subset rings only while the access button is depressed. 
This allows private ring codes to be used between subsets to 
alert the users to special conditions. 
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Station Hunting - Station hunting is an advanced feature 
found usually on large, complex system. This feature allows 
groups of subsets to be "hunted". When a call is placed to 
this group, the first phone rings for a preset period of time, 
and if there is no answer, the second phone in the group 
rings. This will progress' through all the subsets and the call 
can be answered at any subset at any time. 

Tie Trunks - A tie trunk is used to link systems together. 
Generally the two systems are remotely located and can even 
be in different cities. The tie trunk does not rely on central 
office intervention. 
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Toll Restriction - This feature prevents unauthorized 
subsets from making toll calls. 

Transfer - This feature is needed only in non-square 
systems and it allows a call to be moved to a subset that does 
not have a button appearance for that call. 
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TELEPHONE QUALITY CVSD CODECS 
USING NEW BIPOLAR LINEAR/12L I.C. 

Stephen H. Kelley 
and 

John J. Price 

INTRODUCTION 
Principles of continuously variable slope delta modulation 

for communications systems are discussed including an 
S plane model for a simple delta modulator with adjustable 
gain. A new bipolar I2L circuit for implementing CVSD 
systems is presented. System performance and design tech
niques for a basic voice band codec and a telephone quality 
codec are included. Double integration and active compand
ing ratio control techniques for improving codec per
formance is discussed. The emphasis is on a practical, mass 
producible telephone codec. 

The continuously variable slope delta modulator (CVSD) 
is a simple alternative to more complex conversion schemes 
in systems requiriIig digital communication of analog signals. 
Voice and audio communications are analog, but digital 
transmission of any signal over great distance is more attrac
tive. SIN ratios of the recovered signal do not vary with 
distance when using digital transmission; and multiplexing, 
switching, and repeating hardware is more economical and 
easier to design. However, instrumentation A to D con
verters do not easily meet the bandwidth constraints of com
munications requirements. The CVSD A to D is well suited 
to the requirements of digital communications and is an 
economical, efficient means of digitizing analog inputs for 
digital transmission. 

THE DELTA MODULATOR 
The innermost control loop of a CVSD converter is a sim

ple delta modulator. That portion of the CVSD is shown in 
Figure 1. A delta modulator consists of a comparator in the 
forward path and an integrator in the feedback path of a sim
ple control loop. The inputs to the comparator are the input 
analog signal and the integrator output. The comparator out
put reflects the sign of the difference between the input 
voltage and the integrator output. That sign bit is the digital 
output and controls the direction of ramp in the integrator. 
The comparator is clocked so as to produce a synchronous 
and band limited digital bit stream. 

If the clocked serial bit stream is transmitted to a similar 
integrator at a remote point, the remote integrator output is a 
copy of the transmitting control loop integrator output. To 
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the extent that the integrator at the transmitting location 
tracks the input signal, the remote receiver reconstructs the 
input signal. Low pass filtering at the receiver output will 
eliminate most of the quantizing noise if the clock rate of a 
the bit stream is an octave or more above the bandwidth of 
the input signal. Voice bandwidth is 4 kHz and clock rates of 
8 kHz and up are possible. Thus, the delta modulator 
digitizes and transmits the analog input to a remote receiver. 
The serial, unframed nature of the data is ideal for com
munications networks. With no input at the transmitter, a 
continuous one zero alternation is transmitted. If the two 
integrators are made leaky, then during any loss of contact 
the receiver output decays to zero and receive restart begins 

ANALOG 
INPUT DIGITAL D'G~f RECONSTRUCTED 

.:r~r-O='U'::T§:'PU·T -INPUT L.:.J -~~~~~¥ 
DECODER 

DIGITAL OUTPUT 

~ 

FIGURE 1 - SIMPLE DELTA MODULATION 
An Analog Input Signal Can Be Digitalized and Transmitted by 

Synthesizing a Minimum Error Set of Voltage Ramps. 
The Comparator Clock Establishes the Channel Bandwidth. 

without framing when the receiver reacquires. Similarly, a 
delta modulator is tolerant of sporatic bit errors. 
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The fundamental advantages of the delta modulator are its 
simplicity and the serial format of its output. Its limitations 
are its ability to accurately convert the input within a limited 
digital bit rate. The analog input must be frequency limited 
and amplitude limited. The frequency limitations are gov
erned by the Nyquist rate while the amRlitude capabilities are 
set by the gain of the integrator. For a given signal level, one 
specific gain will achieve an optimum noise level. Unfor
tunately, the basic delta modulator has a small dynamic 
range over which the noise level is constant. 

THE COMPANDING ALGORITHM 
The continuously variable slope circuitry provides in

creased dynamic range by adjusting the gain of the 
integrator. For a given clock frequency and input bandwidth, 
the additional circuitry increases the delta modulator's 
dynamic range. A block diagram of a complete CVSD codec 
is shown in Figure 2. A new bipolar /12L integrated circuit 
has been built to provide all of the active elements. External 
to the basic delta modulator is an algorithm which monitors 
the past few outputs of the delta modulator in a simple shift 
register. The register is 3 or 4 bits long depending on the ap
plication. The CVSD algorithm simply monitors the contents 
of shift register and indicates if it contains all ones or zeros. 
This condition is called a coincidence. When it occurs, it in
dicates that the gain of the integrator is too small. The coin
cidence output drives a low pass filter. The voltage output of 
this syllabic filter controls the integrator gain through a V to 
I converter and a slope polarity switch whose other input is 
the sign bit or the up/down control of the delta modulator. 

FIGURE 2 - CVSD BLOCK DIAGRAM 
A Delta Modulator Is Enclosed in a Digitally Controlled Gain Loop 

and Composes a Continuouslv Variable Slope Delta Modulator. 
A Bipoiar/l2L Integrated Circuit Has Been Designed to Provide 

All the Active Circuitry Required. 

The simplicity of the all ones, all zeros algorithm should 
not be taken lightly. Many other control algorithms using the 
shift register have been tried. The key to the accepted 
algorithm is that it provides a measure of the average power 
or level of the input signal. Other schemes provide more in-
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stantaneous information about the shape of the input curve. 
The purpose of the algorithm is to control the gain of the 
integrator and to increase the dynamic range. Thus, a 
measure of the average input level is needed. By monitoring 
both the coincidence of ones and zeros, the shift register per
forms a function similar to a full wave bridge rectifier. 

The algorithm is repeated in the receiver and thus the level 
data is recoverable at the receiver. Because the algorithm 
only operates on the past serial data, it changes the nature of 
the bit stream without changing the channel bit rate. The bit 
stream in the cltannel is as if it were from a standard delta 
modulator with a constant level input. 

SYLLABIC AND INTEGRATION FILTER PROPERTIES 
The circuit in Figure 3 is the most basic CVSD circuit 

possible. For many intelligible voice channel applications, it 
is adequate. In this circuit, both the syllabic filter and the 
integration filter are composed of single-pole networks. 

The integration network is chosen to meet two simple con
straints. First, it must be an integrator throughout the voice 
band and second, it must be leaky so that bit errors can be 
tolerated and loss of receiver contact does not require an ex
ternal reset for reacquisition. CIS. 1 p.F and RI = 10 k produce 
a 159 Hz break/frequency and a lossy network. 

The selection of the syllabic filter components illustrates 
an interesting property of the codec. The operation of the 
simple delta modulator may be investigated by deriving its S 
plane transfer function. The comparator is modeled with a 
unit limiter and a summer. The unit limiter has a describing 
function in S if the system is analyzed for sinusoidal inputs of 
the form e sin wt, that is 

Digital Output = ~ e sin wt where A is the peak voltage of 
'Ire the unit limiter. 

It is obviously a non-linear element since the transfer func
tion is dependent on the magnitude of the input signal. 

The integration filter has a straightforward transfer func
tion description: 

AnalogVout 
DigitBl Vout 

Rx 

where Rx is connected from the comparator output to the in
tegrator input and sets the gain of the simple delta 
modulator. 

The closed loop delta modulator model is then 

Analog Vout 
e sin wt 

Note that the response of the codec is a function of the 
magnitude of the input level. Closed loop CVSD systems can 
be analyzed for steady state inputs by substituting the 
syllabic filter voltage which corresponds to an applied e· for 
A. Thus, the gain of the delta modulator is varied to accom
modate the applied input level. 
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For a CVSD circuit to perform as an adjusted delta 
modulator, the model equation indicates that A oc e must be 
nearly constant. The syllabic filter time constant must be 
large compared to the input frequency. For a maximum in
put frequency of 3300 Hz, the time constant must be much 
larger than the 0.3 ms. Thus 3 ms is the minimum allowed RC 
product for the syllabic filter in voice band applications. The 
syllabic nature of voice is responsible for the name "syllabic 
filter". A CVSD codec can only effectively transmit signals 
whose e varies at a frequency much lower than the funda
mental frequency of the signal. Conveniently, voice, modem 
signals and DTMF signals have this syllabic property. 

In Figure 3, a 6 ms time constant is used. In Figure 5, 3 ms 
charge and 9 ms discharge time constants are used to improve 
attack time without sacrificing constant A. Voice syllables 
tend to have this kind of shewed envelope. 

CLOCK RATE AND SIllFf REGISTER LENGTH 
The prime design constraint of a CVSD channel is the 

channel bit rate. Since delta modulator produces a serial un
framed bit stream, the bit rate and sample frequency are the 
same. Obviously, as the clock rate increases so will the end to 
end performance. Clocks from 9600 kHz to 64 kHz can be 
used in various applications. 16 kHz, 32 kHz, and 37.7 kHz 
have the greatest acceptance in practical voice communica
tion equipment. 

After fixing the system bit rate, the shift register length 
selection must be made. The length of the shift register deter
mines the amount of past history which will be taken into ac
count in predicting slope. As the clock rate changes, so does 
the amount of signal time recorded by the shift register. 
Therefore, at rates below 16 kHz a three bit algorithm pro
duces the best results. From 16 kilobits and up, either 3 or 4 
bits may be used. Four bit algorithms provide flatter SIN 
performance because they account for a longer average past 
history of steady state signals. However, the transient 
response to level changes is slightly degraded because of the 
slower companding response. 

The integrated circuit is produced with either 3 or 4 bit 
registers and is selected by laser link cutting rather than mask 
option. Depending on the results of the idle channel trim cor
rections, the die requiring the smallest step sizes is made into 
a 4 bit register. 

LOOP GAIN CONSIDERATIONS 
The feedback gain of the CVSD codec is set by the selec

tion of Rx in Figure 3. After the clock rate, this gain is the 
most critical parameter of codec performance. Since the 
CVSD algorithm improves the dynamic range of the delta 
modulator for lower level inputs, the selection of loop gain 
should be based on the near maximum amplitude and fre
quency signal which must be transmitted. Experimental data 
shows that a CVSD codec produces optimum SIN ratio when 
the companding algorithm is active between 50lo and 25% of 
the time. Taking this into account, the gain resistor Rx can be 
selected by determining the required integrator current which 
will produce the needed step size for a specified input signal. 
Then the resistor should source the required current when the 
syllabic filter output is about 25% of its maximum value. 

The current required to move the integrator output a 
specific voltage from zero is simply 
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11= ~ + CldVo 
RI dt 

Now a 0 dBmo sine wave has a peak value of 1.0954 volts. 
In 118 of a cycle of the sine wave centered around the zero 
crossing the sine wave changes by approximately its peak 
value. The CVSD step should track that change. The re
quired current for a 0 dBm I kHz sine wave is 

I =1.1 volt+~1=0.935mA 
I *2(10k) 0.125 ms 

*The maximum voltage across RI when maximum slew is 
required is ~ 

2 

", 
o-JI--..----'+_~ 
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FIGURE 3 - BASIC CVSD ENCODER 
Single Pole Integration and a Single Pole Syllabic Filter 
Are Sufficient for Many Voice Channel Applications. 

Selection of External Components Tailors the Integrated Circuit 
to the Application. 

Now the voltage range of the syllabic filter is the power sup
ply voltage, thus 

Rx = 0.25(V cd 0.93! mA 

for a 5 volt supply Rx = 1.3 k 

. MINIMUM STEP SIZE 
The final parameter to be determined for the simple en

coder in Figure 3 is the minimum step size. With no input, 
the CVSD digital output becomes a one zero alternating pat
tern and the analog output becomes a small triangle wave. 
The peak to peak value of that triangle wave is the idle chan
nel step size. Its meaning is analogous to the 1 \1 LSB quan
tization error of a conventional D to A converter. The codec 
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cannot resolve or transmit signal levels smaller than the 
minimum step ·size. In theory, .one would wish to make this 
parameter go to zero. However, practical errors such as up 
and down ramp matching, comparator hysteresis, and filter 
op amp offsets combine to cause the idle channel analog out
put to drift away from the zero dc reference. The codec then 
produces two ones or two zeros in order to restore the level. 

To set the idle channel step size, the value of R min must 
be selected. With no input signal, the slope control algorithm 
is inactive. A long series of ones or zeros never occurs. Thus, 
the voltage across the syllabic filter, the voltage divider of RS 
and Rmin (see Figure 3) sets the minimum allowed voltage 
across the syllabic filter capacitor. That voltage divided by 
Rx must produce the desired ramps at the analog output. 
Again we write the integrator current equation 

Vo dVo I Vo 
II=-+CI - . Forsmal Vo _-0. 

RI dt RI 

I I = CI !:.v 0 where aT is the clock period and aVo is the de
aT 

sired peak to peak value of the idle output. 
Thus if Rx and RS are known, R min may be calculated for 

any ·system. The design of Figure 3 is complete. 
Figure 4 describes the performance of the codec in Figure 3 

with two sets of curves. The codec was optimized around 
o dBm but the SINc ratio falls only 6 dB at - 30 dBm. The 
low pass nature of the codec and the change of frequency 
response with input level is documented on the left of the 
figure. 

SIN IMPROVEMENT USING TWO 
POLE INTEGRATION 

·One pole integration filters are not the only possibility. If a 
two pole integration network is used instead of the simple 
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one pole, an SIN improvement can be realized. An encoder 
using such a network is shown in Figure 5. Adding a second 
pole in the transfer function of the integrator simply reduces 
the total noise bandwidth of the analog output without af
fecting the relevant voice energies. From another point of 
view, a 11110111 input to a single pole integrator produces a 
large ramp reversal at the 0 value since the 0 step will be in the 
opposite direction but equal in magnitude to the I ramp 
before and after it. Since the analog signal is band limited, it 
was obviously continning to decrease at the 0 step and an er
ror in tracking is encountered. If two pole integration is used, 
the 101 reversal is filtered and the 0 step is much smaller than 
the I step preceding it in the long string of ones. Thus the 
total error is less. A two pole filter can improve noise perfor
mance by 3 or more dB across the entire input level range. 

The first pole is still placed below 300 Hz to provide the 
liS voice content curve and a second pole is placed some
where above the I kHz frequency. For telephone circuits, the 
second pole can be placed at 1.8 kHz to exceed the 1633 
DTMF frequency. The lower the second pole frequency, the 
greater the noise improvement. To ensure the encoder loop 
stability, a zero is added to keep the phase shift less than 
1800 • This zero should be placed slightly above the low pass 
output filter break frequency so as not to reduce the effec
tiveness of the second pole. A network of 244 Hz, 1.8 kHz 
and 5.3 kHz is used for telephone application in Figure 5 
while 160 Hz, 1.2 kHz and 2.8 kHz might be used in voice 
only channels. The integration filter in Figure 5 has a transfer 
function of 

RoRI S+-I
RICI 

S+ 

The selection of the two pole filter network affects the selec
tion of the loop gain value and the minimum step size 
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FIGURE 4 - SIGNAL TO NOISE PERFORMANCE AND FREQUENCY RESPONSE 
Data Result From Testing the Circuit in Figure 3. 
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FIGURE 5 - TELEPHONE QUALITY DELTA MODULATOR CODER 
Both Double Integration and Active Companding Control Are Used to Obtain Improved CVSD Performance. 
Laser Trimming of the Integrated Circuit Provides Reliable Idle Channel and Step Size Range Characteristics. 

resistor. The required integrator current for a given change in 
voltage now becomes 

Vout R2C2 RICI .6.Vout+ 
Iin=Rij+ Ro + Rij+CI TT"" 

R2C2CI + RIC1R2C2 .6.Vout2 

Ro .6.T2 
The calculation of desired gain resistor Rx then proceeds 

exactly as previously described using this current equation. 

SUBSCRIBER CARRIER TELEPHONE QUALITY 
CODEC USING MC3418 

Two specifications of the integrated circuit are specifically 
intended to meet the performance requirements of commer
cial telephone systems. First, slope polarity switch current 
matching is laser trimmed to guarantee proper idle channel 
performance with 5 mV minimum step size and a typical 1 Of. 
current match from 10 ~ TO = p./1. Thus a 300 to 1 range of 
step size variation is possible. Second, the MC3418 provides 
the four bit algorithm currently used in subscriber loop 
telephone systems. 

With these specifications and the circuit of Figure 5, a 
telephone quality codec can be mass produced. 
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The circuit in Figure 5 provides a 30 dB SINc ratio over 50 
dB of dynamic range for a 1 kHz test tone at a 37.7 kilobit 
rate: At 37.7 kilobits, 40 voice channels may be multiplexed 
on a standard 1.544 megabit TI facility. This codec has also 
been tested for 10-7 error rates with asynchronous and syn
chronous data up to 2400 baud and for reliable performance 
with DTMF signaling. Thus, the design is applicable in 
telephone quality subscriber loop carrier systems, subscriber 
loop concentrators and small P ABX instaIlations. 

THE ACTIVE COMPANDING NETWORK 
The unique feature of the codec in Figure 5 is the step size 

control circuit which uses a companding ratio reference, the 
present step size, and the present syllabic filter output to 
establish the optimum companding ratios and step sizes for 
any given input level. The companding ratio of a CVSD 
codec is defined as the duty cycle of the coincidence output. 
It is the parameter measured by the syllabic filter and is the 
voltage across Cs divided by the voltage swing of the coin
cidence output. In Figure 5, the voltage swing of pin 11 is 6 
volts. The operating companding ratio is analoged by the 
voltage between pin IO and 4 by means of the virtual short 
across pin 3 and 4 of the V to I op amp within the integrated 
circuit. Thus, the instantaneous companding ratio of the 
codec is always available at the negative input of AI. 
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The diode DI and the gain of Al and A2 provide a com
panding ratio reference for any input level. If the output of 
A2 is more than 0.7 volts below VCCI2, then the positive in
put of Al is (VCCI2-0.7). 

The on diode drop at the input of Al represents a 12"1. 
companding ratio (12% = 0.7 V /6 V). 

The preseut step size of the operating codec is directly 
related to the voltage across Rx which established the in
tegrator current. In Figure 5, the voltage across Rx in a direc
tion which reduces the difference between the companding 
reference and the operating ratio by changing the step size. 
The ratio of R4 and R3 determines how closely the voltage at 
pin 4 will be forced to 12%. The selection of R3 and R4 is in
itially experimental. However, the resulting companding 
control is dependent on Rx, R3, R4, and the full diode drop 
DI. These values are easy to reproduce from codec to codec. 

For small input levels, the companding ratio reference 
becomes the output of A2 rather than the diode drop. The 
operating companding ratio on pin 4 is then compared to a 
companding ratio smaller than 12% which is determined by 
the voltage drop across Rx and the gain of A2 and AI. The 
gain of A2 is also experimentally determined but once deter
mined, the circuitry is easily repeated. 

With no input signal, the companding ratio at pin 4 goes to 
zero and the voltage across Rx goes to zero. The voltage at 
the output of A2 becomes zero since there is no drop across 

SIGNAL TO N.OISE PERFORMANCE OF 
TELEPHONY QUALITY DELTAMODULATOR 
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Rx. With no signal input, the actively controlled step size 
vanished. 

The minimum step size is established by the 500 k resistor 
between Vee and V cc12 and is, therefore, independently 
selectable. 

The signal to noise results of the active companding net
work are shown in Figure 6. A smooth 2 dB drop is realized 
from + 12 dBm to - 24 under the control of AI. At - 24 
dbm, A2 begins to degenerate the companding reference and 
the resulting step size is reduced so as to extend the dynamic 
range of the codec by 20 dBm. The slope overload character
istic is also shown. The active companding network produces 
improved performance with frequency. The 0 dBm slope 
overload point is raised to 4.8 kHz because of the gain 
available in controlling the voltage across Rx. The curves 
demonstrate that the level linearity has been maintained or 
improved. 

The codec in Figure 5 is designed specifically for 37.7 
kilobit systems. However, the benefits of the active com
panding network are not limited to high bit rate systems. By 
modifying the crossover region (changing the gain of A2), 
the active technique may be used to improve the performance 
of lower bit rate systems. 

The performance and repeatability of the codec in Figure 5 
represents a significant step forward in the art and cost of 
CVSD codec designs. 

FREQUENCY RESPONSE VS INPUT LEVEL 
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FIGURE 6 - SIGNAL TO NOISE PERFORMANCE AND FREQUENCY RESPONSE 
Data Document the Improvement Realized with the Circuit in Figure S. 
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MOTOROLA 
- SEMICONDUCTOR 

APPLICATION NOTE 

UDLT Evaluation Board 

INTRODUCTION 
To help meet the demands for a cost effective solution to 

the ever growing voice/ data world within the digital telephone 
and PBX realm, Motorola has created the Universal Digital 
Loop Transceiver (UDLT) voice/data circuit family. The pur
pose of this application note is to render an understanding of 
the UDLT voice/data family and show a typical application for 
these CMOS parts. This is an evaluation of the application and 
performance of the MC145422/26 UDLT demonstration board, 
which was designed and built for customer evaluation. 

FUNCTION OF PARTS 
UDLT's 

The UDLT master (MC145422) and slave (MC145426) are 
transceivers that provide 80 kilobit-per-second full duplex syn
chronous voice and data communication to distances of two 
kilometers on 26 AWG twisted pair and further on heavier 
gauge pairs. The modulation technique used is a 256 kilobaud 
Modified Differential Phase Shift Keying (MDPSK) type burst. 
The MDPSK triangular waveform used in this modulation 
technique reduces radiation, EMI, and ·crosstalk due to its 
compact frequency spectrum. 

The master which is used at the telephone switch linecard 
bursts ten bits to the slave, consisting of eight bits of 
voice/ data and two signaling bits. The slave, which is used at 
the terminal or digital telephone, receives the burst from the 
master and upon demodulation of the burst synchronizes its 
clocks, and bursts ten bits back to the master. This "ping
pong" technique occurs within a 125 microsecond frame 
period and allows end to end full duplex, synchronous opera
tion. This full duplex operation between the master, at the 
digital linecard and the slave/ mono-circuit, at the digital 
telephone, enables each set to have high speed access to the 
PABX switching facility. 

At the linecard a microprocessor has complete control of 
the master. The Signal Enable input (SE) is a three state con
troller pin which if held high enables the power down, loop
back and the two signaling bits, thus allowing these signals to 
be bussed to the microprocessor. The master can be program
med via the Signal Insert Enable (SIE) pin to insert signaling bit 
two into the LSB of the PCM word at Tx. This allows 
simultaneous voice and data transmission through the PABX 
without the need of changing existing hardware and software. 
Both the master and the slave have power down and loopback 
features for system power conservation and testing. The 
power down pin on the slave is a bidirectional pin. It can be 
used as an input to initiate a call. When the PD pin is pulled 
high, the slave will continue to burst every other frame (once 
every 250 microseconds) until the master responds by 
bursting. Once the master responds, the slave synchronizes to 
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ping-pong with the master at an eight kilohertz rate. The PD 
pin can be left floating as an output, in which case the slave 
will pull PD high until the slave stops receiving bursts from the 
master then it will take PD low and stop bursting until PD is 
brought high or the master· bursts again. A three state control 
can be used on this pin if the designer wants to send data to 
the master during a power down. The slave also has a Tone 
Enable input pin (TE) which when held high generates a 500 
hertz ·square wave tone at approximately - 20 dBmO which 
can be used in the digital telset to provide audio feedback. 

MONO-CIRCUITS 

Motorola's family of Pulse Code Modulation (PCM) mono
circuits incorporate a codec, filter and voltage reference into a 
single IC. The general block diagram for Motorola's mono
circuits is shown in Figure 1. These devices perform the 
digitizing and recovery, as well as the band-limiting and 
reconstruction filtering necessary for voice digitization in 
telephone systems. The mono-circuits are tailored for a variety 
of telephone switch architectures. The family consists of five 
different device types. The MC14400, MC14403, and MC14405 
16 pin devices,the MC14401 18 pin device and the MC14402 
22 pin device allow designers to optimize for minimal con
figurations or select a full set of features. The MC14403, for 
example, can be used where minimal space is desired for the 
digital phone design whereas the MC14402 is available for 
maximum flexibility. The mono-circuit incorporates the band
pass filter required for antialiasing and 60 hertz rejection, the 
A/D, the D/A, both for either U.S. Mu-Law or European 
A-Law companding formats, the lowpass filter required for 
reconstruction smoothing, on-board precision voltage 
reference and does not require any external components. 

In this demonstration board, the full featured 22 pin 
MC14402 mono-circuit is used in the slave circuit showing its 
ability to adjust the receive gain while maintaining a low im
pedance output using the RxO, RxG, and RxO pins, The 
MC14403 is used on the master board showing a simple 16 pin 
solution for the telephone handset interface. 

DATA SET INTERFACE (DSI) 

The MC145428 Data Set Interface (DSI) provides the asyn
chronous to synchronous and synchronous to asynchronous 
data conversion. This low power five volt CMOS device is 
ideally suited to interface between the RS-232 compatible data 
port of any voice/ data digital telset or terminal and the syn
chronous data channel of the UDLT. A block diagram of the 
Data Set Interface is shown in Figure 2. 

There are two . basic modes of operation for the syn
chronous channel interface. In the first mode the DSI inter-
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Figure 2. Block Diagram of the Data Set Interface 

faces to the eight kilobits-per-second data channel. of the 
UDLT. The Clock Mode input (CM) is tied low while the Data 
Output Enable (DOE) and Data Inpu~ Enable (DIE) are tied 
high. In this mode a new data bit is clocked out of Data Chan
nel Output (DCO), a new data bit is clocked in at Data Channel 
Input (DCn, on each falling edge of the Data Clock (DC). 

In the second mode of operation, the clock mode is held 
high. In this mode the DSI is intended to interface with the 
UDLT's 64 kilobits-per-second data channel. Data is clocked 
out under control of DOE and the rising edge of DC. Data may 
be clocked out at a maximum length of eight bits per enable 
high period. Data is clocked into DCI under control of DIE high 
and the falling edge of DC. The maximum word size is also 
eight bits per DIE high period. 
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Asynchronous data is input on the TxD pin from the output 
of the RS-232 receiver. This data must have at least one start 
and one stop bit and at least eight data bits, but will accept 
nine. The length of the data word is set by the DL pin. A high 
on DL selects a nine bit data word and a low selects an eight 
bit data word. The baud rate at which the DSI accepts data on 
the TxD pin, and outputs data on the RxD pin, is selected with 
the BR1, BR2, and BR3 pins which derive the internal sampl
ing clock. The internal baud rate generator may be programm
ed to accept common asynchronous data rates from 300 to 
38.4 kilobits-per-second. This internal sampling clock is 16 
times the selected baud rate. If BR1-BR3 are all set to logic 
zero then an externally supplied 16 times clock can be used on 
the Baud Clock pin (BC) thus giving the user a variable data 
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rate from zero to 128 kilobits-per-second. For the internal baud 
rate generator to be accurate, a 4.096 megahertz clock must 
be used at the BC pin. If the internal baud rate generator 
dividers are used with a BC clock other than 4.096 megahertz, 
the data rate may be directly scaled. 

Data input on the TxD pin is stripped of its start and stop 
bits and is loaded into the transmit FIFO register. If the 
transmit FIFO holds more than two data words or if RESET is 
held low, then the (TxS) Transmit Status output pin will go 
low. 

Data coming in from the synchronous side is loaded into the 
receive FIFO, the data has its start and stop bits inserted and is 
output at RxD at the same baud rate as the transmit side. If the 
receive FIFO is overwritten, RESET is held low, or if loss of 
synchronization occurs by the loss of the synchronizing flag 
word, then the (RxS) Receive Status output pin will transition 
low. 

RS-232 DRIVERS/RECEIVERS 

The RS-232 Driver/Receiver chips interface the data ter
minal equipment with data communications equ,ipment. 
Motorola manufactures both the MCl488 Quad Line Driver as 
well as the MCl489 Quad Line Receiver. Both 14 pin packages 
were used in this evaluation board. Motorola also manufac
tures the MCl45406 Driver/Receiver chip which is a silicon
gate CMOS integrated circuit that combines three drivers and 
three receivers compatible with the electrical specifications of 
EIA standard RS-232-C, and CCITT V.28. This part has the 
capability of running with power supplies ranging from ± 5 
volts to ± 12 volts while operating with a maximum quiescent 
current supply of 1.45 milliamperes. By combining both the 
drivers and receivers in a single CMOS chip, the MCl45406 
provides an efficient, low-power solution for RS-232-C/V.28 
applications. A footprint for the MCl45406 is included on the 
evaluation board design. 

TRANSFORMER INTERFACE 

The transformer interface between the UDLT and the 
twisted pair wire is of primary importance. The major 
transformer specifications can be determined from the 
specifications of the UDLT, driver/receiver, modulation 
technique, effective characteristic impedance of the wire, at
tenuation of the wire and dc current feed capacity. The UDLT 
has a differential output (L01, L02) that can drive 440 ohms 
differentially to five volts peak to peak. The receiver has an in
put threshold of ± 25 millivolts. The UDLT modulation method 
has maximum power bandwidth from eight kilohertz to 512 
kilohertz. To improve line settling between bursts, a band
width of 20 kilohertz to 512 kilohertz is used. The effective 
characteristic impedance of 26 AWG telephone twisted pair 
wire is approximately 110 ohms with an attenuation of 18 
decibels-per-kilometer at a frequency of 256 kilohertz. The 
transformer configuration is shown in Figure 3. 

The source impedance resistors for the LOl and ':'02 driver 
outputs were chosen to be 220 ohms on the transmit tap. This 
dictates a turns ratio of 2:1 to the line side of the transformer 
to result in an impedance match to the 110 ohms characteristic 
impedance- of the twisted pair. 

To set the 20 kilohertz low-frequency cut off of the 
transformer interface, the inductance of the transmit winding 
of the transformer should be 1.75 millihenries. To set the 512 
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Figure 3. Transformer Configuration 

kilohertz high-frequency cut off, a 0.001 microfarads capacitor 
is connected in parallel with the transmit tap. The turns ratio 
for the receive winding is determined by the maximum at
tenuation of the line and the threshold of the receiver detecter. 
With an initial amplitude of 2.5 volts peak (five volts peak to 
peak) at LOl and L02 halved by the source resistors to 1.25 
volts peak at the transmit tap, which is halved again via the 
turns ratio to the line windings, yields 0.625 volts peak at the 
line side of the transformer. This 0.625 volts peak is reduced 
by 36 decibels or a factor of 63 to ten millivolts at the receiving 
transformer. The -receiver of the UDLT has a positive and 
negative 25 millivolt threshold, which means the receive 
transformer tap needs a gain of approximately four to meet the 
needs of the receiver circuitry of the LI pin. This results in the 
transformer of the schematics, which may be obtained from: 

Leonard Electric Products Company 
85 Industrial Drive 
Brownsville, Texas 78521 
PIN P-1358-A 

The signals from LOl and L02 on the transmit tap are 1.25 
volts peak which through the turns ratio to the receive tap 
becomes 2.5 volts peak at LI. This can exceed the maximum 
and minimum voltage specification for LI requiring input pro
tection such as the clamping diodes on LI, shown in Figure 4. 

When using battery feed through the transformer, further 
protection is required due to loop current induced spikes at 
both transmit and receive taps of the transformer. There are 
several factors to take into consideration when determining 
the specifications for battery feed current by the center tap of 
the line side of the transformer. The maximum power is 
transferred when half of the source-voltage is dropped across 
the effect source resistance. Based on a loop length of two 
kilometers with a dc resistance of 270 ohms per loop 
kilometer, a current of 44 milliampheres is the maximum 
power transfer current. The loop current chosen for the 
specification is 100 milliampheres. The circuit of Figure 4 is an 
example of this type of protection. 

EVALUATION BOARD DESCRIPTION 

The Motorola UDLT evaluation board is a single sided PC 
board that consists of all the necessary circuitry for end to end 
operation and demonstration of the 80 kilobits-per-second full 
duplex synchronous data link of the UDLT master and slave. 
The evaluation board itself consists of two smaller boards; a 
master board and a slave board. These two boards may be 
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Figure 4. Application Circuit For the 
Transformer Interface 

separated by cutting the panel in half along the two markers, 
shown in Figure 7. The master board schematic is shown in 
Figure 5 and the slave board schematic is shown in Figure 6, 
while the artwork is shown in Figure 7. 

The master board contains the master UDLT (MCl45422), 
DSI (MCl45428), Mono-circuit (MCl4403), the MCl488/1489 
or MCl45406 RS-232 drivers and receivers, and the necessary 
clock circuitry to drive these parts. The master board emulates 
both another digital telset plus the telephone switch interface 
to the slave board. The master typically is used in the digital 
switch at the PBX, networked with other digital and analog in
terface circuits. 

The slave board contains the slave UDLT (MCl45426), DSI 
(MCl45428), Mono-circuit (MCl4402), MCl488/1489, or 
MCl45406 RS-232 Driver/Receiver chips. The slave side 
emulates a digital telephone where the analog information is 
digitized at the phone and the information from the phone .is 
digital. 

Both master and slave bOllrds have their second eight kilobit 
signaling channel connected to a DSI for up to 9600 baud of 
user data simultaneously independent of voice. The baud rates 
are selected with switches BR1-BR3 (see strapping informa
tion). Each board has a DB-25 connector for easy connection 
to any terminal. Only TxD; RxD, and Ground are connected on 
the DB-25. Data to and from the DB-25 is fed through the 
MCl488, MCl489 and the MCl45406 Driver/Receiver chips. 
The socket for the MCl45406 RS-232 Driver/Receiver chip is 
included on each board for evaluation. This part can replace 
both the driver and receiver chips. Once replaced, the user at 
his option can cut the MCl488 and MCl489 pads out of the 
PC board along the dashed lines. This enables each board to 
fit in a K-2500 phone. 

Each board has an RJ-ll socket for easy connection to any 
modular handset. The signal from each handset is fed through 
the respective mono-circuit into the 64 kilobit voice channel on 
the UDLTs. Both master and slave boards have space for a 
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push button switch which can be hardwired onto the 511, 
along with an LED on 501 for signaling on channel one. This 
channel is optional to the user and can be used with a micro
processor in the phone or a pulse dialer. Signaling bits one and 
two provide eight kilobits-per-second each of protocol in
dependent data. Switches permit access to particular features 
of the voice/ data integrated circuits on both boards, as ex
plained below. 

STRAPPING INFORMATION 

The component layout is shown in Figure 8. The layout 
shows the footprints for switches which can be used with wire 
straps. The solid lines indicate the normal strap positions 
which; select Mu law, 9600 baud data rate, with one start bit, 
eight data bits and one stop bit. The dip switches can be used 
if desired and can be obtained from: 

Grayhillinc. 
561 Hillgrove Avenue 
La Grange, Illinois 60525 

PIN Name ..Q!l 
78J05 51, 52 3 
78J02 53 1 

STRAPPING ON THE MASTER 
51 - These straps select via U2 (MCl45428DSI) the number 
of stop bits, the length of the data word and the baud rate 
selected for the asynchronous data. 

SWl - (SB) A high selects two stop bits; a low selects one 
stop bit. 
SW2-SW4-(BR3-BR1) - These bit rate inputs select the 
asynchronous bit rate, either externally supplied at the BC 
pin (16 times clock) or one of the supplied bit rates shown in 
the table on page 2-309 of the Telecommunications data 
book. 
SW5 - IOL) This Data Length input pin selects a nine bit 
data word when high or an eight bit word when low. 
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MASTER UDLT DEMO BOARD 
PARTS LIST 

PART 

MCl45422 
MCl46428 
MCl4403 
MCl45406 
MCl489 
MCl488 
MCl4069UB 
MC74HC74 
MC74HC393 
LEPCO P-l358A 
DB25 
RJll 
GRAYHILL (SPOT 78J05) 
CUTLER-HAMMER B8500W/PZ81R 
GRAYHILL (SPOT 78J02) 
BANANA JACKS 
20 pF 
0.1 JtF 
10 JtF 
10M 
5K 
33011 
1.6 K 
3.6 K 
56K 
10 K 
1 K 
22011 
10 K 
1011 
CRYSTAL 
JUMPERS 
DIODES lN914 
LED (T1) 

2N2907 

SOLDER TAIL SOCKETS 

14 PIN 
16 PIN 
20 PIN 
22 PIN 

QUANTITY 
(PART NUMBER) 

l-Ul 
l-U2 
l-U3 
l-U4 
l-U5 
l-U6 
l-U7 
l-U8 
l-U9 
l-Tl 
1 
1 
l-Sl 
l-S2 
l-S3 
6 
2-Cl & C2 
12-C3-C14 
2-C15, C16 
l-Rl 
l-R2 
l-R3 
l-R5 
l-R6 
l-R7 
l-R8 
l-R9 
2-Rl0, Rll 
2-R12, R4 
2-R13, R14 
1-4.096 M 
10 
2-01,02 
1 
1 

5 
2 
1 
1 
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S2 - This switch is optional and is hardwired to signaling 
channel one for demonstration using LEOs. The footprint for 
this switch is included on the board. 

This switch can be obtained from: 
Cutler-Hammer 
PIN B8500W/P281R 

S3 - These straps select Mu or A laws and power down on 
the MCl4403 Mono-circuit and MCl45422 master UDLT. 

SWl - (PO) This strap when high, powers both the mono
circuit and master UDLT. When low, both parts are 
powered down. 
SW2 - (Mu/ A) Selects Mu or A law cOding. 
Loopback and Valid Data on the master can be accessed via 
pads. 

STRAPPING ON THE SLAVE 

Sl - Same as Sl on the master; selects asynchronous data 
format and bit rate. 

S2 - These straps select Tone Enable, Power Down, Mu/ A, 
and Loopback features of the slave (MCl45426) as well as 
Mu/ A and Power Down on the MCl4402 Mono-circuit. 

SWI - (TE) A high enables a 500 hertz tone. 
SW2 - (PO) Powers both the slave and mono-circuit up or 
down. High = powered up, and Low = powered down. 
SW3 - (Mu/ A) Selects Mu or A law coding for the mono
circuit. 
SW4 - (Mu/ A) Selects Mu or A law coding for the slave 
UDLT. 

SW5 - (LB) When low, the 64 kilobits-per-second of infor
mation coming from the master will loop through the slave 
and return to the master. The signaling bits are unaffected. 

S3 - Same as the S2 switch on the master. 

POWER SUPPLY CONSIDERATIONS/LAYOUT 
GUIDELINES 

The power supply requirements for these boards are VDD at 
+ 5 volts, VSS at - 5 volts and VCC which is the RS-232 driver 
positive voltage of + 7 to + 12 volts for the MCl488. VCC may 
be as low as +5 volts with the MCl45406 Driver/Receiver 
chip. The power supply current required by each of these 
voltages is less than 30 milliamperes. This results in a total 
slave board power consumption of less than 400 milliwatts. 
This amount of power may be supplied by the loop using a 
linear supply. To isolate the RS-232 port with respect to earth 
ground. a switching regulator powered by the loop or an ex
ternal power supply will be required. If a switching regulator is 
used, it should be synchronized to the eight kilohertz and 128 
kilohertz clocks of the slave UDLT to reduce the affects of 
aliasing noise into the analog circuitry of either the UDLT or 
audio voice channel. This function will be supported by the 
MC34129 Digital Telephone. Switching Power Supply Con
troller chip. This device has the capability to power-up and 
regulate on its internal oscillator. After regulation is establish
ed it can synchronize to an external clock such as the slave's 
128 kilohertz clock. 

SLAVE UDLT DEMO BOARD 
PARTS LIST 

PART 

MCl45426 
MCl45428 
MCl4402 
MC145406 
MCl489 
MCl488 
LEPCO P-1358A 
DB25 
RJ11 
GRAYHILL (SPOT 78J05) 
CUTLER-HAMMER B8500W/P281R 
BANANA JACKS 
20 pF CAPS 
O.l,.,F CAPS 
10,.,F CAPS 
10 M 
5K 
3300 
5K 

QUANTITY 
(PART NUMBER) 

l-Ul 
1-U2 
1-U3 
l-U4 
1-U5 
1-U6 
l-Tl 
1 
1 
2-S1 & S2 
l-S3 
6 
2-Cl & C2 
10-C3-Cl1, C14 
2-C12, C13 
1-Rl 
1-R3 
l-R4 
1-R5 
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PART 

5000 
10 K 
56K 
2200 
10 K 
1 K 
100 
JUMPERS 
CRYSTAL 
LED (Tl) 
DIODES lN914 
2N2907 

SOLDER TAIL SOCKETS 

14 PIN 
16 PIN 
20 PIN 
22 PIN 

QUANTITY 
(PART NUMBER) 

l-R6 
1-R7 
l-R8 
2-R9, Rl0 
3-Rll, R13, R2 
1-R12 
2-R14, R15 
12 
1-4.096 M 
1 
2-01,02 
1 

2 
1 
1 
2 
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- SEMICONDUCTOR 

APPLICATION NOTE 
AN949 

A Voice/Data Modem 
Using the MC145422/26, 
MC145428 and MC14403 

GENERAL APPLICATIONS 

This voice/data application allows an analog telephone sys
tem to support simultaneous voice and data across a single 
twisted-wire pair: Figure 1 shows how this system is imple
mented. To use the voice/data modem, the analog telephone 
line must be intercepted at the telephone system by one mo
dem (the PBX-CPU Interface). The analog signals are then 
converted to digital signals, combined with data and trans
mitted down the remaining line as a digital loop. The second 
modem (the Telset-Terminal Interface) terminates the digital 
loop, reconstructs the analog signals and sends this infor
mation to the telephone that is plugged into the modem. The 
digital data is removed from the digital loop information and 
routed to the endpoint terminal. Any signalling information 
(hookswitch status and ringing) is handled by a second data 
channel, and it too is combined with the data and digitized 
voice for transmission on the digital loop. 

ANALOG CODING AND DECODING 

Analog signal digitization and reconstruction on both mo
dems are done by the MCl4403 Mono-circuit. The mono
circuit band limits incoming analog signals to prevent aliasing 
and then samples them with a sample and hold amplifier. This 
information is then digitized by an on-board analog-to-digital 
converter. This converter creates an eight bit 'companded' 
word for each sample by converting the signal to a pseudo
logarithmic form known as Mu-Law companding (A-Law com
panding is also available). In this manner approximately 78 dB 
of dynamic range can be represented by compromising the 
signal-to-distortion specifications. The mono-circuit is also ca
pable of performing the reverse digital-to-analog conversion 
for this 'companding' technique. There is a reconstruction filter 
to convert the resultant stepped waveforms into a continuous 
waveform that very closely approximates the original analog 
input. 

THE DIGITAL LOOP TRANSMISSION 

The MC145422 master Universal Digital Loop Transceiver 
(UDLT) and MC145426 slave UDLT are used to transmit the 
digital information between the modems. In addition, the slave 
UDLT must be capable of- determining and maintaining syn
chronization with the master UDLT so that word boundaries 
may be defined. The UDLT transmits a 10 bit, 256 kilobaud 
burst of information at an 8 kHz rate. By controlling the fre
quency of the burst from the master, the slave can sense and 
generate syncs. In this 10 bit word is the 8 bit voice sample 
along with one signalling bit and one data bit. Since each burst 
carries one digital "voice" word, the UDLT must create bursts 
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at a rate of 8 kHz. This obviously means that both the data 
channel and the signalling channel operate at an 8 kbps speed. 

ASYNCHRONOUS TO SYNCHRONOUS DATA 
CONVERSION 

Since data is transferred at an 8 kbps rate in a synchronous 
mode, the MC145428 Data Set Interface (DSI) is used to con
vert an asynchronous data stream into the 8 kbps synchronous 
stream. The DSI can take data at speeds up to 9600 baud on 
the asynchronous channel and convert it to 8 kbps synchron
ous. The DSI is capable of supporting asynchronous speeds 
well in excess of 9600 baud, however, with an 8 kbps syn
chronous channel, dynamic handshaking on the asynchronous 
channel would be required. The DSI is also capable of con
verting the received synchronous data back into asynchronous 
data at the same time. 

THE PBX-CPU INTERFACE 

Figure 2 shows the block diagram of the PBX-CPU Interface. 
This circuit contains an analog interface that mimics the tele
phone electrical characteristics with respect to the PBX. This 
makes the voice/data modem transparent to the telephone 
system. The RS-232-C terminal interface is a 9600 baud asyn
chronous interface that appears to be a modem (data set 
equipment) to the data device (data terminal equipment). The 
digital loop is a specially devised transmission scheme that 
uses the UDLT to its fullest advantage. The digital loop is 
capable of excellent data performance (better than 8 x 10 - 8 
bit-error-rate in 95% of the installations) on twisted pair up to 
2 kilometers in length (26 gauge wire worst case). 

The analog loop as shown in Figure 3 must be able to provide 
all the necessary interface considerations to simulate a tele
phone. The interface must be able to control the loop like a 
phone and it must be able to interface the voice signals, i.e., 
provide a 2-to-4 wire hybrid. In an idle condition (the handset 
is in the cradle or "on-hook"), the telephone appears as a high 
dc impedance. The relay provides this by "breaking" the loop 
and preventing dc current flow. When the phone goes off
hook, the dc impedance is drastically reduced. In a normal 
environment the phone must draw a minimum 20 mA of loop 
current, and since 48 volts is supplied to the loop at all times, 
this can be accomplished with resistor R6 or R7. This would 
energize a "ring-trip" relay coil which would disconnect any 
ring signals in the telephone system. At the same time an 
analog voice path would be established. The ac impedance of 
the telephone is typically held to 600 ohms to maintain trans
mission line balance and to minimize 60 Hz noise. 
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When the phone is on hook, it must be capable of detecting 
a ring signal. Ringing is typically a 100 volt RMS 20 Hz signal 
impressed on the 48 volt dc level. In this scheme ringing is 
detected with the MC34012 (U9) bipolar ringer chip. The 2-
to-4 wire hybrid not only preserves the 600 ohm ac impedance, 
but it also converts a 4-wire system (separate transmit and 
receive) into a 2-wire current loop environment. In this design 
this is done with a duplexer circuit made up from the mono
circuit op-amps and resistors R12 through R16. Diodes 4 and 
5 prevent excessive voltage transients from damaging the 
mono-circuit (U7). Engineering Bulletin EBlll provides a de
tailed analysis of the duplexer design. 

TIMING SIGNAL GENERATION 

The timing signals that drive the mono-circuit, UDLT (U4) 
and DSI (U5) are derived from Ul, U2 and U3. U1A is a 
standard CMOS crystal oscillator topology designed for AT
cut parallel resonant crystals. Ul B buffers the master clock 
signal (4.096 MHz) and then sends it to the DSI and U2A. 
U2A is a flip-flop that divides the signal by 2 to get the mono
circuit and UDLT master (CCI) and data clocks (2.048 MHz). 
U3 and U2B are a divider network that creates the 8 kHz master 
sync signal from the 2.048 MHz clock. This 8 kHz signal is 
also used as the enable signals for data communication be
tween the UDLT and mono-circuit, and the DSI and UDLT. 

Voice data is clocked out of both the UDLTand mono-circuit 
in 8 bit packets. These packets are defined by the 8 kHz sync 
positive-going level. This level is eight 2.048 MHz clocks long 
so the 2.048 MHz clock is the transport clock. The information 
is clocked out on leading edges. The information is clocked 
in on falling edges of the same 2.048 MHz clock and is likewise 
controlled by the positive portion of the 8 kHz signal. 

Digital data and signalling information is directly controlled 
by the 8 kHz sync. The data is clocked into and out of the 
UDLT on the leading edge of the 8 kHz signal, and into and 
out of the DSI on the falling edge of the 8 kHz signal. This 
scheme is guaranteed on the UDLT but must be set up by 
tying the CM pin Iowan the DSI. Data out of the DSI can be 
three-stated through the DCO pin, but in this application this 
is not necessary. The UDLT data-channel output can also be 
put into a high impedance mode by the SE pin, and again, 
this is not necessary in this application. 

The asynchronous output and input of the DSI is an NRZ 
(Non-Return to Zero) 5-volt CMOS signal that requires level 
conversion to be RS-232-C compatible. The MC145406 CMOS 
RS-232-C Driver-Receiver chip (U6) performs this function 
quite nicely. 
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THE DIGITAL LOOP INTERFACE 

The UDLT provides the needed signals for digital loop trans
mission. The interface circuit shown is a typical circuit designed 
to utilize the UDLT features to the fullest. For a detailed de
scription of the digital loop, consult application note AN-943. 

THE TELSET-TERMINAL INTERFACE 

Figure 4 is the block diagram of the Telset-Terminal Inter
face. In a telephone system this unit must look like a line card 
to the telephone. The data communications port is once again 
intended to look like a modem. This portion of the design is 
the same as the digital loop interface. The only other variable 
part of the design is clock generation. 

Clock generation is the sale responsibility of the slave 
UDLT. The UDLT has an on-board crystal oscillator that uses 
a 4.096 MHz crystal to generate a master clock. From this 
clock an 8 kHz sync similar to the one used in the PBX-CPU 
Interface is generated. This sync is now called TEl and is used 
like MSI except for communication from the mono-circuit. A 
sync that is basically the inverse of TEl, called REI, is used to 
enable the mono-circuit to output digital voice, and for the 
UDLT to receive this voice. The data clock that is generated 
(128 kHz) is used to clock the data with respect to TEl and 
REI. The DSI will use TEl to clock data to and from the UDLT, 
and it will get a master 4.096 MHz clock by tapping off the 
crystal oscillator output (X2). 

The analog loop interface (see the schematic in Figure 5) 
uses the same duplexer circuit for regeneration of the 2-wire 
loop, but it must provide the complimentary signalling func
tions. It must first supply power to the telephone at all times 
and be able to tell when the phone is off-hook. Power is 
supplied by feeding the ± 5 volt supplies over the loop through 
current limiting resistors (R13 + R14). Current flow is detected 
through the opto-coupler (U5) when the phone is off-hook, 
and then hook status is passed to the loop relay on the PBX
CPU interface. Ringing is handled within the modem as op
posed to generating the ring voltage and sending it to the 
phone. The output of the UDLT signalling channel toggles at 
the typical 34012 rate when the PBX is ringing out, so this 
output is used to drive a transistor which in turn drives a piezo 
speaker. An alternate solution would be to drive a small PM
type speaker that has a capacitor filter to eliminate harsh har
monics from the square waves. 
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Figure 1. Typical Voice/Data Modem Implementation 
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Figure 2. PBX-CPU Interface Block Diagram 
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Rl- 10 MO 
R2- 2200 
R3- 2200 
R4- 1 kO 
R5- 10 kO 
R6- ff71/2 W 
R7- 671/2 W 
RS- 560 0 
R9- 4.7 kO 
Rl0-4.7 kO 
Rll-270 kO 
R12-10 kO 
R13-20 kO 
R14-600 0 
R15-10 kO 
R16-20 kO 
R17-1.SkO 
R1S-1S0 kO 
R19-330 0 

Rl- 10MO 
R2- 1 kO 
R3- 2200 
R4- 2200 
R5- 1 kO 
R6- 10 kO 
R7- 270 kO 
RS- 10 kO 
R9- 20 kO 
Rl0-600 0 
Rl1-10 kO 
R12-20 kO 
R13-92 1/2 W 
Rl4-92 1/2 W 

ANALOG LOOP 
TO TELEPHONE 

RS·232·C LINK 
TO TERMINAL 

VOICE 

DATA 

PBX-CPU Interface Parts List 

Cl- 20 pF 
C2- 20 pF 
C3- 0.1 p.F 
C4- 0.1 p.F 
C5- 0.005 p.F 1 kV 
C6- 0.47 p.F 
C7- 2p.F 
CS- 10p.F 
C9- 0.1 p.F 
Cl0-l0 p.F 
Cll-0.l p.F 
C12-0.1 p.F 
C13-0.1 p.F 
Cl4-0.1 p.F 
C15-0.1 p.F 
Cl6-0.1 p.F 
C17-4.7 p.F 
C1S-l000 pF 

01- lN914 
02- lN914 
03- lN4001 
04- lN4683 
05- lN4683 
XTAL-4.096 MHz 
Ul- 74HCU04 
U2- 74HC74 
U3- 74HC393 
U4- MC145422 
U5- MC145428 
U6- MC145406 
U7- MCl4403 
US- 4N26 Optocoupler 
U9- MC34012 
Ql- 2N2222 

Telset Terminal Interface Parts List 

Cl- 20 pF 
C2- 20 pF 
C3- 0.1 p.F 
C4- 0.1 p.F 
C5- 47 p.F 
C6- 0.1 p.F 
C7- 10 p.F 
C8- 10 p.F 
C9- 0.1 p.F 
Cl0-0.l p.F 
Cll-l p.F 
C12-0.1 p.F 
C13-0.1 p.F 

01- lN914 
02- lN914 
03- lN4683 
04- lN4683 
Ql- 2N2222 
02- 2N2907 
XTAL-4.096 MHz 
Ul- MCl45426 
U2- MCl45428 
U3- MCl4403 
U4- MC145406 
U5- 4N26 Optocoupler 

n- Lepco P-135S-A 
T2- 600 0:600 0 
SWl-5:SPOT 

Tl- Lepco P-1358-A 
T2- 600 0:600 0 
SWl-5:SPOT 

2·T0-4 WIRE 
HYBRIO 

MC14403 
MONO·CIRCUIT 

B kbps 

RINGER 

MC1454DB 
RS·232 

Figure 4. Telset-Terminallnterface Block Diagram 
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APPLICATION NOTE 
AN968 

A Digital Voice/Data Telephone Set 
by 
Eric Fiene, Telecom Design Engineering, end 
Glen Zoerner, Telecom Systems Design 

OVERVIEW 

This application note presents the design of a digital voice/ 
data telephone set which provides standard analog telephone 
functions while simultaneously transmitting 9600 baud asyn
chronous data. This telephone set is built around Motorola's 
MCl46422/26 UDLT (universel digital loop transceiver) family 
of voice/data ICs. The UDLTs provide 80 kbps full-duplex 
synchronous communication at distances of up to two kilo
meters on a single 26 AWG twisted pair telephone wire. The 
MCl4403 codec/filter and MCl45428 data set interface (DSI) 
convert voice and data signals respectively into digital formats 
compatible with the UDLTs' transmission scheme. The design 
includes the MCl46413, a full-featured pulse/tone dialer, and 
the MCl45406, a CMOS RS-232 driver/receiver for commu
nicating with an external terminal or PC. An efficient switching 
power ~upply utilizing the MC34129 provides isolated power 
for the digital telephone set directly from the 48 V available 
on the transmission twisted pair. 

BACKGROUND 

Data has been transported over telephone lines for years, 
but the techniques for compressing the data into the voice 
bandwidth are getting more elaborate and expensive as data 
rates increase. Digital telephones simplify the tas.k by directly 
sending high-speed digital data over the wires for distances 
of up to 2 km. The data is combined with voice information 
digitized by the codec/filter and signalling. This combined 
signal is transported over existing wiring to a digital linecard 
in a PBX or a voice/data multiplexer. 

Digital PBXs used with analog telephones convert analog 
voice information into digital signals on the linecards for routing 
through the switch matrix. In a system where the analog tele
phones are replaced by digital phones, the digitization is still 
performed, but it is done in the phone itself and digital infor
mation is transported on the wires. Data from an attached PC 
or terminal can easily be combined with the digital voice and 
be transported to the PBX. At the linecard, the data can either 
be routed through the switch matrix or separeted from the 
voice and connected directly to a data-only PBX or computer. 
Signalling between a digital telephone and the PBX is typically 
done by packet messages, with a microprocessor in the tele
phone to interpret the messages. This digital telephone uses 
traditional tone signalling on the voice channel. Hookswitch 
status is sent to the PBX on the inbound (to the PBX) link of 
the 8 kbps Signalling Channel One, and ringing information is 
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sent to the phone on the outbound (from the PBX) link of 
Signalling Channel One. 

This digital telephone could be used with a speCIal digital 
linecard in a PBX or a voice/data multiplexer. To maintain 
generality, this application note will describe a system where 
a multiplexer is used rather than a linecard in a specific PBX 
system. The general principles, however, can be used in a 
linecard design. This telephone design has been used with 
both a digital linecard and a voice/ data multiplexer. 

The voice/ data multiplexer in Figure 1 is described in detail 
in application note AN949. However, a brief description will 
be made here. From the PBX's point of view, the multiplexer 
appears to be an ordinary telephone. The telephone hook
switch is replaced by a relay which is controlled by a signal 
from the digmil telephone. The ringing signal from the PBX 
is detected, sempled, and transported to the digital telephone 
where it is amplified and applied to a speaker. Analog voice 
signals are digitized and reconstructed and applied to the wires 
connected to the PBX through the duplexer in the codec/ 
filter. Asynchronous data from the computer or data switch 
is synchronized to the UDLT timing by the DSI and added to 
the digital data stream. The combined signal is transported to 
the digital telephone which separates the signals and attaches 
to the data terminal. DC power is applied to the twisted pair 
wire at the multiplexer and transported over the wires so no 
extra power cords are required for the telephone. 

The following sections describe the details of the digital 
telephone. Figure 2 shows a block diagram of the digital tele
phone set. Figures 3 and 4 are complete schematics of the 
telephone circuitry and the power supply respectively. 

UDLT 

The heart of the digital telephone set is the UDLT slave 
(MCl46426). This chip is essentially a modem trensceiver 
which operates over standard twisted pair telephone wiring. 
A 256 kbps data rete using modified differential phase shift 
keying (MDPSK) in a half-duplex time compression multiplex 
or "ping-pong" scheme provides full-duplex 80 kbps trans
mission. Transmission begins with the UDLT master 
(MCl46422), which is located at the other end of the twisted 
pair in the voice/data multiplexer, bursting 10 bits of infor
mation to the slave. A similar burst is returned from the slave 
to the master a short time after the master's burst has bean 
demodulated. This exchange occurs 8000 times per second 
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PARTS LIST FOR FIGURES 3, 4, AND 5 

,Resistors Capacitors 

Rl 22 kl:' Cl-C3 O.I,.F 
R2 3.3 kll C4-C5 10,.F 
R3 7.5 kll C6-C7 20 pF 
R4 47 kll CB-C9 O.I,.F 
R5 22 kll Cl0 10,.F 
R6 10 kll Cll-C15 O.I,.F 
R7 62011 C16 0.005 ,.F 
RB 1 kll C17 O.I,.F 
R9-Rl0 1011 CIB 0.005 ,.F 
Rll-R13 10 kll C19 100 pF 
R14-R15 100 kll C20 O.OI,.F 
R16 10 Mil C21 330 pF 
R17 10 kll C22 loo,.F (50 VI 
RIB 5 kll C23-C24 loo,.F (16 VI 
RI9-R22 11011 C25 10,.F (16 VI 
R23 75 kll C26 O.I,.F 
R24-R25 100 kll C27 510 pF 
R26 10 kll C28 O.I,.F 
R27 3 kll C29 10,.F (16 VI 
R28 9.1 kll C30 O.OI,.F 
R29 1.3 kll 
R30 22 kll Transformers 
R31 2.2 kll 
R32 220kll Tl: Power Transformer 
R33 1011 Coilcraft G6808-A 
R34 100 kll T2: Line Transformer 
R35 56011 Coilcraft G6320-0 or 
R36-R41 10 kll Lepco P-I358-A 

Inductor 

Ll 80 ,.H each winding on a common core 

Diodes 

01 lN5819 
02-011 lN4148 
BRI 3N248 Bridge Rectifier 

Integrated Circuits 

MCI4513 Dialer 
MCI4403 Mono-circuit 
MCI45428 Data Set Interface 
MCI45426 Slave UOLT 
MCI45406 RS-232 Transceiver 
MC34119 Speaker Driver 
MC34129 Power Supply Controller 

Optocoupler 

MOC5007 High-speed Optocoupler 

Transistors 

Ql-Q2 2N3904 
Q3 2N5551 160 V NPN 
Q4 MTP2N2O Power MOSFET 
Q5 2N3904 

Switches 

SWI SPST Hookswitch 
SW2-SW7 DIP Switches 
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(every 125 /LS), so the transceivers effectively exchange 80 
kbps of full-duplex synchronous data. The data is arranged 
into three channels, a 64 kbps full-duplex voice channel and 
two 8 kbps full-duplex data channels. 

The slave UDlT generates all timing signals used by the 
digital telephone. Timing is synchronized to the received bursts 
from the master UDlT. A 4.096 MHz on-chip crystal oscillator 
is the basis for all clocks. A 128 kHz clock (ClK), which drives 
the mono-circuit's 0/ A and A/D circuits and synchronizes the 
power supply, is produced. An 8 kHz clock (TE1 and RE1) is 
also produced. Any timing slip from master to slave UDlTs is 
corrected every 125 /LS, keeping the master and slave devices 
in perfect synchronism. The baud rate generator in the data 
set interface is driven by the 4.096 MHz clock on the slave 
UDlT. 

The burst received from the master's transmission is input 
on the slave's line input (ll) pin. The burst is demodulated, 
separated into the three channels, then output on the digital 
side of the slave every 125 /LS. Eight voice bits are output 
serially from the transmit data output (Tx) on the rising edges 
of ClK while TE1 is high. One signalling bit is output on 
signalling output 1 (501) on the rising edge of TE1. The out
bound signalling channel one provides the ringing signal for 
the speaker amplifier (MC34119). The other signalling bit is 
output on signalling output 2 (502) to the data set interface 
(MC145428), also on the rising edge of TE1. This channel, 
both inbound and outbound, carries the data between the 
attached terminal and the data switch or computer at the 
voice/data multiplexer or PBX. 

After the slave receives a burst from the master, it transmits 
a 10-bit burst of its own back to the master. The slave outputs 
this burst on its line driver outputs (l01, l02) which are push
pull drivers configured as a balanced bridge. These outputs 
directly drive the line transformer through a resistor loading 
and protection network (see Figure 5). The 10 bits of data 
which are transmitted to the master are input every 125 /LS. 
Eight bits of voice data are input serially on the receive data 
input (Rx) on the falling edges of ClK while receive data enable 
(RE1) is high. A signalling bit which carries the digital tele
phone's hookswitch status back to the voice/ data multiplexer 
is input on signalling input 1 (511) on the rising edge of TE1. 
Data from the attached terminal or PC is input on signalling 
input 2 (512), also on the rising edge of TE1. 

Transformer T2 interfaces the twisted pair wire to the 
UDlT's l01, l02. and LI pins. It performs the functions of 
impedance matching, bandwidth limiting, and gain adjustment 

Voo 

R20 
,...,.-'V\I\r+--+-I-Nl.,,""",. TO LOI 

R22 
......,."""tv-+-+--+...AJ'w-.... TO L02 

DID 
,..."""tv-+-+ .... ...I,Jw-_ TO LI 

R17 

'-'---+--1-+---- To Vrel 

Figure 5. Line Interface and Protection 
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for the receive signals. At the frequencies of interest (128 kHz 
and 256 kHz), ordinary telephone wire has a characteristic 
impedance of about 110 ohms. The loading resistors R19-R22 
between l01, l02 and the Tx winding of the transformer are 
set to 110 ohms. The series combination of these resistors is 
significantly higher than the 20-0hm output impedance of the 
l01 and l02 drivers causing the resistance presented to the 
transformer to be set primarily by the resistors alone. Clamp 
diodes 06-09 protect the l01 and l02 outputs from transient 
signals on the twisted pair. Line settling between data bursts 
is improved by selecting a bandwidth of 20 to 512 kHz for the 
transformer interface. The lower corner frequency is set by 
adjusting the inductance of the transformer's Tx winding to 
1.75 mHo The upper corner frequency is determined by the 
design of the transformer winding technique. 

The impedance matching network on the transmit side of 
the transformer attenuates the transmitted signal by 12 dB. 
This loss is recovered in the receive side of the transformer. 
A step-up of 4:1 directly compensates for the 12 dB loss. As 
with the transmit side, a protection network is required. 010 
and 011 clamp the received signal to a safe level but are 
sufficiently isolated by R17 so that they do not load the trans
former when they are conducting. At 192 kHz (the spectral 
peak of MDPSK), 26 AWG wire attenuates signals about 17 
dB/km. The receiver in the UDlTs has sufficient input dynamic 
range to operate on loops as long as 2 km. Transformers which 
are designed for the UDlT system may be obtained from: 

Coilcraft, Inc. 
1102 Silver Lake Rd. 
Cary, Illinois 60013 
Part Number: G6320-D 

leonard Electric Products Company 
85 Industrial Drive 
Brownsville, Texas 78521 
Part Number: P-1358-A 

The transformer from Coilcraft is similar to the leonard 
Electric device, except it has a Faraday shield between the Rx 
and Tx windings and the line windings. The shield helps reduce 
the spurious radiation from the digital circuitry onto the twisted 
pair. 

CODEC/FllTER 

The MC14403 codec/filter is a PCM codec-filter which per
forms 0/ A, A/D, band-limiting, and reconstruction filtering 
for the voice signals in the digital telephone. Analog voice 
signals in the 300 Hz to 3400 Hz frequency band are sampled 
at an 8 kHz rate. The samples are converted into a pseudo
logarithmic code known as PCM and passed to the UDlT for 
transmission to the voice/data multiplexer or PBX. Received 
digital signals are reconstructed at an 8 kHz rate back into 
analog voice signals. 

Three signals are available for use on the analog input am
plifier. They are Tx + (noninverting input), Tx - (inverting 
input), and Txl (filter input). Sidetone (feedback from the 
handset microphone to earpiece) and gain balance are con
trolled with external components around the Tx and Rx op
erational amplifiers in the codec/filter. Tx + is tied to ground 
and a gain setting resistor is placed between Tx - and Txl. 
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The microphone output from the handset and the OTMF out
put from the dialer are both ac coupled to the Tx - input. The 
output of this amplifier is digitized and output to the UOLT on 
TOO on the eight rising edges of TOC when TOE is high. 
~igital data is input from the UOLT on ROD on the first eight, 
falling edges of ROC after the rising edge of RCE. This data 
is reconstructed and output on the analog output pin (RxO). 
This signal is summed with TSO from the dialer and Txl and 
applied to the speaker in the handset. 

A decoupling RC filter is used to attenuate any power supply 
noise seen at VCC and VSS of the codec/filter. This filter 
consists of 10-ohm resiStors in series with the power feed to 
VCC and VSS with 10 "F capacitors from VCC and VSS to 
ground. Also, to reduce noise in the ground paths, a star
grounding scheme is used where all ground pins of the circuits 
are connected to the power supply's central isolated ground. 

DATA SET INTERFACE 

The MCl45428 data set interface (OSI) is an interface be
tween an asynchronous data terminal and the synchronous 8 
kbps full-duplex data channel of the UOLT. The OSI performs 
basic UART functions of start-bit and stop-bit detection of the 
asynchronous data. It also detects and transports break signals 
over the synchronous link. Start and stop bits are stripped 
from the data which is then loaded into a FIFO. The data is 
then sent to the UOLT for transmission to the far end of the 
digital link. On the receive side, the reverse of these actions 
is performed. Special synchronization characters (transparent 
to the user) are exchanged between OSls to maintain syn
chronization. The OSI has an internal clock generator which 
produces the most commonly used baud rates. The OSI is 
capable of operating at data rates up to 128 kbps, however 
this application uses 9600 baud. 

On the synchronous side of the OSI, data is output to the 
UOLT on the data channel output (OCO) on the falling edge 
of data clock (DC) while the data output enable (DOE) is high. 
Data from the OSI is input and output by the UOLT on SI2 
and S02 respectively. DC is connected to TEl of the UOLT. 
DIE and DOE are connected to VOO, permanently enabling 
the synchronous inputs and outputs. RESET is connected to 
the hookswitch, clearing the FIFOs and resetting the device 
when the digital telephone is not in use. 

RS-232 DRIVER/RECEIVER 

The RS-232 interface is connected as follows. Asynchronous 
serial data from the attached data terminal (Tx DATA, RS-232 
pin 2) is through a receiver on the MCl45406 RS-232 driver/ 
receiver and connected to the transmit data input (TxO) of the 
OSI. Asynchronous serial data from the OSI is output on the 
receive data output (RxO) and fed through a driver on the 
MCl45406 to the data terminal (Rx DATA, RS-232 pin 3). 
Another output of the OSI, transmit data status (TxS), is used 
to generate a clear-to-send signal for local flow control 
(CLEAR-TO-SENO, RS-232 pin 5). TxS goes low when there 
are two words in the OSI's transmit FIFO and must be inverted 
to provide the'CTS function. TxS is applied to a receiver of 
the MC145406 for inversion and then fed through a driver to 
convert the signal to RS-232 levels. The MCl45406 threshold 
for the RS-232 receivers is 1.8 volt so it may be used as an 
inverter for ordinary digital signals. The receive data status 
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(RxS) pin of the OSI may be used as a carrier detector. Since 
it goes high when synchronization with the far-end OSI is 
established, it must also be inverted before conversion to RS-
232 levels. As with the TxS signal, an RS-232 receiver is used 
an an inverter. The inverted signal is then converted to RS-
232 levels by a transmitter and applied to RECEIVED LINE 
SIGNAL DETECT, RS-232 pin 8. The baud rate, word length, 
and number of stop bits used on the asynchronous side of the 
OSI are controlled by five pins: BR1-BR3, OL, SB. These 
inputs are controlled by a DIP switch. Table 1 shows the switch 
settings to configure the asynchronous data port. 

DIALER 

The pulse tone repertory dialer (MCl45413) converts key
board inputs to either pulses or dual tone multiple frequency 
(OTMF) or Touch-Tone outputs for use in telephone dialing. 
This device also provides last number redial and a nine number 
repertory memory. The digital telephone in this application 
uses a 3 x 4 class A single contact keyboard, although a 4 x 4 
keyboard could have been used for enhanced features. The 
MCl45413 operates in pulse mode at either 10 or 20 pulses 
per second, or tone dialing modes. These modes are deter
mined by the mode select (MS) pin. 

When the pulse dialing mode is used in this telephone, 
dialing information is output at 20 pulses per second. Note: 
The PBX used with this telephone is capable of accepting 
dialing pulses at this rate. Other applications may require the 
pulses at 10 pulses per second, in which case the wiring of 
the DIP switch would have to be modified appropriately. The 
pulse output OPL, is an N-channel open-drain transistor which 
is wire-ORed with the hookswitch. This point is sampled 8000 
times each second by the UOLT, and the status is passed to 
the loop monitoring circuitry in the voice/ data multiplexer on 
signalling channell. In the tone dialing mode, dialing infor
matiCm is output as tones corresponding to the row and column 
pressed. This signal is output on the OTMF OUT pin of the 
dialer and is coupled to the analog input of the codec/filter. 
The analog OTMF signal is thus carried to the PBX in digital 
form on the 64 kbps voice channel. 

Table 1. DIP Switch Settings 

Pin 
Low High 

Name 
Baud BR3 BR2 BRt 

9600 0 1 1 
DL 8 bits 9 bits 4800 1 0 0 
SB One Two 2400 1 0 1 
MS Tone Pulse 1200 1 1 0 

300 1 1 1 

SWITCHING POWER SUPPLY 

Figure 4 shows the schematic of the switching power supply 
for the digital telephone. This power supply has the capability 
of supplying about 900 mW of power at ± 5 V when the length 
of the loop is 2 km. As the loop length is increased, the power 
available at the phone is reduced. To maintain stability of the 
power supply, the maximum power consumed by the phone 
(including the efficiency losses in the power supply) must be 
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less than 90% of the maximum power available (MPA) at the 
maximum loop length. 

MPA = V source2/(4. Rloop) 

Example: Rloop for 2 km of 26 AWG wire = 576 0 

MPA=4s2/(4.576 0)=1 Watt 

The ± 5 V outputs are isolated from the twisted pair so that 
a local ground reference may be established with the terminal 
attached to the RS-232 port. 

The switching power supply operates by repetitively storing 
and releasing energy in a transformer. The energy is stored in 
the primary winding of transformer Tl for part of the switching 
cycle and discharged into the load through the secondary 
during the remaining part of the cycle. The controller for this 
power supply is the MC34129 high-performance current-mode 
power-supply controller. The MC34129 controls the current 
(energy) in the primary winding by varying the duty cycle of 
the power switch (Q4). As the duty cycle is changed, more 
or less energy is stored under control of the MC34129 to main
tain regulation of the output voltage. The switching frequency 
of the power supply is synchronized to the 128 kHz clock signal 
used by the codec/filter by bringing ClK from the UDlT 
through an opto-isolator (MOC5007) into the sync input (pin 
4) of the MC34129. Synchronization improves the idle-channel 
noise performance of the codec/filter and minimizes the filter 
requirements on the output of the power supply. 

The input voltage for the power supply is taken from the 
48 V available on the twisted pair. A 0.1 ,..f capacitor is placed 
between the two line windings of transformer T2. The dc 
voltage across the capacitor is then routed through a balanced 
three-pole elliptical lowpass lC filter (ll and C16-C18) and a 
full-wave rectifier before being applied to the input ofthe power 
supply. 

The power supply is regulated by two methods. Current in 
the primary winding is sensed as a voltage across resistor R30. 
Also, the + 10 V nonisolated output is sensed by being fed 
back to the voltage divider formed by resistors R25 and R26. 
The controller maintains the voltage across R26 at 1.25 V by 
varying the switching duty cycle. This forces the output voltage 
to be 10 V. Regulation of the +5 V isolated outputs is main
tained by the magnetic coupling from the 10 V winding to the 
+ 5 V windings. Because the primary current is sensed by the 
MC34129, pulse-by-pulse overcurrent limiting is automatically 
achieved. The power supply is thus fully protected against 
short circuits on the outputs. If an overload occurs, the 
MC34129 will shut the power supply down and attempt to 
restart. When the overload is removed, the power supply will 
again begin normal operation. 

During normal operation, the MC34129 is powered by the 
+ 10 V output. However, since there is no voltage atthis output 
when the circuit is first started-up, provisions must be made 
to power the circuit from another source until the outputs are 
stable. Transistor Q3 and the Start/Run output perform this 
task. During start-up, Q3 is biased on and power for the 
MC34129 is taken from the 48 V on the twisted pair through 
R28. After the power supply has completed the soft-start cycle 
and stabilized, transistor Q3 is turned off by the Start/Run pin 
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(pin 13) and power is supplied by the + 10 V output. This 
start-up sequence allows the power supply to reliably start in 
the presence of high source resistance seen at the end of a 
long twisted pair wire. Efficiency of this power supply is ap
proximately 80%. 

APPENDIX 

On the printed circuit board there are three connections 
available for the hookswitch (SW1). These are +5 V, GND, 
and Sil. The following is a list of several implementations of 
the hookswitch. 

1. Mechanical SPST switch (normally open) - In this 
configuration the lED, R32, R31, and Q5 are not needed 
unless an lED signal is desired. 

.-------
II' \ .. 00_-+-__ H.S. 

h H.S. GND t _____ , 

2. Mechanical SPOT switch (normal position 
shown) - In addition to the components listed in the 
above implementation, R14 and Q2 are not needed. 

i 00--;1-- H.S. 
H.S. GND ----f-o..-.. I 

, OO~If-- 02 CDLLECTDR 1 ______ , 

3. Reed relay in handset (magnet in telephone case) -
The figure below shows how to modify the handset for 
this application. 

._--------------
I , 
I MIC 
: WHITE 
I 
I 
I 

RED '----+---+-- SPK 

BLACK 
H.S. GND 

.------, , ' 
I:' \0 b WHITE '-__ C>_-_~_,t---.;.;;;..-+-- H.S. 

• 

4. Hall Effect Device in telephone case (magnet in 
handset) - For this and the previous application, a me
chanical SPST switch can be used in parallel for on-hook 
operation. 

VOUI 

HED GND 

VCC 

H.S. 

H.S. GND 

H.S. VCC 
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INTRODUCTION 

ISDN has gotten a lot of attention during the course of 
the last year, and rightfully s.<!. It's a revolutionary con
cept. The idea of being able to send high-speed data over 
a public network to anywhere In the world Is phenome
nal. But the hard questions concerning ISDN quickly be
come evident when a company contemplates designing a 
real ISDN system with an introduction date In the near 
future. Although the "u" interface being defined by the 
TID1.3 committee In North America has a well defined 
function in the ISDN wide area network system, the local 
area network is a different situation. 

ISDN discusses three local area network interfaces: the 

"S", "T", and "R" interface. (The ISDN reference model 
is shown in Figure 1.) The "S" and "T" Interfaces have 
an identical specification, but the "R" Interface Is open, 
In other words-user defined. A key product strategy 
question asks which interface best services a particular 
function of the ISDN local area network. When formulat
Ing an answer, there are many parameters to consider .. 
They all revolve around manufacturing costs vs. provid
Ing customers with the features they feel they need at the 
time the products are Introduced. Some of these cus
tomer-driven parameters include price, performance, and 
compatibility to standards of terminals, peripherals-e.g., 
printers and the Wide area network. These kinds of ques
tions need to be addressed before a design specification 
can be completed. 

ISDN REFERENCE MODEL 
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Question 1: Which terminal standards must be sup
ported by an ISDN local area network in the near future? 

Answer: RS-232 is now, and wlll be for some time to 
come, the most prominent terminal interface specifica
tion. So, whatever method is used to transmit data to the 
terminal-"SIT" or another-an RS-232 interface will be 
needed for many terminals for quite awhile. 

Question 2: Is ISDN a mature standard? 
Answer: No, ISDN is not a mature standard. So, any 

product designed today will probably have to be modi
fied to fulfill the final ISDN specification. 

Question 3: Will an ISDN terminal using an "SIT" in
terface for layer 1 communication and LAP-D for layer 2 
communication be the best voice/data solution available 
for most applications? 

Answer: The "SIT" interface and LAP-D are both spec
ifications which try to accommodate many different 
functions. In some cases they may provide more features 
than are needed- for a price that consequently cannot 
be justified. 

Because of these kinds of reasons, Motorola has a two
part product strategy. First, Motorola introduced a family 
of cost-effective voice/data integrated circuits which are 
compatible wi~h the evolution of ISDN. The second part 
of the voice/data strategy is to develop an "SIT" trans
ceiver, an LAP-D controller, and a "U" transceiver, as 
the specifications become more clearly defined. 

MOTOROLA'S VOICEIDATA I.C. SOLUTIONS 

There are many different ways to design a voice/data 
terminal. The following paragraphs describe three differ
ent approaches which vary in complexity/cost, data rate 
throughput, transmission distance, and system flexibility. 

SYSTEM 1: BASIC VOICEIDATA TERMINAL-B + D 

A basic terminal, as shown in Figure 2, uses the slave 
UDLT, MC145426, to communicate the voice and data in
formation to a switch. In the switch's line card is a mas
ter UDLT, MC145422. It converts the signals back into 
the original PCM, data, and signalling format. So, the 
PCM code can be transmitted through the switch as if a 
monocircuit (codec/fllter) were sitting on the line card, 
and one of the signalling channels can convey the switch
hook and ringing information. In this configuration, the 
dialing information is transmitted in the voice path and 
would be hantlled like a normal analog line card in a dig
ital PABX. Because the UDLT interfaces to the switch like 
a monocircuit, the conversion from analog line cards to 
digital line cards is relatively painless. 

The other signalling channel sends data to the line 
card. At the master UDLT, this data can either be put into 
a separate time slot on the line card-allOWing the data 
to be switched separately from the voice, or it can be 
stuffed into the least significant bit of the PCM word
allowing it to be routed around with the voice informa
tion. Routing voice and data through one time slot per 
phone decreases the number of time slots needed for the 
system, and consequently, the switching system's com
plexity decreases. 

The Universal Digital Loop Transceiver 

The UDLT is an 80 kilobit per second (kbps) synchron
ous transceiver chip set capable of transmitting data up 
to two kilometers on 26 awg twisted pair wire. Between 
the UDLT master-MC145422 and the UDLT slave
MC145426, 10 bit data bursts at a 256 kHz rate are sent 
back and forth from the master and the slave. This is 
called a "ping pong" transmission scheme. 

B + D VOICEID,u"A TERMINAL 

Figure 2 
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Figure 3 is a timing diagram showing the relationship 
between the master ane slave bursts, as well as the master 
sync input (MSI). First, a burst is differentially driven 
from the master's LOI and L02 pins to the slave's LI pin, 
referenced to V ref. From this master burst, the slave syn
chronizes its clocks to the master's clocks and responds 
with a burst from its LOI and L02 pins to the master's 
LI pin. 

The bursts are coded into a triangular Modified Differ
ential Phase Shift Keyed (MDPSK) waveform. The MDPSK 
method was chosen because it minimizes radio fre
quency, electromagnetic, and crosstalk interference. Tests 
have shown that this MOPSK ping pong transmission 
technique can achieve better than a 10 - 7 bit error rate 
over two-kilometer distances. 

The 10 bit data burst, from either the slave or the mas
ter, is derived from three different inputs of the chip. 
The Rx pin contributes 8 of the 10 bits, and the SII and 
the SI2 pins each contribute 1 of the 10 bits. Because 
both the master and slave bursts are typically sent at an 
8 kHz rate, the data rates through these pins are 64 kbps, 
8 kbps, and 8 kbps, respectively. The output of the 
64 kbps channel is the Tx pin and the output of the 
8 kbps channels are the SOl and the S02 pins. With the 
same data rate as the CCITT B channel, the 64 kbps 
channel can be used for standard PCM voice or it can be 
used to transmit high speed data. The 8 kbps channels 
are well suited for transmitting signalling-such as 
dialing, switchhook, and ringing information-or data. 
With a little external logic, the two 8 kbps channels can 
be combined into one 16 kbps channel-which is the 
same data rate as the CCITT LAP-O channel. This chip is 
available today in production quantities. 

The Digital Loop Transceivers vs. the UDLT 

The Digital Loop Transceiver (OLT) chip set, 
MC145418IMC145419, is very similar to the VDLT in 
function but is designed for applications requiring shorter 
loop lengths ( < 1 k). There are three main differences be
tween the VOLT and the OLT chips. The most important 
difference between the chip sets is that the VOLT auto
matically adjusts the threshold on the receive circuitry. 
This allows the .VOLT to optimize its reception to a par
ticular line's attenuation level. The OLT's threshold is ex
ternally set, so typically this receive optimization will not 
be achieved-unless some rather complex circuitry is im
plemented. Also, the OLT requires external drivers and 
usually transmits square waves instead of triangular 
waves. In conclusion, the VDLT has more features than 
the DLT, but the DLT's basic approach allows driver and 
threshold design flexibility. The DLT is available today in 
production quantities. 

The Monocircuit Family 

The single chip codec/filter (monocircuit) family con
sists of five different devices ranging in size from a 
16 pin package to a 22 pin package. They are the 14400, 
the 14401, the 14402, the 14403, and the 14405. These 
chips perform standard PCM voice digitization and recon
struction. They will operate in both the V.S. standard, 
Mu-Law, and in the European standard, A-Law, compand
ing formats. The chip includes on-board antialiasingl 
60 Hz rejection filtering, as well as low pass reconstruc
tion smoothing filtering. 

As opposed to just operating with split power supplies 
of ± 5 volts, the chip will operate well using a variety of 

80 KBIT/SECOND CHANNEL TIMING 
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power supplies, 6 to 13 volt single supplies- or the 
equivalent in a split supply. In addition, by giving the 
VLS pin the appropriate voltage level, the monocircuits' 
inputs and outputs will interface to other chips with 
either CMOS or TTL signal levels. 

Although the monocircuits are available today in pro
duction quantities, an enhanced version of the existing 
monocircuit family is now being introduced. It features a 
typical idle channel noise of 9 dBrnco and a typical 
Power Supply Rejection Ratio (PSRR) of 55 dB over a 
0-50 kHz range. 

The Switching Power Supply Controller 

A major consideration in designing a voice/data PBX is 
power. Providing power to digital phones, which may be 
on a two kilometer loop, is not a trivial task. The typical 
number of phones powered by a PBX alone means that 
the power supply'in the PBX is a very Significant design 
considerdtion. Also, because digital telephones require 
more power than analog phones, the maximum power 
available at the end of a two kilometer, 26 awg loop is 
not much more than the power reqUired to operate a 
voice/data digital phone. Therefore, the efficiency of the 
power conversion method in the phone is critical-hence 
the importance of the efficiencies gained by using a 
switching power regulator, 

Motorola's new switching power regulator, the 
MC34129, is espeCially designed to fulfill a digital tele
phone's power regulation requirements, although the reg
ulator is popular for non-telecom applications as well. 
One of the most important features of this regulator is 
that it gives the designer the ability to synchronize his 
switching power supply to the sampling rate of the 
codeC/filter in the phone. This is important because non
synchronized switching noise on the power supply of a 
co dec can make meeting codeclfilter idle channel noise 
specifications difficult. However, synchronized switching 
noise does not degrade a codec/filter's system 
performance. 

A switching power regulator also offers another impor
tant feature for voice/data phoneS-line isolation. When 
driving the RS-232 input of a terminal with a local 
ground reference, isolation between the terminal's 
ground and the ground of the telephone line is necessary. 
This regulator can operate in an isolated or a non-isolated 
mode. The isolated mode simply requires an auxiliary 
winding on the transformer to supply power and a feed
hack signal. Otherwise, the chip is applied the same to 
isolated and non-isolated applications. 

The Data Set Interface 

The Data Set Interface (DSI), MC145428, is an asyn
chronous to synchronous converter. It takes data in a 
start/stop format of various speeds, and puts it into a 
new format. This new format has no stop or start bits 
and can he docked out of the DSI using the input enable 
and data docks of a synchronous data transmitter- such 
as the lIDLT. 
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The chip has an on-board baud rate generator. By feed
ing a 4.096 MHz clock to the DSI, it will generate a 16x 
clock to sample the incoming asynchronous data. The 
data rates that can be programmed are 300, 1200, 2400, 
4800, 9600, 19.2 k, and 38.4 k baud. Other asynchron
ous data rates may be fed to the DSI by supplying an 
(async data rate) x 16 clock. 

In order to maintain synchronization when input data 
is unable to fill the output channel, the DSI will supple
ment its output channel with flag patterns. On the receiv
ing side of the data transmission, another DSI will return 
the data to its original start/stop format. 

The RS-232-C Driver/Receiver 

The MCI45406 has three drivers and three receivers on 
one CMOS integrated circuit. This device meets all of the 
EIA RS-232-C specifications. In general, it replaces the 
1488/1489. The chip consumes less than IS mW, which 
is critical when designing a line-powered digital tele
phone. A slew-rate limiting circuit is integrated into the 
chip, which removes the need for external slew-rate lim
iting capacitors. 

SYSTEM II: VOICEIDATA WITH 28 + 2D DATA RATES 

Figure 4 shows a more sophisticated terminal. This ter
minal supports full ISDN 2B + D data rates, as well as an 
additional D channel. In this case all of the Signalling is 
handled by a microprocessor. One 64 kbps B channel can 
be used to transmit voice, while the other B channel can 
be used for transmitting high speed data. In addition, one 
16 kbps D channel can be used for transmitting Signalling 
information, while the other on'e can be used to transmit 
more specialized functions or additional data. 

28 + 2D VOICE/DATA TERMINAL 

Figure 4 
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The interface between the data source and the ISDN 
VDLT, MC145421IMC145425, can be one of various 
types of data formatters. It could be a DSI handling up to 
38.4 kbps, using the internal clock or a faster rate with 
an external clock. Data could also enter the ISDN 
VDLT II through an HDLC controller chip, or a clear 
channel configuration could be used. 

This chip will transmit on two wires up to 2 kilome
ters, with the addition of a passive ftIter to compensate 
for the increased attenuation of the higher frequency 
spectrum. 

The ISDN UDLT 11-2B + 2D 

The ISDN VDLT II, MC145421IMC145425, is very simi
lar to the UDLT. However, instead· of 80 kbps, the ISDN 
VDLT II sends 160 kbps. Also, a 512 kHz burst rate is 
used, instead of a 256 kHz rate. The data is formatted 
into four channels: two 64 kbps and two 16 kbps. Both 
of the 64 kbps channels are clocked out of the Tx pin 
under the direction of the TDCIRDC, TEl, and TE2 pins. 
Both of the 64 kbps channels are clocked into the Rx 
pin, and Similarly their input is separately controlled by 
the REI and RE2 pins. The 16 kbps channels are input on 
the DlI and the D2I pins under control of the DCLK, and 
they are output on the DI0 and D20 pins. Although the 
ISDN VDLT II does not transmit triangular bursts like the 
VDLT does, it will drive a twisted pair without external 
drivers. It also contains the on-board threshold-adjust cir
cuitry. The ISDN VDLT II is being introduced today. 

SYSTEM III: ISDN TERMINAL WITH LAP-D 

The terminal in Figure 5 uses the "SIT" transceiver, 
MC145474, for data communication. This four wire· 
transceiver can transmit 192 kbps up to 1 krn on one pair 
of wires, and receives 192 kbps on an additional pair of 
wires. Besides having a four wire interface, the "srr" 
transceiver's transmission method differs from the 
UDLT's in that alternate mark inversion (AMI) is used in
stead of MDPSK. 

Of the 192 kbps, 144 kbps are used for the two B 
channels and one D channel. The additional 48 kbps pro
vide framing, DC balance, D channel echoing, activation, 
and two other bits whose function will be defined in fu
ture defmitions. Through the transceiver, a codeclftlter 
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2B + D VOICEIDATA TERMINAL 

Figure 5 

sends digitized voice; signalling information is sent 
through a LAp·D controller, packetized data can also be 
sent through the LAP-D controller, and high speed data 
can be sent through the other 64 kbps B channel. Al
though the chip offers point -to-point communication, the 
srr transceiver is also capable of point-to·multipoint 
operation-if shorter loop lengths (150 m to 500 m) are 
acceptable. 

CONCLUSION 

Motorola's wide variety of integrated circuits offer 
flexibility to the design engineer. If low-cost voiceldata 
communication is the top priority, the VDLTIDSI system 
provides a lot of functionality for a minimal cost. If 
higher data rates are needed, the ISDN UDLT is a solution 
to consider. And of course, Motorola plans to introduce 
an SIT transceiver chip and a LAP-D controller chip to 
provide the extensive features ISDN has to offer. 
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APPLICATION NOTE AN933 
Application Note 

A VARIETY OF USES FOR THE 
MC34012 AND MC34017 TONE RINGERS 

Prepared by 
Dennis Morgan 

INTRODUCTION 
The MC34012 and MC34017 electronic tone ringers 

were developed to replace the bulky electromechanical 
bell assembly of a telephone, while providing the same 
basic function. When used in conjunction with a piezo 
ceramic transducer, these circuits will output a warb
ling sound in response to the applied ringing voltage. 
With some imagination, however, the circuits can be 
used in a variety of ways, including non-telephone 
applications, - wherever an alerting sound or indica
tion is required. Applications include appliance 
buzzers, burglar alarms, safety alerting functions, 
special sound effects, visual ringing indicators, and 
others. The circuits in this application note show how a 
variety of effects can be obtained. 

HOW THE MC34012 WORKS 
A block diagram is shown in Figure 1. An AC 

voltage is applied to the input terminals, and the 
current is rectified by the full wave bridge. The six 

series diodes provide the high impedance required by 
telephone systems at low input voltages, and are 
therefore not significant where the use does not involve 
a telephone. A small portion of the Is current (IS> flows 
through Da and Ra setting the inverting input of the 
comparator at 1.5 volts below Rs (pin 6). The majority 
of the input current, however, flows through R3, and 
the waveform across it is filtered by C3 and the internal 
50 k resistor before being applied to the non-inverting 
input of the comparator. When the input voltage is 
increased sufficiently so that the current through R3 
causes the voltage at the non-inverting input to be more 
than 1.5 volts below Rs, the comparator's output 
changes to a low state, allowing the oscillator's signal 
to reach the piezo transducer. Additionally the value of 
Ia is reduced by 20% in order to provide hysteresis to the 
comparator. 

The 22 volts zener diode provides regulation for the 
internal circuitry, and C4 filters noise and ripple from 
this voltage. The input current must be at least 0.5 rnA 
for the regulation and bias circuits to function properly. 

C1 r-----------------------, 
~(2) I I 

/ AC1 1 ~ I Rs(S) 
Input VAC I 

\ (3) 1-::-

C2 

AC2 

(8) I 
R21 

I 

& Clamp 

Oscillator 
& 

Dividers 

: Buffer , -=-
L _____ - - --r Rg(1)-- ----- =-N':;-m~ers in parenlheses 

- are pin numbers. 

FIGURE 1 - MC34012 Block Diagram 
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The oscillator is a relaxation type, with the fre
quency determined by the values of R2 and C2. The 
base frequency (f = (0.6711R2C2) + 200 Hz) is divided 
down to produce two output frequencies (fl4 and f/5) 
which are outputted alternately at a warble rate deter· 
mined by the base frequency, and the specific tone 
ringer model used. The MC34012-1 produces a warble 
rate of f/320, the MC34012-2 produces a warble rate of 
f/640, and the MC34012-3 produces a warble rate of 
f/160. The base frequency (f) should be selected to be 
between 1500 Hz and 10 kHz. 

The output buffer is a totem· pole configuration with 
a25 rnA source-sink capability, and is intended to drive 
a piezo ceramic transducer. The output waveform is a 
20 V p.p square wave. 

HOW THE MC34017 WORKS 
A block diagram is shown in Figure 2. The external 

components are labeled the same as in Figure 1. 
Operation is very similar to the MC34012 with the 
following differences: 
a) The output to the piezo transducer is a push· pull 
configuration, rather than single ended, providing 40 
Volts pop. 
b) The comparator's inputs are referenced to ground 
rather than to the supply voltage. V r is 1.2 volts when 
the comparator's output is off (low), and 0.9 volts when 
the output is on. 
c) The configuration consisting ofthe comparator, R3, 
and C3 sense the incoming current to determine the 
turn-on and turn'offtrip points. When the voltage atRs 
exceeds 1.2 volts, the comparator changes state to turn 
on the output. 

SAMPLE CIRCUITS 
The circuits of Figures 3 & 4 provide ON-DELAY, ie., 

after applying voltage to the input terminals, sound is 
not produced until a delay period has elapsed. The 
output sound is continuous after that. The delay is 
primarily determined by C3 in the Figures, although 
R3 and R1 also affect the timing. The circuit may be 
controlled by turning on and off the voltage to the input 
terminals, or by leaving the input voltage applied 
continuously, and using a normally closed switch 
across C3 (open switch to start timing). Power con
sumption is typically less than 3/4 watt. Applications 
include time out circits for burglar alarms, dark room 
equipment, and others. 

The circuits of Figures 5 and 6 provide OFF-DELAY, 
i.e., sound is produced immediately upon applying an 
input voltage, but then turns itself off after a delay. The 
delay time is determined by Ct. The circuits (as shown) 
have a long reset time (time for Ct to discharge after 
removing the input voltage) and so the user may want 
to consider providing a quick discharge path for Ct 
whenever the input voltage is removed (such as an 
extra set of contacts on the on-off switch). The partic
ular application will determine the need for this. Appli
cations include warning buzzers in washing machines, 
microwave ovens, alarm clocks, and other appliances. 

The circuits of Figures 7 and 8 cause the sound 
output to be cycled on and off at a rate determined by 
Ct. The duty cycle can be varied by changing Rd. The 
LM393A dual comparator (configured as an oscillator) 
needs only 1 rnA of power supply current, and so it is 
powered directly from the tone ringer's RI pin. Several 
cycle times are listed in the Figures, and can be used to 
indicate different conditions, such as "WARNING" 
(slow cycle), and "EMERGENCY" (fast cycle). Appli
cations include appliances, alarm clocks, emergency 
indicators on hot water heaters (overtemperature) and 
furnaces, smoke detectors, and any place where an 
attention getting'sound is required. 

Rl Cl r------------------------, 
~(1) ,I 
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/ ACl I 2... I RI(4) 
Input VAC I 

\ (8) 1-= 

C2 

I Ro2(3) 

- I 

------ ---"j:"R;;i7j------ - =-N:;-m~ers in parentheses 

-= are pin numbers. 

FIGURE 2 - MC34017 Block Diagram 
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Input 
VAC 

24 

120 

120 

Input 
VAC 

24 

24 

120 

120 

Rl 

/ 
Input VAC 

\ 

MC34012 

Rl 

100 

16 k 

16k 

/ 

C2 
680pF 

R3 

1600 

750 

750 

Rl 

Input VAC 
\ 

C2 
loo0pF 

MC34017 

Rl R3 

1.0k 15k 

1.0k 15k 

33 k 15k 

33k 15k 

r----------------------, 
(2) I I 

ACl I ~ I Rs(6) 
I 

(3) I =- -l Optional 
Q (See Text) 

~--r--------¢~~~-J 

On are pin numbers. 

C3 Oelay 

100"F 30 Sec 

1000"F 30 Sec 

100"F 10Sec 

FIGURE 3 - On Oelay Timer Using MC34012 

(1) r-----------------------i 
ACl I ~ I RI(4) 

I 
(8) I -= 

I Ro2(3) 

- I 
---------jtRa)----------~ 

-= g - Numbers in parentheses 

On are pin numbers. 

C3 Delay 

500/iF 15 Sec 

2200 "F 75 Sec 

500"F 8 Sec 

2200 "F 40 Sec 

FIGURE 4 - On OelayTimer Using MC34017 
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R1 

/ 16k 
120VAC 

\ 
~------A~C~2~-+~ 

MC34012 

C2 
680 pF 

-= 

Ct 
20"F 

10"F 

5.0"F 

FIGURE 5 - Off Delay Timer Using MC34012 

Off 
Delay 

17 Sec 

7 Sec 

4 Sec 

FIGURE 6 - Off Delay Timer Using MC34017 

are pin numbers. 

- Delay is 5 seconds. 

- Numbers in parentheses 
are pin numbers. 
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lOOI'F 

500l'F 

lOOOI'F 

Rl 

MC34012 

C2 
680pF 

On/Off 
Cycle Time 

.2 Sec/.2 Sec 

3 Sec/3 Sec 

8 Sec/8 Sec 

Rl 

/ 1.0k 
24VAC 

\ 

MC34017 

(8) I 
R21 
200k 

Oscillator 
& 

Dividers 

: Buffer , -= 
-= L _____ -- - -y Rg(1)----=-Numbiirsiil pa~ntheses 

-= are pin numbers. 

16 k lN914 

75k 
I O.1 

36k 27k 

LM393A 

4700 

6200 FIGURE 7 - On/Off Timer Using MC34012 

I Ro2(3) 

- I 

---- - - - - -~ Rg (7)" - - -=-Nu;;;be~;;:; pa-;;'~heses 
-=- are pin numbers. 

47 

FIGURE 8 - On/Off Timer Using MC34017 
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The circuits of Figures 9 and 10 provide a special 
effects sound by varying the frequency of the base 
oscillator. The 2N3904 transistor is slowly turned on 
(as Cs charges up) thus varying the equivalent resis
tance at the Rc pin. This causes the frequency of the 
base oscillator to vary from low to high over a period of 
several seconds. Cs determines the rate at which the 
audio frequency is swept, and Ct determines how often 
the sweep cycle is repeated. The sound effects produced 
by this circuit are similar to those heard in many video 
games (home and arcade type), and in children's games 
and toys with sound effects. The two sweep circuits are 
different as they produce different effects. The circuit of 
Figure 9 uses feedback (via the51 k resistor and the two 
portions of Cs) to generate a different linearity sweep 
curve than the simpler circuit of Figure 10. Either 
circuit can be used with the MC34012 or the MC34017 
by making appropriate connections at RI and Rc. 

The circuits of Figure 11 & 12 are Ring Detector 
Circuits. Designed for use on the telephone line, they 
provide an output voltage level to indicate the presence 

10M 

Rl 

MC34012 

150k 
C2 

2oo0pF 

47 

3900 

Ct:::r: 10k 
151'F -= 

of a ringing signal. (The 1.0 I'F capacitor at terminal 
AC1 is necessary to meet FCC impedance require
ments.) The output, at Vout, is high (+12 V) as long as 
anAC voltage is present on the Tip and Ring terminals. 
The optocoupler provides isolation from the circuit to 
be controlled, since telephone lines cannot be refer
enced to earth ground. The 1.0 k and 100 k resistors, and 
theO.1l'F capacitor, filter the square wave output of the 
integrated circuit to provide a steady voltage at Vout. 
The output can be used to turn on a light, activate an 
answering machine, alert a computer that data is to be 
sent to it, and for many other uses. The circuit shown is 
not limited to telephones, however. By changing the 
value ofRl to 15 kohms for 120 VAC, or to 100 ohms for 
24 VAC and deleting the 1.0 I'F capacitor (as in the 
previous examples), the output will indicate the 
presence of an input voltage while providing isolation. 
Isolation can be used to prevent unwanted ground 
loops, or for safety reasons such as to meet UL 
requirements (the 4N25A and 4N35 optocouplers are 
UL listed). 

3Sk 

12000 

- Numbers in parentheses 
are pin numbers. 

FIGURE 9 - Audio Frequency Sweeper Using MC34012 

AN933 
4-54 

MOTOROLA COMMUNICATIONS DEVICE DATA 



- Numbers in parentheses 
are pin numbers. 

FIGURE 10 - Audio Frequencv Sweeper Using MC34017 
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1.0 1'F" (2) r------ - ---------- ------, 
Tip~ I I 

Rl ACl I -.!.. I R (6) 
6800 I s 

(3) I ':" 
Ring 0-----:-':=<1--4---' 

MC34012 

C2 
680pF 

1800 

"The capacitor must be rated 250 V min. 
and be non-polarized. It is necessary 

to meet FCC requirements. 
- Numbers in parentheses 

are pin numbers. 

FIGURE 11 - Ring Detector Circuit Using MC34012 

1.01'F*(1) r------------------ ------, 
Tip~ I I 

Rl ACl I 2.... I RI(4) 
6800 I 

(8) I ':" 
Ring D----:-':~--4---' 

C2 
1000pF 

MC34017 

"The capacitor must be rated 250 V min. 
and be non-polarized. k is necessary 

to meet FCC requirements. 
- Numbers in parentheses 

are pin numbers. 

FIGURE 12 - Ring Detector Circuit Using MC34017 
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The circuit of Figure 13 will count the number of 
times the ringing voltage is sent to the telephone, and 
will not allow the piezo transducer to sound until a 
certain number of ring cycles (selected by SI) have 
passed. The circuit values are based on a typical ring
ing cadence of2 seconds on, 4 seconds off. The outputs 
ofthe MC14017 counter (QI-Q9) become active sequen
tially with each cycle of the ringing signal. When the 
selected output becomes active, the MC14013 flip-flop 
changes state, and the piezo transducer sounds. The Q 
output of the MC14013 can be used to activate other 
circuitry such as an answering machine. After the 

1.0 !IF' 

TIp ~ 
Ring 

680pF 

1800 

MC34012 

38 

200k 

Piezo 
Sound 

Transducer 

4 

1000pF : 

Jt;: 
'The 1.0 !IF capacitor must be rated 250 V min. I 

and be non·polarized. It is necessary I 
to meet FCC requirements. 

ringing signal stops due to answering the phone, or the 
caller hangs up, the counters and the flip-flop are reset. 
Note the two separate grounds - the telephone line 
must be kept separate from the circuit ground. 

As a final note, many applications will be enhanced 
by the addition of a volume control. Simply connect a 
10 k potentiometer in series with the piezo sound trans· 
ducer. The sound output level will then be controllable 
over a substantial range. Additionally, if the particular 
transducer being used has a high frequency shrill in its 
sound, the series resistance can remove the high 
frequencies, and produce a more pleasant sound. 

FIGURE 13 - Ring Signal Counter 
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APPLICATION NOTE AN937 
Application Note 

A TELEPHONE RINGER WHICH COMPLIES 
WITH FCC AND EIA IMPEDANCE STANDARDS 

Prepared by 
Dennis Morgan 

INTRODUCTION 
The MC34012 and MC34017 Tone Ringers are de

signed to replace the bulky bell assembly of a tele
phone, while providing the same function and perfor
man~e under a variety of conditions. The operational 
requirements spelled out by the FCC and the EIA, 
simply stated, are that a ringer circuit MUST function 
when a ringing signal is provided, and MUST NOT 
ring when other signals (speech, dialing signals, noise) 
are on the line. This application note discusses how the 
IC's operate, the specific operational requirements to 
be met, and how they are met. Only "on-hook" require
ments are discussed since off-hook operation is not 
applicable. 

ON HOOK IMPEDANCE REQUIREMENTS 
The FCC Rules & Regulations, Part 68, define the 

on-hook impedance (while ringing) requirements, as 
well as the ringing voltages and frequencies. EIA 
Standard RS-470 expands upon the requirements to 
include minimum impedance during the non-ringing 
(quiescent) state. The FCC requirements were promul
gated so that any newly designed equipment, meant for 
connection to the Tip and Ring lines, be Compatible 
with the already existing Bell Telephone network and 
central office equipment. The measured impedance, in 
all cases, is defined as the quotient of the applied rms ac 
voltage divided by the true rms measured current. 

For the quiescent state, EIA Standard RS-470 pro
vides the minimum impedance requirements at low 
voltages «10 Vrms) in the 5-3200 Hz range to provide 
for the loading presented by an on-hook extension 
phone's ringer circuit to the dialing and speech signals 
coming from a parallel off-hook phone. Table 1 and 
Figures 1 & 2 indicate the minimum values. The dc 
resistance limits of Table 1 keep the telephone from 
consuming significant power when idle since most 
phones are on-hook the majority of the time. The lower 
frequency range of the ac resistance limits includes all 
of the standard ringing frequencies, and so has a 
higher applied voltage limit than the upper frequency 
range, which covers the speech and DTMF signals. 

In the ringing state, the limitations for ringer 
impedance are based on the REN (Ringer Equivalence 
Number), which is an indication of the power consumed 
by the ringer circuit during ringing. The FCC regula
tions state that the total REN for any individual 
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telephone line cannot exceed 5.0, where the total REN 
is the sum of the REN of each device connected to the 
line (answering machine, protection devices, as well as 
each telephone). The specific impedance values listed 
in the FCC Regulations (Section 68.312, paragraphs b 
& c, and Table 1) correspond to a REN of 5.0, and are 
therefore the minimum allowable system impedances. 
EIA Standard RS-470 provides the same information 
for the on-hook dc and ac resistance (while ringing), 
except that the listed values differ by a factor of5 from 
those listed in the FCC Rules. The EIA information is, 
therefore, not a set of limits, but rather a definition of a 
1.0 REN. (Originally the 1.0 REN was defined as the 
load presented by the electromechanical type ringer of 
a standard Bell Telephone Co. 2500 series telephone.) 

TABLE 1 

QUIESCENT STATE LIMITS 

DC RESISTANCE (between Tip and Ring) 

>50 Mohms for 0-100VDC 
> 150 kohms for 100-200 VDC 

AC RESISTANCE (between Tip and Ring) 

For 5 Hz<f<200 Hz. 1-10 Vrms• see Figure 1 
For 200 Hz<f<3200 Hz. 0-3 Vrms• see Figure 2 
At 24 Hz. Z at 2.5 Vrms > 4 x Z at 10 Vrms 

The specifications of Table 2 includes not only the 
ringing impedance guidelines of RS-470, but also the 
voltages and frequencies at which the ringer circuit 
MUST ring. When testing a circuit to the conditions of 
Table 2, the minimum measured impedance within 
each voltage and frequency range is divided into the 
impedance listed for that range. The largest number 
obtained over the full set of ranges for a ringing type is 
the REN for that circuit. In addition to the specifica
tions of Table 2, RS-470 and the FCC Rules require that 
the ac ringing impedance of an individual device be 
less than 40 kohms, unless that requirement is already 
provided for by some other parallel device. 

In addition to the above ac specifications, the dc 
requirements impose an upper limit of 0.6 dc rnA when 
any ofthe Table 2 ringing signals are applied. 
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(NOTE: The type A ringers mentioned in Table 2 
refer to the inherently, frequency selective electro
mechanical type ringers used for decades in the typical 
single-line (non-party line) telephone_ Type Bringer 
specifications cover a wider frequency range, and were 
deVeloped with the advent of electronic ringers which 
are generally not frequency selective_ Ringer types C 
through Q, listed in the FCC and EIA specifications, 
are selective to specific frequency ranges for the 
purpose of party line applications, and are not dis
cussed here_) 

TABLE 2 

RINGING CHARACTERISTICS 

Ringing Type Frequency Voltage Bias Impedance 
(Hzl (Vrmsl (Vdcl (kohmsl 

A 17 40-130 0-105 7 
A, B 17 55 0-105 10 
A 20 40-130 0-105 7 
A 20 40 0-105 8 
A 23 40-130 0-105 6 
A 27-33 40-130 0-52.5 5 
B 15.3-68 40-150 0-105 8 
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FIGURE 1 - Quiescent State Minimum Impedance (1-10 Vrmsl 
(EIA Standard RS-4701 
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FIGURE 2 - Quiescent State Minimum Impedance (0-3 Vrmsl 
(EIA Standard RS-4701 
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CIRCUIT DESCRIPTION - MC34012 
A block diagram is shown in Figure 3 (R1-R3, C1-C4, 

and the piezo transducer are external). A ringing signal 
(From Table 2) is applied to the Tip and Ring terminals, 
and the current is rectifed by the full wave bridge. The 
string of six diodes following the bridge provide the 
high impedance required at low voltage (non-ringing) 
levels (see Figures 1 & 2). When the voltage across 
AC1-AC2 exceeds approximately 5.6 volts (8 diode 
drops) current will flow (several microamps), primarily 
through R3 and into the Bias Circuit block (Ia is 
relatively small). As the current reaches approximately 
0.5 mA, the internal biasing becomes well established, 
and so further increases in voltage result in little 
increase in current. When the voltage at pin RI reaches 
22 volts, the zener diode conducts and the current 
increases rapidly with voltage. 

The two inputs of the comparator are referenced to 
pin Rs (the output of the diodes), rather than to ground. 
The inverting input is kept at 1.5 volts below Rs by la, 
Ra, and Da. The voltage at the non-inverting input 
depends on the current through R3. When the voltage 
at this input is more than 1.5 volts below Rs the output 
of the comparator changes state, allowing the oscilla
tor's signals to reach the piezo transducer. On-Off 
hysteresis of the comparator is provided for in two 
ways: 1) the comparator's output (when low) reduces 
the value ofIa, thus reducing the voltage across D a and 
Ra to 1.2 volts; and 2) The load current (ILl passes 
through R3, increasing the voltage across it. When the 
current through R3 is reduced sufficiently to turn off 
the comparator, Ia is returned to the higher value, and 
the flip-flop is reset, turning off the output. 

Capacitor C3 filters the waveform across R3 so that 
the comparator does not turn on & off with every cycle 
of the applied ringing signal. In effect, the comparator 
responds to the AVERAGE voltage across R3. C3 also 
filters out transient voltages and noise to prevent false 
ringing. C3 should be large enough (typically 1.0 JLF) to 
reject dialing transients, as well as to ensure the 
comparator stays on at the lowest ringing voltage and 
frequency listed in Table 2 (40 Vrms, 15.3 Hz). Values 
larger than 3.0 JLF will significantly affect the response 
time of the circuit. 

C4 is a filter for the internal 22 volt supply. With a 
5.0 JLF capacitor, a ripple of about 3 volts p-p (at15.3 Hz) 
results at theRI pin, which shows up on the output pin. 
With a 2.0 JLF capacitor, the ripple increases to 6 volts 
p-p, with a slight reduction in output sound level of the 
piezo transducer, since the output's average value is 
lowered. V aluesless than 2.0 JLF are not recommended. 
Neither C3 nor C4 affect the impedance of the overall 
circuit during ringing. 

The values of C3 and R3 determine the turn-on trip 
point of the circuit, while the turn-off trip point is 
determined by R3, C3, and the load (piezo transducer) 
since the load current (ILl passes through R3. (The line 
input resistor and capacitor, R1 and C1, also affect the 
on-off trip points, and will be discussed later). 1800 
ohms is the recommended value for R3_ A higher value 
will lower the trip points, but will make the circuit more 
susceptible to noise. Additionally, ifR3 is too large, it is 
possible the comparator may turn oli the output before 
the internal circuitry is fully biased, resulting in erratic 
operation. R3 must therefore be selected to pass suffi
cient current to supply the bias current, AND some 
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through the 22 volt zener diode, BEFORE the compar
ator switches the output on_ On the other hand, a lower 
value of R3 will increase the circuit's noise rejection, 
while raising the on-off trip voltages_ 

Components R2 and C2 set the base frequency of the 
oscillator, and have no effect on the on-off trip points, 
or circuit impedance. Refer to the data sheet for proper 
component values_ 

C1 r-----------------------, 
~(2) I I 

/ AC1 I -!... I Rs(6) 
InputVAC I 

\ (3) I ':" 

C2 

- Numbers in parentheses 
are pin numbers. 

FIGURE 3 - MC34012 Block Diagram 

CIRCUIT DESCRIPTION - MC34017 
A block diagram is shown in Figure 4_ The external 

components are labeled the same as in Figure 3_ The 
following provides a functional comparison of the 
MC34017 with that of the MC34012: 

- The output to the piezo transducer is a push
pull configuration, rather than single ended, 
providing 40 volts p-p_ 
- The comparator~s inputs are referenced to 
ground rather than to the supply voltage_ V r is 
1.2 volts when the comparator's output is off 
(low), and 0_9 volts when the output is on. 
- The configuration consisting of the compar
ator, R3,· and C3 sense the incoming current 
(Is) to determine the turn-on and turn-off trip 
points. Since Is contains the load current (10, 
the same hysteresis effect that exists in the 
MC34012 is provided for in this circuit. 
- Five diodes are shown in series with the input 
bridge rather than six. The Current Mirror 
block provides an effective sixth diode, provid
ing the same high impedance at low voltage as 
provided for by the MC34012. 
- Typical values for R3 and C3 are 15 kohms 
and 2.2 I'F, respectively. 
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MC34012/34017 
IMPEDANCE CHARACTERISTICS 

The circuit of Figure 5 was used to determine the dc 
characteristics, and the results are shown in Figure 6. 
The component values (R2, R3, C2-C4) are typical 
recommended values, and the 0.047 I'F capacitor and 
390 ohms resistor simulate a typical piezo transducer. 
The circuit is obviously very non-linear, resembling, in 
effect, a 29 volt zener diode in series with a 450 ohm 
resistor (for Yin > 29 volts). 

QUIESCENT STATE IMPEDANCE 
The very high dc impedance requirements, and the 

fairly high ac impedance requirements (particularly at 
the lowest frequencies) of Table I, require the use of a 
capacitor in series with the input to the Ic. A series 
resistor is not practical because of the values involved. 
Figure 7 depicts the circuit configuration. The max
imum capacitor value (for Cl), which results in the 
circuit exceeding the EIA requirements, was experi
mentally determined. Figures 8 & 9 indicate the 
impedance curves of the resulting circuit. Figure 8 
shows the results at 10 V rms only since any lower input 
voltage results in a higher circuit impedance. 

Typically, mylar, polycarbonate, and Teflon capa
citors are best suited to meet the dc impedance 
requirements. 
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RINGING STATE 

10M 

100 

Considering (temporarily) the impedance values of 
Table 2 as minimums in order to guarantee aREN of1.0 
or less, reasoning will indicate that the circuit of Figure 
7 will not provide the necessary impedance since: 1) the 
impedance of the ringer Ic drops off quickly at the 
higher voltages (Figure 6); and 2) the impedance ofthe 
capacitor (C1) drops off at the higher frequencies. (The 
capacitor's impedance can be roughly estimated using 
1/2rrfC, but this is a VERY rough estimate since the 
current through the capacitor is anything but sinu
sodia!.) A series resistor (R1) is therefore added (Figure 
10) to provide the additional impedance. The limits on 
the value ofR1 are that it must be low enough to allow 
the circuit to operate (output on) at the lowest voltage 
AND frequency of Table 2, and yet high enough to 
provide sufficient impedance at the highest voltage 
AND frequency. Since an optimum value for R1 is 
difficult to calculate, different values were tested experi· 
mentally with the following results: 

Signal 
Generator 

Signal 
Generator 

Note: Cl is Non·polarized 

1) 7200 ohms is the maximum value which will 
allow the circuit to tum on at 40 Vrms, 15.3 Hz. 
2) 7800 ohms is the maximum value which will 
allow the circuit to turn on at 40 V rms, 17 Hz. 
3) 2000 ohms is the minimum value which will 
result in a REN of 1.0 for a type A ringer. 
4) 5500 ohms is the minimum value which will 
result in a REN of 1.0 for a type Bringer. 
5) WithR1 chosen within the abovementioned 
range of values, the highest measured circuit 
impedance was approximately 23 kohms, well 
below the maximum allowable of 40 kohms. 
Choosing a value of 6200 or 6800 ohms (2 
watts) for R1 will then result in a circuit which 
is functional at all of the voltages and fre
quencies listed in Table 2, but also provides a 
REN of less than 1.0 for both type A and B 
ringers. 

The allowable values for C1 are fairly narrow. 
Reducing C1 will increase the circuit impedance and 
lower the REN, but testing indicated that 0.61'F is the 
lowest value which will allow the circuit to turn on at 40 
Vrms and 17Hz. It was previously determined (see 
Figure 8) that C1' s value could not be much higher than 
1.0l'F and still meet the quiescent state impedance 
requirements. The voltage rating for C1 must be at 
least 250 volts, and must be non·polarized. 

The load (represented in Figure 10 by the 0.0471'F 
capacitor and the 390 ohm resistor) affects the overall 
circuit impedance when ringing since the load current 
must be supplied on the Tip and Ring lines, and so the 
actual sound transducer must be installed when 
making the impedance measurements of a production 
circuit. 

Variations in performance over temperature (-20° C 
to +60°C) are minor, and generally do not present a 
problem in most applications. Variations inR1, C1, R3, 
and C3 will affect input impedance, and the on-off trip 
points, if they drift with temperature. 

0.047 390 

390 

C2 

FIGURE 7 
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SUMMARY 
The MC34012 and MC34017 provide a simple and 

inexpensive means to construct a telephone ringer 
which meets the FCC and EIA impedance and opera
tional requirements. The output frequencies to the 
sound transducer are selectable over a 6.5:1 range, and 
three different warble rates are available by appro
priate suffix choice (-I, -2, or -3). The circuits are 
designed for use with piezo sound transducers, rather 
than a bulky speaker/transformer arrangement. Only 
3 resistors and 4 capacitors (all standard values) are 
required to make the circuit operational 

A REN ofl.O is easily obtained for a type B ringer, as 
is a REN of 0.5 for a type A ringer. 
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DEFINITION OF TERMS 

RINGER CIRCUIT -
The bell, or other alerting device (circuit) in a 
telephone. 

ON-HOOK-
The circuit condition of a telephone when it is not 
in use (handset is on-hook). 

OFF-HOOK-
The circuit condition of a ,telephone when it is in 
use (handset is off-hook). 

DTMF-
Dual Tone MultiFrequency - The dialing system 
where (somewhat musical) tones are produced by a 
pushbutton telephone. 

REN-
Ringer Equivalence Number - see text. 

TIP, RlNG-
The connection points whereby an individual tele
phone is connected to a switching network. Ring is 
traditionally negative with respect to Tip. 

TURN-ON TRIP POINT -
The voltage (at Tip & Ring) at which the ringer 
circuit switches on. 

TURN-OFF TRIP POINT -
The voltage (at Tip & Ring) at which the ringer 
circuit switches off. 

MOTOROLA COMMUNICATIONS DEVICE DATA 



MOTOROLA 
- SEMICONDUCTOR 

APPLICATION NOTE AN940 
Application Note 
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INTRODUCTION 
Telephones and associated ancillary equipment providing 

intelligent features are fast becoming commonplace. Often, 
it is necessary for the microprocessor providing the in
telligence to also dial a telephone number. 

The M6805 Family microcomputers (MCV) , with their 
proven hardware/software versatility, are ideal candidates 
for such applications. Illustrated here are two cost-effective 
methods of telephone dialing. Hardware and software is 
given for both Dual Tone Multi-Frequence (DTMF) and 
rotary-pulse type dialing. 

DEMONSTRATION BOARD DESCRIPTION 
Figure 1 shows the schematic of the demonstration board 

designed around a MC68705P3 single-chip MCV. This board 
is capable of pulse or DTMF dialing. The type of dialing is 
selected by switch S 1. A 12-contact keyboard is used for 
input. While this is an extravagant use of I/O, it is acceptable 
for the purposes of a demonstration board. 

Pulse dialing requires a direct connection to the telephone 
line. Interface to the line is made by a 600-ohm, 1: 1 line 
transformer and a relay that provides on/off hook capabil
ity. An indicator light (LED #1) shows the current hook 
status. 

After a power-on reset, the board is in an on-hook state 
(LED #1 off). The pressing of any key will result in an off
hook state without the digit being dialed. Subsequent key 
presses will result in the dialing of the corresponding digit. 
Pressing of the cancel button (S2) returns the board to the 
on-hook state. 

The hardware and software to accomplish either form of 
dialing is readily applicable to any number of the M6805 
Family. 

ROTARY PULSE DIALING 
From both a hardware and software viewpoint, pulse dial

ing is by far the simplest form of dialing to implement. 
Pulse dialing requires that the telephone line circuit receive 

a make/break sequence at a 100pulse-per-second (PPS) rate 
(see Figure 2). The dialing of the digit 3, for example, re
quires three make/break sequences. The lO-PPS rate re
quires the use of either a transistor or high speed relay for 
line looping. Note that if a low current reed relay is used, 
port B may be capable of driving the relay directly 
(eliminating the 2N3904 driver). 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Subroutine PDIAL provides the proper timing sequences 
for pulse dialing. The routine is called with the digit to be 
dialed resident in the accumulator. Because the timing is not 
particularly critical, interrupts that can be quickly serviced 
are permissible. 

DTMF DIALING 
Dual tone multi-frequency tone dialing is considerably 

more complex in terms of ROM usage and external hard
ware. The M6805 MCV is required to generate two 
simultaneous sine waves of different frequencies. Table 1 
shows the key pad digit and the frequencies of the corre
sponding tone pairs. Note that the tones fall into two groups: 

Group 

Low Tones 
High Tones 

Frequency (Hz) 

697, 770, 852, 941 
1209, 1336, 1477, 1633 

TABLE 1 - Keypad Digit and Frequencies for Tone Pairs 

Keypad Digit DTONE Entry Tone Pair (Hz) 

0 $0 941 1336 
1 $1 697 1209 
2 $2 697 1336 
3 $3 697 1477 
4 $4 770 1209 
5 $5 770 1336 
6 $6 770 1477 
7 $7 852 1209 
8 $8 852 1336 
9 $9 852 1477 
A $A 697 1633 
8 $8 770 1633 
C $C 852 1633 
D $D 941 1633 
* $E 941 1209 
# $F 941 1477 

Also note that if the seldom used keys A, B, C, and D are not 
required, it is not necessary to generate a 1633-Hz tone. 

The method used to generate the tones uses a series of 3-bit 
look-up tables. Consider a sine wave that has been sampled 
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at a constant interval, starting at the positive peak (see 
Figure 3). Sampling is continued until the next positive peak 
is encountered. There is, of course, some quantization error 
associated with this next found peak. If this group of samples 
were to be continuously cycled, a frequency error would 
result. 

1 Pulse Digit Dialed = 3 

FIGURE 2 - Timing for Rotary Pulse Dialing 

To cure this, continue sampling until the next peak is en
countered and determine if the resultant frequency error falls 
within acceptable limits. Figure 3 is actually the output of a 
program written in BASIC for the EXORciser. This listing is 
included at the end of this application note. This program is 
used to design the look-up table for incorporation into the 
M6805 program according to the error rates acceptable in the 
end equipment. 

This program prompts the user for the sample interval and 
the frequency of the tone which is to be generated. Sampling 
of the tone is thus automated and after a peak is en
countered, the cumulative frequency error is calculated and 
displayed along with the sample count. If the user is satisfied 
with the percentage error, a table of the samples is generated. 
If the error is still unacceptable, the program continues 
sampling until the next peak is encountered. Note that the 
samples have all been "dc shifted". 

This program was used to generate the look-up tables for 
all the tones given in Table 1 with a criteria of 1 % maximum 
frequency error. 

The subroutine OTONE actually operates on these tables 
to generate the OTMF tone pairs. The routine is entered with 

EXORciser is a registered trademark of Motorola Inc. 
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the OTMF digit (see Table 1) is resident in the accumulator. 
Note that interrupts cannot be tolerated by this routine. 

The first task of this routine is to convert the digit into the 
table start addresses for the high and low tones. This routine 
requires that the tables be resident in page 0 ROM to allow 
use of indexed addressing with 0 offset. The structure chosen 
for the tables puts the high group tones in the right nibble 
and the low group tones in the left nibble. Because the tables 
are all of different lengths, the table end is marked by an en
try of $F. In defiance of Murphy's Law, the OTMF tables fit 
exactly into page 0 ROM. 

Generation of the tones involves cycling around a loop 
which plucks a 3-bit low tone sample and adds it to the 3-bit 
high tone sample. The 4-bit sum is then output to a 01 A con
verter. If the end of the table marker is encountered for 
either sample, the pointer must be reset to the table start. 
This loop also keeps track of the duration of the tone burst 
by counting loops in TIMEH and TIMEL. 

Notice that every program path through the loop takes a 
constant time (122 microseconds). The actual sequence of 
program development was to first write the loop, determine 
the execution time, and then, with the sample interval de
fined, generate the tone tables. 

The 4-bit 01 A converter is economically implemented with 
standard 5% resistors (60 kilohms = 30 kilohms + 30 
kilohms). Port B was used because of its slightly superior 
high output voltage drive. It is still necessary to supplement 
the high drive with pull-up resistors. 

One unfortunate by-product of this tone generation tech
nique is the production of subharmonics (and, of course, 
harmonics). This necessitates the use of an active bandpass 
filter. This filter consists of separate high pass and low pass 
sections. The filter response is shown in Figure 4. 

The output level to the telephone line is adjusted with a 
470-0hm resistor in series with the line transformer primary. 
This also provides the RX point, where received audio can be 
obtained for duplex communication. 

Using the BASIC software at the end of this application 
note, the generation of custom tone groups is readily ac
complished. Single tone generation is also possible by using 
the table entry TNOFF at the end of the given OTMF tables. 
This allows the muting of either the high or low 
group tones. 
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FIGURE 3 - Sine Wave Sampling 
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"AGE t1I01 DEt"O 

l1lIZI!Zlt'lJ. 
001111212 
fIII1lli11213 

2101211215 
12I1i112l11l6 
012)1211217 
12l12l11l12l8 
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I1II1II2l 1 III 
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17.111117.11.5 
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0(2)12127 
00028 
0121029 
11)(1!030 
1110031 
r.J~fZ)32 

'2l;ij11l34 
1Z!11l21::';5 
0~:I)1Z!36 

1ZI11l11!37A 
(Z)t2)t!l38 A 
2!11l1i.139A 
11llZl11l41ZlA 
01Z11ilt.~lA 

lZ!eHI!42A 
I2ll1llZll,3A 
IZ!I2l 12144 A 
!L!17.Hi:,!l,5A 

1ZI1Z1412! 
12!121412! 
QlIZII~ 1 
eleJ42 
~el43 

011144 
111045 
1Zl11l46 
0(147 

5F 

flll2l00 
I2l~GL 

121'502 
t!l12i04 
001215 
011l11l6 
11l011l8 
11lf2!1ZI9 

iZll1!1ZI1 
f2!1Z!0'. 
11l1Z101 
QlI1l12l1 
11l11l11l1 
001Zi::. 
11l11l12!1 
121(110: 

• SA::. DEMO - MC6871215P3 SOURCe: FOR DIALER DE!"IO 

R 

R 
A 
A 
~\ 

A 
P. 
A 
A 

A 
A 
A 
A 
A 
A 
A 
~l 

DEMO 
_. I":C687t!15P3 SOURCE FOR D~RL.ER DE 
ABS,ORE 

***:**:t:***************~:~r:***************;"'~:.-t:**** 

* * *' DIRLER DEi"iOt\iSTRATIOI\; PROGRAi"i *' 
*' MC68712l5P3 VERSION * 
*' ROBER, FISCi-iER *' 
*' MOTOROLR SE:viICONDUOTOR PRODUCTS rNC. '" 
*' 70RONTO, CRNRDA '" 

*' 11/23/83 *' 
*****************************>i-:************** 

*' 
*' 
*' 

SET I"IOR 

ORO 
FCB 

$784 
1.11)112111;, il. 

*' 
*' PORT OEFI:-<IilC:\ 

PORTA EQU $121 
PORTE EQU $1 
;"OR-,-C SQU $2 
PO?<TAD EQIJ $4 
PORTBD EGlU $f::j 

?ORTCD EQU ;156 
T~i~DAT C:G~U $C; 

TMRCON EQU $9 

*' 
*' RAt'1 ALLOCRTION 

ORG $£~(/l 

7j:i";~·-; Ri":S 
TI·"!EL. RMB 1. 
STAR7 f-: R!YIB 
STA;~Ti_ ~MB 

, 
TONEH RMB 1 
TONEL RMB :( 

SCRTCH RMS 
LSTf(EY "MEl 

PORT A ;:/0 
PORT B I/O 
PORT C I/O 
PORT A OD~ 
PORT B ODR 
"Oq-;' (; OO"! 
TIt-'IER DATi4 i<EGIS-,ER 
nl"ER CO;\ T"O._ '~EG ):S-i":::R 

· ... {j:\.E TIl"iE (riS) 
TONE ;IME (LS) 
:"iI TOi\:E TA8,_,'O S-··ART 
LO TON::: TABLE S,AR"f 
hI TO,,"E CLRR:;::I\'-,- PDINT~R 

LO TONE: CU,!QEN7 POIyr:::q 
-:'Ei"IPORARY SCRATC~! 
LRST DIALED DIGIT USED 
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PAGE 01212 DEMO 

1il1Zl12l47 
0012148 
01Z11Zl49 
000512lA 
1Zl0051 
00052 
eilZl1Zl53 
11I00511· 

12l101Z1 

01Zl12l55A Q) 1 (21(11 3F 0!2! 
00056A ~102 3F 01 
(2]~m57A 010£1· 3F "2 
012!058A 0106 A6 0F 
00059A 0108 B7 1215 
012l060A 010A A6 04 
00fl16H\ 0i0C B7 06 
2l0!2l62 

• SA: 1 DEl"lO 

>I< 

*' 
>I< 

*' A START 
A 
A 
A 
A 
A 
A 

- MC68705P3 SOURCE FOR DXA~ER DEMO 

MAIN RO~ 

ORG $11Z10 

COL.D START. 
INITIALIZE PORTS. 

CLR 
CLR 
CU~ 

:"DA 
8TA 
LOA 
STA 

:"ORi"A 
PORTB 
PORTe 
",1-000011 11 
;:>O~TBD SST 
.,1-01110011)1 00 
;:>OR",CD SST 

POi~T B DDR 

1210063 *' 
*' CHECK f<EYBOARO FOR CLOSURE 

(ZIIZl064 *' 00065A 010E CD 0185 
00fl166A 0111 25 1117 
00067 

A SCAN 
011A 

*' NO 
01Zl1Z168A IZIl. 13 21·" 02 F8 0 H!IE 
01Z1069A 0116 15 1212 A 
0012l70A 0i18 21Zl F4 011ZlE 
0(2)(1171 

.rSR 
BCS 

C;_OSURE
BRSET 
BCLR 
BRA 

«EVI:": 
DIAL 
ChEC-( "ON HOO,(" SWI,"Ch 
;., paine:, SCAN 
2,POR7C GO ON HOOK 
SCAN 

1Zl!211il72 *' DIGJ:T HAS BEEN PUSHED. 
11I1Z1073 
(1l!1!1Zl74 

*' IF PREVIOUSLY ON-HOO·-(; COME OFF-HOOK 
*' AND WAIT FOR l\iEXT KEY. 

11I12l075 *' 
00~76A 01.A 04 02 04 0121 DrA~ 
00077A 011D 14. 02 A 
0011l78A 0iiF 20 :::D 01.0E 
01Z1~79 

BRSET 
BSET 
BRA 

2,PORTC,DODIAL 
2, PORTC OF;::"-HOm( 
SCAN 

2l11l0811l *' SEE IF PULSE DIAdNG OR DTM;= 
11I11I1Z181. '" 
11I0082A 0121. 01 02 05 0129 DODIAL.. BRCL.R 0, PORTC, PU:._SE 
01Z11Z183A 0124 CD 0l.3B A JSR DTONE DTM!=" DIAL. 
11I0084A 1Z1127 20 E5 010E BRA SCAN 
00~85 
00086 *' PULSE DIALING 
001Z187 
01Z1088 
00089A 0129 Ai 0A 
011l090~ 1Z112B 22 El 
0f2l11l91A 012D CD 01F5 
11I0092A 0130 20 DC 

*' "*''' AND "#" KEYS ARE NOT RECOGNIZED 

*' A PU,-SE 
011Z1E 

A 
010E 

CMP 
BHI 
JSR 
BRA 

#$A 
SCAN 
PDIA,_ 
SCAN 
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00100 
1110101 
01Zl102 
00::'1ZI3 
!2I010t~ 

0011215~; 

IZIIZli06A 
01Z1107A 
111121:08A 
1Z1IZI109A 
1110110A 

00112 
i1IIZl113 
0121114 
01Zl115 
00116 
01Zl117 
1Z10118 
0121119 
(ll1ZlJ.20 

1Z1132 AE 7C 
121134 5A 
12)135 26 :=D 
0137 4A 
0).38 26 F8 
013A 81 

ZI2I121A 12113B A4 0F 
iZlf211.22A 0:'.3D 97 
0121:23A 013:: 58 
0012M,12I1'3F D6 0l.95 
1Z1I2I125A 121142 B7 42 
001261=1 0144 B7 44 
1Z1I2I127A 0146 06 0196 
001281=1 0149 B7 43 
IZ1I2Ii29A 12114B B7 45 
00130 
00131 

0121:'.34A 0:i.4= 
!?l!Zi:.35A 121151 
1Z112I~.36A 0153 
01i.')137 
0121138 
1ZI\2!:39 
00140 

A6 <=D 
B7 1':0 
A6 'EC 
B7 41 

012l14:l A 0155 3C 41 
00j.4:2A 0157 26 08 
!2I121143A 0159 3C 40 
IIlIZl:l44A 015B 26 07 
<'HZ! :~45 
00:46 
i1!17.l1!. ? 

• SA: 1 DEl"IO - MC68705P3 SOURCE =0" DIALER DEl"iO 

A 

0134 

1Z1132 

*'*'***'***'*'**'*'*'*'*'**'*'**'*'*'*''''****''''*'****'*'*'*'*'**'*' 
*' 
*' SUBROUTINES 

*' 
* 

* * 
*'*'*'**'**************'**'*************'*'*'*'**"''' 

*' 
*' 
* 
*' 

WAITi"'lS 
WAITS THE NUMBER OF mSECS GIVEI\, r.:-.: ACC. 
BOTh ACC AND X ARE DESTROYED. 

*' 
WAITMS 
WAITl 

LDX 
DECX 

\*124 

*' 
*' 
*' 
*' 
*' 
*' 
*' 
*' 
* 

ENE WAITi 
DECA 
ENE ~JArr!'",S 

RiS 

DTO"iE 
GEt-ERATES :2 TONE BURS'- 0;= 65 MSEC 
FO:"'LOWED BY A FORCED 25 MSEC S):LEr.·T 

PERIOD FOR DTMF DIALr~G. 
DTMF DrGIT ($I2I-$F) IS GIVEN IN ACC. 

INTERRUPTS t'iUST BE MASKED BEFORE ENTRY. 

A DYONE AND 
TAX 
LSLX 

A LDA 
A S~A 

A SiA 
A LDA 
A STA 
A STA 

*' 

TTAB,X 
STARTH HI TONE START POINTER 
iONC::H HI TONE CURRENT POIi\;TER 
TTAB+l,X 
STARTL :"0 TONE S-~A'I7 POII'!T,::R 
TONEL LO TON:::: CURRSNT PO!NTER 

*' SET TO\iE TI ME COUNTER 

A 
A 
A 
A 

A 
0161 

A 
121164 

*' LDA 
STA 
:"DA 
STA 

~$FD 

TIMEH 
*~$EC 
TIMEL 

MS 

LS 
*' 
*' 
*' 

TONE GENERATION ~OOP. 
CONSTANT LOOP TIME OF ~22 uSECS. 

'" TDNEL? II\IC TIMEL 
BNE NCARRY 
INC TIMEH 

CONT BNE GETLO 

*' 
*' AL~ DO~:: 

'" 

MOTOROLA COMMUNICATIONS DEVICE DATA AN940 
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AN940 
4-72 

P~GE 

111111 148A 
f1I121149A 
I1If1I15\Z! 
0015j.A 
~(!lJ.52A 

f1I0153 
111111154 
f1I121155 
01O:56A 
i2li2l157A 
f1Il1l:i.58 
12)121159 
0121100A 
0111 161A 
11l11l162A 
f1I0J.6:5P' 
f1If1I1.6l~ 
~e)165 

111111166 
00167A 
i/)0:i.68A 
11!1?l169 
111111170 
0111171. 
11l11l172A 
IIll1lj.T$A 
11I12I:,.74A 
f1If1I~75A 
I1IIiH76 
f1Iii'l:l77A 
I.lli<L78 
ilIl1l:,79A 
11l11l:'.811l~l 
l!Ii?I18:. 
0111182 
0~:L8~; 

00184.A 
0121::.8$\ 
f1Iii118<; 
QHIJ:!.87A 
00188A 
0~JJ.89A 

0~1.91ZiA 
Zll11i.9j. i::; 
00192~l 

iZ!~1l93 

0eJ!.94 
2)f1I195 
0f11~96A 
1Zl0:;'97A 
00198 
0121199A 
0~12111111A 
00201. 
i?lilJ211l2 
00203 
00204A 
00205 

11I1Zl4 

111150 
01.5F 

0161-
0162 

0~5l~ 

111166 

01.67 
0169 
01.6A 
0:6B 

0160 
11I15F 

11117111 
0~.71 
111172 
0173 

0174 

rlI:i.76 
0177 

0179 
!1lHa 

iiH7C 
lZli7E 
0181Zi 
0182 
(Z!183 
0i84 

0~86 
0188 

0189 
018A 

(2)18C 

DEMO • SA: 1 

A5 19 A 
2111 D1. 121132 

90 
20 F7 121158 

BE 45 A 
F6 

28 04 111160 
9D 
90 
20 1113 f1I ,. 7111 

BE 43 A 
F6 

44 
44 
44 
44 

B7 45 A 

5C 
BF 45 A 

B::: 44 A 
F5 

All· 0F R 
A;. i21F A 
27 1214 0185 
9D 
90 
20 03 121189 

BE 42 A 
F6 

5C 
BF iJ.4 A 

BS 46 A 

D:::I",O - MC6871115P3 SOURCS: FOR DIALER DEMO 

LOA j*25 
BRA WArn'IS 

*' NCARRY I\:OP NO CA,HY- BURN 6 uSECS 
BRA CONT 

*' 
*' GET LO TONE 

*' GETLO LOX TONEL LO TO~IE CURRENT POINTER 
LOA , X GET ByTE 

*' LO ""ONES ARE IN LEFT NIBBLE 

*' SEE IF TABLE ENO 01S BIT =1) 

BM: GETNL.O 
NOP 
NOP FILL FOR COI\;STANT TIME 
BRA SHFLO 

*' 
*' TABLE END- RESET TO TABLE START 

*' GETNL.O LOX STARTL 
LOA , X 

*' 
*' SWAP NIBBLES 

*' ShFL.O LSRA 
LSRA 
·LSRA 
LSRA 

*' LO BYTE VAL~O- SAVe:: 
STA SCRTCH 

*' FIX POIN;ER AND SAV:::: 
:l\iCX 
STX TO~Ei... 

*' 
*' GE";" H~: -;-0\110 
*' 

LOX TOI\IEH HI TONE CURRENT POINTER 
LDP , X GE," BYTE 

*' SSE IF TABLE ENO 
ANO lt$F 
CMP #$F 
BEQ GF.M-' I 
NOP 
NOf' FILL FOR CO:\lSTANT TIME 
BRA AODl,.UIY, 

*' 
* HI TABLE ENO- R:::S:::T TO START 

*' GENHI .LDX STARTl-1 
LDA , X 

*' GCT HI i\'rBBLE- FIX X 
AOONUM INCX 

STX TONEH 

*' 
*' ADD LO ANO HI TONES 

*' ADD SCRTCH 

*' OUTPUT THIS SA;"If'LE 

MOTOROLA COMMUNICATIONS DEVICE DATA 



"AGE 005 0::::-;0 • SA:: 

2I1ZJ21il6A [!]'.8S B7 1lIl. A 
0020217 
!1l1ll208 
00209 
1Il021!lIA lIli9(/) 9D 
12I1ZJ211 A 019: 90 
i?l12l212A ~192 9D 
0'2l213A 0:'.93 20 C0 0l.55 

1/J0215 
i1J~2:6 
1Il1ll2:.7 
liH1l2i8A 2)195 9C A 
lIlet"219f) 1Il~96 ::::3 A 
121 i1l2211l A [!]~97 8[!] A 
021221A 1i!!:L98 S0 A 
eii[J222:=a 211.99 9C A 
00223A 019A S[!] A 
1i10:22l;·A il19B C2 A 
00225~\ 12l~9C Sill A 
e)IZJ226A 019D 80 A 
1Il0227A IIl:SE A(, fi 
(?J~228A CLSF 9C A 
1Il1Zl229A 1Il1AIIl A4 A 
1i'J1l)230A 1Z~.Al C2 A 
1Il02~~lA 1Il1A2 A4 {~ 

\?ieJ232A 0:A3 S0 A 
(z)~233A e:I~4 C5 A 
'112l234A !ZLA5 9C A 
Gli2l235A 1Il:.AS C5 A 
IMZ56P. eiA7 C2 A 
'2l!2l237~\ 0J.AS C5 C\ 

01ZJ238A 1ZJ:~A9 09 f\ 
I2lfZl239A 1Il1.AA Sill A 
2l~241llA 1Zl:.AB 09 P-
f/li2l241 A 1Zl:.AC P.l~ A 
2!el242A IZl~AO D9 A 
\:')0243A l2liAE C5 A 
iZl021~M\ i2l:.AF 09 ~\ 
~Vj245r-\ 1Zl1.BI2l E:3 A 
!lJ1!l245P. e-;.8J. 8e: A 
iIlli.1247A (.J1B2 ;;::::: A 
'lliZl24:::A 0::.93 C2 A 
0~249A .):'B4 E3 A 

;.:)~)2::;;:;. 

!:)~2:i2 

1J&~:,~5:; 

mj254 
0iZl255 
12l12l25E 
00257A 2)1B5 AD ~.F IZl::.D5 
0;2)258 A I2l:i.B7 25 15 01C';': 
0e1259 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Dl:::l",O - l":C687[!]5P3 SOURCE FOR OIA:...ER OEi"/O 

STA PO~TB 

*' 
*' f(EEP GO::"'G 
'" ·,,0" 

NO" 
NO:" FILL FOR 122 uS:::C 
BRA TONSLP 

*' 
* TO.'IIE PAIR LOQf(-UP TABLE 

*' HAB FCB TN1336 (I!)) 

FCB TN941 
FCB '!\i~. 21119 (1) 

FCB ,N697 
FCB TN:;'335 (2) 
FCB "iN697 
FCB TN1477 (3) 
FCB TN697 
FCB TN12i1JS (L~) 

FCB .\77121 
FCB T~I::.336 (5) 
FCB -;i\·770 
FeB TN:i.477 (6) 
FCB TN7711l 
FCB TI"I,1209 (7) 
FeB TI\.852 
;::CB ':-.11336 (8) 
eca TN852 
FCB YNiL,77 (9) 
FCB T!\i852 
FCB ':'"N1633 un 
FCB -,1\;69"1 
FCB :-!\;:6~;3 (B) 
,=CB -;-N770 
FeB ~i-N1633 (C) 
FeB TN852 
FCB TNi633 (0) 

;:-CB TN941 
FCB TI\!:L212l9 (*') 

""CB TI\:S41 
;:-CB TN1'~77 ( :;:I:) 

FCB TN9l~1 

'I' 

*' KEYI, 
:+: SCA:-IS f(EYBOARO FOR PRESSED f(EY. 

*' W-iEN A N:::W }{EY IS P~ESSEO, RETURN 
*' ~JITt'"l CA9RV S""~ A!\IO ,<EY VA'-.UiO IN i-1CC. 

'" i<:::Vlj\; 3SR C;.jEC« Ci-/i::C,( FOR C:--OPU;-
BCS ,(EY1~ ANY f,EY? 

*' 

LOOP 

AN940 
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PAGE 1111116 DEt'iO 

00251Zl 
00:26l. 
00262 
11I0263A lZliB9 B5 
0026Ml (llJ.BB Ai 
11I02S5Q 018D 27 
1Zl12l256 
m.'l 257 A linBF A6 
.)(,J268~\ 01Cl CD 
00269A 01C4 AD 
00270~) !!liCE. 25 
~0271 
12!0272(:~ 01C8 AS 
2l:d273 A \IllCR 87 
11l1'l27M~ 01CC 98 
iZ'0275(.1 01CD 81 
00275 
11l17.l2T7 
00278 
111(2)279 
11l11l280A I2I1CE B" 
fIllZ);;:81.A 1211. Dill 27 
0~282A (21).02 B7 
'l0283A 01D4 99 
el028M) 0105 81 

12!121285 
00287 
eliZl288 
1210289 
il0290 
1110291 
11I0292A 01.06 4F 
00293A IZll.D7 BE 
1110294A 01DS 58 
00295A 12I1.0A 2£, 
00295A 12I1.0C 4C 
00297A I2I1.Dn Ai 
1il12l29S(~ e:iO;: 26 
121121299 
111121 3111121 A I2I1El I2IF 
0121312111=1 01E4 4C 
2103:112A 1ZJ1E5 IIlD 
:1I0:511l3A 01E8 A6 
11I1Zi:304A 0iEA 0B 
11I1l):%'15A 121 lED 4C 
:1I":31116A IZl~EE 09 
121121307 
1/J12l30S 
0031219 
~0:~:10A 12l1Fl. 98 
i1llll3i ~A 0~.F2 81 
00312 
el03:::::: 
11l1Zl3:4 
11I11l315A 12I1F3 99 

• SA: 1 

47 A 
11l~) A 
IZlD 0iCC 

'0 
J.~ A 
1Zl132 A 
:1Zl 01D6 
06 linCE 

0A P 
47 A 

l~7 A 
FA I2I1CC 
L~7 A 

1Zl0 A 

17 0:F3 

0S A 
F8 I2I1D9 

01 I2IF 1211;:3 

1211 IIlB (2)lF3 
0c A 
01 06 lIllF3 

01 02 1Il1F3 

DEi"iO - ~:C68711l5P3 SOURCE FO~ DIf.h_ER DE~'O 

'* NO f<:EV .:lRESSED. 

* ):F FI~S'" TIi"IE, WAIT OUT DSBO'J;-':CE. 
*' 

L.DA i..Sn<;::v 
C!YIP *$P 
8EQ f<EV22 

*' F::RST ~I·XE 
LOA ti'25 
.TSR WAIT,":S 
B£1R CH:::C:,\ 
BCS '<EV:. ;. 

~;.: STT.:"~ [\>0 ,<EV 
LDA 41$A 
STA LSTKEV 

~·\EY42 Ci..C 
R:S 

*' 
*' GOT P. f<EV. 
.*' CHECf< -'-HAT F ., IS FJ:RS~- TIiV.E. 

*' "EVU. CMP ~sn<·:::v 
8EQ f<::;:V22 
STA Lsn<EY 
SEC 
R"-C: , ,;:) 

*' 
*' C"ECr\ 

*' SCAI\!S f<EVBOARD =O~ CLOSURE. 

*' IF '(l:':V CLOSED, RE-'-URNS WIT,-! K::Y 

*' VALUE IN I~CC A~·D CARRY St::T. 

*' C'-!ECCI: CLRA 
,_OX PORTA GST f<:::VS 

r(EV: LSl..X 
BCC GOT'<:'::V KEV C,_OGED? 
:t\iCA ~O 

C;vP ;;'S 
BNE: l<EVi 

*' C~ECf< BALANCE 0;:: t<SVE1 ON PORTB 
BRCLR 7, PORTB, GOW';:V "8 1t ? 
INCA 
BRCLR 6, POi~-:-B, GO-;i\EY IIg"? 
LDA 1*$E 
BRCLR 5, PORTS, GOT,<EY '1:-;;:11 ? 

Ir-CA 
BRCL.R ", PO:'nB, GO,t<EY II*II? 

*' 
*' NO l\2V "'RSSSED. 

* CloC 
R-S 

*' 
:+: GOT A :·<EY. 
>t' 

GOTK'::V SEC 

MOTOROLA COMMUNICATIONS DEVICE DATA 



~~3:8 
(2)::'::.9 
QJ~320 

0032J. 
i211i'l32::: 
00323~:: (2)- -c' 

... ,--,.J l"n 
210324;1 lZliF6 25 ·1<)2 Ill:. ~::(; 
0~r325 
00:;;25A i2l1F8 ;015 tan A 
l2leJ3zn; ~LF;:; E' !IS A 
~~~ ~:2:;:) 

l2liZl329~1 (U ~:=C :'5 12!'7' l=l 
Q)kr330r:; ~lFE AS 3D A 
0iZr33H, 020121 CD f;Q!.32 I=< 

11103321=< G20~; 14 Q)2 A 
00333A 0205 AS 27 el 
0:u334Q 1l:207 CD ~::'32 q 
l2leJ335A 020A 3A 45 A 
1D~.336A tf'20C 25 EE 01FC 
11l2l337 
1!:11l338P 12l20S AS Co .w P 
00:;~;9A 02:121 CC e!132 A 

MOTOROLA COMMUNICATIONS DEVICE DATA 

- :':CSS7!1I5P3 EiOURCE FOR DU:1L:::i~ DEv,O 

~, 

*' !=iDIAL 
+: ;;)!j:....SE DIAL.S :;-1.:. Dr G I ~ .. GIVEN IN 
*' ('1CC. '=OLi..OwSD BY r-l 200 :-1SEC. WAIT. 

*' 
·:~D ... '::~i.... :s-~p BNE PDIALl 

EN::: PDIAU 

"' Ci··f:1:\·J::: iI(Z!" -,-0 ;*$A 
LDA fr$~ 

9D;:AL:. S"~q SC;~:-Ch SAVE 
"f' MAf<i:: A PU;..S:=: 
PDJ.~r_2 EeLi'< ·~'I .c, ::>o::nc 0:-< i-iOO'< 

LDA j-f.Sl 
,.TSC1 l-.jqITMS 
E:SST 2, PORTC OFF HOO:-< 
LDA n:39 
JSR WAITMS 
DEC SCRTC,", 
BNE PDIA,-2 

*' WAI," 212!12l MSEC INTER-DIGIT 
LDA #2121121 
JMP WAITMS 
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PAGE 

00341 
0121342 
00343 

12l0345A 
00346A 
11l0347A 
00348A 
00349A 
01lJ:550A 
00351A 
1Z112l352A 
Ztl):353A 
lZIeJ354A 
2l0355A 
0lin56A 
fi10:S57 A 
012l358A 
2!!ll359A 
'111lJ360A 
1/i0361 A 
!2l0362A 
00363A 
Ii3Ii.n64A 
iileJ365A 
!2l0~;66A 

,ll1ZrS67 A 
1Z)0358A 
01ZJ:::69A 
!2lLl):S70A 
02l371A 
00372A 
12l0373A 
12lf1l374A 
!2]1ZJ375A 
1Zl0376A 
0fzr377A 
0IZ):578A 
0!ll379A 
1Z117.l381Z1A 
00381A 
01i.'r582A 
QHll.383A 
00384A 
1Il0385A 
eJIZ)386A 
021387A 
00388A 
12l12l389A 
012l390A 
2I0391A 
012l392A 
QlfZl393A 
00394A 
1Il0395A 
00396A 

12l1Zl8 

0080 
0080 
0081 
0082 
0083 
0084 
0eJ85 
0086 
0087 
0088 
0089 
008A 
008B 
008C 
01Z)8D 
QU218E 
008F 
0090 
0091 
0092 
1m'l93 
0094 
0095 
0096 
0097 
0098 
0099 
009A 
009B 
009C 
009D 
009::: 
01Zl9F 
00A0 
17.l0Al 
00A2 
00A3 
00A4 
01ZlA5 
00A6 
1Zl0A7 
00A8 
f2J0A9 
00AA 
I2II2IAB 
1210AC 
I2lI2lAD 
1210AE 
1Zl0AF 
12l0BI2I 
!Z)IZ)B1 
00B2 

DE!"IO .SA:). 

77 A 
76 A 
53 A 
3eJ A 
21 A 
03 A 
06 A 
17 A 
25 A 
4·~ ~. A 
60 A 
71 A 
74 A 
67 A 
57 A 
34 A 
H A 
~0 A 
02 (4 
15 A 
27 A 
46 A 
54 A 
n A 
70 A 
52 A 
45 A 
3F A 
17 A 
05 A 
02 A 
lIZ) A 
31 A 
55 A 
67 A 
F5 A 
72 A 
60 A 
51 A 
34 A 
17 A 
1216 A 
1213 A 
2121 A 
41 A 
54 A 
77 A 
76 A 
63 A 
40 A 
20 A 

DEMO - t':C68705P3 SOURC::: FOR DIALER DE"'O 

*' 
*' TOUCH TO!\:E GENC:RATOR TABLE 

*' 

ORG $80 
TI\!697 FCB $77 

FCB $76 
FCB $53 
~"'CB $30 
FCB $21 
FCB $03 
FCB $05 
FeB $::7 
FCB $25 
F'CB $42 
FCB $6f2l 
rCB $7: 
""CB $74 
FeB $67 
FCB $57 
FeB $34 
FeB $:tl 
FeB ~;00 

FCB $02 
FCB $15 
FeB $27 
FeB $46 
FeB $54 
FeB $71 
FeB $70 
FeB $52 
FeB $45 
FeB ~·T;:: ) ..... , 

TN1335 FeB $17 
FeB $05 
FeB $02 
FeB $10 
FCB $3i. 
FCB $55 
FeB $67 
FCB $F5 

TN770 FCB $72 
FCB $50 
FCB $51 
FeB $34 
FCB $17 
FeB $06 
FeB $03 
FCB ,.20 
FeB $41-
FCB $54 
FCB $77 
FeB $76 
FeB $53 
FCB $40 
FCB $20 

MOTOROLA COMMUNICATIONS DEVICE DATA 



PAGE 0Q)9 DE~iO .SA:;. 

J!2l397A Ii'lli'lB3 13 
'lllZl 398 A ~J!1)Blt 05 
'll'll~;99A 0085 17 
fll2i411lZA i2ll'lB5 24 
Ql!i'l401 A Ii'll2lB7 41 
iill2l411l2A ~%.'lB8 50 
12!!i'l4Ql3A 012199 73 
Zli'llt04·A Ii'l!2lBA 75 
Ii'll2ll.05A Ii'lI2lBB 57 
(/}0lt11l5A iIl0BC 34 
!i'l0(~12l7A 01i'lBD 11 
~JQl408A "J0BE 021 
I1lli'llt09A I2lI2lB'" IZr< .~ 

iIl(1Jlt10A I2l(1JC0 ).5 
004:i.1A 00Cj. 3F 
Ql(l)4J.2A Cll2lC2 57 
00lt13A IlJlZ)C3 55 
i1U/14l4A !i'l0C4 Fl 
00415A I2lQJC5 71i'l 
01l141.6(::, ~~Q)C5 53 
'2l1Zl417A 0ZC7 45 
1lI1ZlLL18A (2)0C8 27 
01Zlt.t19A 012lC9 03 
00420A 00CA 12)0 
210421 A I2l!llCB 11 
lleJ422A ;1i1lCC 35 
0042314 t<%lCD 57 
iZi042M1 12i0CE 75 
IZ1l2ll,25A i2l0CF 72 
~e142SA 0!1lD0 621 
00(~27A 0001 42 
Q')l21428P 1i'l0D2 :L6 
121121429A 00D3 07 
itJ0431ZlA l10D4 i114 
012llt31A 11I>1D5 20 
ZiZl432A 0iZlD5 4' 
lZI!Zlt.:.33A 00D7 54 
Q:iZJLL3ltR 2)0D8 T-
iZI0lt35A 02)D9 77 
i<l0435A 2l0DA 55 
f2l!2ltt37P, I2)(1jDB 31 
~~~438A m1iDC :.1 
0~1t.t39A eii1JDD 05 
~l?itt40~) i?JiZlDE 17 
(?J(M.:.ltlA 00DF 25 
!1iiZ!t..l~2A iZl0Ef?J 51 
i1I(1j44:~A fZ!v.l'OJ. 51 
011ll.44A <'I0E2 F4 
iZ)!2l4I.t5A 121(1,,3 77 
i/lfZ)l,4.6A 0~E4 65 
i2liM47A ~QlES 41. 
iIliZil,4i::11=1 0iZl''::5 21 
0i?J449A 0iZlE7 04 
:;:)ii)45iZlA e)0ES 07 
li:liZl[~5H·1 00::::9 '~)C' 

-"-' 
1Zl2l452A 0111EA 51 
iIliZllt53~\ 0illEB 70 
2l1Zl45l,·A miZlSC 7lt 
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DEMO 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
~1 T\\1477 
A 
A 
A TN852 
(~ 

A 
A 
A 
f~ 
q 
A 
A 
I~ 

A 
A 
A 
A 
~\ 

A 
A 
A 
A 
A 
R TN1633 
A 
A 
A 
A 
I~ 

A 
A 
(:.) 

A 
A '-:-.194,. 
~~ 

A 
A 
A 
A 
p 
A 
~\ 

A 

- t'IC68705 P3 

FeB $;.3 
FCB $05 
FCB $17 
FCB $24 
FCB $41 
FCB $50 
FCB $73 
FCB $75 
FCB $57 
FCB $34 
FCB $11 
FCB $01i'l 
FCB $03 
FeB $15 
FCB $3F 
FCB $57 
FCB $55 
FCB $Fl 
FCB $70 
FCB $53 
FCB $45 
FCB $27 
FCB $12l3 
FCB $1110 
FCB $:i.l 
FCB $35 
FCB $57 
FCB $75 
FCB $72 
FCB $612) 
FCB $(+2 

FCB $16 
FCB $07 
FCB $04 
FCE! $20 
FCB $41 
FCB $5lJ. 
FCB $7:=-
FCE! $77 
FCB $55 
FCB $3:. 
FCB $11 
FCB !~fZt5 

FCB $17 
FCB $25 
FCB $5" 
FCB $5l 
FCB $F(~ 

FCB $77 
FCB $65 
FCB $4:. 
FCB $21 
FCB $04 
FCB $07 
FCB $25 
FCB $51 
!=CB Hill 
FeB $74 

SOURCE FOR DIALER DEt'IO 
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00455A 00ED 
00456A 00EE 
00457A 00EF 
00458A 00F0 
0:2l459A 00Fl 
00460A 00F2 
00461A 00F3 
00462P. 00F4 
00463A 0f1lF5 
00464A 001=6 
00465A 00F7 
01Zl466A 001=8 
0121l~67A 00F9 
00468A 0121FA 
00469A 00FB 
0047121A 00FC 
00471A 12l0FD 
00472A 00"'E 
00473A I2II?JFF 

00475 

DEMO 

67 
35 
11 
00 
14 
37 
55 
71 
70 
5l~ 

37 
15 
01 
10 
44 
6F 
FF 
00 
FF 

0080 

• SA: 1 DEMO - MC68705P3 SOURCE FOR DIALER 0:,:"';0 

A FCB $67 
A FCB $35 
A FCB $11 
A FeB $00 
A FCB $14 
A FeB $37 
A FCB $55 
A FCB $71 
A eCB $70 
A FCB $54 
A FCB $37 
A FCB $15 
A FCB $01 
A FCB $j,17.l 
A FCB $44 
A FCB $6F 
A FCB $FF 
A TNOFF FCB $00 
A FCB $F:=-

A TN1209 EQU TN697 (SHARE START ADDRESS) 
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00478 
00479 
00'.80 
Ql0481A 07F8 
12l0482A 12l7FB 
012l483A 07FA 
11l0l,S4A 07FC 
Ql0485A 07FE 
0121486 

011210 
010121 
III 1121121 
12110121 

• SA: i DE:v!O 

A 
A 
A 
A 

*' 
*' 
'" 

- MC68705P3 SOURCE FOR DIALER DEMO 

INTERRUPT VECTORS 

ORG $7F8 
FDB START 
FDB START 
FDB START 
FDB START 
END 

TIMER INERRUPT 
HARDWARE :NTSRRUP, 
SWl 
RESST 

TOTA~ ERRORS 00121121121--121121121012l 

121189 ADDNUi"1 
I2I)'D6 CHEC,< 
121 1. 5B COt-.:T 
I2IUA DIAL 
121121 DODIAL 
1Zl138 DTCi',E 
1<),.85 GENI-!.I 
o 1St. lJEYLO 
el ,. 6D GE"j'"\iLO 
~j:;.;"·3 C30T·<EY 
el :1.09 f<SYl 
I2I:CE f<EY~ 1 
IillCC hSY22 
IillB5 f<:EYIN 
121047 LSTKEY 
016.: i'<CAR.~Y 

1il:;.F5 ?DIAL 
12:1..=A "D1;:r...1 
Iilll'=C ;~DrAL2 

Q)e~0 PORTA 
i2lt~04 PORTAD 
2MIZ "- PORTB 
000S PORnD 
l1i2lid2 PORTC 
0006 PORTCD 
01.:29 PU~SE 
0;. IlE SCAS 
12l12l4E, SC'FC;-" 
eF 70 S·-FLO 
QlC.I~0 SWIRT 
Ql042 STAfFH 
121043 STAR7L 
1210[,0 i"IMEH 
iZlU41 T::V:EL 
VJel2l9 ~'~,"!RCO!\! 

IZHZliC8 ':',v,RDAT 
~(lj8~ "I!\;12zj9 
~l?;9C: TN:l.335 
0~)C2 TN1477 
Q'i0D9 TN1633 

121121192 12I11l'.99* 
121121257 121(11269 121121292* 
(111211.44*01211.52 
(II1ZI1Zl66 flIl2lflI76* 
i21l1Ii2I76 I2IflI12I82* 
flIflIflI83 l2Ii2I121* 
flI(II :!. 89 lIHZ)). 96* 
flI12I1l,4 I2IflI156* 
12112116iZl I2IflI167* 
1210295 1Z112I3i21i21 012131212 0(1131Z14 012131216 121121315* 
flI0294*12I0298 
1210258 012127121 I2IflI28121* 
flIflI265 I2IflI274*flIi2I281 
111121065 211Z1257* 

flI0142 0121151* 
0i2li2191 1Z10323* 
1Z10324 121121327* 
flI11I329*012l336 
flIflI025*01Zl12)55 12)121293 
00028* 
121012126*121121056 1ZI(II2i216 01Z1300 1Zl1Zl3i2l2 0fl13fl14 12l1Zl305 
1210029*00059 
1Zl01Zl27*12I12I12I57 (11121068 011l11l69 i211Z11Z176 IZll2lfll77 0fl11Z182 111121329 00332 
1211211213l1h'0!2HZ)6 :l 
1210082 0121089* 
iZl12l065*,<Zl1Zl068 12I1Zl07121 0012178 0012184 12101219121 012112192 
00044*,11)0177 flIfll2fl14 flI0327 121121335 
001.63 00~72* 
001Zl55*l2Ifll482 121121483 1Zl1Zl484 12I1ZI[,85 
12112I11l4121*12I12I125 21121196 
0(2)11)4 :i. 'f'1Il0 128 i21121167 
01Z1038*0121134 (2)121143 
00039*11l0136 1Zl12l141 
:1!flIIZl32* 
00(3).* 
0iZl221Zl 1210226 01Zl232 01Zl2[~6 0121475* 
0121218 00222 1210228 1210234 0fl1374* 
1Zl12l22[, 1210230 121121236 0121248 Q'l(JJ412* 
flI0238 (110240 I1IQJ242 (110244 00435* 
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0080 
00R4 
iZliZlC5 
m'lE3 
00F::: 
v.lv.I4L~ 

(Z)1/~L~5 

~~}.55 

e:::.95 
ill' . .54· 
ill:':.:3:2 

~t,,597 

TN7711l 
T!\852 
T!\i941. 
TNO~::-F 

TONE~' 
"rOI\~EL-

"'''O\iEU' 
";","f-ib 
1"tAj:Ti 
t .. • . .1A:,:Tr'!S 

• ~3A: 1 DE;vrO 

00221 0022::'; el0225 
0iZl227 00229 00231 
0iZl233 0~235 e!1Zl237 
002~9 Q!02L~5 002L~ 7 
00472* 
00042*00126 0121184 
00043*12)(2)1.29 0iZl155 
00: L~:. *002~. 3 
00 ~.2L~ 11I1Z11. 27 0111218* 
11101.06*00107 
12101 111 5 >HZI 0 1. 09 0111:L~9 

- MC58705P3 ~;O:..JRCE FO'! DIP·_E:r~ D':'::'10 

012t'239 00345*00475 
iZl024.1 ~0382* 
iZl0243 00415* 
iZliZl249 (~04<'l.5* 

l2IiZl200 
00180 

0111258 11033: 00334 00339 
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?AGE 001 TONCAL .SA:l 

~H00 DI~I T(00) 
0101 H=1, 
0102 P=122E-6 
IlL. 10 ,C=0 
0J.20 W=f"*l.E5 
0:;,21 PRINT IIPEF~IOD == .. ;W; iluSECS (Y/\!) 11 ~ 

12l,,22 Il\PUT A$ 
0123 IF" (~$="Y" T'-iE:-" [3OTO ',30 
0:].24 IF A$ (> IIj\l1l THE!\! GO:-O :L2l 
0125 INPUT "PEfEOD (uSEC;::S)=", FJ 
0J.25 P=P'+'lE-5 
01:;'21 PRIi\iT IITOh!E FREQ=II; 
0140 II\PU-c F 
0150 X=2*3.141593*F*P 
0150 FOR N=l TO 100 
0170 T(N)=:NTC3.5*CDS(N*X)+4) 
!ZJ :i. 71 GOSUB 8000 
CH90 IF T(,,')(7 THE.·~ GDTD 370 
0200 REM GOT A CREST- CALCULATE CU~ULATIVE ERRO~ 

Q==r\!*P 0220 
21230 
0240 
~250 

E= (C/F:'-Q) *100/Q 
GOSUB 7000 
PRI~IT "ERROR 

0270 PRINT nSRMPLE COU:\T=",N 
~275 j:JRINT IIFR~QUENCY =1I;l=;IIHzlI 
0280 ?FlINT "CONTINUE (YIN)"; 
0290 I~:PU-:- (.:?j$ 

21::;00 IF f"$="Y" THEN GOTD 370 
0311Z; IF (-1$ 0 "N" THEN GOTO 280 
~32~ R~M DONE- PRINT SAMPLE LIST 
liJ::,30 GOSUB 9~l00 

Q)::"·32 (30TO !. !,12l 
(lfS7e: r"~::XT N 
21:::.80 PRJ::\'T "SA.vIPLE COU~IT :,00" 
03':';D '::I~D 

7000 REM PLOT SUBROUTINE 
7iZlIi:11"RINT CH;~$(27); "q" 
7002 FOR I=~ TO 50 
712l(21::) I\!",:n I 
72(2)5 FJt~I ;\IT 
7006 PRINT " . " , 
7010 FOR I = 1 TO 8 
7020 _=8-1 
70;:'2'1 PRINT L~ II i!!; 
7040 REM PRINT THIS LINE 
7050 FOR J=l TO N 
7050 IF 7(J)=L THEN GO TO 7090 
7070 ,"RINT " "; 
7080 GO-:O 7i00 
7tZl9Ql PF~I:\IT 1I:+:1I 1 
7H'l0 NE':X~- J' 
7110 i~RJ:i\iT 

7120 I'I,EXT I 
·7~.:;e; :iRI\i"T II , 

7~40 ~OR 1=1 TO 70 
7:.5Ql PR~j\l: ":II~i 

715(2) ,\IEXT : 
7155 W=P*lE5 
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PelGS 0(7)2 TONCAl • SA: 1 

717(7) i':'lIi'F .. 
71.80 PRINT 
7:,90 PRINT 
7200 RETURN 

HORIZO~~P~ =";W;"USEC" 

8!ZH110 I~Ei'" CREST COUNT ROUTINE- '-.00', FOR 1'1 ZERO CROSSr;"G 
8010 I", T(N) )3 -'-HE" GOTO 8040 
8i1l2i1l H=0 
8030 RETURN 
8040 :::F H=0 ,HE\I C=C+: 
8050 1-1=1 
(:;060 '~ETURN 
9(7)(7)(7) REM PRIN~ER OUTPU~ SUBROUTINE 
9011 FOR J=l TO 4 
9012 PRINT *,,2 
9(7) :'. :;'; N :::xr J 
9~22) :~')R I NT :1t.2 
912)30 P::,INT ~i=21 II • II 

904i1l ~OR 1=1 TO 8 
9fl.)50 L==8-I 
~3Il!50 PRI NT :!-1:2, L;II ~ II ~ 

9070 :=OR 3=1 TO N 
9080 :'. F Tt: J) =L -:HEN mr-o 9:'.10 
9090 .~ R I NT t~2," .. ~ 

9J.00 Go-,-e 9120 
9;:.).0 P~:(1\iT ~*2jil*lI; 

9).20 NEXT J' 
9::.~3e: prxI:\.;T ~).2 

g\t.L~ l\l~XT I 
9~50PRINTtf27U 111 
9160 FOR 1=1 TO 70 
~J:i. 70 ?RIi\iT :f~2, ": "; 
9 J. 8el NE::XT I 
Si90 W=P*1E6 
9:,',3:. DlG;:TS= ::: 
~~l92 PRr.t\'T l*2 
9200 :'RI,\IT l*2, .. 
921111 PRINT lQ 
922111 PRINT #2 
9230 PR I!\iT ~*2," FRt::QUE\:CY 
~j24i1l PR;:NT #2, "ERROR 
9250 "'RINT li'2, "NO. SAM"Li:S 
926el P::xI:\lT ~*2, H!\!O. CYCLES 
927111 PRINT 'Fi2 
9271 DIGITS= i2l 
928fZl !:3RINT :l:l:2 
929111 FOR ';~l. TO N STEc.! 2 

II F; /I HZII 

II E;H ':f..11 

II C 

~r~::0Q) ?;~IN'r ~:j:2,I1SA~oL~ II;J;II II;-'-(J); 

~)310 8=J"+1 
932173 IF B) t-.: TL!EN GO""O '33/1.111 

II; W;" uSEe II 

9:::;~5el PRINT ~~:::, II SAtviPLE 11;8;11 11;-:-(8); 
934.111 i'Rlt\!T ,1*2 
':B512l NEXT J 

9370 i,ETUI~N 
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APPLICATION NOTE 
AN957 

Interfacing The Speakerphone To The 
MC34010/11/13 Speech Networks 

Prepared by 
Dennis Morgan 
Bipolar Analog IC Division 

INTRODUCTION 
Interfacing the MC34018 speakerphone circuit to the 

MC34010 series of telephone circuits is described in this 
application note. The series includes the MC34010, 
MC34011, MC34013, and the newer "A" version of each 
of those. The interface is applicable to existing designs, 
as well as to new designs. 

FUNCTIONAL REQUIREMENTS 
Figure 1 shows the basic MC34010 telephone circuit as 

described in the data sheet. It is a completely functional 
telephone meant for use with a handset, and provides 
the additional function of a microprocessor interface for 
the DTMF dialing function. The MC34011 does not have 
the microprocessor interface, but otherwise is identical, 
including the pin numbers. The MC34013 has the same 
speech network, dialer, and line interface circuit as the 
MC34010, but does not have the microprocessor interface 
or the tone ringer. Except for a minor difference between 
the speech networks of the "A" version parts and the 
"non-A" parts, the interface to the speakerphone circuit 
is virtually the same for all 6 parts. 

Figure 2 shows the basic MC34018 speakerphone cir
cuit as described in the data sheet. It is NOT a complete 
telephone, but provides only the speakerphone functions. 
It requires a speech network, such as the MC34010, to 
transfer the speech signals tolfrom the Tip & Ring lines, 
and to provide the required supply voltage. The four ex
ternal connections - transmit output, receive input, dc 
line input, and chip select - are the points which must 
be interfaced to the speech network. 

In the following text, only the MC34010 interface will 
be described. The interface to the other parts is the same 
except where noted. 

When combining a speech network which operates a 
handset, with a speakerphone circuit, certain changes are 
required in the circuit operation when switching between 
the handset mode and the speakerphone mode, and ad
ditionally when the dialing mode is in effect. The four 
modes to be considered are: 1) using the handset for 
speech, 2) using the speakerphone for speech, 3) dialing 
in the handset mode, and 4) dialing in the speakerphone 

MOTOROLA COMMUNICATIONS DEVICE DATA 

mode. The requirements are summarized in the following 
table: 

Speaker-
Handset phone 

Mode MC34018 Vir Mike Mike 

Handset-Speech Unpowered Low Live N/A 
Spkrphone Speech Powered High Dead Live 
Handset-Dialing Unpowered Low Dead N/A 
Spkrphone Dialing Powered High Dead Dead 

Since the entire circuit is to be powered by the phone 
line, the speakerphone circuit is powered up only when 
it is to be used since it uses a portion of the loop current, 
(a significant portion on long loops). The MC34010, how
ever, must be powered all the time since it is the interface 
to the phone line. The Vir voltage mentioned in the table 
is the voltage across the resistor at the LR pin of the 
MC34010, which sets the dc characteristics of the circuit. 
By increasing that resistor, the dc supply voltage (and the 
voltage at Tip & Ring) will be increased in the speaker
phone modes, where additional power is required. 

The handset mike is to be functional only in the hand
set-speech mode. If it were functional in the speaker
phone-speech mode, system oscillations andlor addi
tional echoes could occur. Disabling the microphone is 
accomplished by activating the MM (Mike Mute) pin on 
the MC34010. On the MC34010A, activating the MM pin 
results in disabling the transmit amplifier, so in that case, 
a transistor is added to the microphone circuit as the 
means to disable it. In both dialing modes, muting is au
tomatic whenever the dialer is activated, so the DTMF 
tones are not distorted by sounds entering the 
microphone. 

The speakerphone mike is listed as NIA in the handset 
modes since the MC34018 circuit is unpowered, effec
tively disabling the mike. In the speakerphone dialing 
mode it must be non-functional for the same reason as 
mentioned above. That is accomplished by the fact that 
the MC34010 (and MC34010A) transmit amplifier is inop
erative when its DTMF dialer is activated. 
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TO 
TONE RINGER 

CIRCUIT 

R5 

RS 

STA 

V+ 

T C12 

Cll 

r7 
lC 

Rl 

a # 
C3 

KEYPAD 

C7 

MT 

DIALER 
LOGIC 

& 
DTMF 

GENERATOR 

CS R7 

RM 

a.6V 
MT 

MICROPROCESSOR 
INTERFACE 

RXI 

MT 

\ ••••• I 
!,P INTERFACE 

MC340la{A) ONLY 

R6 

RXO 

Rla 

TXO 

L-------¢MM 

... 

V-

Figure 1. Basic MC34010 Type Telephone 

RECEIVER 

C5 

Rl2 

MC340la TYPE 
SPEECH NElWORK 

MIKE 
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Figure 2. MC34018 Speakerphone Circuit 



CIRCUIT DESCRIPTION 

SWITCHING ARRANGEMENT 
Figure 3 indicates the switching arrangement for going 

off-hook in either the handset mode or speakerphone 
mode, and for switching between them. 51 (a two pole 
switch) is the normal hook switch activated by lifting the 
handset. S2 (a two pole switch) is a manually operated 
switch which activates the speakerphone. 

Whenever the handset is off-hook, and 52 is in the off 
position, power from Tip & Ring is applied to the 
MC34010 through the diode bridge and 51A. SlB's po
sition is of no consequence in this mode. Should S2 be 
switched on while the handset is off-hook, power is then 
applied to the speakerphone IC through 52B. However, 

TlPo-+----~ 

RING O-~----' 

Note: 
51 ~ Hookswitch 

TO 
TONE RINGER 

CIRCUIT 

since 51 B is open, the MC3401S's CS pin (Chip Select) is 
taken high through R33, disabling the IC. 

Anytime the handset is on-hook, and S2 is on (both 
poles closed), power is applied to both the MC34010 and 
the MC3401S. Since SlB is closed, C5 is taken low, en
abling the speakerphone circuit. Anytime the handset is 
taken off-hook the circuit will revert back to the handset 
mode. 

The 1.0 Henry inductor isolates the speech signals at 
Tip & Ring from the V + pin of the MC3401S, preventing 
an oscillatory loop from forming. The diode bridge, B2, 
is added for the tone ringer circuit of the MC34010(A), or 
MC34011 (A), to keep the switches 51 and S2 from re
quiring 3 poles each. 

ZI 

-= 

R5 
r---'Vw-.... TO RECEIVE CIRCUIT 

V+ 

MC3401D,A 
SERIES 

SPEECH NElWORK 

V-
-= 

(Shown On·Hook) 
52 ~ Speakerphone On/Off 

Switch 

R33 
47k MC34018 

...... ....,.v:v.::r'-..... -t-----...... -;V7":"i+ SPEAKERPHONE 
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V-
-= 

-= 
Figure 3. Handset/Speakerphone Power Switching 
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20 

18 

16 

13 14 
§; 

HANDSET MODE ./ 

Y 
~ 12 
ir 
~ 10 

SPEAKERJHONE MODE~ --8/"" .&---;. "/ 
6/ ./ /' y 
4 

,/ 

-

20 4D 60 80 100 

LOOP CURRENT ImAI 

./ 

f-

120 

Figure 5. Tip-Ring Voltage versus Loop Current 
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MICROPHONE CONTROLS 
To mute the handset microphone when the speaker

phone speech mode is in effect, the circuit of Figure 6 is 
used for the MC34010 (MC34011, MC34013), and the cir
cuit of Figure 7 is used for the MC34010A (MC34011A, 
MC34013A). 

TO 
TONE RINGER 

CIRCUIT 

llP 

RING 

TO OTHER 
CIRCUITRY 

PER FIGURE 1 

Note: 
Sl = Hookswitch 

(Shown On·Hook) MIKE 

In Figure 6, when the handset mode is in effect, S1B 
takes the MM pin low, enabling the handset microphone 
by turning on the MIC pin (to ground). When the speaker
phone mode is in effect, MM is taken high through R32, 
disabling the handset microphone (MIC pin is open). 

R5 
TO RECEIVE CIRCUIT 

V+ 

Zl 

-= 
T1 BP 

VR 

LR MC34010 
SERIES 

1k SPEECH NETWORK 

1,5k 

-= 

S2 = Speakerphone TO TRANSMIT AMPLIFIER MIC On/Off Switch 
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MM 

V-

-= 

SlB 

cs,-----j 

R33 
47k MC3401B 

L...4l-fvvY\ ..... +---'r__---4-...... --,V7'"+' SPEAKERPHONE 

V-
-= 

-= 
Figure 6. Microphone Muting - MC34010 Series 
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In Figure 7, in the handset mode, S1 B is open, T3 is on, 
and the microphone bias current flows through the MIC 
pin. In the speakerphone mode, S1 B is closed, turning off 
T3, disabling the microphone. T3 is required for disabling 
the microphone with the "A" series speech networks 
since the transmit amplifier is disabled when the MM pin 
is taken high. 

In both the "non-A" and the "A" version circuits, the 
handset microphones are muted during dialing due to 
the fact that the MIC pin is opened by the dialer circuit. 

SPEECH SIGNALS 
Referring to the complete schematics (Figures 8, 9, 10, 

TO 
TONE RINGER 

CIRCUIT 

TIP 

RING 

TO OTHER 
CIRCUITRY 

PER FIGURE I 

Note: 
SI = Hookswitch 

(Shown On-Hook) 
S2 = Speakerphone 

MIKE 

On/Off Switch 

and 11) the receive signals coming in on Tip & Ring are 
sent to the handset receiver (at RXO) and to the speaker
phone circuit's "receive input" path by the MC34010's 
hybrid function. It is not necessary to mute the handset 
receiver during speakerphone operation. 

The transmit signals from the handset microphone are 
put onto the Tip & Ring lines through the MC34010's hy
brid function, with a gain determined by resistors 
R27-R30. In the speakerphone mode, the transmit output 
signals (at TXO of the MC34018) are attenuated by R35 
before being applied to the MC3401 O's transmit amplifier. 
The level of the speakerphone transmit signals at Tip & 
Ring can be adjusted by varying R35. 

R5 
TO RECEIVE CIRCUIT 

v+ 

ZI 

= 
TI BP 

VR 

'R MC340IO 
SERIES 

3k 
SPEECH 

NETWORK 

IK 

= 

MIC 

3K 

R36 v-
= 

47k R33 
MC34018 

'-4....r:.!:~ ...... .,...."""1P---------;v:-:-l+ SPEAKERPHONE 

v-

= 
Figure 7. Microphone Muting - MC34010A Series 
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R35 

r:1 
CP2 

SKG 

C9 
SKO 

Rl -30 k 
R2 -SI k 
R3 -3.3k 
R4 -1 M 
R5 -4.7 k 
R6 -1 M 
R7 -100 k 
R8 -4.7 k 
R9 -4.3k 
Rl0-200 k 
RI'-24 k 
R12-20k 
R13-18 k 
R14-2 k 
RI5-1.8k 
R16- 200 k 
R17-1 k 
R18-100 
R1S-3S0 
R20- 200 k 
R21-56k 
R22-150k 
R23-56 k 
R24-1.5 k 
R25 -"' 1.5 k 
R26-6.8 k 
R27-270 
R28- 200 k 
R2S-4.7k 
R30-4.7 k 
R31-1.5k 
R32-51 k 
R33-47k 
R34-36 
R35-33k 

R5 Cl9 
RU 

CIS 
RXI 

V+ 

CS 

RRX 

GNO 

KEYPAD 

• 0 # 

Rl 
R2 
R3 
R4 

TO 
MS l DI' 

;: .. , ~ 
rt-_r_---lCRl 

R32 

MC34010/11 and MC34018 
COMPONENT VALUES 

Cl "-0.1 
C2 -0.068 
C3 -2.2p.F 
C4 -2.2p.F 
C5 -0.1 
C6 -47p.F 
C7 -4.7p.F 
C8 -0.068 
CS -47p.F 
Cl0-lp.F 
C"-0.05 
C12 -47p.F 
CI3-47p.F 
CI4-4.7p.F 
CI5-4.7p.F 
CI6-0.05 
CI7-0.01 
CI8-0.05 
C1S-0.l 
C20-1000 p.F 
C21-1p.F 
C22-4.7p.F 
C23-620 pF 
C24-0.01 
C25-0.D1p.F 
C26- 2.2p.F 
C27 - 0.1 
C28-0.05 
C2S-0.05 
C30-1p.F, NP 
C31-0.1 
C32-0.1 
C33-100 pF 
C34-100 pF 
C35-1p.F 
C36-0.1 

L1 - 1 Hry, < 10011 

ZI-IBV 
Z2-4.7V 
Z3-30V 
Z4-7V 
Dl,D2-1N4001 

Tl-2N4126 
T2-2N2222A 

Bl -IN4004's 
B2-1N4004's 

51 - DPDT (Hookswitch) 
52 - DPST (Speakerphone switch) 

Handset R'cvr - 300 11 
Handset Mike - Electret 
Spkr'phone Speaker - 25 11, 0.3 W 
Spkr'phone Mike - Electret 

Figure 8. HandsetlHandsfree System Using the MC34010/11 and MC34018 
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R35 

C/ 
CP2 

SKG 
C9 

SKO 

Rl -30 k 
R2 -91 k 
R3 -3.3 k 
R4 -I M 
R5 -4.7 k 
R6 -I M 
R7 -IDOk 
R8 -4.7 k 
R9 -4.3k 
RIO-200 k 
R11-24k 
R12-20 k 
R\3-18 k 
R14-2 k 
R15-1.8k 
R16-200 k 
R17-3 k 
R18-100 
R19-390 
R20-200 k 
R21..,..56k 
R22-1S0 k 
R23-56 k 
R24-1.S k 
R25-1.S k 
R26-6.8 k 
R27 -270 
R28-20D k 
R29-4.7 k 
R30-4.7 k 
R31-1 k 
R33-47k 
R34-36 
R35-33 k 
R36-3k 

R5 CI9 
RU 

CI6 
RXI 

V+ 

CS 

RRX 

GND 

KEYPAD 

9 
• 0 # 

Rl 
R2 
R3 

iii 
MS l DP 

.;.'~" ~ 
,",,~--iCRl 

CR2 
MC340IOAIllA 

MC34010AlllA and MC34018 
COMPONENT VALUES 

Cl -0.1 
C2 -0.068 
C3 -2.2I'F 
C4 -2.2I'F 
C5 -0.1 
C6 -471'F 
C7 -4.7I'F 
C8 - 0.068 
C9 -471'F 
Cl0-l1'F 
Cll-0.05 
C12-471'F 
C13-471'F 
C14-4.7I'F 
C1S-4.7I'F 
C16-0.0S 
C17-0.D1 
C18-0.0S 
C19-0.1 
C20-1000 I'F 
C21-11'F 
C22-4.7I'F 
C23- 620 pF 
C24-0.1 
C25- 2.21'F 
C26-0.01 
C27-0.1 
C28-0.0S 
C29-0.0S 
C30-1I'F, NP 
C31-0.1 
C32-0.1 
C33-100 pF 
C34-100 pF 
C35-11'F 
C36-0.1 

Ll-1Hry,<100n 

Zl-18V 
Z2-4.7V 
Z3-30V 
Z4-7V 

01, 02 - 1 N4001 

Tl-2N4126 
T2, T3 - 2N2222A 

Bl - 1 N4004's 
B2 -lN4004's 

Sl - OPOT (Hookswitch) 
S2 - OPST (Speakerphone switch) 

Handset R'cvr - 300 n 
Handset Mike - Electret 
Spkr'phone Speaker - 2S n, 0.3 W 
Spkr'phone Mike - Electret 

Figure 9. HandsetlHandsfree System Using the MC34010Al11A and MC34018 
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r:7 V+ 
CP2 

CS 
SKG 

C9 RRX 
SKO 

GND 

Rl -30 k 
R2 -91 k 
R3 -3.3 k 
R4 -I M 
RS -4.7 k 
R6 -I M 
R7 - 100 k 
RS -4.7 k 

. R9 -4.3k 
Rl0-200 k 
Rll -24 k 
R12-20 k 
R13- IS k 
R14-2 k 
R17-1 k 
R1S- 100 
R19-390 
R20-56k 
R21 -200 k 
R22- ISO k 
R23-S6k 
R24- 1.S k 
R2S-1.5 k 
R27- 270 
R2S-200 k 
R29-4.7 k 
R30-4.7 k 
R31-1.Sk 
R32- S1 k 
R33-47 k 
R34-36 
R3S-33 k 

Rll 

KEYPAD 
Rl 
R2 
R3 

• 0 # R4 

Cl 
C2 

C3 

MC34013 

SOOkHz 
RESONATOR 

CRI 

CR2 

R32 
MM 
MIC 

C35 
AGC 

MC34013 and MC3401a 
COMPONENT VALUES 

Cl -0.1 
C2 -0.068 
C3 -2.2 p.F 
C4 -2.2 p.F 
CS -0.1 
CS -47 p.F 
C7 -4.7 p.F 
CS -0.068 
C9 -47 p.F 
Cl0-l p.F 
Cll -O.OS 
C12 -47 p.F 
C13 -47 p.F 
C14-4.7 p.F 
C15-4.7 p.F 
C1S-0.05 
C17-0.01 
C1S-0.05 
C19-0.1 
C20- 1000 p.F 
C24-0.1 
C25- 2.2 p.F 
C26-0.01 
C27-0.1 
C2S-0.05 
C29-0.05 
C31-0.1 
C32-0.1 
C33- 100 pF 
C34- 100 pF 
C35-1p.F 
C36-0.1 

FB 
V+ 

BP 

lR 
lC 

V-

VR 

RXO 

RXI 

RM 

CAl 

STA 

TXO 

TXI 

TXl 

L1 - I Hry, < 100 n 

Z1 -1SV 
Z4-7V 

01,02-1N4001 

Tl -2N4126 
T2- 2N2222A 

B2 - lN4004's 

S1 - OPOT (Hookswitch) 
S2 - OPST (Speakerphone switch) 

Handset R'cvr - 300 n 
Handset Mike - Electret 
Spkr'phone Speaker - 25 n, 0.3 W 
Spkr'phone Mike - Electret 

TIP 

Figure 10. HandsetlHandsfree System Using the MC34013 and MC34018 
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R35 

C7 
CP2 

SKG 

C9 
SKO 

Rl -3~ k 
R2 -SI k 
R3 -3.3 k 
R4 -I M 
R5 -4.7 k 
R6 -I M 
R7 - 100 k 
RS -4.7 k 
RS -4.3 k 
RIO-200 k 
R11-24k 
R12-20 k 
R13-1S k 
R14-2 k 
R17-3 k 
R1S- 100 
R1S-3S0 
R20-56k 
R21- 200 k 
R22-150k 
R23-56k 
R24-1.5 k 
R25-1.5 k 
R27-270 
R2S-200 k 
R2S-4.7 k 
R30-4.7 k 
R31-1 k 
R33-4.7 k 
R34-36 
R35- 33 k 
R36-3k 

Rn 

V+ 

CS 

RRX 

GNO 

KEYPAD 
2 3 RI FB 
5 6 R2 V+ 

7 8 9 R3 BP 
• 0 # R4 

CI 
C2 LA 
C3 LC 

V-

VR 

MC34013A 

500 kHz 
RESONATOR 

CRI 

CAl 

MM 

MC34013A and MC34018 
COMPONENT VALUES 

Cl -0.1 
C2 -0.06S 
C3 -2.2J.'F 
C4 -2.2J.'F 
C5 -0.1 
C6 -47 J.'F 
C7 -4.7 J.'F 
CS -0.06S 
CS -47 J.'F 
Cl0-1 J.'F 
Cll-0.05 
C12-47 J.'F 
C13-47 J.'F 
CI4-4.7 J.'F 
CI5-4.7 J.'F 
CI6-0.05 
CI7-0.01 
C1S-0.05 
C1S-0.l 
C20 -1000 J.'F 
C24-0.1 
C25-2.2 J.'F 
C26-0.01 
C27-0.1 
C2S-0.05 
C2S-0.05 
C31-0.1 
C32-0.1 
C33-100 pF 
C34-IOO pF 
C35-1 J.'F 
C36-0.1 

RXO 

RXI 

RM 

CAL 

STA 

TXO 

TXI 

TXl 

L1 - I Hry, < 100 n 

ZI-1SV 
Z4-7V 

01,02 - lN4001 

T1- 2N4126 
T2, T3 - 2N2222A 

S2B 

B2 - 1 N4004's 

51 - OPOT (Hookswitch) 
52 - OP5T (Speakerphone switch) 

Handset R'cvr - 300 n 
Handset Mike - Electret 
Spkr'phone Speaker - 25 n, 0.3 W 
Spkr'phone Mike - Electret 

Figure 11. HandsetiHandsfree System Using the MC34013A and MC34018 
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CONCLUSION 
Interfacing the MC34018 speakerphone circuit to the 

MC34010 series of speech networks has been shown to 
be simple and straightforward. The interface requires the 
addition of 2 diodes, 5 resistors, either 1 or 2 transistors 
(depending on the speech network), and one diode bridge 
for the tone ringer circuit in the MC34010(A) and the 
MC34011(A). Any existing MC34010 type circuit can be 
easily modified to accept the speakerphone circuit. 

AN957 
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REFERENCES 
MC34010 Data Sheet, Dec. 1983, Motorola, Inc. 
MC34010A Data Sheet, May, 1985, Motorola, Inc. 
MC34013 Data Sheet, Nov. 1983, Motorola, Inc. 
MC34013A Data Sheet, Feb. 1985, Motorola, Inc. 
MC34018 Data Sheet, Apr. 1985, Motorola, Inc. 
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Transmit Gain Adjustments 
For The MC34014 Speech Network 
By 
Scott Bader and Dennis Morgan 
Bipolar Analog IC Division 

INTRODUCTION 
The MC34014 telephone speech network provides for 

direct connection to an electret microphone and to Tip 
and Ring. In between, the circuit provides gain, drive ca
pability, and determination of the ac impedance for com
patability with the telephone lines. Since different micro
phones have different sensitivity levels, different gain 
levels are required from the microphone to the Tip and 
Ring lines. This application note will discuss how to 
change the gain level to suit a particular microphone 
while not affecting the other circuit parameters. 

CIRCUIT DESCRIPTION 
Refer to Figure 1. The microphone is assumed to be an 

electret type, characterized by a high dynamic imped
ance.lt is therefore considered to be an ac current source 
rather than a voltage source. If the microphone used has 
a dynamic impedance which is not high (compared to 
Ra), then the microphone must be modeled as a current 
source paralleled by its dynamic impedance. That imped
ance value must then be considered to be in parallel with 
Ra in the following equations. The T x amplifier has a fixed 
gain of - 20, and the EO amplifier gain varies from' 0.25 
to 0.75, depending on the loop current. ZL is the line 
impedance. The transmit gain is defined as V+/lmic and 
is equal to: 

V + RS x ZL x ATX 
Imic (1 + RstRA)Rg + (ATX) (AEO) (ZLl 

Figure 1. MC34014 Transmit Section 

MOTOROLA COMMUNICATIONS DEVICE DATA 

where ATX = gain of the transmit amplifier (20 VN) 
AEO = gain of the equalization amp. (0.25 to 

0.75 VN) 
RA = Rall10 kO (10 k!l. = input impedance 

ofTx amp.) 

The ac impedance of the circuit is defined as: 

Zac = Rg (1 + RstRA) 
(ATX) (AEQ) 

The receive gain (see data sheet for the equivalent cir
cuit) is defined as: 

Grx = R4 + (Xd/R2) (AEO) (ATXO) (ASTA) x R4 
R1 ((XCI/R2) + R3) (1 + RstRA) x R2 

As can be seen from the above equations, changing RS 
while maintaining the RstRA ratio constant will result in 
a transmit gain change (proportional to RS) but will not 
affect the other parameters. For example, increasing Ra 
and RS by a factor of 3 will increase the transmit gain by 
=10 dB. 

Using the above procedure to increase the transmit 
gain results in increasing Ra, which supplies the bias cur
rent to the microphone. If the higher value of Ra results 
in insufficient bias voltage at the microphone, then the 
alternate biasing scheme of Figure 2 should be used. 

10 k 

v+ 

R6 
10 k 

0.05 
..... -~o---i~--¢TXI MC34014 

L-------¢MIC 

Figure 2. Alternate Biasing Scheme for 
Higher Voltage Microphones 
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TEST RESULTS 
Tests were conducted with a Primo EM-95A micro

phone, having a sensitivity of -53 dB ±3 dB (0 dB = 1 
V/ftbar), and a Hosiden KUC2123 microphone which has 
a sensitivity of -60 dB ±3 dB. The test circuit is shown 
in Figure 3. The tests consisted of applying a constant 
sound level to the microphones, and measuring the out
put at VeQ, while simulating line lengths of 0-21 Kfeet. 
The outputs of the two circuits were nearly identical at 
all line lengths. 

MIC V+ 
VR 200 

MIKE TXO 
LR 

RS 0.05 
TXI LC 

RS MC34014 
EQ 

150 k 2.4 k 2.4 k VR 
V+ STA 

RXI 
VDD 

RXO 

Mf 
MS 

RMT V- TI 

':" 

47 

0.2 

CONCLUSION 
Although the designs of the various parameters (trans

mit gain, receive gain, ac impedance, etc.) ofthe MC34014 
speech network are not mutually exclusive due to the 
commonality of various components, it is possible to ad
just the transmit gain independently to suit a particular 
microphone. 

For further information on the MC34014 speech net
work, refer to the data sheet. 

LOOP 
CURRENT 

~ 
2 p.F 

~ 30 p.F 

~ 

! DIALER 
INTERFACE 

For Primo EM-95A microphone RS = 500 n, R6 = 10 k 
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For Hosiden KUC2123 microphone RS = 1.5 k, R6 = 30 k 

Figure 3. Microphone Gain Test Circuit 
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A Speakerphone 
With Receive Idle Mode 
By 
Dennis Welty and Dennis Morgan' 
Bipolar Analog IC Division 

INTRODUCTION 
The MC34018 speakerphone system operates on the 

principle of comparing the transmit and receive signals 
to determine which is stronger, and then switching the 
circuit into that mode. Under conditions where noise 
from the telephone line (in the receive path) exceeds 
the background noise in the transmit path, the speak
erphone wi" switch easily, or even lock, into the receive 
mode. Under these conditions the conversation wi" 
sound "dead" to the party at the far-end. It wi" also be 
more difficult for the near-end party to activate the 
transmit channel since the transmit detection is at the 
output of the transmit attenuator, which wi" be at max
imum attenuation during this time. The addition of a 
receive idle mode can alleviate this problem by ensur
ing that the transmit and receive gains will be approx
imately equal when no voice signals are present. This 
allows the far-end party to hear ambient noises, and 
also increases the sensitivity to transmit signals. 

AN959 

CIRCUIT DESCRIPTION 
The additional circuitry is shown in Figure 1. The re

ceive signal normally applied to RXI also drives XDI 
through a 2.7 kn resistor and a 0.1 JLF capacitor. XDC is 
connected to VLC through the NPN and PNP emitter fol
lowers. When voice signals in the receive channel exceed 
the background noise by 4.6 dB, XDC switches high and 
turns off the PNP transistor (the 4.6 dB threshold is built 
into the MC34018). The voltage at VLC is then determined 
by the volume control potentiometer. When voice signals 
are no longer present, XDC decays to 0.5 VB and turns 
on the emitter followers. The voltage at VLC is now de
termined by the voltage at XDC. By decreasing the VLC 
voltage with the emitter followers the transmit and re
ceive gains are adjusted to produce a receive-idle mode. 

A peak detector using an external voltage comparator 
and diode is required to hold the receive attenuator fully 
on (out of the idle mode) when constant level signals, 
such as dial tone, are intentionally presented to the re-

MC34018 

MCO XDI XDC VLC VB VCC 

10 13 23 24 21 20 

0.1 "F' 

~ ~ 2.7k 

10 k 200 

2.7k 1M 
k 

51 k 

~ ........... VOLUME 
20 k 10 k 

0.1 ;; V CONTROL r 1 

~~Pt lN4150 

+ 200 51 k 24 k 
112 

91k 
101 k 

LM393' 
OR 

* -= -= ~ -= -= EQUIV. 

'SEE LM193 DATA SHEET. 

Figure 1. Receive-Idle Circuit 
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V+ RXI 

16 27 

Jl000 

~J 
" 470 k 

8~ 
>--

+ 2k 0.1 
4 3 

47k lO" 
~ "=" 

DC 
SUPPLY 

RECEIVE 
SIGNAL 
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ceive channel. When the receive signal at the receive in
put exceeds the threshold on the comparator (typically 
20 mV) the peak detector charges the capacitor at XDC 
which prevents the speakerphone from relaxing to the 
idle mode. The PNP transistor is turned off and the volt
age at VLC is then determined by the volume control 
potentiometer. Under these conditions the speakerphone 
will be in the receive mode. 

The sensitivity threshold of the voice detector circuitry 
can be changed by applying a dc current to XDI. The 
threshold current (nominally 250 nA) also prevents XDC 
from switching sporadically in quiet signal conditions. 
The threshold current is determined by the 1 Megohm 
resistor between XDI and the 10 k0/91 kG divider refer-

AN959 
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enced to VB. Whenever receive signal currents exceed 
the threshold current by 4.6 dB, the voice detector will 
respond and allow XDC to switch high. 

CONCLUSION 
The receive-idle mode is simple to implement, and im

proves the performance of the speakerphone system by 
allowing noise rejection in both the receive and transmit 
channels. The voice-switching function operates only on 
valid speech, and ignores background noises. 

REFERENCES 
MC34018 data sheet, Motorola, 1985 
LM193 data sheet, Motorola 
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Equalization of DTMF Signals 
Using the MC34014 
by 
Scott Bader and Dennis Morgan 
Bipolar Analog IC Division 

INTRODUCTION 
This application note will describe howto obtain equal

ization (line length compensation) of the DTMF dialing 
tones using the MC34014 speech network. While the 
MC34014 does not have an internal dialer, it has the in
terface for a dialer so as to provide the means for putting 
the DTMF tones onto the Tip & Ring lines. The Equali
zation amplifier, whose gain varies with loop current, was 
meant primarily to equalize the speech signals. However, 
by adding one resistor, it can be used to equalize the 
DTMF signals as well. 

CIRCUIT DESCRIPTION 
Referring to Figure 1, the gain of the equalization am

plifier varies with loop current as it is a function of the 
voltage at the LR pin (Pin 13). The gain varies from a 
minimum of -12 dB at low loop currents (long line), to 
- 2.5 dB at high loop currents (short line). The output at 
EO (Pin 6) is in phase with the signals going out onto Tip 
& Ring, but is out of phase with the DTMF input signals 
from the dialer at R7 (see Figure 2). Because of the out
of-phase relationship, the signal at EO can be used to 
partially cancel the signals at the Tone Input (Pin 16). The 
addition of resistor Rl0 provides the path for this func
tion, with the result that the DTMF gain increases as loop 
cu rrent decreases. 

-2.0 

-3.0 

-4.0 

-5.0 

@-6.0 
::? + -7.0 

;;-80 
~-9.0 
!?5 -10 

-11 

-12 
0.2 

I 
I 

II 

J 
I 

II 

J 
0.6 1.0 1.4 1.8 2.2 

VLR IVOLTSI 

Figure 1. Equalization Amplifier Gain 
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Because the addition of Rl0 cancels some ofthe signal 
going into Pin 16, resistor R7 must be decreased in order 
to restore the overall gain from the dialer to Tip & Ring. 

The DTMF gain values indicated in Figures 3 and 4 is 
the gain from the tone dialer (input at R7) to the Tip & 
Ring lines terminated with a 600 ohm resistor. Figure 3 
indicates the gain CHANGE (as the loop current is varied 
from 60 to 20 mAl versus different values of Rl0. The 
gain change is a function of Rl0, and independent of R7. 
Figure 4 indicates the DTMF gain versus R7 for different 
values of Rl0 at a loop current of 20 mAo 

Because the typical telephone line is not purely resis
tive, there will be a phase shift of other than 1800 from 
the DTMF dialer to Tip & Ring in most applications. For 
this reason, the values of Rl0 and R7 will have to be 
adjusted slightly from those in the graphs to compensate 
for the phase shift. 

The MC34014 data sheet mentions that a dc bias cur
rent of 20-50 /LA is required into Pin 16 in order to bias 
the DTMF amplifier. The addition of Rl0 will provide the 
bias current from the EO output for most applications, 
in which case it may be desirable to ac couple the dialer 
to R7 with a 0.5 /LF capacitor. Excessive bias current will 
result in clipping of the signals at Tip & Ring. If just the 
addition of Rl0 results in excessive bias current, then 
the EO output should be ac coupled to Rl0 with a 0.5 
/LF capacitor, and the bias current supplied either from 
the dialer or from an additional resistor as shown in 
Figure 5. 

For further information on the MC34014, refer to its' 
data sheet. 
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......... 

2 

1 
I- ILOOP VARIED FROM 

60 TO 20 rnA 
o 
10 15 

I--
I-

I--

........ '--

'" .......... 
I--

1-1--

1-1--
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20 25 30 300 > 
Rl0-kO 

14 

2 
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st--.. r---..... Rl0 = ex> 

6~ ~ ~ I---
........ 
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4 
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= 15~/ V -........... r:::::::: ~ ~ 0 = 20k 
= 3Ok' ILOOP = 20 rnA --~ 2 I 

10 12 14 16 lS 20 22 
R7-kO 

Figure 3. Gain Change Figure 4. DTMF Gain 
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75 k 
DTMF 0.5 R7 
INPUT >----1'!--.AN�r--..... -n-O 

Rl0 

0.5 
EQ 

MC34014 

Figure 5. Alternate Biasing 
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A Handsfree Featurephone Design 
Using the MC34114 Speech Network 
and the MC34018 Speakerphone ICs 
Prepared by 
Dennis Morgan 
Bipolar Analog Ie Division 

INTRODUCTION 

This application note describes the procedure for com
bining the MC34114 speech network with the MC34018 
speakerphone circuit into a featurephone which includes 
the following functions: ten number memory pulse/tone 
dialer. tone ringer. a "Privacy" (Mike Mute) function. and 
line length compensation for both handset and speaker
phone operation. 

TIP Rll 

Rl 

R4 

MIKE 

R5 

NOlE: PIN NUMBERS IN PARENTHESES 
ARE FOR TliE SOIC PACKAGE. 

Three circuits are developed in this discussion: a line
powered featurephone. a line-powered featurephone 
with a booster (for using the speakerphone on long lines). 
and one powered from a power supply. The circuits are 
nearly identical. except for the Tip/Ring interface. Their 
performance. however. differs noticeably. particularly in 
the low loop current range. Initially. the discussion will 
focus on the line-powered circuit. 

RB 

RECEIVER 

Figure 1. MC34114 Block Diagram 
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DESCRIPTION OF THE BUILDING BLOCKS 
NOTE: Several pins on the ICs used in this application 

note have identical nomenclature (VCC, VB, TXI, MS, VDD 
and RXI). They provide separate functions, and are not 
to be connected together, unless so noted. 

MC34114 Speech Network 
The MC34114 is a speech network which interfaces with 

Tip & Ring and provides the 2-to-4 wire conversion (see 
Figure 1). The transmit gain is determined by the micro
phone amplifier (fixed gain of 30 dB), R6, C5, the internal 
current gains of A 1, A2, the AGC, and the line impedance 
in parallel with R1. The receive gain is determined by ZB, 
the internal current gains of A4 and AGC, C8 and R8. The 
sidetone cancellation is determined by A3 and the ZB 
network. The AGC points have a current gain of 1 at low 
loop current, and decrease to 0.5 (- 6 dB) at higher loop 
currents, thus providing line length compensation. R1 
(typically 600 0) sets the circuit's terminating impedance 
for ac (return loss) purposes. 

The MUTE input (when low) disables the microphone 
amplifier, and partially mutes the receive amplifier (with 
an internal 1 k feedback resistor), when dialing. DTMF 
dialing signals are injected at TXI through R7 and C6. The 
Mode Select (MS) input (when low, and MT is low) pro
vides a voltage boost at VCC to ensure adequate voltage 
during DTMF dialing at low loop currents. The 3.3 volt 
regulated output (VDD) powers the dialer, and the 1.7 
volt regulated output (VR) is used to bias the microphone. 

The dc characteristics at Tip & Ring are determined by 
the diode bridge (1.4 volts), a level shift of approximately 
2.9 volts from VCC to LR, and the voltage across R2 + R3 
(typically 43 nand 13 0). All the loop current, minus 
"'10 mA, flows through those two resistors. The level 
shift (VCC- LR) increases to "'3.9 volts when both MUTE 
and MS are low (tone dialing mode). The voltage at 
RAGC, when within the range of 0.5 to 1 volt, controls 
the internal AGC as a function of loop current. 

21 BACKGROUNO 
NOISE 

MONITOR 

MIKE 

RTX RR RRX 

28 

200k 91k 
4.1 

30k 18k 

-= -= -= 

TXI 

0.1 

MC34018 Speakerphone 
The MC34018 speakerphone IC (see Figure 2) provides 

all of the necessary functions for a complete speaker
phone circuit in a single integrated circuit. Included are 
the transmit and receive attenuators, which operate in a 
complementary manner, to provide the necessary half
duplex function. The two level detectors, in conjunction 
with the background noise monitor and control algo
rithm, provide a two point sensing and decision making 
system to control the attenuators based on the levels and 
timing of the transmit and receive signals. Additional 
functions include the microphone amplifier, speaker 
amplifier, volume control for the receive path, and a chip 
select pin. The gain of the speaker amplifier, normally 
+34 dB, is reduced by the AGC circuit in the presence of 
strong signals to prevent clipping at SKO. The component 
values shown are typical. 

Connections to the speakerphone circuit are made to 
the four points at the right end of Figure 2 (Receive Input, 
DC Supply, Chip Select, & Transmit Output). 

The DC supply requires 4 to 11 volts dc, and it must 
be well filtered to prevent oscillations when the speaker 
amp is operating. In a typical line powered circuit, an 
inductor (1H) is used, in conjunction with the 1000 p.F 
capacitor shown, to filter the voltage derived from the 
loop current. 

The Receive Input of Figure 2 is derived from the 4-wire 
side of the speech network. The gain from RXI to the 
speaker is +40 dB when in the receive mode at maximum 
volume (+6 dB in the attenuator, +34 dB in the speaker 
amp). At minimum volume, the attenuator's gain reduces 
by =30 dB, for an overall gain of + 10 dB. In the transmit 
mode, the receive gain is '" - 4 dB. 

The transmit gain, from the microphone to Transmit 
Output, is +40 dB (+34 dB in the mike amp, +6 dB in 
the attenuator), and does not vary with the volume con
trol. 'In the receive mode, the transmit gain is = -4 dB. 
The Transmit Output will connect to the 4-wire side of 
the speech network. 

CHIP 
SELECT • 

VB 

1"' 
VOLUME 
CONTROL 

RLO 24k 

,. 
TRANSMIT :;j 
OUTPUT 

":" 

Figure 2. MC34018 Block Diagram 
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The overall speakerphone's transmit and receive gains 
to/from Tip & Ring will be adjusted at the interface from 
Figure 2 to the speech network. 

Chip Select enables the MC34018 when at a logic low. 
The MC34018's supply current is normally ==5 mAo When 
CS is taken higher than 1.6 volts, the IC is disabled, and 
the supply current drops to ==500 pA. 

VCC (Pin 20) is a regulated 5.4 volt output, and VB (Pin 
21) is a regulated 2.9 volt output. VB is typically used to 
bias the microphone. 

MC145412 Dialer 
The dialer is a pulse/tone dialer with 10 number mem

ory, including last number redial (Figure 3). The pulse 
and tone functions are selectable by Pin 10 (MS). The 
circuit uses a standard 3.58 MHz crystal, and a standard 
3x4 or 4x4 keypad. 

The NPN transistor at Pin 12 indicates the on-hookloff
hook status to the IC. Power for the dialer is the 
MC34114's VDD (3.3 volts), diode connected with a mem
ory sustaining battery. The DTMF output goes to C6/R7 
of Figure 1, which sets the gain. 

The OPL (OUTPULSING) pin is used to interrupt the 
loop current when pulse dialing. The pin is active low, 
open drain. TSO (Tone Signal Output) provides a pacifier 
tone during pulse dialing. The tone is a 500 Hz square 
wave, which swing from VDD to VSS. 

The Mute Output (MO) is active low, open drain, and 
pulls to ground while dialing. It is used to mute the speech 
paths during dialing. 

VSS Qii[ ,",1c:...7 ___ --. TO PULSE 
OIALCKT. 

":;" 
MC145412 

KEYPAD DIALER 

Table 1. 

HANDSET SPEAKERPHONE 

Function Mike R'cvr Mike Speaker 

Handset Speech On On Off Off 
Handset Dialing Off Mute Off Off 
Handset Mike Mute Off On Off Off 

Speakerphone Speech Off Off On On 
Speakerphone Dialing Off Off Off Mute 
Speakerphone Mike Mute Off Off Off On 

In Table 1, "ON" means fully functional, "OFF" means 
non-functional, and "MUTE" means partially muted (10 
to 20 dB). To apply Table 1 to the specific ICs described 
above, the requirements are expanded as follows: 

Table 2. 

MC34114 MC34018 Loop MC145412 
Function MT MS CS Current MS 

Handset Hi X Hi Thru MC34114 X 
Speech 

Handset Pulse Lo Hi Hi Thru MC34114 Open 
Dialing 

Handset Tone Lo Lo" Hi Thru MC34114 Gnd 
Dialing 

Handset Mike Lo X Hi Thru MC34114 X 
Mute 

Speakerphone Lo X Lo To MC34018 X 
Speech 

Speakerphone Lo Hi Lo To MC34018 Open 
Pulse Dialing 

Speakerphone Lo Lo Lo To MC34018 Gnd 
Tone Dialing 

Speakerphone Lo X Lo To MC34018 X 
Mike Mute 

16 
I 2 3 A Rl 

15 
(-'=-_+-, ....... g~~~UT X = Don·' Care 

4 5 

7 8 

6 B 
14 

13 

fROM 
1-'-~*".-4-< MC34114 VOO I 

VOO 

MUTE 
r--4----1~ OUTPUT 

1-'-___ ---1~ ~~~:'ER 

Figure 3. PulseITone Dialer 

SWITCHING THE CIRCUIT AROUND 

The logic functions involve: a) switching the circuit 
from handset mode to/from speakerphone mode, 
b) switching in and out of either dialing mode while in 
either handset or speakerphone mode, and c) muting the 
two microphones for the "Privacy" function. Table 1 tab
ulates the fundamental requirements applicable to any 
featurephone: 

MOTOROLA COMMUNICATIONS DEVICE DATA 

A summary of Table 2 is: 
a) The MC34114 speech network is put into the Mute 

mode (MT = Lo) not only for dialing, but also to mute 
the microphone and receiver for the Privacy function 
(Mike Mute), and when in the speakerphone mode. 

b) The MC34018 is disabled for all the handset functions, 
and enabled for all the speakerphone functions. 

c) The loop current, which normally flows through the 
LR pin of the MC34114 (see Figure 1), is directed 
instead to the MC34018 in the speakerphone mode so 
as to make the power available to the speaker. 

d) The MS pins of the dialer, and of the MC34114, are 
significant only during dialing. 

PUTTING IT ALL TOGETHER 

Switching Between Handset and Speakerphone Modes 
To switch between m"odes, two actions are necessary: 

1) Divert the excess loop current, which normally flows 
through the MC34114, to the MC34018 during speaker
phone mode, and 2) enable and disable the speech net
work and speakerphone circuits appropriately. The circuit 
of Figure 4 fullfills those requirements: 
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LOOP I CURRENT 43,1 W 
VCC-------LR 

RAGC 
MC34114 

GND MT 

RING 

V+ 

MC34018 

GND CS 

Q4 ~ 2N2222A, DIODES ~ lN4001, OR EQUIVALENT 

-= 
]:1000 
_ 82k 1M 

13 
1/4W 

Figure 4. Switching Between Modes 

HS (3 poles) is the hookswitch operated by lifting the 
handset. SS (1 pole) activates the speakerphone when 
the handset is on-hook. The switches are shown on-hook 
in Figure 4. 

If the handset is lifted (HS transfers), the MC34114 con
sumes =10 mA internally, and the excess loop current 
flows out of the LR pin and through the 43 il and 13 il 
resistors. The voltage across the 13 il resistor controls 
the AGC function. The configuration in this position is 
similar to that of Figure 1. Additionally, 04 is off, allowing 
CS to be pulled high, disabling the MC3401B. 

If the handset is on-hook, and switch SS is closed, the 
MC34114 still consumes =10 mA internally, but the 
excess loop current now flows through the 1 Henry 
choke, the zener diode, and the 13 il resistor. The voltage 
across the 13 il resistor still controls the AGC function 
of the MC34114. The MC3401B's CS is held low by 04, 
enabling the speakerphone, and the MC34114's MT is 
low, muting its microphone and receive amplifiers. Ifthe 
handset is lifted while the speakerphone is in operation, 
the circuit reverts to the handset mode. 

It may appear that CS and MT could be connected 
together and to HS3 to provide the same functions, 
thereby eliminating 04. The fact, however, that other 
parts of the circuit will be connected to MT in subsequent 
sections of this application note negates that possibility. 

Joining the Receive Paths 
Refering to Figure 1, receive signals arriving at Tip & 

Ring generate a current through the lB network, into Pin 
15. That current is modified by A4, the AGC, made avail
able (as a current) at RXA, and coupled to RXI, where it 
is converted to a voltage by the receive amplifiers and 
RB. The lB network is typically 12 kil, and RB is typically 
3.9 kil. The receive gain to the handset receiver is there
fore nominally -10 dB at low loop currents. 

To feed the receive signals to the speakerphone, the 
circuit of Figure 5 is used. 

The current out of RXA is now split (by the 1 kil resis
tors) so that approximately half goes to RXI (of the 
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MC34114) via CB, and the other half is converted to a 
voltage (by the op amp) for the speakerphone's Receive 
Input (Figure 2). The MC33171 was chosen for its very 
low supply current (typically lBO /LA). The op amp is pow
ered from the MC3401B's VCC output (5.4 volts), and 
biased by the MC3401B's VB (2.9 volts). The receive gain 
for the speakerphone is determined by the following 
equation: 

G = 20 I (RRSP x A4 x AGC x 0.5) 40 dB 
RX 09 lB+500 il + 

The terms A4, lB, and AGC (from Figure 1) are set at 
0.5, 12 kil, and 1 respectively for low loop currents. The 
0.5 in the above equation is due to the current splitting 
of Figure 5, and the + 40 dB is the gain ofthe MC3401B's 
receive attenuator and speaker amp. For a nominal 
overall gain of +30 dB, RRSP calculates to =1B kil. At 
higher loop currents, the overall gain will be = +24 dB. 
The above equation assumes the volume control is set 
to maximum. 

To compensate for the reduced current going to the 
MC34114's receive amplifiers, RB (Figure 1) is increased 
to B,2 kil. 

TO RECEIVE 
~""--l.. INPUT 

(FIGURE 21 

Figure 5. Joining the Receive Paths 
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MC34018 

Figure 6. Joining the Transmit Paths 

Joining the Transmit Paths 
In the transmit path of Figure 1, the microphone signals 

are gained up by 30 dB by the mike amplifier. The output 
at MCO creates a current into TXI through R6 and C5. 
That current is gained up by 100 by A1 and A2 (assume 
AGC = 1), and A2's output current then acts on the par
allel combination of R1 and the line's ac impedance. Typ
ical values are: R6 = 15 kn, R1 = 600 n, and 600 n for 
the line's impedance. Neglecting the slight loading of R7, 
R12, and ZB, the overall handset transmit gain is =+36 
dB at low loop currents. 

The transmit output (voltage signals) from the speaker
phone circuit (Figure 2) is applied to the speech network 
at TXI (a current input) in Figure 1, through a resistor 
(RTSP) and a coupling capacitor (see Figure 6). For a 
nominal gain of +44 dB (from the microphone to the 
MC34114's VCC), RTSP calculates to be =18 kn. The cou
pling capacitor (nominally 0.1 JLF) can be varied to set 
the low freq uency rolloff. 

Fitting in the Dialer and Another Switch 
The Mute Output of Figure 3 must mute three items: 

1) The MC34114 by pulling its MT pin low, 2)the 
MC34018's transmit path, and 3) the MC34018's receive 
path. This is accomplished with the circuit of Figure 7: 

During dialing, 01-03 are turned on by the dialer. 01 
mutes the MC34114, which shuts off its microphone 
amplifier, and mutes the receive amplifier by =27 dB. To 
mute the speakerphone's transmit path, RTSP (of Figure 
6) is divided into two resistors, and the junction pulled 
low by 02, providing =35 dB muting of TXO's signal. 
Since the MC34018 will switch to the receive mode during 
DTMF dialing, the transmit attenuator will provide an 
additional muting of 44 dB, for a total of =79 dB. The 
speakerphone's receive path is muted by reducing the 
effective resistance at RRX (MC34018's Pin 28) from 18 
kn to =3.7 kn with 03. From Figure 3 of the MC34018's 
data sheet, the receive attenuator's gain is reduced by 
=23 dB. The 1 JLF capacitor on 03 softens any "pops" in 
the speaker when switching out of muting. 

The DTMF output in Figure 3 is simply connected to 
C6/R7 of Figure 1 (or Figure 6) to get the DTMF signals 
to Tip & Ring. Using 24 kn for R7, and 0.1 JLF for C6, 
DTMF levels of = - 3.8 dBm will result at Tip & Ring. 

For pulse dialing, Pin 17 of the MC145412 dialer (OPL) 
is connected to a standard two transistor network to inter
rupt the loop current (Figure 8). The 12 volt zener diode 
protects the circuitry from voltage spikes during pulse 
dialing, and whenever a hook switch is opened. 

The TSO output (pacifier tone), which is generated only 
when a keypad button is depressed in the pulse dialing 
mode, is injected to the MC34114's ZB pin so as to make 
it available to both the handset receiver and the speaker
phone. This tone is not generated during DTMF dialing. 

To select between pulse and tone dialing modes, the 
switch on the dialer's Pin 10 (Figure 3) is connected to 
the MC34114's MS pin (Pin 16). Since the MC34114's MS 
pin requires a pull-up resistor for a logic high, a diode 
must be added (Figure 8) so the dialer's MS pin is open 
when the switch is in the pulse position. 

Switching in Some Privacy 
The Privacy function (Mike Mute of Tables 1 and 2) 

requires only a 2 pole switch. One pole mutes the 
MC34114 to disable its microphone amplifier. The other 
pole is wired directly across the speakerphone's 
microphone. 

MC34018 

MC145412 

FROM 
Voo 1-:-~4-1r-...... <34114 

Voo 
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18k 0.1 TRANSMIT 
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TXI-PIN 101 
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2N2222A 

Figure 7. Muting Circuit 
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~ 
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Figure 8. Pulse Dialing Circuit 

Adding the Tone Ringer 
The MC34017 tone ringer circuit, shown in Figure 9, is 

added tothe circuit bysimply connecting it directly across 
Tip & Ring. It is not necessary to disconnect the tone 
ringer when off-hook. This circuit will provide a ringer 
with an REN of =0.5, and meet all the EIA-470 and Bell 
system requirements for impedance, ilnti-bell tapping, 
and turn-on/off thresholds. 

Finally, the Complete 'Circuit 
The complete line-powered featurephone is shown in 

Figure 10. The performance curves for this circuit are 
shown in Figures 11-16. The "Speaker Amp Max Output 
Swing" is the maximum rms voltage available at the 
speaker amp output (Pin 15) of the MC34018 (its internal 
AGC circuit limits the maximum output to prevent clip
ping). The transmit gain tests involved replacing each 
microphone with a signal generator, and adjusting for a 
level of approximately -11 dBm at Tip & Ring into a 
600 n resistive load. The receive tests involve applying 

TIP 
6.Bk.1/2W 

RING 
11'F. NPO 

S~~g~ES ? 
------TO TELEPHONE 

CIRCUIT 

approximately -27 dBm to Tip & Ring, and measuring 
the gain to the receiver or speaker. 

As can be seen in Figure 12, the maximum available 
speaker power is a function of the loop current since 
all of the speaker current must come from the loop. 
Consequently, the receive gain for the speakerphone 
(Figure 15) shows a marked decrease at low loop cur
rents. It must be remembered that in a line powered 
speakerphone, as the 'speaker draws current in 
response to a receive signal, the voltage at Tip & Ring 
decreases quickly. As the MC34018's V + falls with the 
Tip & Ring voltage, the speaker amp's output capability 
is reduced. Consequently, a 25 n speaker is recom
mended for a line powered speakerphone as this makes 
the best use of the power available from the phone line. 
A lower impedance speaker will require more current, 
causing V + to sag further for a given signal level. A 
higher impedance speaker draws less current, but pro
duces less sound power. 

MC34017 
TONE RINGER 

ACl ROl 

PlEZO SOUNOER 

RI 

Figure 9. Tone Ringer Circuit 
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MC34114/MC34018 Line Powered Featurephone 
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versus Loop Current 
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BOOSTING THE SPEAKERPHONE AT 
LOW LOOP CURRENTS 

Adding a Booster 
To improve the performance of the speakerphone at 

low loop currents (below 30 mAl, a minimal cost 
approach is to add an optional booster to the power 
supply portion of the MC34018. The approach in this 
application note is to use a wall mount transformer, 
similarto calculator chargers. A 9 volt ac Adapter, Radio 
Shack model #273-1455A, which contains the diode 
bridge and filter capacitor, was used to minimize the 
additional circuitry within the speakerphone itself. 

MC34018 ::t IOOO = 82k 

CSI-1c:;.8 __ .. 

OIOOES ~ 1 N4002 
05 ~ 2N2222A 

02 

47 13, 
1I4W 

Since this particular ac adapter is specified for use with 
Radio Shack's speakerphones (model Duofone 102), it 
is this author's assumption that it complies with appli
cable FCC specifications, although that is not so stated 
on the transformer. 

This application does not require a regulated voltage 
from the ac adapter, which further simplifies the design. 
The circuit of Figure 17 adds the ac adapter to the circuit 
of Figure 10: 

1N4734 
5.6V 

FROM 
TIP & RING 

~------~lR 

MC34114 

.-..... +------1 RAGe 

20 k 

Figure 17. Adding a Speakerphone Booster 

The circuit is the same as in Figure 10, but with the 
addition of 05, the 20 k and 47 n resistors, 2 diodes, the 
1000 /-LF capacitor, and the power supply connector for 
the ac adapter. The zener diode is changed to 5.6 volts 
to provide slightly more voltage to the MC34018 when 
the ac adapter is not used (at higher loop currents). The 
47 n resistor provides short circuit protection for the 
ac adapter, and also aids in filtering 60 Hz ripple from 
the MC34018. 

At low loop currents, and with the adapter plugged in, 
and the circuit in the speakerphone mode (HS2 as shown 
in Figure 17), Dl is reverse biased by the adapter's higher 
voltage. All of the speakerphone's current is now sup
plied by the ac adapter. 05 is on, allowing the excess 
loop current to flow through the MC34114's LR pin, The 
dc characteristics at Tip & Ring are similar for the handset 
mode and the speakerphone mode. 

At higher loop currents, the dc characteristics of the 
two modes will differ slightly as some of the MC34018's 
current may be supplied by the loop. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Without the adapter plugged in, the circuit will act the 
same as that of Figure 10. Diode D2 prevents 05 from 
being turned on. 

In the handset mode, the circuit operates the same as 
that in Figure 10 when it is in the handset mode. 

The Complete Circuit with the Booster 
The complete circuit is shown in Figure 18. A quick 

comparison shows it is identical to that of Figure 10, 
except for the booster section in the lower right hand 
corner. The performance curves for this circuit are 
shown in Figures 19-24. As can be seen in Figures 20 
and 23, the speakerphone's performance does not 
degrade below 30 mA as had happened in Figures 12 
and 15. The muting specs for this circuit are the same 
as for Figure 10. 
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Notes: 
1) All capacitors in JLF except 

where noted. 
2) HS = Handset operated hookswitch - 3 poles. 

55 = Speakerphone onloff switch - 1 pole. 
Switches shown in on-hook position. 

3) All diodes 1 N4002. 
4) These resistors depend on the specific microphones. 
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Figure 18. PulsefTone Featurephone w/Memory - Line Powered w/Booster 
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MC34114/MC34018 Line Powered (w/Booster) Featurephone 
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Figure 19. Tip to Ring DC Voltage versus Loop Current 
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Figure 21. Transmit Gain versus Loop Current 
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Figure 23. Receive Gain versus Loop Current 
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Level versus Loop Current 
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Figure 22. Transmit Gain versus Frequency 
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USING A POWER SUPPLY INSTEAD OF 
LINE POWER 

Using A Transformer 
For those cases where it is desireable to power the 

featurephone from a regulated power supply, rather than 
from loop current, a transformer is required to provide 
the isolation needed between the phone line and any ac 
power and earth ground. The primary change to the cir
cuit of Figure 10 is in the area of the Tip & Ring interface, 
as shown in Figure 25. It must be remembered· that loop 
length compensation is not possible in this circuit since 
the loop current is not monitored. The MC34114's RAGC 
pin is grounded in this circuit, setting the transmit and 
receive gains to maximum. 

~~~-
RING 

Figure 25. Tip/Ring Interface with a Power Supply 

The +9 volt supply powers the MC34114 through the 
transformer winding. In this manner the speech signals 
are coupled between the MC34114 and TIp/Ring. The two 
diodes provide transient clamping; as does the 12 volt 
zener diode. The MC34018 is powered directly from the 
+9 volt supply, eliminating the need for the 1H choke. 

+9V 

MC145412 10k 

The SS switch (speakerphone on/off) requires one more 
pole now, as shown in Figure 25. (Note: Although a +9 
volt supply' is shown, a lower voltage supply could be 
used as well.) 

Changes in the Dialer and Logic Circuit 
To reduce the parts count of the logic portion of the 

previous circuits, Q1-Q3 were replaced with logic gates. 
A triple 3-input AND gate, with open collector outputs 
(74LS15), 'fulfills the requirements of Tables.1 and 2. (The 
use of an LSTTL logic gate was not feasible in the pre
vious two circuits due to the current consumption of the 
LS device.) The 5 volt power for the gates is derived from 
the +9 volt supply using a 1N4733 zener diode. Since 
the dialer's mute output drives the gate inputs, it is nec
essary to power the dialer from the same + 5 volt supply, 
rather than the MC34114's VDD supply. The resulting 
logic circuit is shown in Figure 26. 

The use of the logic gate also simplifies the selection 
of handset versus speakerphone mode of operation. The 
diversion of the excess loop current is not an issue in this 
circuit, so the switching of that current is eliminated, 
along with Q4. The Mike Mute function can now be pro
vided from a single pole switch, rather than the two pole 
switch of the previous circuits. 

With this circ,uit, the handset operated switch (HS) 
remains a 3-pole switch. 

Because of the isolation requirement, the MC145412 
dialer requires a relay to break the loop current during 
pulse dialing. Figure 27 depicts this circuit. 

The relay is normally off, and energized only for the 
pulse dialing function. The 1 p,F capacitor (rated 250 volts 
min., NPO) helps absorb the transients generated during 
pulse dialing. 

Rrsp TRANSMIT 

L--~;;;:';;;:::;::;:w--lr-- ITg~:~'4 
0.1 TXI-PIN 101 

11 
Mli 1--4--MiJrESiGN;ijL----;=!:::=~t::r}_-------I~ TO MC34114 

v ," __ --I MT-PIN11 
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HS3 SHOWN ON·HOOK 

Figure 26. Switching Modes Using Logic Gates 
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~j~~~ ____ ~+~9V 
RING 

MC145412 100k 

OPL 17 

Figure 27. Pulse Dialer Circuit 

The Complete Circuit with the Power Supply 

TO MC34114 
Vee (PIN 11 

The complete circuit is shown in Figure 28. The per
formance curves are shown in Figures 29-34. The Tip to 

MOTOROLA COMMUNICATIONS DEVICE DATA 

Ring dc voltage (Figure 29), determined solely by the dc 
resistance ofthe transformer winding, is somewhat lower 
than in the previous circuits. Figures 30, 31, and 33 show 
the performance is fairly constant with loop current, 
except for a slight reduction in gain at the higher currents. 
This is due to the characteristics of the transformer used 
in developing this circuit (model #TTPC-13 from Stancor, 
Inc.). Also noticeable in the curves, compared to Figures 
11-16 and 19-24, is the lack of loop length compensation 
- a natural consequence of this type of circuit. 

The muting specifications for this circuit are the same 
as for the line powered circuit. The current required from 
the +9 volt power supply is as follows: 

a) Handset mode: =32 mA. 
b) Speakerphone mode (no sound at the speaker): 

=41 mA. 
c) Speakerphone mode (max. volume at the speaker): 

=82 mAo 
Although Figure 28 indicates the use of a 25 ohm 

speaker, any impedance speaker within the range of 16 
to 40 n can be used, since this circuit is not line powered. 
The receive gain may have to be adjusted, however, if a 
different speaker is used. 
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Figure 33. Receive Gain versus Loop Current 
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CONSTRUCTION HINTS 

Board Layout 
The filter capacitor for the MC34018 speakerphone IC 

(typically 1000 p.F) must be physically adjacent to Pin 16 
of the IC, within 1". This is particularly important in the 
line-powered versions, where VCC can vary with the 
speech intensity. Since most of the current is used in the 
speaker amplifier, the PC board track leading to Pin 16 of 
the MC34018 should be laid out with care, preferably 
close to the zener diode, or the power supply connector. 
The ground tracks should be as wide as possible, and 
laid out with care. 

EMI Susceptibility 
Potential EMI susceptibility problems should be 

addressed early in the electrical and mechanical design 
of the speakerphone. EMI may enter the circuit through 
Tip & Ring, through the microphone wiring to the ampli
fiers, or through any of the PC board traces. The most 
sensitive pins on the MC34108 are the inputs to the level 
detectors (RLI, TLI), since, when there is no speech pres
ent, the inputs are high impedance and these op amps 
are in a near open loop condition. These board traces 
should be kept short, and the resistor and capacitor for 
each input should be physically close to the pins. Other 
high impedance input pins (MCI; VLC) should be consid
ered sensitive to EMI signals. 

The microphone wires within the handset cord can act 
as an antenna, and pick up nearby radio stations. If this 
is a problem in the final design, adding RF filters (con
sisting of ferrite beads and small (0.001 p.F) ceramic 
capacitors) to the PC board where the wires attach to the 
board can generally reduce the problem. 

Acoustics 
a) In the design of any speakerphone, acoustics are 

extremely important, and must be considered from the 
very beginning. Building a breadboard with the micro
phone and speaker "hanging out in mid air" simply will 
not workl!! One of the most common problems in a 
speakerphone design is acoustic feedback (the speaker 
is closely coupled to the microphone) which results either 
in oscillations (2-10 kHz) or "motor-boating" (1-10 Hz 
switching). A properly designed enclosure for the fin
ished product should provide at least 50 dB of acoustic 
loss (speaker drive voltage to microphone output volt
age). The physical location ofthe microphone, along with 
the characteristics of the microphone, will playa large 
role in the quality of the transmitted sound. The micro
phone and speaker vendors can usually provide addi
tional information on the use of their products. 

b) The quality of the speaker, and the acoustic cavity 
in which it resides, have a major impact on the quality 
of the sound. A little time spent here can go a long way 
towards improving the sound of the finished speaker
phone. As a general rule, good electronics cannot com
pensate for poor acoustics and/or low speaker quality. 

In the Final Analysis ... 
In the final analysis, the circuits shown in this appli

cation note will have to be "fined tuned" to match the 
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acoustics of the enclosure, and the specific microphone 
and speaker selected. The component values shown in 
this application note should be considered as starting 
points only. The gains of the transmit and receive paths 
are easily adjusted at key points in the circuits (see appro
priate text). The switching responseofthe speakerphone 
can then be fine tuned by varying (in small steps) the 
components at the level detector inputs until satisfactory 
operation is obtained for both long and short lines. The 
references can be consulted for additional speakerphone 
design theory. 

GLOSSARY 
Attenuation - A decrease in magnitude of a commu
nication signal, usually expressed in dB. 

Bandwidth - The range of information carrying fre
quencies of a communication system. 

C-Message Filter - A frequency weighting which eval
uates the effects of noise on a typical subscriber's system. 

Central Office - Abbreivated CO, it is a main telephone 
office, usually within a few miles of its subscribers, that 
houses switching gear for interconnection within its 
exchange area, and to the rest of the telephone system. 
A typical CO can handle up to 10,000 subscriber numbers. 

dB - A power or voltage measurement unit, referred to 
another power or voltage. It is generally computed as: 

10 x log (P11P2) for power measurements, and 
20 x log (V1N2) for voltage measurements. 

dBm-An indication of signal power. 1 mW across 600 n, 
or 0.775 volts rms, is defined as 0 dBm. Any other voltage 
level is converted to dBm by: 

dBm = 20 x log (Vrms/0.775), or 
dBm = [20 x log (Vrms)] + 2.22. 

dBmp - Indicates dBm measurement using a psopho
metric weighting filter. 

dBrn - Indicates a dBm measurement relative to 1 pW 
power level into 600 n. Generally used for noise mea
surements,O dBrn = -90 dBm. 
dBrnC - Indicates a dBrn measurement using a C
message weighting filter. 

dBrnCD - Noise measured in dBrnC referred to zero 
transmission level. 

DTMF - Dual Tone Multi-Frequency. It is the "tone dial
ing" system based on outputting two non-harmonic 
related frequencies simultaneously to identify the num
ber dialed. Eight frequencies have been assigned to the 
four rows and four columns of a typical keypad. 

Four Wire Circuit- The portion of a telephone, or central 
office, which operates on two pairs of wires. One pair is 
for the Transmit path (generally from the microphone), 
and one pair is for the Receive path (generally to the 
receiver). 

Full Duplex -A transmission system which permits com
munication in both directions simultaneously. The stan
dard handset telephone is full duplex. 
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Gain - The change in signal amplitude (increase or 
decrease) after passing through an amplifier, or other 
circuit stage. Usually expressed in dB, an increase is a 
positive number, and a decrease is a negative number. 

Half Duplex - A transmission system which permits 
communication in one direction at a time. CB radios, with 
"push-to-talk" switches, and voice activated speaker
phones, are half duplex. 

Hookswitch - A switch which connects the telephone 
circuit to the subscriber loop. The name derives from old 
telephones where the switch was activated by lifting the 
receiver off and onto a hook on the side of the phone. 

Line Length Compensation - Also referred to as loop 
compensation, it involves changing the gain of the trans
mit and receive paths, within a telephone, to compensate 
for different signal levels at the end of different line 
lengths. A short line (close to the CO) will attenuate sig
nals less, and therefore less gain is needed. Compen
sation circuits generally use the loop current as an indi
cation of the line length. 
Loop - The loop formed by the two subcriber wires (Tip 
and Ring) connected to the telephone at one end, and 
the central office (or PBX) at the other end. Generally it 
is a floating system, not referred to ground, or ac power. 

Loop Current - The dc current which flows through the 
subscriber loop. Typically provided by the central office 
or PBX, it ranges from 20 to 120 mA. 

Off Hook - The condition when the telephone is con
nected to the phone system, permitting the loop current 
to flow. The central office detects the dc current as an 
indication that the phone is busy. 

On Hook - The condition when the telephone is discon
nected from the phone system, and no dc loop current 
flows. The central office regards an on-hook phone as 
available for ringing. 

PABX - Private Automatic Branch Exchange. In effect, a 
miniature central office, it is a customer owned switching 
system servicing the phones within a facility, such as an 
office building. A portion of the PABX connects to the 
Bell (or other local) telephone system. 

Pulse Dialing - A dialing system whereby the loop 
current is interrupted a number of times in quick 
succession. The number of interruptions corresponds 
to the number dialed, and the interruption rate is typ
ically 10 times per second. The old rotary phones, and 
many new pushbutton phones, use pulse dialing. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

REN - Ringer Equivalence Number. An indication of the 
impedance, or loading factor, of a telephone bell or ringer 
circuit. An REN of 1 equals =8 k ohms. The Bell system 
typically permits a maximum of 5 REN (1.6 kO) on an 
individual subscriber line. A minimum REN of 0.2 (40 kO) 
is required by the Bell system. 

Ring - One of the two wires connecting the central office 
to a telephone. The name derives from the ring portion 
of the plugs used by operators (in older equipment) to 
make the connection. Ririg is traditionally negative with 
respect to Tip. 

Sidetone- The sound fed back to the receiver as a result 
of speaking into the microphone. It is a natural conse
quence of the 2-to-4 wire conversion system. Widetone 
was recognized by Alexander Graham Bell as necessary 
for a person to be able to speak properly while using a 
handset. 

Speech Network - A circuit which provides 2-to-4 wire 
conversion, i.e. connects the microphone and receiver 
(or the transmit and receive paths) to the Tip and Ring 
phone lines. Additionally it provides sidetone control, 
and in many cases, the dc loop current interface. 

Subscriber Line - The system consisting of the user's 
telephone, the interconnecting wires, and the central 
office equipment dedicated to that subscriber (also 
referred to as a loop). 

Tip - One of the two wires connecting to the central 
office to a telephone. The name derives from the tip of 
the plugs used by operators (in older equipment) to make 
the connection. Tip is traditionally positive with respect 
to Ring. 

Tone Ringer - The modern solid state equivalent of the 
old electromechanical bell. It provides the sound when 
the central office alerts the subscriber that someone is 
calling. Ringing voltage is typically 80-90 Vrms, 20 Hz. 

Two-Wire Circuit - Refers to the two wires connecting 
the central office to the subscriber's telephone. Com
monly referred to as Tip and Ring, the two wires carry 
both transmit and receive signals in a differential manner. 

Voiceband - That portion of the audio frequency range 
used for transmission across the telephone system. Typ
ically it is 300-3400 Hz. 

REFERENCES 
MC34018 Data Sheet, March, 1988, Motorola Inc. 
MC34017 Data Sheet, January, 1984, Motorola Inc. 
MC34114 Product Preview Data Sheet, Sept. 1987, 

Motorola Inc. 
MC33171 Data Sheet, February, 1988, Motorola Inc. 
MC145412 Data Sheet, February, 1987, Motorola Inc. 
Busala, A., Fundamental Considerations in the Design 

of a Voice Switched Speakerphone, B.S.T.J., 39, 
1960, p. 265. 
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SUGGESTED VENDORS 

Microphones 
Primo Microphones Inc. 
Bensenville, III. 60106 
312-595-1022 
Model EM-60 

25 n Speakers 
Panasonic Industrial Co. 
Seacaucus, N.J. 07094 
201-348-5233 
Model EAS-45P19S 

Telecom Transformers 
Microtran Co., Inc. 
Valley Stream, N.Y. 11528 
516-561-6050 
Various models - ask for 
catalog and Applications 
Bulletin F232 

PREM Magnetics, Inc. 
McHenry, III. 60050 
815-385-2700 
Various models - ask 
for catalog 

Hosiden America Corp. 
Elk Grove Village, III. 60007 
312-981-1144 
Model KUC2123 

MURA Corp. 
Westbury, N.Y. 11590 
516-935-3640 
Model EC-983-7 

Stancor Products 
Logansport, IN 46947 
219-722-2244 
Various models - ask 
for catalog 

Onan Power/Electronics 
Minneapolis, MN 55437 
612-921-5600 
Model TC 38-6 

Motorola Inc. does not endorse or warrant the 
suppliers referenced. 

Compliance with FCC or other regulatory agencies of 
the circuits described herein is not implied or 
guaranteed by Motorola Inc. 
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APPLICATION NOTE AN1003 

A Featurephone Design, with Tone Ringer and 
Dialer, Using the MC34118 Speakerphone IC 
Prepared by 
Dennis Morgan 
Bipolar Analog Ie Division 

INTRODUCTION 
This application note describes how to add a handset, 

dialer and tone ringer to the MC34118 speakerphone cir
cuit. Although anyone of several speech networks could 
be used as an interface between the MC34118 and the 
phone line (those possibilities are discussed in separate 
application notes) this application note covers the case 
where simplicity and low cost are paramount. A "Pri
vacy" (Mike Mute) function is included, but not pulse 
dialing, nor line length compensation. 

Two circuits are developed in this discussion: a line
powered featurephone and one powered from a power 
supply. The circuits are nearly identical, except for the 
Tip and Ring interface. Their parameters however, differ 
noticeably, particularly in the low loop current range. 

MC34118 DESCRIPTION 
The MC34118 speakerphone IC provides all of the nec

essary functions for a complete speakerphone circuit, 

MIKE 

except for the speaker amplifier, in a single integrated 
circuit. Included are the transmit and receive attenuators, 
which operate in a complementary manner, to provide 
the half-duplex function. The four level detectors, in con
junction with the background noise monitors and the con
trol algorithm, provide a four point sensing and decision 
making system to control the attenuators based on the 
levels and timing of the transmit and receive signals. A 
filter, user selectable to be high pass, low pass, or band
pass, is included for filtering either the transmit or receive 
signals. Additional functions include volume control for 
the receive path, a Mute input for the microphone ampli
fier and a chip disable pin. A simplified block diagram is 
shown in Figure 1. 

Unlike many other speakerphone ICs, the MC34118 
includes the hybrid amplifiers for the two-to-four wire 
conversion when used in conjunction with a transformer. 
Figure 2 depicts a basic line powered speakerphone using 
the MC34119 speaker amplifier. When used in parallel 
with any standard telephone, all of the necessary tele
phone functions are then provided. 

(

TIP 

RING 

r--........ ..J\~VCC 

CHIP 
DISABLE 

Figure 1. Simplified Block Diagram 
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Figure 2. Basic Line-Powered Speakerphone 
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LINE-POWERED FEATUREPHONE 

DC Characteristics 
The DC characteristics of the circuit (Figure 2) are 

determined by the resistance of the transformer wind
ing (Stancor TTPC-13 in this circuit development), the 
diode bridge and the zener diode. Using a 3.9 volt zener 
diode (to power the speakerphone and the various parts 
of the circuit) the voltage at Tip and Ring is within the 
EIA,470 guidelines. 

With a V CC of 3.9 volts, the MC34118 provides a VB 
voltage (Pin 15) of =1.6 volts. The VB voltage is used as 
an AC ground for the entire circuit. 

Adding the Handset Microphone 
The microphone used in developing this circuit was the 

Primo EM-95 which operates with a bias current of 500 pA 
to 1 mA. The bias current is obtained from the VCC supply 
voltage, but the bias resistor is composed of two resis
tors, with the center tap AC coupled to VB, as shown in 
Figure 3. The AC output level of the microphone is deter
mined by the 3.9 kO resistor, while the DC bias level is 
determined by the sum of the 3.9 k and 3 k resistors, and 
VCC. The 0.047 p.F capacitor provides high frequency roll
off. The AC output of the above circuit goes to Pin 7 (HTIl 
of the MC34118, which is the summing junction of the 
first hybrid amplifier. The 1 k resistor, in conjunction with 
the 100 k feedback resistor on the amplifier (Figure 3), 
sets the gain. In this way, the microphone signals are fed 
to Tip and Ring. The gain of this circuit can be adjusted 
by varying the 1 k or the 3.9 k resistor, or both. Different 
microphone models generally have different biasing 
requirements for optimum output levels. 

The transistor, activated by an active high Mute sig
nal, will shut off the microphone when it is to be ino
perative, such as during dialing and during speaker
phone operation. 

Adding the Handset Receiver 
Although the receive signals are available at the filter's 

output (FO, Pin 1), the low impedance of a typical receiver 
(100-150 0) requires a separate amplifier, depicted in 

INPUT FROM 
FO IPIN 1) 

r 0.047 
p.F 

10 k 

SHUTOFF 
VB 

4.3 k 

RS 

-

-= 

Figure 4, to drive it. The MC33171 was chosen due to its 
low supply current (typically 180 p.A). It is biased from 
VB and set for a gain of =0.43 (-7.3 dB). Low frequency 
roll-off is provided by the 0.047 p.F input capacitor, as 
well as by the filter. High frequency roll-off is not provided 
since the presence of high frequencies generally make 
the sound "crisper" and therefore easier to understand. 
If roll-off is desired, simply add a capacitor across the 
4.3 k feedback resistor. 

The addition of the op amp facilitates providing side
tone control, which is obtained by sampling the transmit 
signal at HTO - (Pin 6) and using that to cancel part of 
the sidetone signal. The 20 k resistor and 0.02 p.F capac
itor provide a phase shift to compensate for the signal's 
phase shift at FO relative to HTO -, caused by the ~rans
former and the line's complex impedance. The c'ombi
nation of the phase shift and the 10 k resistor (RS) deter
mine the amount of sidetone cancellation. 

Since the op amp is driving an inductive receiver at the 
end of a 2 to 3 foot cord, the 0.01 p.F capacitors at the 
inputs are necessary for stability. 

The diode provides a simple means for disabling this 
circuit during speakerphone operation. With "Shutoff" at 
ground, the amplifier is disabled. 

VCC 

3k 

0.047 p.F 

MUTE >--'III~-r 

TO MC34118 
PIN 7 

Figure 3. Handset Microphone Circuit 

FROM HTO-
IPIN 6) 

'~l-' } SIDETONE 
0.02 CANCELLATION * p.F 

10 p.F 

MC3317t1 

HANDSET 
RECEIVER 

Figure 4. Handset Receiver Circuit 
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Adding the Dialer 
The dialer is the MC145412 pulse/tone dialer with 10 

number memory. Since the pulse dialing function is not 
used, the MS pin is grounded and the OPL (Outpulsing) 
and TSO (Pacifier tone) outputs are not used. The circuit 
uses a standard 3.58 MHz crystal and standard 3 x 4 or 
4 x 4 keypads. 

MC145412 
DIALER KEYPAD 

OH 16 
1 2 3 A R1 

15 
4 5 6 

14 
7 8 9 

DTMF 13 
• 0 # 

VCC VDD 

TO lOGIC Mli 
CIRCUIT 

Figure 5. Dialer Circuit 

Referring to Figure 5, the NPN transistor at Pin 12 
indicates the on-hookloff-hook status to the IC. Power 
for the dialer is VCC, diode connected with a memory 
sustaining battery. The DTMF output goes to Pin 7 (HTI) 
of the MC34118, which is the summing junction of the 
first hybrid amplifier. The 82 k resistor, in conjunction 
with the 100 k feedback resistor on the amplifier, deter
mines the gain. With the values shown, the DTMF out
put at Tip and Ring is approximately 550 mVrms 
(- 3 dBm). To change the output level, vary the 82 k 
resistor appropriately. 

The Mute Output (MO) is active low, open drain and' 
pulls to ground while dialing. It is used to mute the speech 
paths during dialing. 

Switching the Circuit Around 
The logic functions involve: a) switching the circuit 

from handset mode to/from speakerphone mode, 
b) switching in and out ofthe dialing mode while in either 
handset or speakerphone mode and c) muting the two 
microphones for the "Privacy" function. Table 1 tabulates 
the requirements: 

Table 1. 

Handset Speakerphone 

Function Mike R'cvr Mike Speaker 

Handset Speech On On Off Off 
Handset Dialing Off Mute Off Off 
Handset Mike Mute Off On Off Off 

Speakerphone Speech Off Off On On 
Speakerphone Dialing Off Off Off Mute 
Speakerphone Mike Mute Off Off Off On 

In Table 1, "ON" means fully functional, "OFF" means 
non-functional and "MUTE" means partially muted (10 
to 20 dB). 
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To provide the logic functions and with the intent of 
keeping the number of mechanical switches to a mini
mum and simplicity at an optimum, an MC14023 triple 
3-input CMOS NAND gate was used. See Figure 6. 

VCC 

TO RECEIVE 
PATH MUTE 

MO (FROM >-...... -1--1 
DIALER) 

TO HANDSET 
MICROPHONE 
MUTE INPUT 

VCC 

MIKE MUTE ! (PRIVACY) 

HANDSET 

TO SPEAKERPHONE 
MIKE MUTE 

(MC34118 PIN 12) 

~-= MODE SELECT 
SWITCH 

SPEAKERPHONE 

TO SPEAKER AMP ENABLE 
AND HANDSET RECEIVER SHUTOFF 

Figure 6. Logic Circuit 

The inputs are the Mute Output (MO) from the dialer 
(described above), the Mike, Mute switch and the Mode 
Select switch. The outputs are: 

1. An active low output which enables the MC34119 
speaker amplifier (at its Pin 1) and disables the hand
set receiver; 

2. An active high output which disables the speaker
phone microphone atthe MC34118's Pin 12 (MUT); 

3. An active high output which disables the handset 
microphone; 

4. An active high output which partially mutes the 
receive path during dialing. The circuit which does 
the partial muting is shown in Figure 7. 

FROM 
TRANSFORMER 

Figure 7. Receive Path Muting 

FROM 
LOGIC 

CIRCUIT 
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The muting circuit, consisting of the transistor and the 
3 k and 10k resistors, is inserted in the line from the 
transformer to the filter. Normally the transistor is off and 
the 10 k resistor has little effect on the circuit due to the 
high input impedance of the filter (>200 kn @ 1 kHz). 
When Mute is asserted, the signal to the filter is muted 
by =12.7 dB. 

The MC34118's Disable pin (Pin 3) is hard wired to 
ground since the MC34118 must be functional for both 
the speakerphone and handset modes. 

Adding the Tone Ringer 
The MC34017 tone ringer circuit, shown in Figure 8, is 

added to the circuit by simply connecting it across Tip 
and Ring. It is not necessary to disconnect the tone ringer 
when off-hook. This circuit will provide a ringer with an 
REN of =1 and meet all the EIA-470 and Bell System 
requirements for impedance, anti-bell tapping and tum
on/off thresholds. 

Finally, the Complete Circuit 
The complete line-powered featurephone is shown in 

Figure 9. HS1 and HS2 are the two poles of the hook
switch activated by lifting the handset off-hook (HS2 is 
the Mode Select Switch of Figure 6). SS1 is a single pole 
switch which, when closed (and the handset is on-hook), 
powers up the circuit into the speakerphone mode. 
Should the handset be taken off-hook, the circuit reverts 
to the handset mode. 

The performance curves for the circuit are shown in 
Figures 10-15. The "Speaker Amp Max Output Swing" 
is the maximum rms voltage available across pins 5 and 
8 of the MC34119 without noticeable clipping. The trans
mit gain tests involved replacing each microphone with 
a signal generator and adjusting for a level of approxi
mately -11 dBm at Tip and Ring into a 600 n resistive 
load. The receive tests involve applying approximately 
- 27 dBm to Tip and Ring, and measuring the gain to the 
receiver or speaker. 

TIP 

RING 

TO TELEPHONE 
CIRCUIT 

As can be seen in Figure 11, the maximum available 
speaker power is a function of the loop current since all 
of the speaker current must come from the loop. Con
sequently, the receive gain for the speakerphone 
(Figure 14) shows a marked decrease at low loop cur
rents. It must be remembered that in a line powered 
speakerphone, as the speaker draws current in response 
to a receive signal, the voltage at Tip and Ring decreases 
quickly. As VCC falls with the Tip and Ring voltage, not 
only is the speaker amp's output capability reduced, but 
the MC34118's AGC circuit automatically reduces the 
receive gain as Vce falls below 3.5 volts. This feature 
prevents slow oscillations (motor-boating) due to the 
speaker's current demands. A 25 n speaker is recom
mended as this makes the best use of the power available 
from the phone line. A lower impedance speaker will 
require more current, causing Vec to sag further for a 
given signal level. A higher impedance speaker draws 
less current, but produces less sound power. 

The slight degradation of DTMF levels in Figure 11 and 
in the transmit levels in Figure 12, at higher loop currents 
is a function of the transformer's performance at those 
current levels. 

Additionally, the following muting specs apply: 
1. Handset microphone: =37 dB while dialing, in 

speakerphone mode, or when Mike mute switch is 
closed. 

2. Speakerphone microphone: >60 dB while dialing 
or due to Mike Mute switch, plus an additional 52 dB 
due to the MC34118 switching to the receive mode. 
>60 dB while in the handset mode. 

3. Handset receiver: =12.7 dB while dialing, =45 dB 
when in the speakerphone mode. 

4. Speaker: =12.7 dB while dialing, >100 dB when in 
handset mode. 

RG RC 

MC34017 
TONE RINGER 

PIEZO 

Figure 8. Tone Ringer Circuit 
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Notes: 
1. These resistors depend on the specific microphone selected. 
2. These capacitors must be physically adjacent to the power supply pins. 
3. Recommended transformer: Stancor TTPC·13. Microtran T5115. 
4. HS = Handset Operated Hookswitch (2 poles), 55 = Speakerphone Switch (1 pole). Switches shown on-hook. 
5. All capaCitors in JLF unless otherwise noted. 
6. See Figures 10-15. 

Figure 9. Line-Powered Featurephone 

~MO 



MC34118 Line Powered Featurephone 
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USING A POWER SUPPLY INSTEAD OF 
LINE POWER 

Figure 16 shows the circuit of Figure 9 modified for use 
with a +5 volt power supply. The only changes are at 
the Tip and Ring interface where the zener diode and 
bridge have been eliminated, but the two hook switches 
(HS and SS) require one more pole each. The transformer 
is used to pass the speech signals and to provide the 
required isolation. 

Current required from the +5 volt power supply is as 
follows: 

1. Handset speech mode: 6 rnA. 
2. Handset dialing mode: 11 rnA 
3. Speakerphone speech mode (no speech signals): 

9 rnA. 
4. Speakerphone receive mode, - 27 dBm at Tip and 

Ring: 51 rnA. 
5. Speakerphone receive mode, -9 dBm at Tip and 

Ring: 100 rnA. 
6. Speakerphone dialing mode: 19 rnA. 
Items 4, 5 and 6 above were measured with a 25 0 

speaker and the volume control set to maximum. 
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The performance characteristics are shown in Figures 
17-22. The Tip and Ring DC voltage (Figure 17) is now a 
function only of the transformer winding resistance and 
so is somewhat lower than in the previous circuit. 

The speakerphone performance (Figures 18 and 21) is 
now constant with respect to loop current since VCC is 
fixed. Performance at 20 rnA is similar to that at higher 
loop currents, unlike the previous circuit. Although the 
speaker can be 25 n as in the previous circuit, it need not 
be since the available power is not limited as before. The 
recommended range for speaker impedance is 8-32 o. 
For different speaker impedances, however, the gain of 
the speaker amplifier may have to be changed to com
pensate for the different power level. 

The slight degradation in the transmit curves at high 
loop currents is evident in Figures 18 and 19, as was in 
the previous circuit. 

The muting specs of the transmit and receive paths are 
the same for this circuit as for the previous one. 
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MC34118 Featurephone With Power Supply 

10 

./' 

/ 
V 

6 
./" 

V 
..,/ 

/' 

V 
..,/ 

f-- APPLIES TO BOTH HANDSET AND SPEAKERPHONE MODES -
o 

20 
I I I I I I I I 

40 60 80 100 

LOOP CURRENT ImAI 

120 

Figure 17. Tip to Ring DC Voltage versus Loop Current 

+42 

+40 

~ +38 

z « 
'" +24 

+22 

I I 
SPEAKERPHONE MODE 

tAND1ET MODE 

f = 1 kHz 1 1 

r- GAIN IS FROM MIKE TO TIP/RING 
+20 

20 40 60 80 
LOOP CURRENT ImAI 

100 

Figure 19. Transmit Gain versus Loop Current 

+32 

+30 

+28 

+26 

SPEAKERPHONE MODE 

f = 1 kHz 

-

120 

~+24 

~ +22 

+20 

-6 

GAIN IS FROM TIP/RING TO RCV·R/SPKR. 

-8 

-10 HANDSET MODE 

-12 
20 40 60 80 100 

LOOP CURRENT ImAI 

Figure 21. Receive Gain versus Loop Current 

AN1003 
4-128 

120 

~ 
z « 
'" 

2.6 

2.4 

2.2 

0.6 

0.4 

O. 2 
20 40 

SPEAKER AMP MAX 
OUTPUT SWING 

DTMF LEVEL AT TIP/RING 

I 

60 80 100 

LOOP CURRENT ImAI 

Figure 18. Speaker Amp. Output and DTMF Level 
versus Loop Current 

42 
SPEAKERPHONE MODE 

40 r- ILOOP = 40 mA i'" 
....-38 

36 

34 

30 

28 

26 

24 

22 

20 
100 

,/' 
....-

300 

-... 
'" 

HANDSET MODE 
ILOOP = 30 mA 

!--

1 k 
FREQUENCY IHzl 

4k 

Figure 20. Transmit Gain versus Frequency 

+32 
SpJAK~R~H6~~ ~ODE I 
ILOOP = 40 mA 

V r-+30 

~ +26 

6 z « 
'" -8 

-10 

-12 

-14 

-16 

r-

100 

HANDSET MOOE 
- ILOOP 1= 30 mA 

300 1 k 
FREQUENCY IHzl 

4k 

Figure 22. Receive Gain versus Frequency 

120 

MOTOROLA COMMUNICATIONS DEVICE DATA 



CONSTRUCTION HINTS 

Board Layout 
The filter capacitors for the speakerphone IC and the 

speaker amplifier IC (100 ,.,.F and 1000 ,.,.F respectively) 
must be physically adjacent to the pins of the ICs, within 
1". This is especially important in the line-powered ver
sion, where VCC varies with the speech intensity. Since 
most of the current is used in the speaker amp, the PC 
board track leading to Pin 6 of the MC34119 should be 
laid out with care, preferrably close to the zener diode, 
orthe power supply connector. The ground tracks should 
be as wide as possible, and laid out with care. 

RFI Interference 
Potential radio frequency interference problems should 

be addressed early in the electrical and mechanical 
design of the speakerphone. RFI may enter the circuit 
through Tip and Ring, through the microphone wiring to 
the amplifiers, or through any ofthe PC board traces. The 
most sensitive pins on the MC34118 are the inputs to the 
level detectors (RLll, RLl2, TLil and TLl2) since, when 
there is no speech present, the inputs are high impedance 
and these op amps are in a near open loop condition. 
These board traces should be kept short and the resistor 
and capacitor for each input should be physically close 
to the pins. Other high impedance input pins (MCI, HTI, 
FI and VLC) should be considered sensitive to RFI signals. 

The microphone wires within the handset cord can act 
as an antenna and pick up nearby radio stations. If this 
is a problem in the final design, adding RF filters (con
sisting of ferrite beads and small (0.001 ,.,.F) ceramic 
capacitors) to the PC board where the wires attach to the 
board can generally reduce the problem. 

Acoustics 
a. In the design of any speakerphone, acoustics are 

extremely important and must be considered from the 
very beginning. Building a breadboard and having the 
microphone and speaker "hanging out in mid air" simply 
will not work! One of the most difficult problems in a 
speakerphone design is acoustic feedback (the speaker 
talks to the microphone) which results either in oscilla
tions (2-10 kHz) or "motor-boating" (1-10 Hz switching). 
A properly designed enclosure for the finished product 
should provide at least 50 dB of acoustic loss (speaker 
voltage to microphone output voltage). The physicalloca
tion of the microphone, along with the characteristics of 
the microphone, will playa large role in the quality of 
the transmitted sound. The microphone and speaker ven
dors can usually provide additional information on the 
use of their products. 

b. The quality of the speaker and the acoustic cavity 
in which it resides, have a major impact on the quality 
of the sound. A little time spent here can improve the 
sound of the finished speakerphone. As a general rule, 
good electronics cannot compensate for poor acoustics 
and/or low speaker quality. 
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In The Final Analysis ... 
In the final analysis, the circuits shown in this appli

cation note will have to be "fine tuned" to match the 
acoustics of the enclosure and the specific microphone 
and speaker selected. The component values shown in 
this application note should be considered as starting 
points only. The gains of the transmit and receive paths 
are easily adjusted at the microphones and speakerl 
receiver amplifiers, respectively. The switching response 
of the speakerphone can then be fine tuned by varying 
(in small steps) the components at the level detector 
inputs until satisfactory operation is obtained for both 
long and short lines. The MC34118 data sheet should be 
consulted for additional speakerphone design theory. 

GLOSSARY 
Attenuation - A decrease in magnitude of a commu
nication signal, usually expressed in dB. 

Bandwidth - The range of information carrying fre
quencies of a communication system. 

C-Message filter - A frequency weighting which eval
uates the effects of noise on a typical subscriber's system. 

Central Office - Abbreviated CO, it is a main telephone 
office, usually within of a few miles of its subscribers, 
that houses switching gear for interconnection within its 
exchange area and to the rest of the telephone system. 
A typical CO can handle up to 10,000 subscriber numbers. 

dB - A power or voltage measurement unit, referred to 
another power or voltage. It is generally computed as: 

10 x log (Pl/P2) for power measurements and 
20 x log (V1N2) for voltage measurements. 

dBm-An indication of signal power. 1 mWacross 600 n, 
or 0.775 volts rms, is defined as 0 dBm. Any other voltage 
level is converted to dBm by: 

dBm = 20 x log (Vrms/0.775), or 
dBm = [20 x log (Vrms)] + 2.22. 

dBmp - Indicates dBm measurement using a psopho
metric weighting filter. 

dBrn - Indicates a dBm measurement relative to 1 pW 
power level into 600 n. Generally used for noise mea
surements, 0 dBrn = -90 dBm. 

dBrnC - Indicates a dBrn measurement using a C
message weighting filter. 

dBrnCO - Noise measured in dBrnC referred to zero 
transmission level. 

DTMF - Dual Tone MultiFrequency. It is the "tone dial
ing" system based on outputting two non-harmonic 
related frequencies simultaneously to identify the num
ber dialed. Eight frequencies have been assigned to the 
four rows and four columns of a typical keypad. 
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Four wire circuit - The portion of a telephone, or central 
office, which operates on two pairs of wires. One pair is 
for the Transmit path (generally from the microphone) 
and one pair is for the Receive path (generally to the 
receiver). 

Full duplex - A transmission system which permits com
munication in both directions simultaneously. The stan
dard handset telephone is full duplex. 

Gain - The change in signal amplitude (increase or 
decrease) after passing through an amplifier or other cir
cuit stage. Usually expressed in dB, an increase is a pos
itive number and a decrease is a negative number. 

Half duplex -,.A transmission system which permits com
munication in one direction at a time. CB radios, with 
"push-to-talk" switches and voice activated speaker
phones, are half duplex. 

Hookswitch - A switch which connects the telephone 
circuit to the subscriber loop. The name derives from old 
telephones where the switch was activated by lifting the 
receiver off and onto a hook on the side of the phone. 

Line length compensation - This is also referred to as 
loop compensation. It involves changing the gain of the 
transmit and receive paths, within a telephone, to com
pensate for different signal levels at the end of different 
line lengths. A short line (close to the CO) will attenuate 
signals less and therefore less gain is needed. Compen
sation circuits generally use the loop current as an indi
cation of the line length. 
Loop - The loop formed by the two subscriber wires 
(Tip and Ring) connected to the telephone at one end and 
the central office (or PBX) at the other end. Generally it 
is a floating system, not referred to ground, or ac power. 

Loop Current - The dc current which flows through the 
subscriber loop. Typically provided by the central office 
or PBX, it ranges from 20 to 120 mAo 

Off hook - The condition when the telephone is con
nected to the phone system, permitting the loop current 
to flow. The central office detects the dc current as an 
indication that the phone is busy. 

On hook - The condition when the telephone is discon
nected from the phone system and no dc loop current 
flows. The central office regards an on-hook phone as 
available for ringing. 

PABX - Private Automatic Branch Exchange. This is a 
customer owned switching system servicing the phones 
within a facility. It is in effect, a miniature central office. 
A portion of the PABX connects to the Bell (or other local) 
telephone system. 

Pulse dialing - A dialing system whereby the loop cur
rent is interrupted a number of times in quick succession. 
The number of interruptions corresponds to the number 
dialed and the interruption rate is typically 10 times per 
second. The old rotary phones and many new pushbutton 
phones, use pulse dialing. 

REN - Ringer Equivalence Number. This is an indication 
of the impedance, or loading factor, of a telephone bell 
or ringer circuit. A REN of 1 equals =8 k ohms. The Bell 
system typically permits a maximum of 5 REN (1.6 kO) 
on an individual subscriber line. A minimum REN of 0.2 
(40 kO) is required by the Bell system. 

Ring - This is one ofthe two wires connecting the central 
office to a telephone. The name derives from the ring 
portion of the plugs used by operators (in older equip
ment) to make the connection. Ring is traditionally neg
ative with respect to Tip. 

Sidetone - The sound fed back to the receiver as a result 
of speaking into the microphone. It is a natural conse
quence of the 2-to-4 wire conversion system. Sidetone 
was recognized by Alexander Graham Bell as being nec
essary for a person to be able to speak properly while 
using a handset. 

Speech network - A circuit which provides 2-to-4 wire 
conversion, i.e. connects the microphone and receiver 
(or the transmit and receive paths) to the Tip and Ring 
phone lines. Additionally it provides sidetone control and 
in many cases, the dc loop current interface. 

Subscriber Line - This is the system consisting of the 
user's telephone, the interconnecting wires and the cen
tral office equipment dedicated to that subscriber. It is 
also referred to as a loop. 

Tip - One of the two wires connecting the central office 
to a telephone. The name derives from the tip ofthe plugs 
used by operators (in older equipment) to make the con
nection. Tip is traditionally positive with respect to Ring. 

Tone Ringer - The modern solid state equivalent of the 
old electromechanical bell. It provides the sound when 
the central office alerts the subscriber that someone is 
calling. Ringing voltage is typically 80-90 Vrms, 20 Hz. 

Two wire circuit - Refers to the two wires connecting 
the central office to the subscriber's telephone. Com
monly referred to as Tip and Ring, the two wires carry 
both transmit and receive signals in a differential manner. 

Voiceband - That portion of the audio frequency range 
used for transmission across the telephone system. Typ
ically it is 300-3400 Hz. 
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Microphones 
Primo Microphones Inc. 
Bensenville, III. 60106 
312-595-1022 
Model EM-60 

25 n Speakers 
Panasonic Industrial Co. 
Sea caucus, N.J. 07094 
201-348-5233 
Model EAS-45P19S 

Telecom Transformers 
Microtran Co., Inc. 
Valley Stream, N.Y. 11528 
516-561-6050 
Various models - ask for 
catalog and applications 
Bulletin F232 

Stancor Products 
Logansport, IN 46947 
219-722-2244 
Various models - ask 
for catalog 

SUGGESTED VENDORS 

Hosiden America Corp. 
Elk Grove Village, III. 60007 
312-981-1144 
Model KUC2123 

PREM Magnetics, Inc. 
McHenry, III. 60050 
815-385-2700 
Various models - ask for 
catalog 

On an Power/Electronics 
Minneapolis, MN 55437 
612-921-5600 
Model TC 38-6 

MURA Corp. 
Westbury, N.Y. 11590 
516-935-3640 
Model EC-983-7 

Motorola Inc. does not endorse or warrant the suppliers referenced. 

Compliance with FCC or other regulatory agencies of the circuits 
described herein is not implied or guaranteed by Motorola. 
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APPLICATION NOTE 
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A Handsfree Featurephone Design 
Using the MC34114 Speech Network 
and the MC34118 Speakerphone ICs 
Prepared by 
Dennis Morgan 
Bipolar Analog IC Division 

INTRODUCTION 
This application note describes the procedure for com

bining the MC34114 speech network with the MC34118 
speakerphone circuit into a featurephone which includes 
the following functions: ten number memory pulse/tone 
dialer, tone ringer, a "Privacy" (Mike Mute) function and 
line length compensation for both handset and speaker
phone operation. 

TIP 

RING 

R1 

R4 

MIKE 

R5 

NOTE: PIN NUMBERS IN PARENTHESES 
ARE FOR THE SOIC PACKAGE. 

Three circuits are developed in this discussion: a line
powered featurephone, a line-powered featurephone 
with a booster (for using the speakerphone on long lines), 
and one powered from a power supply. The circuits are 
nearly identical, except for the Tip and Ring interface. 
Their performance however, differs noticeably, particu
larly in the low loop current range. Initially, the discussion 
will focus on the line-powered circuit. 

RS 

RECEIVER 

Figure 1. MC34114 Block Diagram 
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DESCRIPTION OF THE BUILDING BLOCKS 

NOTE: Several pins on the ICs used in this application 
note have identical nomenclature (VCC, VB, TXI, MS, VDD 
and RXI). They provide separate functions, and are not 
to be connected together unless so noted. 

MC34114 Speech Network 
The MC34114 is a speech network which interfaces with 

Tip and Ring, and provides the 2-to-4 wire conversion 
(see Figure 1). The transmit gain is determined by the 
microphone amplifier (fixed gain of 30 dB), R6, C5, the 
internal current gains of A1, A2, the AGC, and the line 
impedance in parallel with R1. The receive gain is deter
mined by ZB, the internal current gains of A4 and the 
AGC, C8 and R8. The sidetone cancellation is determined 
by A3 and the ZB network. The AGC points have a current 
gain of 1 at low loop current, and decrease to 0.5 (- 6 
dB) at higher loop currents, thus providing line length 
compensation. R1 (typically 600 n) sets the circuit's ter
minating impedance for ac (return loss) purposes. 

The MUTE input (when low) disables the microphone 
amplifier, and partially mutes the receive amplifier (with 
an internal 1 k feedback resistor), when dialing. DTMF 
dialing signals are injected at TXI through R7 and C6. The 
Mode Select (MS) input (when low, and MT is low) pro
vides a voltage boost at VCC to ensure adequate voltage 
during DTMF dialing at low loop currents. The 3.3 volt 
regulated output (VDD) powers the dialer, and the 1.7 
volt regulated output (VR) is used to bias the microphone. 

The dc characteristics at Tip and Ring are determined 
by the diode bridge (1.4 volts), a level shift of approxi
mately 2.9 volts from VCC to LR, and the voltage across 
R2 + R3 (typically 43 0 and 13 0). All the loop current, 
minus =10 mA, flows through those two resistors. The 
level shift (VCC - LR) increases to =3.9 volts when both 
MUTE and MS are low (tone dialing mode). The voltage 
at RAGC, when within the range of 0.5 to 1 volt, controls 
the internal AGC as a function of loop current. 

MC34118 Speakerphone 
The MC34118 speakerphone Ie (see Figure 2) provides 

all the necessary functions for a complete speakerphone 
circuit in a single integrated circuit. Included are the trans
mit and receive attenuators, which operate in a comple
mentary manner, to provide the necessary half-duplex 
function. The four level detectors, in conjunction with the 
two background noise monitors and control algorithm, 
provide a four point sensing and decision making system 
to control the attenuators based on the levels and timing 
of the transmit and receive signals. Additional functions 
include the microphone amplifier, a Mute input for the 
microphone amplifier, volume control for the receive 
path, a filter, and a Chip Disable pin. The gain of the 
receive attenuator, normally + 6 dB at max. volume, is 
reduced by the AGC circuit as VCC falls below 3.5 volts 
to control the amount of voltage sag in a line powered 
application. The component values shown are typical. 

Connections to the MC34118 circuit are made to several 
points around the circuit as follows: 

0----------------_ T~~~~~+T 

HTI .-,--______ } SEE 
6 HTO- TEXT 

~~~--~+-~~~~--------~~~~-+~~~~----~ VCC 

~~~i r-----t-..., 
CHIP 

DISABLE 

51'F 120 k 

CT 

14 

VB 

15~~~~--~--~~------_+_4~----~+_~~~1r~ 
TL02 RL02 
lB 19 

TO 
SPEAKER .---------' 

AMP 
VOLUME -= 
CONTROL 

Figure 2. MC34118 Block Diagram 
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The TRANSMIT OUTPUT (upper right) connects to the 
4 wire side of the speech network. The transmit gain, 
from the microphone to TRANSMIT OUTPUT, is + 37 dB 
(+ 31 dB in the mike amp, + 6 dB in the Tx attenuator), 
and does not vary with the volume control. In the receive 
mode, the transmit gain is = -15 dB. 

The RECEIVE INPUT (lower right) is derived from the 
4 wire side of the speech network. The gain from RXI to 
RXO is +6 dB when in the receive mode at maximum 
volume. At minimum volume, the attenuator's gain 
reduces by =46 dB, for an overall gain of - 40 dB. In the 
transmit mode, the gain is = -46 dB. Pins 22 (Receive 
out) and 20 (Receive level detector input) connect to the 
external speaker amplifier (MC34119). 

The overall speakerphone's transmit and receive gains 
to and from Tip and Ring are adjusted at the mike and 
speaker amplifier and at the 4-wire interface. 

The MIKE MUTE input disables the mike amplifier when 
at a logic high. Chip Disable disables the MC34118 when 
at a logic high, reducing the MC34118's supply current 
from a normal =5.5 mA to =600 /LA. 

The two op amps (pins 5, 6, 7) are available for a variety 
of uses. Figure 23 of the MC34118 data sheet, for exam
ple, indicates their use with a transformer to form a stand
alone speakerphone. Later in this application note how
ever, they will be used with the MC34114 as part of the 
receive path. 

VCC (Pin 4) is the power supply input, requiring 3 -
6.5 volts @ =5.5 mAo The 100 /LF capacitor must be phys
ically adjacent to pin 4 in the board layout to prevent 
oscillations. 

VB is the ac ground for the IC, and must be well filtered, 
as shown. 

MC34119 Speaker Amplifier 
The MC34119 (Figure 3) is a 400 mW speaker amplifier, 

capable of 500 mW peaks. With a supply voltage range 
down to 2 volts, it is well suited for speakerphone appli
cations. The gain is adjustable from less than 0 dB (it is 
unity gain stable) to a maximum of =46 dB to cover the 
voiceband. It provides a differential output to the speaker, 
eliminating the bulky series capacitor normally needed 
with single-ended outputs. Additionally, the device has 
a Chip Disable pin which, when taken high, sets the out
puts to a high impedance state. 

RI 

125 k 
50 k 

6 VCC 

MC34119 

'OPTIONAL - FOR IMPROVEO POWER SUPPLY REJECTION 

OIFFERENTIAL GAIN ~ 2 x ~ 
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Figure 3. Speaker Amplifier 

The dc supply at VCC must be well filtered to prevent 
oscillations when the speaker amplifier is operating. In a 
typical line powered circuit, an inductor (1 H) is used, in 
conjunction with a 1000 /LF capacitor at VCC, to filter the 
voltage derived from the loop current. Capacitors Cl and 
C2 shown in Figure 3 are not used in this application. 
Instead, bias is provided to Pin 3 from the MC3411S's VB 
pin. 

MC145412 Dialer 
The dialer is a pulse/tone dialer with 10 number mem

ory, including last number redial (Figure 4). The pulse/ 
tone functions are selectable at Pin 10 (MS). The circuit 
uses a standard 3.58 MHz crystal, and a standard 3x4 or 
4x4 keypad. 

VSS 5P[ 
17 TO PULSE 

DIAL CKT. 

MC145412 
KEYPAO DIALER 

16 
OTMF 

DTMF 
1 2 3 A R1 OUTPUT 15 
4 5 6 B 

14 FROM 
7 8 9 C VOO MC34114 

VDO 

M6 11 MUTE 
OUTPUT 

C4 
OSC1 TSO PACIFIER 

TONE 

4.7M FROM 
TIP'RING 

Figure 4. PulselTone Dialer 

The NPN transistor at Pin 12 indicates the on-hookloff
hook status to the IC. Power for the dialer is the 
MC34114's VDD (3.3 volts), diode connected with a mem
ory sustaining battery. The DTMF output goes to C6/R7 
of Figure 1. 

The OPL ("O"U'"T"'P"U"L"S"'IN'"G"') pin is used to interrupt the 
loop current when pulse dialing. The pin is an active low 
open drain. TSO (Tone Signal Output) provides a 500 Hz 
pacifier tone during pulse dialing. The tone is a square 
wave, which swing from VDD to VSS. 

The Mute Output (MO) is active low, open drain and 
pulls to ground while dialing. It is used to mute the speech 
paths during dialing. 

SWITCHING THE CIRCUIT AROUND 
The logic functions involve: a) switching the circuit 

from handset mode to and from speakerphone mode, 
b) switching in and out of either dialing mode while in 
either handset or speakerphone mode, and c) muting the 
two microphones for the "Privacy" function. Table 1 tab
ulates the fundamental requirements applicable to any 
featurephone: 
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Table 1. 

HANDSET 

Function Mike R'cvr 

Handset Speech On On 
Handset Dialing Off Mute 
Handset Mike Mute Off On 

Speakerphone Speech Off Off 
Speakerphone Dialing Off Off 
Speakerphone Mike Mute Off Off 

SPEAKERPHONE 

Mike Speaker 

Off Off 
Off Off 
Off Off 

On On 
Off Mute 
Off On 

In Table 1, "ON" means fully functional, "OFF" means 
non-functional, and "MUTE" means partially muted (10 
to 20 dB). To apply Table 1 to the specific ICs described 
previously, the requirements are expanded in Table 2: 

Table 2. 

MC34114 

Function MT MS 

Handset Speech Hi X 
Handset Pulse Dialing Lo Hi 
Handset Tone Dialing Lo Lo 
Handset Mike Mute Lo X 

Speakerphone Speech Lo X 
Speakerphone Pulse Dialing Lo Hi 
Speakerphone Tone Dialing Lo Lo 
Speakerphone Mike Mute Lo X 

x = Don't Care 

A summary of Table 2 is: 
a) The MC34114 speech network is put into the Mute 

mode (MT = Lo) not only for dialing, but also to mute 
the microphone and receiver for the Privacy function 
(Mike Mute). and when in the speakerphone mode. 

b) The MC34118 and MC34119 are disabled for all the 
handset functions, and enabled for all the speaker· 
phone fu nctions. 

c) The MC34118's Mike Mute function is activated for 
dialing and for the Privacy function. 

d) The loop current, which normally flows through the 
LR pin of the MC34114 (see Figure 1), is directed 
instead to the MC34119 in the speakerphone mode so 
as to make the power available to the speaker. 

d) The M5 pins of the dialer and of the MC34114, are 
significant only during dialing. 

RING 

MC3411S 
MC34119 Loop MC145412 

CD MUT CD Current MS 

Hi X Hi Thru MC34114 X 
Hi X Hi Thru MC34114 Open 
Hi X Hi Thru MC34114 Gnd 
Hi X Hi Thru MC34114 X 

Lo Lo Lo To MC34119 X 
Lo Hi Lo To MC34119 Open 
Lo Hi Lo To MC34119 Gnd 
Lo Hi Lo To MC34119 X 

PUTTING IT ALL TOGETHER 

Switching Between Handset and Speakerphone Modes 
To switch between modes, two actions are necessary: 

1) Divert the excess loop current, which normally flows 
through the MC34114, to the MC34119 during speaker
phone mode, and 2) enable and disable the speech net
work and speakerphone circuits appropriately. The circuit 
of Figure 5 fullfills those requirements: 

H5 (3 poles) is the hookswitch operated by lifting the 
handset. 55 (1 pole) activates the speakerphone when 
the handset is on-hook. The switches are shown on-hook 
in Figure 5. 

43, I W 

RAGC 1-----, IH 

VDD 

,-----------..-t---1r---I----. lN4733 
5.1 V 

V+ 

MC34119 

GND CD 

DIODES ~ I N4002, OR EQUIVALENT 

Figure 5. Switching Between Modes 
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If the handset is on-hook, and switch SSl is closed 
(speakerphone mode), the MC34114 uses =10 mA inter
nally, but the excess loop current flows through the 1 
Henry choke, the zener diode and the 130 resistor. The 
voltage across the 13 0 resistor controls the line length 
compensation function of the MC34114. The MC3411S 
and MC34119's CD pins are held low by HS3, enabling 
the speakerphone circuit. The MC34114's MT is low, mut
ing its microphone and receive amplifiers. If the handset 
is lifted while the speakerphone is in operation, the circuit 
automatically switches to the handset mode. 

When the handset is lifted (HS transfers), the MC34114 
consumes =10 mA internally, but the excess loop current 
now flows through the MC34114, out of the LR pin and 
through the 43 0 and 130 resistors. The voltage across 
the 13 0 resistor still controls the line length compen
sation. This configuration is similar to that of Figure 1. 
Since the MC3411S and MC34119 are disabled (their CD 
pins are pulled high); their current consumption is 
reduced to <1 mAo 

Joining the Receive Paths 
Referring to Figure 1, receive signals arriving at Tip and 

Ring generate a currerit through the ZB network, into pin 
15. That current is modified by A4 and the AGC, made 
available (as a current) at RXA, and coupled to RXI, where 
it is converted to a voltage by the receive amplifiers and 
RS. The ZB network is typically 12 kO, and RS is typically 
3.9 kO. The receive gain to the handset receiver is there
fore nominally -10 dB at low loop currents. 

To feed the receive signals to the speakerphone, the 
circuit of Figure 6 is used. 

TO RECEIVE 
INPUT 

(FIGURE 2) 

~----~----~----~ 

MC34118 
HTO+ 

Figure 6. Joining the Receive Paths 

The cu rrent out of RXA is now split by the 1 kO resistors 
so that approximately half goes to RXI (of the MC34114) 
via CS, and the other half is converted to a voltage (by 
the op amp) for the speakerphone's Receive Input (Figure 
2). The second op-amp (at HTO +) is unused in this appli
cation. The receive gain for the speakerphone (from Tip/ 
Ring to the speaker) is determined by the following 
equation: 
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G = 20 I (RRSPXA4XAGCXO.5) 6 dB 
RX og ZB+500 0 + 

+ 20 I~g (2 ~iRf) 
The terms A4, ZB, and AGC (from Figure 1) are set at 

0.5, 12 kO, and 1 respectively for low loop currents. The 
0.5 in the first term is due to the current splitting of 
Figure 6. The +6 dB isthegain ofthe MC3411S's receive 
attenuator at maximum volume. The third term is the 
gain of the speaker amplifier. 

It is desirable to have as much gain as possible early 
in the receive path to minimize the effects of noise gen
erated or picked up by the circuit. Since the maximum 
allowable input at RXI is 350 mVrms, a gain of 3.5 
(10.9 dB) was chosen for the first term above, in order 
to accommodate receive signals of 100 mVrms 
(-17.S dBm) at Tip and Ring. RRSP calculates to 
approximately 160 kO. For an overall gain of =+30 dB, 
Rf/Ri must be =2.2. At higher loop currents, the overall 
gain will be = + 24 dB, due to the line length compen
sation function. 

Joining the Transmit Paths 
In the transmit path of Figure 1, the microphone signals 

are gained up by 30 dB by the mike amplifier. The output 
at MCO creates a current into TXI through R6 and C5. 
That current is gained up by 100 by Al and A2 (assume 
AGC = 1), and A2's output current then acts on the par
allel combination of Rl and the line's ac impedance. Typ
ical values are: R6 = 15 kO, Rl = 6000, and 6000 for 
the line's impedance. Neglecting the slight loading of R7, 
R12, and ZB, the overall handset transmit gain is 
=+36 dB at low loop currents. 

MC34018 

MCO 

MC34114 

'--'V'>/Ir--U----e--JTXI 
RTSP 

Figure 7. Joining the Transmit Paths 

The transmit output from the speakerphone circuit 
(Figure 2) is applied to the speech· network at TXI in 
Figure 1, through a resistor (RTSP) and a coupling 
capacitor (see Figure 7). For a nominal gain +40 dB 
(from the microphone to the MC34114's Vce), RTSP 
calculates to be =11 kO. The coupling capacitor (typi
cally 0.1 /LF) can be adjusted to set the low frequency 
rolloff. 

Fitting in the Dialer 
The DTMF output in Figure 4 is simply connected to 

C6 and R7 of Figure 1 to get the DTMF signals to Tip and 
Ring. Using 20 kO for R7, and 0.1 /LF for C6, DTMF levels 
of = - 2.2 dBm will result at Tip and Ring at low loop 
currents. 
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MS t-l_°-.t---<~-T;;O"'NE'-----------lI~ ~s~~~4;ii 
'\--_--1 ~ 

PULSE -=-

Figure 8. Pulse Dialing Circuit 

For pulse dialing, Pin 17 of the MC145412 dialer (OPL) 
is connected to a standard two transistor network to inter
rupt the loop current (Figure 8). The 12 volt zener diode 
protects the circuitry from voltage spikes during pulse 
dialing (and whenever a hook switch is opened). 

The TSO output (pacifier tone), which is generated only 
when a keypad button is depressed in the pulse dialing 
mode, is injected to the MC34114's ZB pin so as to make 
it available to both the handset receiver and the speaker
phone. This tone is not generated during DTMF dialing. 

To select between pulse and tone dialing modes, the 
switch on the dialer's Pin 10 (Figure 4) is connected to 
the MC34114's MS pin (Pin 16). Since the MC34114's MS 
pin requires a pull-up resistor for a logic high, a diode 
must be added (Figure 8) so the dialer's MS pin is open 
when the switch is in the pulse position. 

MO(FROM 
DIALERI >---+---. 
VDD 

VDD 

TO SPEAKERPHONE 
RECEIVE PATH MUTE 

MODE SELECT 
SWITCH (HS31 

TO MC34118 AND MC34119 
CD PINS 

Figure 9. Muting Circuit 
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Muting and Privacy 
The Mute Output of Figure 4 must mute (by at least 

45 dB) both microphone paths, and partially mute 
(10-20 dB) both receive paths during dialing. The pri
vacy (Mike Mute) function requires muting the micro
phones only by at least 55 dB. This is accomplished 
with the circuit of Figure 9 using an MC14023 CMOS 
triple NAND gate. The inputs to the logic circuit are the 
Mute Output (MO) from the dialer, the Mike Mute (Pri
vacy) switch and the speakerphone/handset mode 
select switch HS3 (same as that of Figure 5). The out
puts are to the speakerphone's receive path, the 
MC34114's Mute (which mutes both its transmit and 
receive paths), the speakerphone's microphone, and to 
the speakerphone and speaker amp's CD pins. The 
MC14023 is powered by the MC34114's VDD output. 

The circuit of Figure 9 will: 
a) Mute the receiver and speaker and disable both 

microphones during dialing; 
b) Disable both microphones when the Privacy switch 

is closed; 
c) Enable either the MC34114 or the MC34118/ 

MC34119 combination in response to the Mode Select 

FROM 
HTO - (PIN 61 

Figure 10. Receive Path Muting 

100 k 

FROM 
LOGIC 

CIRCUIT 
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TIP 

RING 

S~g2~ESL 

TO TElEPHONE 
CIRCUIT 

6.8 k. 112 W 

II'F. NPO 

ACI 

MC34017 
TONE RINGER 

ROI R02 

PIEZO SOUNDER 

RI 

Figure 11. Tone Ringer Circuit 

Switch. HS3 is shown on-hook in Figure 9, which enables 
the speakerphone when SS1 of Figure 5 is closed. (Note: 
In Figure 5, HS3 is shown controlling the MC34114's MT 
pin directly. In Figure 9 the same function is achieved 
through the NAND gate). 

Muting of the speakerphone's receive path (from the 
above circuit) is accomplished with the circuit of Figure 
10. The muting is inserted in the speakerphone's 
receive path leading to the filter. Normally, the transis
tor is off and the 10 k resistor has little effect on the 
circuit due to the filter's high input impedance (>200 
kn @ 1 kHz). When Mute is asserted, the signal to the 
filter is muted by =20 dB. 

Adding the Tone Ringer 
The MC34017 tone ringer circuit, shown in Figure 11, 

is simply connected directly across Tip and Ring. It is not 
necessary to disconnect the tone ringer when off-hook. 
This circuit will provide a ringer with an REN of =0.5, and 
meet all the EIA-470-A and Bell system requirements for 
impedance, anti-bell tapping and turn-on/off thresholds. 

Finally, the Complete Circuit 
The complete line-powered featurephone is shown in 

Figure 12. Some notes concerning this circuit: 
a) The resistor and capacitor (R6/C5 shown in Figure 

1) between MCO and TXI of the MC34114 was replaced 
with the network of Figure 12 to provide high frequency 
roll off. 

b) The 13 n resistor normally spec'd for R3 of the 
MC34114 (and shown in Figure 5) was increased to 18 n 
to decrease the point at which line length compensation 
begins. 

c) A 470 /-LF capacitor was added across the 18 n resis
tor to suppress interaction which occurs between the line 
length compensation function of the MC34114 and the 
AGC function of the MC34118. 

d) The dc resistance of the 1 Henry inductor must be 
kept below 50 n to keep the dc voltage at Tip and Ring 
and at the MC34114's VCC pin within safe bounds at both 
low and high loop current values. 
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The performance curves for this circuit are shown in 
Figures 13-18. The "Speaker Amp Max Output Swing" 
is the maximum rms voltage available at the speaker 
terminals. The transmit gain tests involved replacing 
each microphone with a signal generator and adjusting 
for a level of approximately -11 dBm at Tip and Ring 
into a 600 n resistive load. The receive tests involve 
applying approximately -27 dB to Tip and Ring, and 
measuring the gain to the receiver or speaker. 

As can be seen in Figure 14, the maximum available 
speaker power is a function of the loop current since all 
of the speaker current must come from the loop. Con
sequently, the receive gain for the speakerphone (Figure 
17) shows a marked decrease at low loop currents. It must 
be remembered.that in a line powered speakerphone, as 
the speaker draws current in response to a receive signal, 
the voltage at Tipand Ring decreases quickly. As the VCC 
at the MC34119 falls with the Tip and Ring voltage, the 
speaker amp's output capability is reduced. Conse
quently, a 25 n speaker is recommended for a line pow
ered speakerphone as this makes the best use of the 
power available from the phone line. A lower impedance 
speaker will require more current, causing V + to sag 
further for a given signal level. A higher impedance 
speaker. draws less current, but produces less sound 
power. 

Additionally, the following muting specs apply: 
1) Handset microphone: >70 dB while dialing, or 

when Mike mute switch is closed. 80 dB in speaker
phone mode. 

2) Speakerphone microphone: >90 dB while dialing, 
in the handset mode, or when the Mike mute switch 
is closed. 

3) Handset receiver: =17 dB while dialing, or when in 
the speakerphone mode. 

4) Speaker: =20 dB while dialing, >100 dB when in 
handset mode. 
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MC34114/MC34118 Line Powered Featurephone 

13 

r-- SPEAKERPHONE MODE ..-/ ./ 
- (NO RECEIVE SIGNA~ ........... V :...--

? -:: ~ ..--- ---V HANDSET MODE 

............... --- ----
(SPEECH, PULSE DIALINGI 

"'" L,. 
'if 

3 
20 

"\ 
........-

HANDSET MODE 
(rONE ~IALlNGI 

40 60 80 100 120 
LOOP CURRENT (mAl 

F.igure 13. Tip to Ring DC Voltage versus Loop Current 

41 
I 

I ....... 
'/ ........ SPEAKERPHONE MODE 

39 

37 ........ - ....... ........ ~ 35 

......... 
........ 

z 
~ 33 

31 ......... 
HANDSET MODE-l-........ 

29 

27 
20 

f = 1 kHz 
GAIN IS FROM MIKE TO TIP/RING 

40 60 80 
LOOP CURRENT (mAl 

1'--..l 
I I-t--

100 

'THIS REGION NOT RECOMMENDED FOR SPEAKERPHONE USE 

Figure 15. Transmit Gain versus Loop Current 

8 
/" .r-to." - 26dBm 

120 

+2 

+2 

+2 

+2 

6 -40 JBm' 
'/ 

4 IV 
/~130dBm 
~ ....... 

30dBm-
~ -40 dBm 

2 

0 I I ,/ 

II I V-15dBm 8 I 
6 I 1-26dBm /' 

SPEAIKERPHONE MODE---; ~ 
i 
9 r-....... 

............ HANDSET MODE 
1 
3 't-- -f..--

-1 
-1 

W 40 80 80 ~ 

LOOP CURRENT (mAl 
'THIS REGION NOT RECOMMENDED FOR SPEAKERPHONE USE 
f = 1 kHz, GAIN IS FROM np/RING TO RCV'RISPKR 

AN1004 
4-140 

Figure 17. Receive Gain versus Loop Current 
and Input Signal 
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BOOSTING THE SPEAKERPHONE AT 
LOW LOOP CURRENTS 

Adding a Booster 
To improve the performance of the speakerphone at 

low loop currents (below 40 mAl, a minimal cost 
approach is to add an optional booster to the power 
supply portion of the MC34119. The approach in this 
application note is to use a wall mount transformer, 
similarto calculator chargers. A 6 volt ac Adapter, Radio 
Shack model #273-1454A, which contains the diode 
bridge and filter capacitor, was used to minimize the 
additional circuitry within the speakerphone itself. 
Since this particular ac adapter is specified for use with 
Radio Shack's speakerphones, it is this author's 
assumption that it complies with applicable FCC spec
ifications, although that is not so stated on the 
transformer. 

Rf 

Vee FROM 
ZENER DIODE 

Figure 19. Adding a Speakerphone Booster 
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This application does not require a regulated voltage 
from the ac adapter, which further simplifies the design. 
The circuit of Figure 19 adds the ac adapter to the circuit 
of Figure 12. 

The power supply connector is added to the MC34119 
VCC pin, and diode connected to the system's 5.1 volt 
zener diode of Figure 12. Pin 3 of the MC34119, which 
previously had been connected to the VB bias line of the 
MC34118, now is biased from an internal circuit. The 1 JLF 
capacitors on pins 2 and 3 provide power supply noise 
and ripple rejection. 

On long lines, where the system VCC tends to sag easily 
in the presence of receive signals, the booster provides 
the current to the speaker amplifier. The system VCC, in 
turn, does not sag, but remains at a stable and consistent 
level over all values of loop current. 

Without the adapter plugged in, the circuit will act sim
ilar to that of Figure 12. In the handset mode, the circuit 
characteristics are the same as that of Figure 12 when it 
is in the handset mode. 

The Complete Circuit with the Booster 
The complete circuit is shown in Figure 20. A quick 

comparison shows it is identical to that of Figure 12, 
except for the booster section in the lower left hand 
corner. The performance curves for this circuit are 
shown in Figures 21-26. As can be seen in Figures 22, 
23 and 25, the speakerphone's performance does not 
degrade below 40 mA as had happened in Figures 14, 
15 and 17. The muting specs for this circuit are the same 
as for Figure 12. 

The current required from the booster varies from 
=3 mA (no receive signal) to =120 mAwith a -15 dBm 
signal at Tip and Ring. 
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MC34114/MC34118 Line Powered (w/Booster) Featurephone 
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USING A POWER SUPPLY INSTEAD OF 
LINE POWER 

Using A Transformer 
For those cases where it is desirable to power the fea

turephone from a regulated power supply, rather than 
from loop current, a transformer is required at Tip and 
Ring to provide the isolation needed between the phone 
line and any ac power and earth ground. The primary 
change to the circuit of Figure 12 is in the area ofthe Tip 
and Ring interface, as shown in Figure 27. It must be 
remembered that loop length compensation is not pos
sible in this circuit since the loop current is not monitored. 
The MC34114's RAGC pin is grounded in this circuit, set
ting the transmit and receive gains to maximum. 

~!~-
RING 

Figure 27. Tip/Ring Interface with a Power Supply 

The +6 volt supply powers the MC34114through the 
transformer winding. In this manner the speech signals 
are coupled between the MC34114 and Tip and Ring. 
The two diodes provide transient clamping, as does the 
12 volt zener diode. The MC34118 and MC34119 are 
powered directly from the +6 volt supply, eliminating 
the need for the 1 H choke. The SS switch (speakerphone 
on/off) requires one more pole, as shown in Figure 27. 
The tolerance on the + 6 volt supply is ± 0.5 volt. 

Changes in the Switching and the Dialer 
The use of a power supply simplifies the selection of 

handset versus speakerphone mode of operation. The 
diversion of the excess loop current is not an issue in this 
circuit, so the switching of that current is eliminated, 
along with 5.1 volt zener diode. 

Because of the isolation requirement, the MC145412 
dialer requires a relay to break the loop current during 
pulse dialing. Figure 28 depicts this circuit. 

The relay is normally off, and energized only for the 
pulse dialing function. The 1 /LF capacitor (rated 250 volts 
min., NPO) helps absorb the transients generated during 
pulse dialing. 

AN1004 
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Figure 28. Pulse Dialer Circuit 

The Complete Circuit with the Power Supply 
The complete circuit is shown in Figure 29. The per

formance curves are shown in Figures 30-35. The Tip to 
Ring dc voltage (Figure 30), determined solely by the dc 
resistance of the transformer winding, is somewhat lower 
than in the previous circuits at low loop currents. Figures 
31, 32, and 34 show the performance is fairly constant 
with loop current, except for a slight reduction in gain at 
the higher currents. This is due to the characteristics of 
the transformer used in developing this circiJit (model 
#TTPC-13 from Stancor, Inc.). Also noticeable in the 
curves, compared to Figures 13-18 and 21-26, is the lack 
of loop length compensation - a natural consequence 
of this type of circuit. 

The muting specifications for this circuit are the same 
as for the line powered circuit. The current required from 
the +6 volt powe"r supply is as follows: 

a) Handset mode: ""13 mAo 
b) Speakerphone mode (no sound at the speaker): 

""24 mA. 
c) Speakerphone mode (max. volume at the speaker): 

""144 mAo 
Although Figure 29 indicates the use of a 25 ohm 

speaker, any impedance speaker within the range of 8 to 
50 n can be used, since this circuit is not line powered. 
The receive gain may have to be adjusted, however, if a 
different speaker is used. 
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CONSTRUCTION HINTS 

Board Layout 
The filter capacitor for the speakerphone IC and for the 

speaker amp (typically 100 /LF and 1000 /LF respectively) 
must be physically adjacent to the ICs, within 1". This is 
particularly important in the line-powered versions, 
where VCC can vary with the speech intensity. Since most 
of the current is used in the speaker amplifier, the PC 
board track leading to Pin 6 of the MC34119 should be 
laid out with care, preferably close to the zener diode, or 
the power supply connector. The ground tracks should 
be as wide as possible, and laid out with care. 

EMI Susceptibility 
Potential EMI susceptibility problems should be 

addressed early in the electrical and mechanic,!1 design 
of the speakerphone. EMI may enter the circuit through 
Tip and Ring, through the microphone wiring to the 
amplifiers, or through any of the PC board traces. The 
most sensitive pins on the MC34118 are the inputs to the 
level detectors (RLll, RLl2, TLll, and TLl2) since, when 
there is no speech present, the inputs are high impedance 
and these op amps are in a near open loop condition. 
These board traces should be kept short, and the resistor 
and capacitor for each input should be physically close 
to the pins. Other high impedance input pins (MCI, VLC, 
HTI, FI) should be considered sensitive to EMI signals. 

The microphone wires within the handset cord can act 
as an antenna, and pick up nearby radio stations. If this 
is a problem in the final design, adding RF filters (con
sisting of ferrite beads and small (0.001 /LF) ceramic 
capacitors) to the PC board where the wires attach to the 
board can generally reduce the problem. 

Acoustics 
a) In the design of any speakerphone, acoustics are 

extremely important, and must be considered from the 
very beginning. Building a breadboard with the micro
phone and speaker "hanging out in mid air" simply will 
not work!!! One of the most common problems .in a 
speakerphone design is acoustic feedback (the speaker 
is closely coupled to the microphone) which results either 
in oscillations (2-10 kHz) or "motor-boating" (1-10 Hz 
switching). A properly designed enclosure for the fin
ished product should provide at least 50 dB of acoustic 
loss (speaker drive voltage to microphone output volt
age). The physical location ofthe microphone, along with 
its characteristics, will playa large role in the quality of 
the transmitted sound. The microphone and speaker ven
dors can usually provide additional information on the 
use of their products. 

b) The quality of the speaker, and the acoustic cavity 
in which it resides, have a major impact on the quality 
of the sound. A little time spent here can go a long way 
towards improving the sound of the finished speaker
phone. As a general rule, good electronics cannot com
pensate for poor acoustics and/or low speaker quality. 

In the Final Analysis ... 
In the final analysis, the circuits shown in this appli

cation note will have to be "fined tuned" to match the 
acoustics of the enclosure, and the specific microphone 
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and speaker selected. The component values shown in 
this application note should be considered as starting 
points only. The gains of the transmit and receive paths 
are easily adjusted at key points in the circuits (see appro
priate text). The switching response ofthe speakerphone 
can then be fine tuned by varying (in small steps) the 
components at the level detector inputs until satisfactory 
operation is obtained for both long and short lines. The 
references can be consulted for additional speakerphone 
design theory. 

GLOSSARY 

Attenuation - A decrease in magnitude of a commu
nication signal, usually expressed in dB. 

Bandwidth - The range of information carrying fre
quencies of a communication system. 

C-Message Filter - A frequency weighting which eval
uates the effects of noise on a typical subscriber's system. 

Central Office - Abbreviated CO, it is a main telephone 
office, usually within a few miles of its subscribers, that 
houses switching gear for interconnection within its 
exchange area, and to the rest of the telephone system. 
A typical CO can handle up to 10,000 subscriber numbers. 

dB - A power or voltage measurement unit, referred to 
another power or voltage. It is generally computed as: 

10 x log (P1/P2) for power measurements, and 
20 x log (V1N2) for voltage measurements. 

dBm-An indication of signal power. 1 mWacross 600 n, 
or 0.775 volts rms, is defined as 0 dBm. Any other voltage 
level is converted to dBm by: 

dBm = 20 x log (Vrms/0.775), or 
dBm = [20 x log (Vrms)] + 2.22. 

dBmp - Indicates dBm measurement using a psopho
metric weighting filter. 

dBrn - Indicates a dBm measurement relative to 1 pW 
power level into 600 n. Generally used for noise mea
surements, 0 dBrn = -90 dBm. 

dBrnC - Indicates a dBrn measurement using a C
message weighting filter. 

dBrnCO - Noise measured in dBrnC referred to zero 
transmission level. 

DTMF - Dual Tone MUlti-Frequency. It is the "tone dial
ing" system based on outputting two non-harmonic 
related frequencies simultaneously to identify the num
ber dialed. Eight frequencies have been assigned to the 
four rows and four columns of a typical keypad. 

Four Wire Circuit- The portion of a telephone, or central 
office, which operates on two pairs of wires. One pair is 
for the Transmit path (generally from the microphone), 
and o·ne pair is for the Receive path (generally to the 
receiver). 

Full Duplex-A transmission system which permits com
munication in both directions simultaneously. The stan
dard handset telephone is full duplex. 
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Gain - The change in signal amplitude (increase or 
decrease) after passing through an amplifier, or other 
circuit stage. Usually expressed in dB, an increase is a 
positive number, and a decrease is a negative number. 

Half Duplex - A transmission system which permits 
communication in one direction at a time. CB radios, with 
"push-to-talk" switches, and voice activated speaker
phones, are half duplex. 

Hookswitch - A switch which connects the telephone 
circuit to the subscriber loop. The name derives from old 
telephones where the switch was activated by lifting the 
receiver off and onto a hook on the side of the phone. 

Line Length Compensation - Also referred to as loop 
compensation, it involves changing the gain ofthe trans
mit and receive paths, within a telephone, to compensate 
for different signal levels at the end of different line 
lengths. A short line (close to the CO) will attenuate sig
nals less, and therefore less gain is needed. Compen
sation circuits generally use the loop current as an indi
cation of the line length. 

Loop - The loop formed by the two subcriber wires (Tip 
and Ring) connected to the telephone at one end, and 
the central office (or PBX) at the other end. Generally it 
'is a floating system, not referred to ground, or ac power. 

Loop Current - The dc current which flows through the 
subscriber loop. Typically provided by the central office 
or PBX, it ranges from 20 to 120 mAo 

Off Hook - The condition when the telephone is con
nected to the phone system, permitting the loop current 
to flow. The central office detects the dc current as an 
indication that the phone is busy. 

On Hook - The condition when the telephone is discon
nected from the phone system, and no dc loop current 
flows. The central office regards an on-hook phone as 
available for ringing. 

PABX - Private Automatic Branch Exchange. In effect, a 
miniature central office, it is a customer owned switching 
system servicing the phones within a facility, such as an 
office building. A portion of the PABX connects to the 
Bell (or other local) telephone system. 

Pulse Dialing - A dialing system whereby the loop 
current is interrupted a number of times in quick 
succession. The number of interruptions corresponds 
to the number dialed, and the interruption rate is typ
ically 10 times per second. The old rotary phones, and 
many new pushbutton phones, use pulse dialing. 
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REN - Ringer Equivalence Number. An indication of the 
impedance, or loading factor, of a telephone bell or ringer 
circuit. An REN of 1 equals ==8 k ohms. The Bell system 
typically permits a maximum of 5 REN (1.6 kn) on an 
individual subscriber line. A minimum REN of 0.2 (40 kn) 
is required by the Bell system. 

Ring - One ofthe two wires connecting the central office 
to a telephone. The name derives from the ring portion 
of the plugs used by operators (in older equipment) to 
make the connection. Ring is traditionally negative with 
respect to Tip. 

Sidetone - The sound fed back to the receiver as a result 
of speaking into the microphone. It is a natural conse
quence of the 2-to-4 wire conversion system. Sidetone 
was recognized by Alexander Graham Bell as necessary 
for a person to be able to speak properly while using a 
handset. 

Speech Network - A circuit which provides 2-to-4 wire 
conversion, i.e. connects the microphone and receiver 
(or the transmit and receive paths) to the Tip and Ring 
phone lines. Additionally .it provides sidetone control, 
and in many cases, the dc loop current interface. 

Subscriber Line - The system consisting of the user's 
telephone, the interconnecting wires, and the central 
office equipment dedicated to that subscriber (also 
referred to as a loop). 

Tip - One of the two wires connecting to the central 
office to a telephone. The name derives from the tip of 
the plugs used by operators (in older equipment) to make 
the connection. Tip is traditionally positive with respect 
to Ring. 

Tone Ringer - The modern solid state equivalent of the 
old electromechanical bell. It provides the sound when 
the central office alerts the subscriber that someone is 
calling. Ringing voltage is typically 80-90 Vrms, 20 Hz. 

Two-Wire Circuit - Refers to the two wires connecting 
the central office to the subscriber's telephone. Com
monly referred to as Tip and Ring, the two wires carry 
both transmit and receive signals in a differential manner. 

Voiceband - That portion of the audio frequency range 
used for transmission across the telephone system. Typ
ically it is 300-3400 Hz. 

REFERENCES 
MC34118 Data Sheet, April, 1987, Motorola Inc. 
MC34119 Data Sheet, March, 1988, Motorola Inc. 
MC34017 Data Sheet, January, 1984, Motorola Inc. 
MC34114 Product Preview Data Sheet, Sept. 1987, 

Motorola Inc. 
MC145412 Data Sheet, February, 1987, Motorola Inc. 
Busala, A., Fundamental Considerations in the Design 

of a Voice Switched Speakerphone, B.S.T.J., 39, 
1960, p. 265. 
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Microphones 
Primo Microphones Inc. 
Bensenville/"1II.60106 
312-595-1022 
Model EM-60 

25 .n Speakers 
Panasonic Industrial Co. 
Sea caucus, N.J. 07094 
201-348-5233 
Model EAS-45P19S 

Telecom Transformers 
Microtran Co., Inc. 
Valley Stream, N.Y. 11528 
516-561-6050 
Ask for Applications 
Bulletin F232 

PREM Magnetics, Inc. 
McHenry, III. 60050 
815-385-2700 

SUGGESTED VENDORS 

Hosiden America Corp. 
Elk Grove Village, III. 60007 
312-981-1144 
Model KUC2123 

MURA Corp. 
Westbury, N.Y. 11590 
516-935-3640 
Model EC-983-7 

Stancor Products 
Logansport, IN 46947 
219-722-2244 

Onan Power/Electronics 
Minneapolis, MN 55437 
612-921-5600 

Motorola Inc. does not endorse or warrant the 
suppliers referenced. 

Compliance with FCC or other regulatory agencies of 
the circuits described herein is not implied or 
guaranteed by Motorola Inc. 
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Linearize the Volume Control 
of the MC34118 Speakerphone 

Prepared by 
Dennis Morgan 
Bipolar Analog Ie Division 

The volume control level of the MC34118 speaker
phone IC has a nonlinear relationship with respect to the 
position of the volume control potentiometer, evident in 
Figure 14 of the data sheet. Since the input impedance 
at VlC (Pin 13) is very high, the horizontal axis in the 
graph of Figure 14 can be said to represent the poten
tiometer's mechanical position (using a linear taper 
potentiometer), with the two extreme ends of the poten
tiometer's position at 0.3 and 1.0. As can be seen, the 
gain changes at a slow rate when near maximum volume, 
but changes rapidly when near the minimum volume 
setting. 

Figure 1. 

VB 

100k 50 k ~---11--- VLC 

15 k 

By changing the potentiometer/resistor circuit to that 
shown in Figure 1 (below), the volume control relation
ship is linearized to an almost perfect straight line (the 
values were selected to maintain [VlC = 0.3 x VB] at 
minimum volume). The result is shown in Figure 2 
(below), with the only nonlinearity near the maximum 
volume end (the vertical axis is the gain of the receive 
attenuator). The circuit requires the addition of only one 
resistor. The potentiometer can be rotary, or a linear 
movement type, as long as it has a linear taper. 

Figure 2. 
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Thanks to Alan long (Motorola, Toulouse) for this circuit idea. 
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By Tanya Tussing and Glen Zoemer 
Telecommunication Applications 

Austin, Texas 

EB112 

THE APPLICATION OF A TELEPHONE TONE RINGER AS A RING DETECTOR 

Telephone ringers are driven by high voltage, low frequen
cy ac signals which are superimposed on the 48 volt dc tip
ring feed voltage. An electronic ring detector must sense the 
presence of an ac signal on the line and produce a dielec
trically isolated logic level to the system processor. To isolate 
the line from the system, an on-chip piezoelectric driver 

0.471'F 4.7 k 

Tip ~~ ___ -! t-----'V\/V-___ 2...j 

Ring 

250 V 
Non-Polar 

3 

1000 pF 

180 k 

10 k 

drives the LED of an optocoupler. A I p.F capacitor filters 
the transistor output of the optocoupler, creating a solid 
logic 0 when a ring signal is present. Figure 1 depicts the 
schematic of the ring detector. The peripheral components 
around the MC34012 set trigger levels and the ringing im
pedance signature for FCC Part 68 compliance. 

4N26 
OptoCQupler 

5V 

100 k 
To 

Microprocessor 

FIGURE 1 - Ring Detector Schematic 
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LSI for 
Telecommunications 
a one-chip telephone 

W. DAVID PACE 
Motorola, Inc. 
Tempe, Arizona 

In recent years, a number of inte
grated circuits - such as DTMF 
dialers, speech networks, and tone 
ringers - have been developed for 
telephone applications. These prod
ucts have replaced electromagnetic 
elements ofthe telephone because of 
performance and cost improvements 
achievable with integrated systems. 
In addition, the use ofintegrated cir
cuits in telephones provides consid
erable freedom in the external de
sign of telephone sets from both the 
practical and aesthetic points of 
view. 

With these objectives in mind, a 
single-chip telephone circuit has 
been developed. The MC34010 Elec
tronic Telephone Circuit (ETC) pro
vides all the functions of a standard 
tone-dialing telephone. In addition, 
a microprocessor interface port fa
cilitates automatic dialing features. 
An important characteristic of the 
ETC is its ability to operate with in
stantaneous input voltages as low 

CERAMIC 
RESONATOR 

PIEZO 
SOUND 

ELEMENT 

r,,...J..-...L..., , 

I .... _-----
RECEIVER 

ELECTRET 
MICROPHONE 

TONE 
RINGER 

SPEECH 
NETWORK 

as 1.4 V_ Low-voltage operation is a 
key requirement in North American 
telephone networks, where parallel 
connections are common. 

FUNCTIONAL BLOCKS OF 
THE MC34010 ETC 

Figure 1 shows the elements of 
the ETC: 

• Line Voltage Regulator: pro
vides the dc termination of the sub
scriber loop and a bias voltage for 
the DTMF dialer and speech network. 
• DTMF Dialer: generates the ap
propriate dual-tone multi-frequency 
(DTMF) signals for dialing. 
• MPU Interface: allows the 
DTMF generator to be controlled by 
a separate microprocessor, which 
may be programmed to provide au
tomatic dialing features. 
• Speech Network: provides the 
two-wire to four-wire interface be
tween the telephone line and the 

Fig. 1 Major element. of the MC34010 ETC. 

ARTICLE 4 

receiver and microphone of the 
handset. 
• Tone Ringer: converts the ac 
ringing signals from the exchange 
into a warbled tone emitted through 
a piezo sound element. 

Line Voltage Regulator 
The line voltage regulator pro

vides a regulated bias voltage at the 
VR terminal of 1.1 V to other sec
tions of the ETC. The low saturation 
voltage of an external PNP pass 
transistor allows the line input volt
age to fall within 300 m V of VR volt
age without clipping signals on the 
line. Thus, the DTMF and speech 
circuits maintain specified perfor
mance with instantaneous line volt
ages as low as 1.4 V. 

The circuit associated with the LR 
terminal determines the dc resis
tance of the telephone. At low line 
voltages (corresponding to opera
tion in parallel with nonelectronic 
telephones), the ETC draws only 5 
mA of bias current for the speech 
network and keypad interface cir
cuits. When the V+ terminal voltage 
exceeds 3 V, excess line current 
flows through an external resistor 
at terminal LR. The 3-kV level shift 
from V+ to LR prevents saturation 
of the dc termination circuit with 
signals up to 2 V peak (+5 dBm) on 
the line. 

An internal constant current sink 
nominally equal to the bias current 
of the DTMF dialer also flows 
through the dc termination circuit. 
When the DTMF dialer is activated, 
this current sink is disabled to re
duce the line current transient and 
dialer clicks. 

DTMF Dialer 
Inexpensive telephone keypads 

have switches of the single pole/ 
single throw (SPST) type that con
nect the row and column terminals 
corresponding to the selected digit. 
A keypad interface circuit within 
the ETC, consisting of input resis-
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tors, comparators, and decoding 
logic, activates the OTMF tone gen
erators whenever two keypad input 
terminals are connected_ 

When the keypad interface acti
vates the OTMF generator, it also pro
duces a mute signal for the speech 
network_ This mute signal disables 
the transmit amplifier and reduces 
the OTMF sidetone in the receiver_ 
Muting the receiver also suppresses 
clicks associated with OTMF turn
on and turn-offtransients_ 

1 2 3 A 
4 5 6 B • I ; L-..,...,......~ 

I 
L. 
1 ' 
I 
I 
'1 
.1 

The row and column tone genera
tors include a programmable coun
ter, an encoder, and a digital-to
analog (O/A) converter_ The output 
of the 01 A converter is a stair-step 
approximation of a sine wave with 
16-step intervals per period_ Fourier 
analysis of such a waveform reveals 
that the time intervals correspond
ing to the positive and negative 
peaks (first and ninth intervals) can 
be shortened or lengthened with lit
tle impact on distortion_ By modify-

;..; :.~..;- _~~~2.~IJ'2~;~t'~:41~J;· 
FIU- 3 The MPU Interface circuit. 

'. .' 
nME INTERVALS 

FIU- 2 The DTMF frequency synthesis technlque_ 

ing the division ratio of the pro
grammable counter during these 
peak intervals, output frequency er
rors are reduced. The periods of the 
OTMF tones are adjusted to the de
sired value within the resolution af
forded by the 500-kHz oscillator 
frequency. 

Figure 2 depicts the implementa
tion of this error reduction tech
nique. The programmable counter 
divides the 500-kHz clock frequency 
by a number N that is loaded by the 
control logic at the beginning of 
each step. The output frequency of 
the programmable counter is fur
ther divided by the 4-bit interval 
counter. It is this counter which dis
tinguishes the 16 waveform inter
vals. The output of the 4-bit counter 
drives the 01 A converter through 

an encoder (not shown in Figure 2 
for simplicity). 

Consider, for example, the genera
tion of the 697-Hz Row 1 tone. For 14 
of the 16 waveform intervals the 
control logic loads the program
mable counter with a divisor of 45. 
For the first and the ninth intervals, 
however, feedback from the 4-bit in
terval counter causes the control 
logic to program the counter to di
vide by 44. This combination of div
isors reduces the 500-kHz clock fre
quency to 11.14 kHz at the output of 
the programmable counter. The in
terval counter divides this signal by 
16, producing a 696.4-Hz Row 1 tone. 
The desired frequency of 697 Hz, 

therefore, is synthesized with an er
ror of only 0.09 percent. 

Other OTMF tones are generated 
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by loading the programmable count
ers with appropriate pairs of div
isors. The worst-case frequency-divi· 
sion error for the eight dialing tones 
is 0.16 percent. Reducing the divider 
errors permits an inexpensive 500-
kHz ceramic resonator to be used for 
OTMF clock generation instead of a 
more precise quartz crystal. In addi
tion, the lower clock frequency al
lows the counter to be fabricated in a 
linear-compatible integrated injec
tion logic (I2L) technology which 
enhances the performance of the 
analog sections of the ETC. 

The outputs of the row and col
umn 01 A converters are summed in 
the proper proportion (with a 2-dB 
twist) and amplified to drive the 
telephone line. The amplitude of the 
line's signal is determined by an ex
ternal resistor. Feedback around the 
OTMF output amplifier reduces the 
dialing-mode output impedance to 2 
kn to satisfy return-loss specifi-
cations. . 

MPU Interface 
The MPU interface permits com

munication between the telephone 
keypad, the DTMF dialer, and a mi
croprocessor. Through this port, 
telephone numbers may be stored in· 
the microprocessor and later re
trieved for automatic dialing. Fig
ure 3 shows the major blocks of the 
MPU interface section and the con
nections between the keypad, OTMF 
dialer, and microprocessor. 

Each button of a 12- or 16-number 
keypad is represented by a 4-bit 
code. This same code controls the 
programmable counters to generate 
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Fig. 4 Speech network block diagram. 

the appropriate row and column 
tones. Binary words corresponding 
to keypad digits are transmitted 
serially to or from the microproces· 
sor via the 4-bit shift register. The 
direction of data flow is determined 
by the state of the DO terminal 
input. 

In the manual dialing mode, DO is 
a logic "0"; the 4-bit code from the 
keypad is fed to the DTMF genera· 
tor and also loaded into the shift reg· 
ister. The microprocessor·controlled 
clock shifts the data through the 
110 terminal on negative clock 
transitions. The shift register load
enable circuit cycles the register be-

tween the load and shift modes such 
that multiple read cycles may be 
provided to the microprocessor for a 
single key closure. Six complete 
clock cycles will output a 4-bit word 
from the ETC and reload the shift 
register for a second look. 

In the autOmatic dialing mode, 
DO is a logic "1" and a 4-bit code is 
entered from the microprocessor 
into the ETC. The shift register load
enable circuit is disabled in this 
mode. Only four clock cycles are re
quired to transfer a digit to be dialed 
into the ETC. A logic "I" on the TO 
terminal disables the DTMF output 
until valid data from the micro-

'~ 
TIP 

RING 

Fig. 5 Tone ringer block dlagram_ 

processor is in place. Subsequently, 
TO is switched to a logic "0" to gen
erate a DTMF tone pair on the line. 

An exclusive OR circuit in the 
keypad interface logic determines if 
more than one key is depressed. 
Single tones may be initiated by de
pressing two keys in the same row or 
column. The exclusive OR circuit 
also generates the DP and MLS out
put signals. DP indicates when one 
and only one key is depressed, there
by signaling the microprocessor that 
valid data are available. MS indi
cates when the DTMF generator is 
enabled and the speech network is 
muted. 

Speech Network 

The speech network illustrated in 
Figure 4 provides the two- to four
wire interface between the telephone 
line and the transmit and receive 
transducers. The key feature of this 
circuit is its ability to operate with 
instantaneous line voltages as low 
as 1.4 V. Satisfactory operation has 
been demonstrated in parallel with 
a carbon microphone telephone for 
loop resistances of up to 2200 n. This 
corresponds to 27,000 ft of 26 AWG 
cable between the subscriber termi
nal and the local exchange. 

An electret microphone biased by 
the VR regulator drives the transmit 
amplifier. The microphone is muted 
internally by the dialer during 
DTMF signaling and may be muted 
by the control signal on the MM 
terminal. 

For very loud talkers, the peak lim
iter reduces the transmit amplifier 
input level to maintain low harmon
ic distortion. Transmit gain control 
is achieved by varying the satura
tion resistance of the transistor 
which drives the TXL terminal. This 
transistor operates as a variable re
sistance because its collector termi
nal is unbiased. The peak limiter 
circuit determines when the trans
mit amplifier output approaches the 
clipping level and drives the trans
istor at TXL to attenuate the ampli
fier input. The peak limiter typically 
provides 30-dB additional dynamic 
range with approximately 1 percent 
total distortion. 

As shown in Figure 4, the trans
mit amplifier output signal is in
verted at the STA terminal to pro
vide sidetone cancellation at the re
ceiver. The signals from the tele
phone line and the STA terminal are 
summed at the input at the receive 
amplifier. When transmitting, these 
signals are nominally 180° out of 
phase and the proper choice of ex
ternal components will nullify the 
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transmitted signal in the receiver. In 
practice, phase shift from the trans· 
mit amplifier output to the line due 
to reactive line impedances limits 
the degree of sidetone cancellation 
achieved. 

The receive amplifier output pro· 
duces a signal current in the receive 
transducer that also flows through 
the VR regulator to the telephone 
line. This ac current determines the 
impedance of the telephone at the 
interface with the line. The input 
impedance is set by the proper 
choice of receive amplifier gain and 
receiver impedance. A 30()'O re
ceiver driven with a gain of one·half 
results in a 60()'O input impedance 
and satisfactory receive sensitivity. 

Tone Ringer 
The tone ringer responds to large 

signal ac input voltages with a 

warbled two·tone output signal which 
may drive a piezo transducer or 
speaker. This warbled tone is pro· 
duced by dividing the tone ringer os· 
cillator frequency alternately by 8 or 
10 as shown in Figure 5. The warble 
rate is the oscillator frequency di· 
vided by 640. In a typical applica· 
tion, an &kHz oscillator produces 
800·Hz and 100()'Hz tones warbling 
at 12.5 Hz. 

The tone ringer output is enabled 
by the threshold detector when a 
ringing signal greater than 35 Vrms 
is applied at tip and ring. The ring· 
ing signal level is measured by mono 
itoring the voltage across the exter· 
nal resistor at the TRI terminal. 
When the average voltage across 
this resistor exceeds a threshold lev· 
el, the output buffer commences 
driving the piezo element at the 
TRO terminal. The additional cur· 

rentdrawn from the line to drive the 
piezo also flows through the exter· 
nal resistor at TRI. Therefore, the 
voltage across this resistor increases 
when theoutputis enabled. Increas· 
ing the voltage applied to the thresh· 
old detector creates hysteresis be
tween the turn·on and turn·offlevels 
that ensures clean on/off transitions. 

DESCRIPTION 
The MC34010 ETC incorporates 

300 bipolar transistors and 520 I'L 
gates on a 125x 146 mil die. The chip 
is fabricated using a two· layer met· 
ai, Linear 1I2L process and pack· 
aged in a 4().pin plastic package. 
Com bining a dialer. speech network. 
and tone ringer on a single chip rep· 
resents a major step forward in the 
modernization and cost reduction of 
analog telephones. 0 

Reprinted from Telecommunications Magazine. April 1984, Volume 18, Number 4, with permission from the publisher, 
Horizon House-Microwave Inc., Dedham,Mass. 
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Adding Digital Volume Control To 
Speakerphone Circuits 
Prepared by 
Dennis Morgan 
Bipolar Analog IC Division 

INTRODUCTION 

The volume control provided on many speakerphones 
is a potentiometer, some rotary and some linear, wired 
so the wiper provides a varying DC voltage to a variable 
gain stage. This application note will describe how to 
replace the potentiometer with a digital circuit which 
allows control of the speaker volume from a set of "UP" 
and "DOWN" pushbutton switches. The circuit uses only 
3 standard CMOS ICs. 

THE MC34018 AND MC34118 

The volume control pins (VLC) on the MC34018 and 
MC34118 speakerphone ICs (Pins 24 and 13 respectively) 
are similar in they have a very high input impedance 
(>10 Mil) and low bias current (+0.2 flA for the 
MC34018, - 60 nA for the MC34118). Additionally, they 
both function similarly in that the volume control oper
ation is based on the ratio of the voltage at VLC to the 
internally generated reference voltage (VB shown in Fig
ure 1). The ratio is 1.0 (VLC = VB) for maximum volume, 
and less than 1 for reduced volume. The minimum rec
ommended setting is 0.55 VB for the MC34018, and 0.3 
VB for the MC34118. 

VB 
VOLTAGE 

I REGULATOR 

VLcht>-r TO ~ ATTENUATOR 
i-CONTROL 
I BLOCK 
I 
I 
I 

EXTERNAL ---i_INTERNAL 

Figure 1. Analog Volume Control Interface 
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To achieve the same voltage range at VLC with a digital 
circuit, a binarily weighted resistor network is employed 
(see Figure 2). 

2R 4R 8R 

TO 
VLC 

Figure 2. Digital Volume Control Resistor Network 

With all switches open, VLC equals VB (maximum vol
ume). The minimum setting occurs when all switches are 
closed, and the RB in Figure 1 is represented by the par
allel combination of the four lower resistors (0.533R). The 
exact value of the resistors will be determined later. 

USING UP/DOWN SWITCHES 

Controlling the resistor network of Figure 2 is done with 
the circuit of Figure 3. The four switches of Figure 2 are 
replaced with the four outputs of the MC14516 Up/Down 
binary counter and 1 N914 diodes. Each of the resistors 
is "on" when the corresponding output is low, and dis
connected (by means of the diode) when the output is 
high, providing 16 volume levels for the speakerphone. 
The circuit may be used in a line-powered speakerphone, 
or one which is powered from a power supply. 
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5-15 Vdc ....,.----...,-.---'r--,------, 

16 VDD 

»()-Q+"'13'--____ ...;.10"1 Uli) MC14516 
5 
9 
8 

11 ALL DIODES lN914 OR EQUIVALENT. 
21 ALL RESISTORS 118 W. 
31 BYPASS CAPACITORS REQUIRED AT EACH IC. 
41 GOOD CIRCUIT LAYOUT REQUIRED DUE TO HIGH 

SPEED CAPABILITIES OF THE ICs. 

Figure 3. Up/Down Free Standing Digital 
Volume Control 

The circuit works as follows: 

• When one of the switches is closed, pin 13 of the 
MC14044 RS flip-flop is set either high (for UP) or low 
(for DOWN), and this sets the U/O input of the counter. 

• Upon closing the switch, the 1.0 /IF capacitor is dis
charged (the 24 II resistor limits the current during 
discharge), and pin 9 ofthe MC14044, and the counter's 
ClK input are taken low (assuming the CO output of 
the counter is high). 

• Upon releasing the closed switch, the 1.0 /IF capacitor 
will charge up slowly, and the ClK input of the counter 
will switch high approximately 80 milliseconds later, 
incrementing or decrementing the counter. The time 
delay provides for switch de-bounce. 

• When maximum count is reached while up-counting, 
the CO output (Pin 7) switches low, preventing any 
more clock pulses from reaching the counter. The CO 
output returns to high when the U/O input changes 
state (by pressing the DOWN switch). allowing the 
counter to count down. A similar sequence occurs 
when minimum count is reached while down-counting. 

• The Preset Enable (PE) input receives an active high 
pulse during power up, thus presetting the outputs to 
1011 (in this example). In this way the speakerphone's 
volume is set to a known state each time the phone is 
taken off-hook. The preset level may be any of the 16 
states by appropriately wiring P3-PO. 
As the counter is sequenced up or down, the voltage 

at VlC will vary between a maximum of VB and a min
imum determined by the resistors (RA, R1-R4). The 5.0 
/IF capacitor at VlC smooths the transition to the new 
level, preventing clicks or pops from being heard in the 
speaker. The power supply voltage can be obtained from 
the Vce pin of the MC34118 (Pin 4). or from the VCC 
output pin of the MC34018 (Pin 20). The circuit of Figure 
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3 requires less than 1.0 /lA of supply current when idle, 
and typically less than 200 /lA during a transition. 

CALCULATING THE RESISTOR NETWORK 

The resistor network values will be calculated for each 
of the three following situations: 
1) The MC34018 speakerphone circuit, which has a fixed 

VB of 2.9 Volts, and requires a minimum VlC of 0.55 
VB (1.59 Volts). 

2) The MC34118 speakerphone circuit with a fixed supply 
voltage, resulting in a fixed VB equal to = (VCC -
0.7)/2, and requiring a minimum VlC of 0.3 VB. 

3) The MC34118 speakerphone circuit with a variable 
supply voltage (such as in a line powered phone), 
resulting in a VB voltage which can range from 1.3 to 
2.8 V, and requiring a minimum VlC of 0.3 VB. 

The reason for the differentiation between #2 and #3 
above is due to the voltage drop of the 1 N914 diodes 
(=0.5 V), which is a significant part of VB. The voltage 
drop of the counter's outputs, when a logic "0," is typi
cally <10 mV, and is considered negligible. The resistor 
network for situations 1 and 2 is shown in Figure 4. Sit
uation 3 will require a slightly different circuit. 

VB 

TO r--"--+--t"'-;-- VLC 

lN914s 

Ql QO 

Figure 4. Network for Constant Voltage VB Circuits 
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Situation 1 
For the MC34018, RA is selected to be 20 kfl, as that 

is the same as the potentiometer's value shown in its 
data sheet. The voltage at VLC is equals: 

VLC = (VB - 0.5) x RB 0 5 V 
20 k + RB +. 

where RB is the parallel combination of the "on" resis
tors. To achieve a minimum VLC of 0.55 VB, RB calculates 
to be 16.8 kfl. The "R" value for Figure 2 is then 16.8 kl 
0.533, or 31.5 kfl. The next lower standard resistor value 
of 30 kfl is then chosen for "R," which is R1 in Figures 
3 and 4. Using standard values for the other resistors 
yields R2 = 62 kn, R3 = 120 k!l, and R4 = 240 kn. The 
resulting performance of this network is shown in the 
following tabulation: 

'"On'" 

Q:rOo Resistors VLC VLCNB A dB Gain Comments 

a Rl R2 R3 R4 1.57 0.542 -25.5 Min 
1 Rl R2 R3 1.61 0.556 0.014 -24.6 Volume 
2 Rl R2 R4 1.66 0.571 0.Q15 -23.5 
3 Rl R2 1.71 0.588 0.017 -22.4 
4 Rl R3 R4 1.75 0.604 0.016 -21.3 
5 Rl R3 1.81 0.624 0.020 -19.9 

6 Rl R4 1.87 0.645 0.021 -18.5 
7 Rl 1.94 0.669 0.024 -16.8 
8 R2 R3 R4 2.02 0.698 0,029 -14,8 
9 R2 R3 2,11 0,728 0,030 -12,7 

10 R2 R4 2.21 0.761 0,033 -10,5 

11 R2 2,31 0,798 0,037 -7.9 
12 R3 R4 2,42 0,834 0.Q36 -5,4 
13 R3 2,55 0,881 0.047 -2,2 
14 R4 2,71 0,936 0,055 +1,6 Max 
15 None 2.9 1,0 0,064 +6,0 Volume 

The t. column indicates the difference in the VLCIVB 
ratio as the count is increased. The steps are larger at 
the high volume end compared to the low volume end. 
It is believed that this is not objectionable in most appli
cations, and in fact, some users consider it desirable. The 
"dB Gain" column indicates the gain of the receive atten
uator derived from Figure 5 of the data sheet. 

Situation 2 
For the MC34118 with a fixed supply voltage, the value 

of the resistors will depend on the specific voltage used 
for VCC. Since the minimum VLC is 0.3 VB, RA was raised 
and the equivalent RB lowered (from the values of situ
ation 1) to achieve the lower ratio. The values for the five 
resistors can be found from the following chart: 

VCC 

6,5 
6,0 
5,5 
5,0 
4.5 
4,0 
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VB 

2.8 
2,54 
2,29 
2,04 
1,79 
1.54 

RA Rl 

39K 15K 
43K 15K 
47K 15K 
56K 15K 
39K 7.5K 
51K 7,5K 

R2 R3 ~ MinVLCNB 

30K 62K 120K 0.298 
30K 62K 120K 0.298 
30K 62K 120K 0.303 
30K 62K 120K 0,296 
15K 30K 62K 0,296 
15K 30K 62K 0.301 

Testing of the circuit with VCC 
following results: 

5,0 V yielded the 

Q:rQo VLC VLCNB A dB Gain 

a 0,607 0.296 -33,0 
1 0,628 0,306 0,010 -29,4 
2 0.643 0,313 0,007 -26,1 
3 0,669 0,322 0,009 -23,1 
4 0,680 0.332 0,010 -20,1 
5 0,712 0,347 0.Q15 -17,0 

6 0,740 0,361 0,014 -14,0 
7 0,783 0,375 0,014 -11,0 
8 0,796 0,389 0,014 -8.5 
9 0,856 0,417 0,028 -5.6 

10 0,915 0.446 0,029 -2,9 

11 1,01 0,489 0,043 -0,4 
12 1,10 0,536 0,047 +1.6 
13 1,28 0,624 0,088 +3.6 
14 1,52 0.741 0,117 +5,0 
15 2,05 1.00 0,259 +5,8 

In this case, the fact that the step sizes are smaller at 
the minimum volume end is particularly advantageous 
since the MC34118 has a non-linear relationship between 
the VLCIVB ratio and the amount of signal attenuation 
(see Figure 5). 
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0,6 

VLC VB 
0,8 

Figure 5. Receive Attenuator versus Volume 
Control- MC34118 

1,0 

As can be seen from the "dB" column (which is the 
MC34118's receive attenuator gain setting), the step size, 
in terms of the dB attenuation, is fairly constant through
out most of the range. 
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Situation 3 
For the case where the MC34118 is used in a line pow

ered speakerphone, VCC can vary from 3.5 to 6.5 V, with 
a range for VB of 1.3 to 2.8 V. If the circuit of Figure 4 is 
used, and set to provide a minimum VLCIVB ratio of 0.3 
when VB = 2.8 V, the minimum ratio will be considerably 
higher (=0.43) when VB is reduced to 1.3 V. From the 
graph of Figure 5, it can be seen that the minimum gain 
will then be -10 dB rather than - 33 dB. The problem 
stems from the =0.5 V drop of the diodes, which is a 
significant part of VB. To reduce the effects of this voltage 
drop, the diodes are replaced with NPN transistors which 
have a saturation voltage of only =0.05 V (see Figure 6). 
The outputs of the MC14516 counter drive the 2N2222A 
transistors through the 100 kll base resistors. Because of 
the logic inversion of the transistors, the function of the 
UP and DOWN switches of Figure 3 is reversed. Addi
tionally, because of the inversion, the preset inputs 
(P3-PO) must be changed to 0100 to achieve the same 
power-up setting as that of Figure 3. 

With the circuit of Figure 6, the minimum VLCIVB ratio 
ranges from a low of 0.298 (VCC = 6.5 V) to a high 0.312 
(VCC = 3.5 V). The tested performance of this circuit, 
with VCC = 5.0 V, is as follows: 

Qa-Clo VLC VLCNB .1 dB Gain 

0 0.615 0.300 -30 
1 0.645 0.314 0.014 -26.5 
2 0.674 0.329 0.015 -23.3 
3 0.709 0.346 0.017 -20.4 
4 0.755 0.368 0.022 -17.4 
5 0.800 0.390 0.022 -15.1 

6 0.847 0.413 0.023 -13.1 
7 0.904 0.441 0.028 -11.1 
8 0.970 0.473 0.032 -9.1 
9 1.04 0.507 0.034 -7.2 

10 1.13 0.551 0.044 -5.4 

11 1.24 0.605 0.054 -3.5 
12 1.39 0.678 0.073 -1.6 
13 1.56 0.761 0.083 +0.7 
14 1.77 0.863 0.102 +3.3 
15 2.05 1.00 0.137 +5.9 

IF YOU HAVE A MICROPROCESSOR . .. 

If a microprocessor is included in the speakerphone 
design, the above circuit can be simplified by letting the 
processor do the switch de-bouncing, the up/down count
ing, and the off-hook preset. The critical part of Figure 
3's circuit is the resistor network, and it can be controlled 
from a port through a CMOS latch (see Figure 7). 
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100 k 

00 

Figure 6. Network for MC34118 Variable 
Supply Situation 

03 03 
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MICROPROCESSOR LATCH 
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DO 00 
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Figure 7. Microprocessor Interface 

VB 

RA 

TO 
VLC 

Recommended latches are the MC14042, MC14076, 
MC14174, and MC14175. The resistor values depends on 
which speakerphone circuit is used. 

IN SUMMARY ... 

The circuit presented is fairly simple and straight
forward without any critical components involved. The 
accuracy requirements of the resistor network depend on 
the accuracy requirements of the application. 5% resis
tors should suffice for most applications. The power sup
ply current required for the additional cjrcuitry is minimal 
«1.0 /LA) since all CMOS ICs are recommended. Addi
tionally, the wide range of power supply voltages allowed 
by CMOS devices makes this circuit suitable for use with 
line-powered speakerphones. 
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Minimize the u pop" in the MC34119 Low 
Power Audio Amplifier 
Prepared by 
Dennis Morgan and Ron Friedman 
Bipolar Analog Ie Division 

INTRODUCTION 

In some instances, when the MC34119 speaker ampli
fier is re-enabled, a "pop" can be heard in the speaker. 
The cause can be due to the IC, or the PC board, or both. 
Whatever the cause, some users consider the "pop" 
objectionable. This application note describes how to 
minimize the "pop" to satisfy the most demanding user. 
The remedy, fortunately is very simple and inexpensive. 

CIRCUIT DESCRIPTION 

Referring to Figure 1, during normal operation (chip ena
bled), the input capacitor (Ci) has a DC voltage on it due 
to the DC bias of the MC34119 on its right side, and the 
DC bias of the audio source on its left side. The charging 
path for this DC bias is from Pin 5 through Rf and Ri, and 
the right side voltage is equal to that on Pin 4, which is the 
same voltage as that on Pins 2 and 3 ({VCC-O.7j/2). 

When the IC is disabled (Pin 1 taken to a logic high), 
the internal bias is removed from the two op amps, and 

Rf 

AUDIO 0.1 Ri 
INPUT >-l1-'VII"v-"V~,·no--+--I 

Ci 
·~_~3 sili FCl 

C'l}'JLF FC2 

= = 

Pins 4, 5, and 8 are at the same DC voltage as Pin 3. 

the two outputs go to a high impedance state. If the out
put pins are perfect in that no leakage exists at V01 or 
V02, then the charge will remain unchanged on Ci. Upon 
re-enabling the IC, there will be no "pop" at the speaker 
as there will be no need to re-establish bias levels. 

Leakage does exist, however, either internal and/or 
external to the IC. Internally, it can be due to normal 
reverse bias leakage currents, and can go either to Gnd 
or VCC. Externally, leakage can be due to solder flux on 
the board, or other contaminants (fingerprints, air pol
lutants, etc.) which deposit on the board during the 
course of its use at the customer's location, and can go 
to Gnd or VCC. Referring to Figure 2, and assuming a 
leakage to ground, Ci will now discharge through Ri, Rf, 
and RLK (which is generally several megohms) with a 
time constant determined (essentially) by Ci and RLK -
the voltage at Pin 4 drops accordingly. (Current out of Pin 
4 is insignificant for this discussion, and is ignored.) The 
bias voltage on Pins 2 and 3 is not removed during the 
disable period, and so the voltage at Pin 3 is unchanged. 

6 VCC 

VOl 

SPEAKER 

V02 

CD CHIP 
I-D--C DISABLE 

1<0.8 VI 

= 

Figure 1. Normal Operation 
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==u LEAKAGE 
r-_______ ..::.6CV,..:C:;;:C ______ ----, CURRENT 

AUDIO 0.1 Ri 
INPUT >1 !--'V\fIr-+-V,.-<'n J 

Ci 
~_~3r-J1-1 FCI 

Clt}I-'F 
FC2 

50 k 

125 k 
50 k 

= = 

SPEAKER 

MC34119 = 

CD CHIP 
J-o-=---C DI SABLE 

1>2.0 VI 

Ci discharges through Ri, Rt, and RLK; the voltage at Pins 4, 5, and 8 droops. 

Figure 2. Disabled Mode 

Upon re-enabling the MC34119, bias is returned to the 
op amps immediately, and op amp #1 finds the voltage 
at Pin 4 somewhat lower than that at Pin 3. Its output (Pin 
5) is therefore driven near the upper rail (VCC), and this 
causes op amp #2 output (Pin 8) to be driven near the 
lower rail (Gnd). The result is a large sudden voltage 
change across the speaker, hence the "pop." The outputs 
will then stay at these levels as Ci is recharged (by Pin 5 
through Rf and Ri) until the voltage at Pin 4 is equal to 
that at Pin 3, bringing op amp #1 back into its linear 
operating region. Then the circuit is once again consid
ered turned on. Figure 3 is a scope photo of the transient 
across the speaker (Val - V02) when the circuit is ena
bled. For this photo, VCC = 6 volts, Rf = 270 k, Ri = 24 k, 
Ci = 0.1 I-'F, and RLK = 5 MlL 

Figure 3. Output Transient Due To Leakage 
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THE SOLUTION? - ONE RESISTOR 

The solution involves keeping Ci from discharging in 
the first place. By placing a resistor from Pin 3 to 4, Pin 
3 will supply the leakage current, relieving Ci of that duty 
(see Figure 4). Due to the voltage divider effect of Rx, Rf, 
and RLK, Ci does discharge a sma!1 amount however, and 
upon re-enabling, requires a small amount of recharge. 
So the "pop" is not eliminated, but is considerably 
reduced. Figure 5 is a scope photo of the same circuit 
used for Figure 3, but with a 10 kll resistor added between 
Pins 3 and 4. The combination of reduced amplitude and 
pulse width means the transient energy has been reduced 
by a factor of almost 12, thereby considerably reducing 
the sound level of the "pop." 

Experimentation has shown that values of 10 kll to 
40 kll for Rx reduce the "pop" a very significant amount 
(Note: quantifying the amount of improvement is diffi
cult, and could have been done by using an SPL meter. 
The real issue is what is an acceptable "pop," and what 
is objectionable - a purely sUbjective matter). Values 
greater than 40 kll have a progressively lower effect on 
the transient amplitude. Values less than 10 kll can actu
ally increase the transient, and can also interfere with the 
normal operation of the amplifiers in the voiceband, most 
notably distortion. 

CONCLUSION 

Because of the possibility of contaminants on the PC 
board, the "pop" can occur even if a "perfect" IC is used. 
This solution will considerably reduce the problem, but 
will not completely eliminate it. This is due to the voltage 
divider effect of Rx, Rf, and RLK which allows Ci to dis
charge slightly during the disable mode. Most applica
tions should, however, find this solution a sufficient 
improvement to consider the problem resolved. 

AN1081 
4-161 



AN1081 
4-162 

Rt 
.-------"WI.--s-V-C-C---------'==u, LEAKAGE 

CURRENT 

AUDIO 0.1 Ri 
INPUT >-11--'VI1'v-.............. O 

Ci Vin 

C11)1J.lF FC2 

MC34119 50 k 

125 k 
50 k 

CD CHIP 
1-0-"---':: DISABLE 

(>2.0 VI 

The voltage at Pin 4 changes only slightly when disabled. 

Figure 4. Disabled Mode With Resistor Solution 

Figure 5. Output Transient With Resistor Fix 
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Universal Digital Loop Transceiver Chip Family 

OVERVIEW 
The introduction of the Universal Digital Loop Transceiver 

(UDLT) family of integrated circuits aids the design of a high 
speed Limited Distance Modem (LDM). With an external clock, 
the LDM will transmit asynchronous data at rates up to 80 
kbps. As shown here with an internal clock, the LDM can send 
as much as 38.4 kbps of asynchronous full duplex data up to 
two kilometers on 26 AWG twisted pair wire. The data 
transfer is controlled by the following RS-232C handshake 
signals: Request to Send (RTS), Clear to Send (CTS), Data Set 
Ready (DSR) and Carrier Detect (CD). If the data link is 
operating, CTS goes active in response to RTS going active. 
DSR is active if the LDM is powered up. If synchronization is 
lost, the CD signal goes inactive. Figure 1 shows a block 
diagram of the LDM. Figure 10 is a photostat of the LDM 
Demonstration Board - front, and Figure 11 is a photostat of 
the LDM Demonstration Board - back. Table 1 is a parts list for 
the slave and master LDM. 

UNIVERSAL DIGITAL LOOP TRANSCEIVER 
The heart of the LDM is the UDLT master/slave chip set. 

This chip set transmits data at a 256 kbps burst rate using a 
"ping pong" approach. As shown in Figure 2, a Modified 

VOO 

OSR 

~300 

MC145406 MC145422 

S1 
SI1 

SOl 

S1 
TxO Rx 

MC145428 

RxO OCI Tx 
RxS 

<J SI2 

C> S02 

Differential Phase Shift Keyed (MDPSK) data burst is trans
mitted from the masterto the slave. Then after a slight delay, a 
burst is transmitted from the slave to the master. Since an 
eight kHz clock is typically applied to the Master Sync Input 
(MSI) pin, and ten bits are sent to the master and the slave 
every MSI period (every 1251's), the transceiver is effectively 
transmitting 80 kbps of full duplex synchronous data. 

The burst's ten bits of digital data are input on three 
different pins of the UDLT master. The first eight bits are 
serially received from the Receive Data Input (Rx) pin. The 
ninth bit is from the Signaling Bit Input (SI1) and the tenth bit 
is from the SI2 pin. These ten bits are formatted together and 
shipped out from the chip on the LOl and the L02 pins (Line 
Driver Outputs). After being transmitted across the line and 
received on the LI pin of the slave UDLT, "eight bits of data are 
serially output through the slave's Transmit Data Output (Tx) 
pin, one bit on the SOl and one bit on the S02 (Signaling Bit 
Output). Then the slave UDLT sends a similar burst to the 
master UDLT. 

DLTVS. UDLT 

Since the MC145418/19 Digital Loop Transceiver (DLT) 
chip set is very similar to the UDLT, it is not difficult to adapt 

VOO 

t-. OSR 

MCI45426 

S2 
Rx 

22 Tx 

SI2 

22 S02 

Figure 1, Limited Distance Modem Block Diagram 
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MASTER 

SLAVE 

MSI 

@DLT 

@UDLT 

@DLT 

@UDLT 

TEl 

I-
-.l 

1 

I-

125 p.. -I 
TRANSMIT RECEIVE r-

-I ~TURN 
I--l.D. 

RECEIVE TRANSMIT '--
125 p.S -I 

LD. ; LINE DELAY 

Figure 2. 80 kbps MDPSK Timing Diagram 

10·BIT TRANSMIT BUFFER 

SIGNAL BIT INPUT 1 

SIGNAL BIT INPUT 2 

r---- RECEIVE DATA 
r--.-'--~~--r-.--'-~~ 

~----- RECEIVE DATA CLOCK 
L-~~ __ ~-L __ ~-L~ __ ~-, 

RECEIVE REGISTER '----- RECEIVE ENABLE 

TRANSMIT REGISTER r---- TRANSMIT ENABLE .-.--.--.--.--r--r-.--__ ~ 

ABB3S 

~----- TRANSMIT DATA CLOCK 

'----,. TRANSMIT DATA 

_--- SIGNAL BIT ENABLE 

'----------..... SIGNAL BIT OUT 1 

'-----------.... SIGNAL BIT OUT 2 

lO-BIT RECEIVE BUFFER 

Figure 3. UDLT Receive and Transmit Registers 
AA8929-1 
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this LDM to use the DLT. There are three main differences 
between the UDLT and the DLT chips. The most important 
difference between the chips is that the UDLT automatically 
adjusts the thresholds on the receive circuitry. This allows the 
UDLTto optimize its reception to a particular line's attenuation 
level. The DLTs threshold is externally set, so typically this 
receive optimization will not be achieved, unless some rather 
complex circuitry is implemented. Also, the DLT requires 
external drivers and transmits square waves instead of 
triangular waves. In conclusion, the UDLT has on board driver 
and threshold adjust circuitry, but the DLTs basic approach 
allows driver and threshold design flexibility. 

SIGNALING PINS FOR RTS/CTS HANDSHAKE 

This LDM uses the S11, S12, S01 and S02 pins of the 
master and slave for a RTS/CTS handshake. To perform this 
task, the signaling channels are used for transmitting the 
RTS/CTS handshake. The input at SI1 of the master UDLT is 
the RTS signal. This information is transmitted to the S01 of 
the slave UDLT chip. At this point, the signal is looped around 
into SI1 of the slave UDLT, and it is transmitted to SO 1 ofthe 
master UDLT. This signal at S01 is the master's CTS signal. A 
similar configuration is used for the slave's RTS/CTS hand
shake on the SI2/S02 channel. This allows the RTS/CTS 
handshake to verify that the communication link is operating. 

DATA SET INTERFACE 

Since most data from a terminal is an asynchronous format. 
the Data Set Interface (DSI) is needed to convert data from an 

asynchronous to a synchronous format and vice versa. At TxD 
of the DSI, the asynchronous signal should begin with a start 
bit (logic 0). After following with an eight or nine bit data word, 
the format ends with one or more stop bits (logic 1). The rate 
that the data is loaded into the DSI is determined by the 
internal bit rate generator, whose rate, if 38.4 kbps or less, is 
selected by BR1, BR2 and 8R3 (Baud Rate Select Pins). An 
external bit rate generator can be used for data rates higher 
than 38.4 kbps. 

Once in the DSI, the data is stripped of its start and stop bits 
and loaded in a register. Next, the data is checked for a break 
condition, and one of three types of words is sent, under the 
timing control ofthe DC, CM and DOE pins. If a break condition 
is recognized, the break flag (1111111 0) is transmitted. If data 
is in the register, it is dispatched. Finally, if no data is in the 
register, a synchronizing flag (01111110) is sent. However, 
regardless of data being in the transmit register, a synchron
izing flag is also transmitted on a regular basis to verify that 
synchronization is intact. Furthermore, the transmit circuitry 
inserts a binary 0 after five continuous 1 's of data, so neither 
pattern, (11111110) or (01111110), can be sent as data. 

At DCI, DC, CM and DIE control the synchronous data's 
receive loading into the DSI. Once loaded, the DSl's receiver 
determines if the data is break or synchronizing information. If 
it is a break or synchronizing flag, the appropriate action is 
taken. If it is not. the data is loaded into a receive register. 
From this register, data words aretaken, start and stop bits are 
added and the asynchronous word is output on RxD (Receive 
Data) at the baud rate selected by BR 1, BR2 and BR3. Figure 4 
is a block diagram of the DSI. 

MC145428 
DATA SET INTERFACE 

Tx STATUS 

Tx DATA 
DATA STRIPPER 

OATA/LENGTH 

BAUD { 
RATE 

SElECT 

XI6 CLOCK 

CLOCK OUT 

STOP BITS 

Rx DATA 

Rx STATUS 

ASYNCHRONOUS 1/0 

Figure 4. DSI Block Diagram 
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RS-232C DRIVER/RECEIVER 

The last integrated circuit discussed is the RS-232C inter
face. Either the MC 145406 or the MC 1488/MC 1489 Driver / 
Receiver, which both fulfill the electrical specifications of EIA 
Standard RS-232C and CCITT Recommendation V. 28, can be 
used. The receivers invert the signal and convert the RS-232 
signals to standard five volt logic levels, and the drivers invert 
the signal and convert five volt logic levels to RS-232 voltage 
levels. 

The MC145406 is a CMOS RS-232 chip with three drivers 
and three receivers. This chip operates with a five volt supply 
and ±5 to ±12 volt supplies. Although the MC145406 chip will 
work with ±5 volt supplies in most systems, the voltage 
supplies should be at least ±7 volts to meet the RS-232 driver 
specification. For full RS-232 compliance, the driver's output 
must be between 5 volts and 15 volts for a logical 0, and it 
must be between -5 volts to -15 volts for a logical 1. 

The MC1488 is a quad line driver. For the MC1488 to 
comply with the RS-232 driver requirements, a minimum 
power supply of ±8 volts must be used. However, the chip will 
operate effectively in most systems with the positive supply 
voltage varying from + 7to +15 volts. The MC1489 is a five volt 
quad line receiver. 

RS-232C CONTROL AND SIGNALS 

As seen in Figure 5, the master LOM schematic, and Figure 
6, the slave LDM schematic, asynchronous control and data 
signals enter the LDM at RS-232 voltage levels through a 
DB-25connector. Figure 7 shows a OB-25 connector which is 
the standard computer terminal connector. Pins 2,3,4,5,6,7,8 
transmit the following information: 

Pin 2: Transmit Data (Tx) 
Pin 3: Receive Data (Rx) 
Pin 4: Request to Send (RTS) 
Pin 5: Clear to Send (CTS) 
Pin 6: Data Set Ready (DSR) 
Pin 7: Signal Ground (GNO) 
Pin 8: Carrier Detect (CD) 

The Tx and RTS signals are fed into the receivers, and the Rx, 
CTS and CD signals are outputs of the driver. For the CD 
signal, oQe of the receivers inverts the signal from the RxS pin 
of the OSI. When the OSI is in asynchronous status, this 
inversion gives the CD a logic O. The output of that receiver is 
then put into a driverto obtain RS-232 voltage levels. The DSR 
pin is connected to the RS-232 positive power supply through 
a 300 ohm resistor. Therefore, DSR will go active whenever 
the power supply is on. The GND pin is connected to the 
system's ground. The remaining pins used of the DB-25 
connector are routed to the RS-232 Driver/Receiver. 
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Figure 7. D8-25 Connector 

TRANSFORMER INTERFACE 

The transformer interface greatly affects the UOLTs capa
bilities. It performs the functions of impedance matching, 
bandwidth limiting, increasing receive voltages to required 
threshold levels and input protection. At 256 kHz, 26 AWG 
wire's characteristic impedance is 110 ohms. The source 
resistors from the L01 and L02 pins are chosen to be 220 
ohms. With a transformer turns ratio of 2:1, the line side's 
characteristic impedance is 110 ohms. This configuration 
impedance matches the twisted pair. 

The UOLTs minimum output voltage from the L01 and the 
L02 pins is 2.25 volts peak. Half of the voltage is lost across 
the 220 ohm source resistor. That voltage of 1.12 volt peak is 
halved again by the 2:1 turns ratio of the transformer to 0.56 
volts peak. At 256 kHz, 26 AWG wire attenuates a signal level 
of 18 decibels-per-kilometer. After traveling a distance of two 
kilometers the signal will have attenuated 36 deciDels. At the 
line side of the transformer, the minimum signal level is 8.9 
millivolts peak. A turns 'ratio of 1:4 in the transformer 
windings brings the signal level up to 35.6 millivolt peak. This 
voltage is divided between a resistor from the transformer to 
the LI pin and an internal resistance. At worst case, 29 
millivolt peak are at the LI pin - within the 25 millivolts peak 
minimum allowed signal. 

The UDLTs maximum voltage output is 3.0 volts peak. 
Because of the voltage being halved by the source resistors 
and the transformer windings, the transmit signal level althe 
line side is 0.75 volt peak. With a short loop, the signal level 
drop is negligible, so the signal level at the receiving trans
former is about 0.75 volts peak. With the 1:4 turns ratio at the 
receiving transformer, the signal level at LI will be 3.0 volts 
peak, which exceeds the 2.5 volt peak maximum input at LI. A 
signal level greater than 2.5 volts peak will inject current into 
the UOLTs substrate. This action will distort the modulator's 
output, thus creating bit errors. Consequently, protection 
diodes and resistors are needed to clamp the input at LI. The 
demonstration board's transformer configuration is shown in 
Figure 8. The LI pin's protection includes a 1 kilohm resistor 
between the LI pin and the diodes. This resistor is not on the 

R2 n=2 
L01 ------~~----~_. 

n = 0.5 
,..---------- TIP 

L02 ------~~----..... --' L =1.75 mH 

1k 
II ---v~--,-~vv----, 

L-_________ RING 
n = 0.5 

Vref -----------' 

Figure 8, Transformer Configuration Used in 
LDM Schematic 
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demonstration board. Typically, the external diodes will turn 
on before the chip's internal diodes, so the external diodes will 
shunt most of the current. However, the 1 kilohm resistor will 
further ensure that the external diodes turn on first. 

The maximum power bandwidth of the UDLT is 8 to 512 
kHz, but to improve line settling, it is desirable to use a 20 to 
512 kHz bandwidth. To make the lower corner of the band
width 20 kHz, the inductance of the transformer windings is 
chosen to be 1.75 millihenries. To make the upper corner of 
the bandwidth 512 kHz, a 0.001 microfarad capacitor is placed 
in parallel with thetransmittap.lfbatteryfeed is used, further 
input protection is advised. Figure 9 shows a more durable 
transformer configuration. Transformers fulfilling these speci
fication can be obtained from: 

Leonard Electric Products Company 
85 Industrial Drive 
Brownsville, Texas 78521 

Part Number: PIN P-1358-A 

+5 V 

110 
PIN 21 -'I/VI,,-..... -'VV'..-.--, 

lOi 

...-____ ... TWISTED 
PAIR 

110 PIN 20 -"""'~+--,\N'v ___ ...J 

l02 

lk 
PIN 3 -J'I/VI~+--,\N'v---, 

11 

PIN 2 _____ -+-_--' 
V,ef 

TO SAmRY 

L-____ ... TWISTED 
PAIR 

l = 1.75 mH 
C = 0.001 I'F 

Figure 9, Battery Feed Transformer Configuration 
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LDM BOARD OPTIONS 

A picture of the LDM demonstration board is shown in 
Figure 10 and 11. Many of the UDLT and DSI features are 
made available on the demonstration board using straps. 
These UDLT features include: 

LB: In the master, a low disconnects the LI pin from the 
internal circuitry, drives L01, L02 to Vref and internally ties 
the modulator to the demodulator. In the slave, a Iowan the 
LB pin makes the incoming demodulated data going to Tx 
repiace the incoming data on Rx. 

PO: A low powers down the UDLT, except for the receive 
circuitry. 

The DSI features that can be controlled using the straps 
include: 

SB: A low selects outputting one stop bit per data word, and 
a high selects outputting two stop bits. 

DL: A low selects operating with eight bit data words, and a 
high selects operating with nine bit data words. 

Reset: A low clears the internal FIFO, disables TxD, and 
forces TxS and RxS low. 

BR1, BR2, BR3: These pins select the asynchronous data 
rate. 

For more information, refer to the individual data sheets. The 
top of the LDM board shows suggested straps for these 
functions. These straps select one stop bit, an eight data word, 
an inactive Reset, a 9600 baud asynchronous data rate, an 
inactive loop-back and an inactive power-down. 

For battery feed applications, C6 of the slave LDM and C7 of 
the master LDM can be inserted, and the trace between these 
pins should be broken. This capacitor allows ac signals to pass 
through the transformer, but keeps dc power across the 
capacitor to be fed into the system's power supply. C3 of the 
slave LDM and C8 of master LDM provide filtering for the 
upper corner of the bandwidth. If this filtering is not desired, 
these capacitors may be omitted, but their insertion is 
recommended. 

CONNECTORS 

On the demonstration board, VSS and VDD are only used to 
power the RS-232 circuitry. VSS is the most negative power 
supply, and VDD is the most positive power supply. The 
RS-232C Driver IReceiver section explains the appropriate 
voltage ranges for using either the MC145406 or the 
MC1488/MC1489. VCC is the board's five volt supply, and 
GND is the board's digital ground. Tip and Ring are the 
connections for the twisted pair wire. The 25 pins on the left 
side of both the slave and'the master board is for the DB-25 
connector. 
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NOTE: Drawings are not actual size. 

Figure 10. Photostat of LDM Demonstration Board - Front 
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*External to the demonstration board-back. pin 6 of the MC74HC74 should be connected to pin 16 of the MC145422 

NOTE: Drawings are not actual size. 

Figure 11. Photostat of LDM Demonstration Board - Back 
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Table 1. Limited Distance Modem Parts List 

Master LOM 

Rl: 10Mn 
R2: 220n 
R3: 220 n 
Cl: 20pF 
C2: 20 pF 
C3: O.lI'F 
C4: O.lI'F 
C5: O.lI'F 
C6: 0.1 I'F 
C7: 1.01'F 

01: lN914 

Xl: 4.096 MHz 

Ul: MC1489 
U2: MC145406 
U3: MC1488 
U4: MC74HC74 
U5: MC145428 
U6: MC14069U8 
U7: MC74HC393 
U8: MC145422 

R4: 10kn 
R5: 300 n 

C8: 1000 pF 
C9: O.lI'F 
Cl0: 0.1 I'F 
Cll: O.lI'F 
C12: O.II'F 
C13: 0.1 I'F 
C14: O.II'F 

D2: lN914 

T1: lepeD PIN P-1358-A 

Slave lOM 

Rl: 10Mn 
R2: 220 n 
R3: 220n 

Cl: 20 pF 
C2: 20 pF 
C3: 0.001 I'F 
C4: O.lI'F 
C5: O .. lI'F 
C6: 1.01'F 

01: lN914 

Xl: 4.096 MHz 

Ul: MC1489 
U2: MC145406 
U3: MC1488 
U4: MC145428 
U5: MC145426 

R4: 10 kn 
R5: 300 n 

C7: 0.1 I'F 
C8: O.lI'F 
C9: O.II'F 
Cl0: 0.1 I'F 
Cll:0.lI'F 

D2: lN914 

T1: lepeD PIN P-1358-A 
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Data Multiplexing 
Using the 
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Universal Digital Loop Transceiver and the Data Set Interface 

INTRODUCTION 
Data multiplexers find applications where clusters of ter

minals are connected to a central computer and in systems 
where modems are pooled at a common location. Combining 
the signals from the various terminals onto one multiplexed 
data link simplifies wiring and reduces expenses. Sharing the 
cost of the multiplexer among the several terminals results in 
a lower net cost compared to installing and maintaining 
individual cables for each terminal. While present day multi
plexers are economical, new ICs from Motorola make possible 
enhanced performance multiplexers for a fraction of the cost 
of existing devices. 

This Application Note will describe the design of a short
haul multiplexer for asynchronous data at rates up to 9600 
baud. The mux combines eight full-duplex data channels 
along with eight end-to-end RS-232 control signals onto a 
single pair of telephone wire for distances up to 2 km. 
Motorola's Universal Digital Loop Transceivers (MC1454221 
26 UDLTs) master Islave high-speed synchronous data trans
ceivers and Data Set Interface (MC145428 DSI) full-duplex 
asynchronous to synchronous converter form the heart of this 
multiplexer. A few MSI CMOS ICs complete the design. 

Figure 1 illustrates a typical system with the terminals in a 
departmental situation multiplexed onto one high-speed data 
link. RS-232 control signals are passed transparently through 

MODEM 
7 

• 
• 
• 
• 
• 

the multiplexer so the terminals have direct access to the 
controls of the modems. This multiplexer system transports 
one control signal bidirectionally for each data channel. As 
will be described below, other configurations may easily be 
constructed with simple wiring changes. 

CHARACTERISTICS OF THE UDLTs 
The UDLTs are synchronous data transceivers capable of 

transporting 80 kbps of full-duplex data over ordinary twisted 
pair 26 to 19 gauge telephone wire at distances of up to 2 km. 
These devices utilize a 256 kilobaud MDPSK ping-pong burst 
modulation technique for transmission. Three logical data 
channels, one of 64 kbps and two of 8 kbps each are 
exchanged in bursts of 10 bits every 1251-'s frame. MDPSK 
timing is shown in Figure 2. The master initiates a ping-pong 
frame by bursting 10 bits of data tothe slave beginning on the 
riSing edge of an externally generated Master Sync Input 
(MSI). The modulator'S analog output signal (L01, L02) is 
shown referenced to MSI. Upon receiving the last bit from the 
master, the slave responds with a 10 bit burst of its own after a 
four baud delay. The slave's modulator output (LO 1, L02) is 
shown referenced to its own Transmit Enable 1 (TEl). 
Depending on the transmission line characteristics and 
length, the actual time of arrival of the slave's return burst at 
the master will vary due to the propagation time of the signal 

MULTIPLEXER 

• 
• 
• • 

TERMINAL 
o 

TERMINAL 
7 

Figure 1. Typical Multiplexer Application 
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MASTER I~ ~--------------------------125~S--------------------------~~~1 

MSI ~ TRANSMIT RECEIVE r---
~ __ -----,I 

MODULATOR 
OUTPUT 

(LOI. L02) 

SLAVE 

MODULATOR 
OUTPUT 

(L01. L021 

TEl I RECEIVE TRANSMIT L 
Figure 2. UDLT Timing 

between UDLTs. On excessively long lines. propagation time 
down the transmission line results in collisions between the 
master and slave bursts so maximum line length is limited to 
2 km with 26 gauge wire. The slave's TEl is generated 
internally upon completion of demodulation of the burst from 
the master. TEl remains high for eight data clock (128 kHz) 
periods and returns low until another burst is received. This 
process is repeated every 125 p.s. Since both master and slave 
devices exchange data every frame in a half-duplex manner at 
a 256 kilobaud rate. an effective fUll-duplex rate of 80kilobaud 
is accessible to the user. 

The bursts of data on the transmission line use Modified 
DPSK signals to reduce EMI and susceptibility to crosstalk 
from other signals in telephone cables. The frequency spec
trum consists of peaks at 128 kHz and 256 kHz and their odd 
harmonics. Only a small amount of energy is present in the 
frequency bands used by analog telephone service. so UDLT 
signals may be placed on adjacent pairs in cables with 
ordinary telephone sig'nals with no degradation of perform
ance. The power spectral density at 76 kHz is approximately 
18 dBm and at 28 kHz the level is less than -30 dBm. Because 
there is no signal energy at very low frequencies. dc energy 
may be transported on the transmission line to power the 
remote multiplexer unit. Details of this feature will be 
described later. 

The UDLTs have internal buffers to store and prepare 
synchronous data for transmission. Eight bits for the 64 kbps 
channel are serially input and output every 125 p's frame. The 
two 8 kbps channels each have one bit input and output every 
frame. The master and slave UDLTs synchronous timing is 
shown in Figures 3 and 4 respectively. Both figures illustrate 
the transmit and receive timing for the eight bit words on Tx 
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and Rx, and the timing for the two signalling bits, both inputs 
(SI1, S12) and outputs (SOl, S02). 

The master UDLT timing shown in Figure 3 requires 
external timing signals of 8 kHz for MSI, TEl, RE1, and 64kHz 
up to 2.56 MHz may be used for the TDC/RDC pin. This 
application uses 128 kHz. Eight bits of the 64 kbps data 
channel received from the slave are output on the Tx pin on 
the first eight rising edges of TDC/RDC while TEl is high. 
Data to be sent to the slave is input on the Rx pin on the first 
eight falling edges of TDC/RDC while REl is high. In this 
application TEl and REl are connected together so data is 
input and output simultaneously. Data on the 8 kHzsignalling 
channels are input on Sil and SI2 pins and output on SOl and 
S02 pins on MSI's rising edge. 

The slave UDLTtiming (shown in Figure 4) is similar to the 
master except that the slave synchronizes to the master's 
bursts and generates its own clocks and enables. The eight 
bits of the 64 kbps data channel received from the master are 
presented on the Txpin on the rising edges of CLK while TEl is 
high. Data to be transmitted to the master is loaded in on the 
Rx pin on the falling edges of CLK while REl is high. Signalling 
bits onthe 8 kbps channels to and from the master are input at 
S11, SI2 and output at SOl, S02 on TEl's rising edge. 

The master UDLT has pin controlled Power-Down (PO) and 
Loop-Back (LB) features which can be used for system testing. 
Also available on the master is Signal Insert Enable (SIE) 
which enables the insertion and extraction of an 8 kbps 
channel into the LSB of the 64 kbps channel. In this 
application SIE is unused and held low. The signal enable pin 
(SE) is a three-state control pin which when held high enables 
PO, LB, and the two signalling bits (SOl and S02) allowing 
these signals to be bussed to a microprocessor. 
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1~~~--------------------------------125~S--------------------------------~·1 

MSI J r-
~--------------~I 

TOC/ROC 

THREE· STATE 
Tx 

TEL REl J ~ ______________ ~r_ 

Rx ~ _______________ O_ON_'T_C_A_RE ______________ ~X 

S11, SI2 VALID X'--________________________ O_O_N'T_C_A_RE ____________________ -----'~ 

SOl,S02 ==x~ _____________________________________ ~~ 
Figure 3, Master Timing 

I~ ~---------------------------------125~S--------------------------------~·1 

TEl J ~ ________________ ~r_ 

ClK 

THREE·STATE 
Tx 

REl l L 
Rx X ~ON'T CARE = 
~--------------~ 

S11, SI2 VALID X '--_________________ O_O_N'_T_CA_R_E __________________ ~ 

SOL S02 -:J.. ~---------------------------------------------~ 
Figure 4, Slave Timing 
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TRANSFORMER INTERFACE 

The duplexer function, separating transmit and receive 
bursts on a single twisted pair wire is automatic with UDLTs. 
The receiver input is blanked while the transmitter is active so 
the transmitted signal is ignored by the demodulator circuits. 
The receiver unblanks when the transmitter finishes its burst 
to search for the return burst from the other end. Automatic 
duplexer action allows a simple transformer to be used for the 
interface between the transmission media and UDLTs shown 
in Figures 5 and 6. The transformer Tx winding and the 
associated padding network match the transmitter output to 
the impedance olthe transmission line. The Rx winding steps 
up the signal from the far end to compensate forthe loss in the 
matching network. The characteristic impedance of twisted 
pair telephone wire in the frequency range used by the UDLTs 
is approximately 1100hms. Matching this impedance requires 
resistors of 220 ohms in each leg of the Tx winding. The 
impedance of 440 ohms when transformed through a 2:1 
turns ratio results in a match to 1100hms. 12 dB of loss is also 
introduced. The 12 dB is made up in the Rx winding which has 
a 4:1 step-up from line to receiver input. 

Protection of the UDLTs against transients induced onto the 
transmission line is accomplished by adding clamp diodes to 
the padding networks. It is convenient to split the 220 ohm 
resistors into two 110 ohm resistors and place the clamps at 
the junction of the resistors. The same technique is used at 
the receiver inputs. 

CHARACTERISTICS OF THE OSI 

The DSI is a device which provides full-duplex asyn
chronous to synchronous conversion. It allows the user to 
select asynchronous data formats and baud rates. The 
synchronous port has selectable timing for easy interfacing to 
a variety of systems. The asynchronous port characteristics 
are controlled by the Stop Bit select (SB), Data Length select 
(DL), Baud Rate select (BR1-BR3) pins. Synchronous data is 
under the control of the Data Output Enable (DOE), Data Input 
Enable (DIE), Data Clock (DC), and Clock Mode (CM) pins. 
Asynchronous data is sampled at 16 times the selected baud 
rate. Logic circuits search the asynchronous data for a start 
bit, eight or nine data bits and one or two stop bits. When valid 
start and stop bits are found, they are removed from the 
character and the remaining eight or nine data bits are loaded 
into the transmit FIFO for transmission on the synchronous 
port. The Tx Status pin goes low when the transmit FIFO is 
more than half full. This signal may be used for a local Clear
To-Send indication to the data device on the asynchronous 
port. Special characters are generated and transmitted on the 
synchronous port to synchronize the receiver of the remote 
DSI to the ch"racter boundaries. At the remote DSI syn
chronous data is reassembled into eight or nine bit characters, 
start and stop bits are added and the data is transmitted out on 
the asynchronous port. 

Since start and stop bits are removed from the asyn
chronous data before transmission on the synchronous port, 
some data compression is achieved. For example, asyn
chronous data at 9600 baud with eight data bits and one stop 
bit is compressed to 7680 baud on the synchronous channel. 
This makes possible the use of an 8 kbps synchronous 
channel to transport 9600 baud data. However, since sync 
and break characters consisting of data patterns 01111110 
and 11111110 respectively are exchanged between DSls 
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every so often, the effective data compression is somewhat 
reduced. Zero bit insertion on the synchronous data between 
DSls is used to eliminate the possibility of data imitating either 
of these characters (the inserted zeros are removed by the 
synchronous receiver). The multiplexer allocates the UDLTs 
64 kbps synchronous channel to each DSI for one 125 J1.S 

ping-pong frame out of every 1 ms data frame. This results in 
an 8 kbps synchronous channel for each DSI. Under certain 
circumstances, with binary data, zero insertion may cause the 
transmit FIFO to overrun. If hex 'FF' characters are input to the 
DSI on the asynchronous port at 9600 baud with minimum 
time between characters, inserted zeros and sync characters 
cause the effective data rate to increase from 7680 baud to 
approximately 9400 baud. Since the synchronous channel 
supports only 8 kilobaud, an overrun of the Tx FIFO will 
occur. The TxS pin will go low approximately 5 ms before an 
overrun occurs and this indication may be used to stop the 
flow of new asynchronous data until the FIFO clears out. 
When ASCII data is used, only 6 characters (>(3E hex), 
?(3F hex), 1(7C hex), -(7E hex), DEL(7F hex), and Blank(7D hex)) 
generate stuffed zeros. Fortunately, it is unlikely that these 
characters will be sent in large enough groups to cause FIFO 
overruns. In applications where ASCII data is transported, 
eight 9600 baud channels may be multiplexed onto this 
system's 64 kbps synchronous channel. If binary data is 
transported, a 16 kbps synchronous channel must be allocated 
for each DSI, resulting in a four channel multiplexer. This 
guarantees that even with maximum zero insertions, FIFO 
overruns will not occur. 

OCTAL MULTIPLEXER SYSTEM DESCRIPTION 
This multiplexer system fully exploits the DSI chips and the 

UDLTtransceiver pair. The UDLTs 64kbps channel transports 
the synchronous data from the DSls. One of the UDLTs 8 kbps 
channels is used to synchronize the multiplexing of the eight 
data channels, and the other 8kbps channel is used to 
transport eight RS-232 control signals. 

The multiplexer system consists of two units, a master and 
a slave. Figure 5 illustrates the interconnection of the various 
devices within the master unit. The transformer interface to 
the twisted pair is shown with the previously described 
impedance matching and protection circuitry. The master 
UDLT is shown with the Tx, Rx lines along with the 128 kHz 
and the 4.096 MHz clocks bussed to the eight DSls. The data 
channel enables and signalling lines are shown connecting 
the DSls and the RS-232 driver Ireceivers to the sequencing 
and signalling block. Each DSI is shown configured for 9600 
baud with eight bit character lengths and one stop bit which 
may be made switch selectable, if desired. 

Figure 6 shows the complementing slave unit. Protection 
circuitry and the transformer interface are the same as the 
master unit. The slave UDLT generates its own clocks derived 
from an on-chip crystal oscillator circuit. An inverter is used to 
drive the eight clock inputs to the DSls. Also shown is the 
sequencing and signalling interconnect to the DSls and the 
RS-232 driver Ireceivers. 

Circuitry in the sequencing and signalling blocks is shown 
in Figures 7 and 8 for the master and slave units respectively. 
All pertinent timing of the multiplexer system is shown in 
Figure 9. Master timing is shown in the top section, master 
and slave bursts on the twisted pair are shown on the line 
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labeled 'Transmission Line'. Slave timing is illustrated on the 
bottom half of the figure. 

Clocks for the master UDLT are created by a 12-stage ripple 
counter (MC74HC4040) which is driven by a 4.096 MHz 
crystal oscillator. Taps at aI, 05, and 09 create the 2.048 
MHz (CCI), 128 kHz (TOC/RDC) and 8 kHz (MSI,TE1,RE1) 
clocks respectively. Inverters are needed on each line so the 
rising edges coincide. A pulse which synchronizes the master 
and slave data channel sequencing circuitry is generated 
when a count of 0 is reached by 010, all, and 012 of the 
ripple counter. This pulse is shifted through the enable shift 
register (MC14015B) to create eight non-overlapping enables 
forthe DSls. A latch (MC14013B) is used to delay the pulse so 
that it can be properly input into Sil of the UDLT on the next 
rising edge of MSI. The delayed pulse on Sil and the data 
channel enables (CHO-CH7 DOE, DIE) are shown on the 
timing diagram. RS-232 control data is routed to a latch by an 
addressable data selector (MC14051B). RS-232 control data 
received from the slave unit is written into an addressable 
latch (MC14051 a). Notice thatthe first 00 ofthe shift register 
is the enable tothe DSI of data channell. Since the sync pulse 
arrives at the input of the shift register slightly after the clock, 

4.096 MHz 

----iOI--

a one-channel offset is used to address the proper channel. 
This offset is transparent to the system. 

Data input on the Rx pin of the UDLT is buffered until the 
next rising edge of MSI, when it is burst out on the 
transmission line. Data on Sil and SI2 are latched in on the 
rising edge of MSI and transmitted in the burst which was 
initiated by that MSI edge. The bursts from the master (boxes 
with M) and the return bursts from the slave (boxes with S) on 
the twisted pair wire are illustrated on the 'Transmission 
Line'. The numbers indicate which channel's data is trans
ported in that burst. 

The system sync pulse arrives at the slave unit on the SOl 
pin of the UDLT (Figure 8). It is shifted through a shift register 
(MC14015B) which is clocked by the REI pin. The a's from 
this shift register enable the transmission of data from the 
DSls to the UDLT. The sync pulse is delayed and shifted 
through another shift register clocked by TEl. The a's from 
this shift register enable the DSls to accept data from the 
UDLT. RS-232 control data is handled in the slave unit in a 
similar manner as the master with a data selector and an 
addressable latch. Simply offsetting the connections to the 
RS-232 driver/receivers realigns the data to the proper 
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Figure 7, Master Sequencing and Signalling 
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channels eliminating any superfluous circuitry. Offsetting the 
connections to the data selector (MCl4051 B) similarly aligns 
the channels so that the data arrives at the master in the 
correct time slot. Following the channels on the timing 
diagram illustrates the concept. 

ADDITIONAL CONSIDERATIONS 
This multiplexer design is quite modular. If RS-232 control 

signalling is not desired then the circuitry can be simplified by 
removing the write pulse generator (MC14022B), addressable 
latches (MC14099B) and data selectors (MC14051B) from 
both units. The address generator (MC14163B) on the slave 
unit may also be removed. In applications where data rates of 
less than 9600 baud are used, the Baud Rate select pins on 
the OSls need simply be reconfigured. A DIP switch can be 
conveniently used to set the Baud Rate, Data Length and Stop 
Bit pins on the DSls. Note that the DSls must not be set for 
19.2 or 38.4 kilobaud when eight channels are multiplexed. If 
data rates higher than 9600 baud are desired, the individual 
data channels must be serviced more often by the UDLT. 
Because the high-speed synchronous channel between 
UDLTs is 64 kbps, the total bandwidth required by all of the 
channels must be at or below 64 kbps. The multiplexer may 
also be converted into a single channel limited-distance 
modem where data rates of up to 56 kbps can be attained. 

MC14163B 

TEl 

This multiplexer, because it is all CMOS, consumes only 
about 175 mW per unit. One of the units may be powered by 
dc energy transported on the transmission line itself eliminat
ing a power cord. The line interface transformer is designed to 
pass dc energy by separating the two line windings and 
installing a 1 p.F capacito'r between pins 2 and 3. Now, dc 
current may be passed to the twisted pair. A switching power 
supply may be installed in the remote unit to convert the line 
power to voltage levels useable by the digital circuitry. Recall 
thatthe dc resistance of 2 km of 26AWG wire is approximately 
575 ohms. This necessitates a relatively high voltage on the 
sending side to keep the 12R losses in the twisted pair to a 
tolerable level. Usually 36to 40 volts is satisfactory to furnish 
enough voltage to the remote unit. Since the transmission 
line is balanced, there is no ground reference between master 
and slave units. dc power to the twisted pair must be fed from 
an isolated winding on the mains transformer, so that a 
ground reference may be established at the remote unit. 
Connecting the ground references of the two units through 
the ~wisted pair will result in poor 'data performance due to 
longitudinal currents in the line. 

References 
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THE APPLICATION OF A DUPLEXER 

The purpose of this document is to explain the application 
and operation of a duplexer circuit, to show how to balance a 
duplexer, and to discuss the duplexer's operation analysis 
when used with two different transformers and with variable 
components. 

The duplexer circuit shown in Figure I is a fundamental 
circuit that is used to help reject the transmit energy from the 
receive signal. The circuit in Figure I is set up for a standard 
600 ohm system. 

This circuit eliminates the transmit signal from the receiv
ing point by sending a combination of both signals into the 
inputs of a differential amplifier. This tends to cancel out the 
transmit signal leaving only the receive signal. A signal is 
transmitted into Pin 3, the noninverting input, while a signal 
is being received across Pins 5 and 8 of the transformer, from 
the same line. There is a 600 ohm impedance when looking 
into Pins 1 and 4 of the transformer. With RI tweaked to ap
proximately 600 ohms, a voltage divider network is estab
lished with the 600 ohm impedance of the transformer. Thus, 
the signal at the noninverting input, Pin 5, is Rx + (Tx/2). 
The signal at the inverting input, Pin 6, is Tx/2 due to the 
virtual ground concept. When these inputs are added 
together, the transmit signal cancels leaving Rx, the receive 
signal, at the output Pin 7. 

There are- several ways of balancing or tuning duplexers 
but only one technique will be explained for this application. 
The transmit Pin 3 is grounded while a 600 ohm signal source 
with a predetermined level and frequency is connected to 
Pins 5 and 8 of the transformer. A signal with a level of 
- 10 dBm (0.6938 Vp-p) and a frequency of 1700 Hz was 
used in this circuit. RI is then tweaked such that the voltage 
across Pins 5 and 8 of the transformer is half the signal 
voltage or until there is exactly a 6 dB loss across Pins 5 and 
8, (i.e., - 16 dBm at Pins 5 and 8). Next, the 600 ohm signal 
source set at the same level and frequency is connected to Tx 
(Pin 3) across a 10 kilohm resistor. A 600 ohm resistor is con
nected to Pins 5 and 8 of the transformer. Then, R2 is 
tweaked until there is a minimum signal at Rx. Next, several 
different values of capacitance are tried for Cl until the 
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smallest null is found at Rx. Once the best value of 
capacitance has been found, the duplexer has been balanced 
for that particular input signal and the best possible rejection 
of the transmission signal to the receive signal has been 
found. This is called the Transhybrid Rejection and is shown 
with different values of capacitance in Figure 2. 

There are several noisy signals that this duplexer can not 
eliminate at the receive Pin 7. For instance, deflection of the 
transmit signal off of the transformer returns out of phase 
and tends to leak through onto the receive signal. For this 
particular circuit, curve I shows the best rejection over the 
spectrum. 

It is worth noting the difference in performance of this 
duplexer with respect to the type of transformer used. The re
jection versus frequency plot shown in Figure 2 was the result 
obtained when the Midcom 671-0018 was incorporated. This 
transformer has winding resistances of 14 ohms on the 
primary coil and 18 ohms on the secondary. The same test 
was run with a different transformer (Midcom 671-09(5) and 
the results are shown in Figure 3. This transformer has wind
ing resistances of 178 ohms on the primary coil and 67 ohms 
on the secondary coil giving it a much larger insertion loss 
than the Midcom 671-0018. This difference is displayed in 
Figure 3 as there is not as much rejection with the Midcom 
671-0915 over the spectrum as with the Midcom 671-0018 
(Figure 2). 

It can be seen from Figures 2 and 3 that changing the 
capacitance changes the amount of rejection. This is due to 
the fact that the coil (Pins I and 4) not only has a resistance 
but also has an inductive reactance. If there is not a proper 
sized capacitance in parallel with this inductance, then the 
overall impedance of the coil increases. This impedance 
changes the voltage divider with RI which in turn allows a 
larger Tx at Pin 5 which is slightly out of phase with the 
Rx + Tx/2 at Pin 6. This allows more leakage of the transmis
sion onto the receive signal thus decreasing the rejection. 
This difference between the size of the capacitance and the 
type of transformer to use is a tradeoff which is left to the 
designer's judgement. 
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Ie trio simplifies 
speech synthesis 

Earle West, Product Engineer 
Telecomm Product Engineering 
Motorola Inc. 
MOS Integrated Circuits Group 
3501 Ed Bluestein Blvd. 
Austin. Texas 78721 

Despite the emergence of special-purpose speech 
chips, the details of adding voice output to a system 
are still foreign to most designers. However, they 
should be happy to learn that highly intelligible 
speech is possible using a low-cost microprocessor 
and three readily available integrated circuits. 

The speech peripheral, which contains an MC3417 
continuously variable-slope delta modulator-demod
ulator, an MC145414 tunable, dual switched
capacitor, low-pass filter, and an MC14040 counter, 
encodes analog signals into a serial bit stream at a 
rate of 15,625 bits/s (Fig. 1). The bit stream is then 
stored in CPU memory. On demand, the peripheral 

will reproduce an analog signal well enough to be 
understood easily by an untrained listener. 

Such a speech peripheral will enhance the 110 
capability of industrial systems, consumer service 
systems, and games tremendously. Although more 
CPU memory is required than for linear predictive 
coding, stored words are easily changed than with 
LPC. Furthermore, no special memories or com
plicated calculations are required and no special
purpose synthesizer chips are needed. The encoded 
speech signals are simply recorded into and played 
out of CPU memory as any other data. Even the 
software is simple: words can be packed into ROM 
or a disk and need only be selected by the 
microprocessor software for output. 

Since the three-IC circuit is designed for speech 
applications, the bandwidth ranges from 500 Hz to 
3.7 kHz (Fig. 2). However, different filter time 
constants, data rates, and integrator designs can 
change the frequency range and with it the circuit's 
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1. At the heart of a three-chip speech peripheral is an MC3417 continuously variable-slope delta modulator
demodulator, which converts an audio waveform into a serial bit stream. The second and newest olthe 
three is an MC145414 dual switched-capacitor low-pass filter with on-board operational amplifiers. An MC14040 
12-bit binary countercompietes the trio. 
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2. The switched-capacitor low-pass filter limits both input and 
output frequencies to about 3.7 kHz, as reflected by the 
system frequency response curve. Inputfrequencles are 
limited to prevent aliasing; filtering the output smooths it out. 
Bandwidth for the circuit ranges from 500 Hz to 3.7 kHz. 
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application. The tradeoffs made for this circuit make 
it suitable for many industrial applications as well. 

About the key chip 

Of the three rcs, the key one is the CVSD 
modulator-demodulator. On board, a current-con
trolled integrator generates a ramped voltage to 
linearly approximate the encoded analog waveform 
in piecewise fashion. Whenever the ramped voltage 
becomes greater than the input voltage, an on-board 
comparator switches the direction of the ramp. 
Digitally, an increasing slope is represented by a 1; 
a decreasing slope, by a O. This process is called delta 
modulation because the slopes change, or delta, is 
detected. However, the MC3417 does more than 
simple delta modulation; it performs what is called 
continuously variable-slope delta modulation (and 
demodulation). Thus the slope of the ramp voltage 
-that is, the gain of the chip's integrator-is in
finitely variable. This way, in tracking the analog 
input voltage, the output slope can change more 
quickly when changes in the analog input demand 
it. As a result, tracking is more accurate than with 
any constant-slope delta modulation scheme. 

c, 

VA GND +12V 

2.0 V,m. (max) 

125 kHz 

400 

v, 

a-Q 
speaker 
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U, = MC3417 modulator/demodulator 

U2 = MC145414 filter 

U3 = MC14040 counter 

3. A continuously variable slope gives the MC3417 the accuracy to reproduce analog signals. When necessary, 
the syllabic filter changes the rate of integration and with ilthe slope. The three basic chips, a simple audio 
amplifier, and a microprocessor interface complete the speech peripheral circuit. 
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The MC145414 contains two filters and two opera
tional amplifiers. One filter provides anti-aliasing by 
cutting off input frequencies above 3.7 kHz. It has 
a gain of 18 dB. The other filter smooths output noise, 
but has no inherent gain. One of the chip's on-board 
operational amplifiers augments the signal from a 
microphone to about 1 V rms to drive the MC3417's 
comparator input. At the output, a second op amp 
and several discrete components drive an 8-!1 
speaker. 

The MC145414 uses switched-capacitor filters, 
which need no precise external components for 
accurate, low-pass analog filtering. Both filters are 
five-pole, elliptic, low-pass types whose cutoff fre
quency depends on the sampling clock frequency. 

For producing speech, the break frequency (3.7 
kHz) requires a 125-kHz clock. The clock is generated 
by the third IC, a CMOS MC14040 divider, and 
a I-MHz master clock derived from the CPU. The 
three ICs interface with a CPU system, in this case, 
through an MC6821 periphrral interface adapter 
(PIA). 

Figure 3 details the entire speech circuit and its 
two functions: encoding the analog signal into a serial 
bit stream for the CPU to record and decoding the 
bit stream into a reconstructed analog waveform. 
Switch S, determines which function to perform by 
supplying a corresponding level to both the CPU and 
the CVSD chip. 

When switched to encode, analog signals from the 
microphone are amplified and filtered by one of the 
op amps and a low-pass filter on board the MC145414. 
The filtered audio is then fed to the MC3417, where 
the analog-to-digital conversion produces the serial 
bit stream. Each high bit means the integrator slope 
is positive, and each low signals a negative slope. 
Later, the stored bits are used to control the inte
grator, whose output approximates the audio signal. 
In this way, the integrator uses straight lines to 
reconstruct the original analog waveform. 

Thus, when the circuit is set to decode-that is, 
to output speech-the sequence of bits that 
translates the serial bit stream into a linear approx
imation of the original audio is fed to the MC3417, 
which sends it to the second low-pass filter and op 
amp on board the MC145414 to smooth out the 
sequence of linear approximations and provide 
enough gain to drive a loud-speaker. As a result, with 
the CPU selecting the sequence of bits (representing 
words) previously stored in memory, spoken sen
tences are put out through the peripheral. 

Since the speech quality is dramatically affected 
by the sampling rate, the feedback loop gain, the 
signal level, and the filtering, there is room to tweak 
and adjust the sound to suit an application. The 
circuit represents several tradeoffs to produce highly 
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intelligible speech using a reasonable amount of CPU 
memory for speech storage, yet requires reasonably 
few readily available parts. 

For example, the transfer function in this applica
tion has two poles-one at 160 Hz and one at 280 
Hz-and a zero at 4.0 kHz. The pole at 160 Hz 
provides the long time constant necessary for follow
ing relatively linear portions of the original analog 

4. The speech peripheral and the controlling microprocessor 
communicate through a peripheral interface adapter. In 
addition, clocking and serializing are software tasks, but 
since the transfer of data between the program and the 
peripheral is asynChronous, changing the software does not 
create a timing problem. 
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5. Conspicuous by Its small size, the program for running the 
speech peripheral circuit performs both encoding and 
decoding functions In 84 lines, Including comments. The 
routine "reads" the encodlng-decodlng switch position and 
branches to the corresponding routine. 

waveform; the pole at 280 Hz prevents instantaneous 
reversals of t.he integrator's output voltage. The 
latter action avoids a sawtoothlike peak at extreme 
values of the audio sine wave, which enables the 
output to follow rapid changes in the audio waveform 
more closely. 

Finally, the zero at 4.0 kHz improves the phase 
margin of the MC3417's feedback loop. In a simple 
delta modulation-demodulation system, the slope of 
the output signal used to approximate the input is 
constant. Acceptable speech quality, however, calls 
for a continuously variable slope-one that increases 
or decreases with the input. The MC3417 performs 
continuously variable slope modulation and de
modulation so that the slope of the approximating 
line segments depends on the last three bits clocked 
into the decoder. 

To do that, the MC3417's internal 3-bit shift regis
ter monitors the serial bit stream of the comparator. 
If the comparator detects a series of three or more 
Is or three or more Os in a row, its coincidence pin 
will go active and the slope of the integrator's output 
line segments will be made slightly steeper. If three 
or more consecutive Is or Os are detected, a capacitor 
off the chip will charge up, and the control current 
of the integrator will be increased continuously. 

When the stream of all Is or all Os ends, the 
capacitor is discharged by an external resistor (R17), 

which, with capacitor C9, forms a so-called syllabic 
filter. (Incidentally, the values of Rand C are not 
critical and in this application, the time constant 
provided by the pair is 50 ms.) 

Simple software 

As Fig. 4 indicates, the software to record and play 
speech using this peripheral is simple. The assembly 
listing for an MC6800 system is given in Fig. 5. In 
this case, a switch on the CPU board selects the 
encoding or decoding by setting a high or low level, 
respectively, at pin 14 of the PIA and pin 15 of the 
CVSD chip. The encoding routine reads bits serially 
from the peripheral, performs serial-to-parallel con
version, and saves the encoded data in memory. The 
program operates asynchronously with the 
peripheral, allowing different clock rates without 
changing the software. The CPU simply waits for 
a data clock edge, then reads the data. The decoding 
routine works in the same way. The CPU waits for 
a data clock edge, then sends a bit from memory to 
the peripheral, which converts it into speech.D 

"Reprinted with permission from Electronic Design, Vol. 30, No. 11; copyright Hayden Publishing Co., Inc., 1982." 
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Turn 1/0 data port into speech port 

Earle West and AI Mouton 
Motorola Inc, Austin, TX 

This low-cost, low-power iJ.P peripheral circuit 
(figure) converts an 8-bit I/O data port into a 
high-quality speech port, using continuously varia
ble ~Iope-delta (CVSD) modulation to encode and 
decode waveforms per iJ.P direction. The ",p can play 
back any segment of recorded speech; 1 sec of 
intelligible speech requires -1.5k bytes of memory. 
You can trade off between voice quality and memory
storage requirements by adjusting, the data-clock 
rate for the CVSD chip. 

'To encode speech, an MC145414 CMOS dual 

switched-capacitor filter/dual op amp (US> buffers 
the signal and band-limits the input to -2.9 kHz. U6, 

an MC3417 linear CVSD modulator/demodulator, 
encodes the CVSD word and creates a bit stream at 
-12k bps. This serial bit stream loads into U" where 
the ",p reads it in parallel. 

For decoding and outputting speech, the iJ.P loads 
the MC14014 8-bit shift register (U,) with parallel 
data. U, shifts the data to Us for CVSD decoding. Us 
performs low-pass filtering and buffers the resultant 
voice waveform. 

CMOS ICs U to U, and Us clock the filter and CVSD 
chips, and U7 drives a loudspeaker. Four control 
lines connect with the iJ.P to control data direction 
and synchronize data clocking. EDN 

O.ODSp.F 

NOTES: 
ENCODE MODE: DATA CAN BE 
READ FROM SHIFT REGISTER 
AFTER NEGATIVE CLOCK EDGE, 
ONLY STABLE FOR JOIISEC 

DECODE MODE: DATA SHOULD BE 
LOADED INTO PIA AFTER POSITIVE 
CLOCK EDGE AND BE STABLE 
BEFORE NEGATIVE CLOCK EDGE 
U,=MC14069 
U2 =MC14040 
U3=MC14538 
U4 =MC14034 
Us =MC3417 
U.=MC145414 

RESISTORS = 'I~W.5% 

90kHz 

12V'o--------+---+.--t-\---+--H---------, 
CLOCKlSVNC 3.3k 

5Vo--~-, 

ALL 
3.3k PB,o-_......:;=t 

PB, 
PB, 
PB,o-_""""", 
PB.o-_,.......'" 
PB.o-_,........!j 
PB, 
PB, 0-_1'-1"1 

GNO'o--~::t:j:::::::::~-_ _JL-_1 __ _l_1_l~-_L_-_l_J 

O"~ 

This 8-blt speech circuit encodes and decodes analog waveforms. Adjust the data-c/ock rate to trade off between voice quality 
and memory overhead. 

"Reprinted from EDN. May 26. 1982. Copyright 1982; Cahners Publishing Company" 
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AN1510 

A Mode Indicator for the 
MC34118 Speakerphone Circuit 
Prepared by: Dennis Morgan 

Introduction 
In most applications involving a normal conversation, the 

operating mode (receive, transmit, idle) of the MC34118 
speakerphone IC is obvious to the users of the 
speakerphone. There are some applications, however, 
where it is beneficial to have an indication of the operating 
mode. This indication may have to be visual, or logic levels to 
a microprocessor or other circuitry. This application note 
describes how to create a mode indicator for use with the 
MC34118 speakerphone circuit. 

Concept 
Within the MC34118 are two comparators driven by the 

level detectors which are sensing the speech signals (see 
MC34118/D Data Sheet, Figure 24). The comparators' 
outputs drive the attenuator control block which sets the 
operating mode. The circuit described below parallels the 
internal comparators with external ones. 

Circuit 
Figure 1 shows the additional circuitry. The two 

comparators parallel the two which are inside the IC, located 
at the outputs of the level detectors. Output A will be high 
when the level detectors on the left side sense a transmit 
condition, and low when they sense a receive condition. 
Output B has the opposite polarity. 

A 

AN1510 
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Figure 1. Mode Indicator Circuit 

Vee 
4 

Vee Vee 

TL02 TL01 24 

RL02 RL01 
25 

1.5M MC34118 
1.5M 

28 

The two 1.5 Mn resistors create a slight offset by draining 
a trickle current out of Pins 19 and 24 in order to well define 
the idle state. This is necessary due to the fact that when in an 
idle state (no signal on either side) TL02 and RL02 will be 
very similar in voltage (within a few millivolts of each other). 
The same is true of TL01 and RL01. This, coupled with the 
normal offset which exists at the cornparator inputs, would 
make it difficult to predict the state of the A and B outputs 
during idle. 

Table 1 defines the comparator outputs. The fast idle 
rnode is uncommon, occurring rarely. Only the slow idle 
mode is of concern here. 

Table 1 

Output 

Mode A B 

Transmit High Low 

Receive Low High 

Slow Idle High High 

Fast Idle Low Low 

Circuit Variations 
The outputs (A and B) in Figure 1 can be connected to 

additional circuitry in a variety of ways. Figures 2 to 4 provide 
a few suggestions. In Figure 2, the A and B outputs are simply 
directed to a microprocessorior decoding. In Figure 3, LED A 
will be ON in the receive mode, and LED B will be ON in the 
transmit mode. In Figure 4, the outputs are decoded to 
provide an idle/non-idle indication, and a Transmit/Receive 
indication. Another alternative is to drive LEOs frorn the 
decoded outputs of this circuit. 

The value of the pull-up resistors at the comparator 
outputs depends on the circuit which follows the 
comparators. When driving CMOS logic, for example, 43 kn 
resistors are adequate. 
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When driving LEOs, they must generally be under 
1.0 kO, depending on the specific LEOs which must be 
illuminated. If the circuit is phone-line powered, the pull-up 
resistors must be as high a value as possible to minimize 
the drain on the loop current. 

The LM393 comparator was chosen due to its low input 
bias current, as well as its low supply current and input offset. 

Figure 2 

VC:Jl_ A 

-v-t VCCTI r 
~ 

To 
Microprocessor 

The low bias current Is very necessary so as to not upset the 
level detector outputs any more than absolutely necessary. 
The resistors at the level detector inputs (Pins 17, 20, 23, 26) 
will generally have to be readjusted slightly after adding the 
Figure 1 circuit to compensate for the slight offset which has 
been added to the system. In most cases, it will be necessary 
only to slightly increase the resistor at TL 12 (Pin 17). 

Figure 3 

VCC_T*:-.. 
YU--' 

Figure 4 

MOTOROLA COMMUNICATIONS DEVICE DATA 

--.J:: Non-Idle 
Idle 

AN1510 
4-191 



4-192 MOTOROLA COMMUNICATIONS DEVICE DATA 



Phase-Locked Loop 

Application Notes and Technical Articles 

AN535 
AN827 
AN969 
AN980 

AN1207 

AN254#1 
AN254#2 
AN254#3 

AN254-4 

Phase-Locked Loop Design Fundamentals _ .•••.••..•........••.••....•••••••.....•........ 

The Technique of Direct Programming by Using a Two-Modulus Prescaler •.....••......•....... 
Operation of the MC145159 PLL Frequency Synthesizer with Analog Phase Detector ..•.•••.•..• 
VHF Narrowband FM Receiver Using the MC3362 and MC3363 Dual 

Conversion Receivers (MC145152) •..•••.......................•.........•••.......... 
MC145170 in Basic HF and VHF Oscillators .•...•.......•....••.•.••••.•.•....•..•••.•••••• 

Analyze, Don't Estimate, Phase-Lock Loop .••••..••.•••...•••............••.....•.•........ 
Optimize Phase-Lock Loops To Meet Your Needs ... 
Suppress Phase-Lock Loop Sidebands Without Introducing Instability ...............•..•......• 

Programmable Calculator Computes PLL Noise, Stability ...................•.•......••......• 

MOTOROLA COMMUNICATIONS DEVICE DATA 

4-195 
4-206 
4-211 

4-222 

4-236 
4-242 

4-245 
4-249 

4-252 

.. 

4-193 



.. 

4-194 MOTOROLA COMMUNICATIONS DEVICE DATA 



MOTOROLA 
- SEMICONDUCTOR 

APPLICATION NOTE 

AN-535 
Application Note 

PHASE-LOCKED LOOP DESIGN FUNDAMENTALS 

INTRODUCTION 

The purpose of this application note is to provide the 
electronic system designer with the necessary tools to 
design and evaluate Phase Locked Loops (PLL) configured 
with integrated circuits. The majority of all PLL design 
problems can be approached using the Laplace transform 
technique. Therefore, a brief review of Laplace is included 
to establish a common reference with the reader. Since 
the scope of this article is practical in nature all theoretical 
derivations have been omitted hoping to simplify and 
clarify the content. A bibliography is included for those 
who desire to pursue the theoretical aspect. 

PARAMETER DEFINITION 

The Laplace Transform permits the representation of 
the time response f(t) of a system in the complex domain 
F(s). This response is twofold in nature in that it contains 
both the transient and steady state solutions. Thus, all 
operating conditions are considered and evaluated. The 
Laplace transform is valid only for positive real time linear 
parameters; thus, its use must be justified for the PLL which 
includes both linear and nonlinear functions. This justifi
cation is presented in Chapter Three of Phase Lock 
Techniques by Gardner.l 

The parameters in Figure 1 are defined and will be used 
throughout the text. 

fj 

OJ(S) 

6j(s) Phase input 

0e(5) Phase error 

8 0 (5) Output phase 

G(s) Product of the individual feed 
forward transfer functions 

H{s) Product of the individual feed-
back transfer functions 

FIGURE 1 - Feedback System 

Using servo theory, the following relationships can be 
obtained.2 

1 
(}e(s) ; 1 + G(s) H(s) (}i(S) (I) 

{} (s) _ G(s) 
o - 1 + G(s) H(s) (}i(S) (2) 

These parameters relate to the functions of a PLL as 
shown in Figure 2. 

FIGURE 2 - Phase Locked Loop 
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The phase detector produces a voltage proportional to 
the phase difference between the signals /I i and /I o/N. TItis 
voltage upon filtering is used as the control signal for the 
VCO!VCM (VCM - Voltage Controlled Multivibrator). 

Since the VCO!VCM produces a frequency proportional 
to its input voltage, any time variant signal appearing on 
the control signal will frequency modulate the VCO!VCM. 
The output frequency is 

(3) 

during phase lock. The phase detector, filter, and VCO/ 
VCM compose the feed forward path with the feedback 
path containing the programmable divider. Removal of 
the programmable counter produces unity gain in the feed
back path (N = 1). .As a result, the output frequency is 
then equal to that of the input. 

Various types and orders of loops can be constructed 
depending upon the configuration of the overall loop 
transfer function. Identification and examples of these 
loops are contained in the following two sections. 

TYPE-ORDER 

These two terms are used somewhat indiscriminately 
in published literature, and to date there has not been an 
established standard. However, the most common usage 
will be identified and used in this article. 

The type of a system refers to the number of poles of 
the loop transfer function G{s) H{s) located at the origin. 
Example: 

let 
10 

G(s) H{s) = -
s{s + 10) (4) 

This is a type one system since there is only one pole at 
the origin. 

The order of a system refers to the highest degree of 
the polynomial expression 

1 +G{s)H{s)=O~C.E. (5) 

which is termed the Characteristic Equation (C.E.). The 
roots of the characteristic equation become the closed loop 
poles of the overall transfer function. 
Example: 

10 
G(s) H{s) = s{s + 10) 

then 

10 
I + G{s) H{s) = 1+-- =0 

s{s + 10) 

therefore 

C.E. = s(s + 10) + 10 

C.E.=s2+10s+10 

(6) 

(7) 

(8) 

(9) 

which is a second order polynomial. Thus, for the given 
G(s) H(s), we obtain a type 1 second order system. 
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ERROR CONSTANTS 

Various inputs can be applied to a system. Typically 
these include step position, velocity, and acceleration. The 
response of type 1, 2, and 3 systems will be examined with 
the various inputs. 

/le{s) represents the phase error that exists in the phase 
detector between the incoming reference signal /li{S) and 
the feedback /lo{s)/N. In evaluating a system, /le{s) must 
be examined in order to determine if the steady state and 
transient characteristics are optimum and/or satisfactory. 
The transient response is a function of loop stability and is 
covered in the next section. The steady state evaluation 
can be simplified with the use of the final value theorem 
associated with Laplace. This theorem permits fmding the 
steady state system error /le{s) resulting from the input 
/li{S) without transforming back to the time domain} 

Simply stated 

Lim [/I{t)] = Lim [s/le{s)] (10) 

t-+oo s-+o 

Where 

1 
/le{s) = 1 + G{s) H{s) /li(S) (II) 

The input signal 9i{S) is characterized as follows: 

Step position: 9i{t) = Cp t ~ 0 

C 
Or, in Laplace notation: /li(S) =..l 

s 

(12) 

(13) 

where Cp is the magnitude of the phase step in radians. 
This corresponds to shifting the phase of the incoming 
reference signal by Cp radians: 

Step velocity: 9i(t) = Cvt t ~ 0 

C 
Or, in Laplace notation: /li(S)=~ 

s2 

(14) 

(IS) 

where Cv is the magnitude of the rate of change of phase 
in radians per second. This corresponds to inputing a fre
quency that is different than the feedback portion of the 
VCO frequency. Thus, Cv is the frequency difference 
in radians per second seen at the phase detector. 

Step acceleration: /li(t) = Cat2 t ~ 0 (16) 

2Ca 
Or, in Laplace notation: /li(S)=-- (l7) 

s3 

Ca is the magnitude of the frequency rate of change in 
radians per second per second. This is characterized by a 
time variant frequency input. 

Typical loop G{s) H{s) transfer functions for types I, 
2, and 3 are: 

K 
Type 1 G(s)H(s)=-{

s s + a) 
(18) 
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K(s + a) 
Type 2 G(s) H(s) = -s2-

K(s+a)(s+b) 
Type 3 G(s) H(s) = ----'-------'---'---"

s3 

(19) 

(20) 

The final value of the phase error for a type 1 system 
with a step phase input is found by using Equations 11 
and 13. 

lIe(s) = ( ~) 
1+-

s(s + a) 

(s + a)Cp 

(s2 + as + K) 
(21) 

(22) 

Thus the final value of the phase error is zero when a 
step position (phase) is applied. 

Similarly applying the three inputs into type 1, 2 and 
3 systems and utilizing the final value theorem, the follow
ing table can be constructed showing the respective steady 
state phase errors. 

TABLE I - Steady State Phase Errors for Various System Types 

A zero phase error identifies phase coherence between 
the two input signals at the phase detector. 

A constant phase error identifies a phase differential 
between the two input signals at the phase detector. The 
magnitude of this differential phase error is proportional to 
the loop gain and the magnitude of the input step. 

A continually increasing phase error identifies a time 
rate change of phase. This is an unlocked condition for 
the phase loop. 

Using Table I the system type can be determined for 
specific inputs. For instanc~, if it is desired for a PLL to 
track a reference frequency (step velocity) with zero phase 
error, a minimum of type 2 is required. 

STABILITY 

The root locus technique of determining the position of 
system poles and zeroes in the s-plane is often used to 
graphically visualize the system stability. The graph or plot 
illustrates how the closed loop poles (roots of the character-

MOTOROLA COMMUNICATIONS DEVICE DATA 

istic equation) vary with loop gain. For stability all poles 
must lie in the left half of the s-plane. The relationship of 
the system poles and zeroes then determine the degree of 
stability. The root locus contour can be determined by 
using the following guidelines) 

Rule 1 - The root locus begins at the poles of G(s) H(s) 
(K = 0) and ends at the zeroes of G(s) H(s) 
(K = 00). Where K is loop gain. 

Rule 2 - The number of root loci branches is equal to 
the number of poles or number of zeroes, 
whichever is greater. The number of zeroes at 
infinity is the difference between the number 
of finite poles and finite zeroes of G(s) H(s). 

Rule 3 - The root locus contour is bounded by asymp
totes whose angular position is given by 

(2n + 1) 
#P-#Z 1T; n=0,1,2, ... (23) 

Where uP (#Z) is the number of poles (zeroes). 

Rule 4 - The intersection of the asymptotes is positioned 
at the center of gravity C. G. 

~P-~Z 

C.G.= uP- #Z (24) 

Where :i;p (~Z) denotes the summation of the 
poles (zeroes). 

Rule 5 - On a given section of the real axis, root loci 
may be found in the section only if the uP + #Z 
to the right is odd. 

Rule 6 - Breakaway points from negative real axis is 
given by: 

dK 
-=0 
ds 

(25) 

Again where K is the loop gain variable factored from 
the characteristic equation. 

Example: 

The root locus for a typical loop transfer function 
is found as follows: 

K 
G(s) H(s) =-(

s s + 4) 
(26) 

The root locus has two branches (Rule 2) which begin 
at s = 0 and s = -4 and ends at the two zeroes located at 
infinity (Rule 1). The asymptotes can be found according 
to Rule 3. Since there are two poles and no zeroes the 
equation becomes: 

g 2n + 1 
--1T= 

2 

forn = 0 

for n = 1 

(27) 

AN535 
4-197 



The position of the intersection according to the Rule 
4 is: 

~p - ~Z (-4 -0) - (0) 
s = #P _ #Z = 2 - 0 

s = -2 (28) 

The breakaway point as defined by Rule 6 can be found 
by first writing the characteristic equation. 

C.E. = I + G(s) R(s) = 0 
K 

= I +--=s2+4s+K=0 
s(s + 4) 

Now solving for K yields 

K=-s2 -4s 

(29) 

(30) 

Taking the derivative with respect to s and setting it 
equal to zero then determines the breakaway point. 

dK d 
- (-s2-4s) (31) 

ds ds 

dK 
- =-2s-4=0 
ds 

(32) 

or 
s =-2 (33) 

is the point of departure. Using this information, the root 
locus can be plotted as in Figure 3. 

This second order characteristic equation given by 
Equation 29 has been normalized to a standard form2 

(34) 

where the damping ratio I = Cos if! (00 ';; if! .;; 900 ) and Wn 
is the natural frequency as shown in Figure 3. 

Asymptote = rr/2 

Center of gravity 

-4 

Breakaway point 

3" 
Asymptote = "2 

jw 

a 

K~O 

K-+oo 

FIGURE 3 - Tvpe 1 Second Order Root Locus Contour 
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The response of this type 1, second order system to 
a step input is shown in Figure 4. These curves represent 
the phase response to a step position (phase) input for 
various damping ratios. The output frequency response 
as a function of time to a step velocity (frequency) input is 
also characterized by the same set of figures. 

w 
(f) 
z 
o 
0-
(f) 
W 
a: 
I
:::J 
0-
I
:::J 
o 
o 
w 
N 
:i 
« 
:> 
a: 
o 
z 

FIGURE 4 - Type 1 Second Order Step Response 

The overshoot and stability as a function of the damp· 
ing ratio I is illustrated by the various plots. Each response 
is plotted as a function of the normalized time wnt. For a 
given I and a lock-up time t, the Wn required to achieve the 
desired results can be determined. Example: 

Assume 1=0.5 

error < 10% 

for t > 1 ms 

From I = 0.5 curve the error is less than 10% of final 
value for all time greater than wnt = 4.5. The required 
wn can then be found by: 

wnt = 4.5 (35) 

or 

Wn = 4.5 = ....±2... = 4 5 k rad/s 
t 0.001 . (36) 
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t is typically selected between 0.5 and 1 to yield opti
mum overshoot and noise performance. 
Example: 

Another common loop transfer function takes the form 

(s + a)k 
G(s) H(s) = -- (37) 

s2 

This is a type 2 second order system. A zero is added 
to provide stability. (Without the zero the poles would 
move along the jw axis as a function of gain and the system 
would at all times be oscillatory in nature.) The root locus 
shown in Figure 5 has two branches beginning at the origin 
with one asymptote located at 180 degrees. The center of 
gravity is s = a; however, with only one asymptote there is 
no intersection at this point. The root locus lies on a circle 
centered at s = -a and continues on all portions of the nega
tive real axis to left of the zero. The breakaway point 
is s = -2a. 

jw 

s-plane 

u 

K=O 

FIGURE 5 - Type 2 Second Order Root Locus Contour 

The respective phase or output frequency response of 
this type 2 second order system to a step position (phase) 
or velocity (frequency) input is shown in Figure 6. As 
illustrated in the previous example the required wn can 
be determined by the use of the graph when t and the lock 
up time are given. 

BANDWIDTH 

The -3 dB bandwidth of the PLL is given by 

w-3 dB =: Wn ( l-2t2 +.J2 -4 t 2 +4 t 4 ) ~ (38) 

for a type 1 second order4 system, and by 

w-3 dB = Wn (1 +2t2 +.J2+4t2+4t4 ) ~ (39) 

for a type 2 second order I system. 

PHASE-LOCKED LOOP DESIGN EXAMPLE 

The design of a PLL typically involves determining the 
type of loop required, selecting the proper bandwidth, and 
establishing the desired stability. A fundamental approach 
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FIGURE 6 - Type 2 Second Order Step Response 

to these design constraints is now illustrated. It is desired 
for the system to have the following specifications: 

Output frequency 

Frequency steps 

2.0 MHz to 3.0 MHz 

100kHz 

Phase coherent frequency 
output 

Lock-up time between 
channels 

Overshoot 

I ms 

<20% 

NOTE: These specifications characterize a system 
function similar to a variable time base generator or a 
frequency synthesizer. 

From the given specifications the circuit parameters 
shown in Figure 7 can now be determined. 

The devices used to configure the PLL are: 

Frequency-Phase Detector MC4044/4344 

Voltage Controlled 
Multivibrator (VCM) MC4024/4324 

Programmable Counter MC4016/4316 

The forward and feedback transfer functions are given 
by: 

G(s) = Kp Kf Ko H(s) =--xn 

where Kil = I/N 

(40) 

(41) 

AN535 
4·199 



FIGURE 7 - Phase Lacked Loop Circuit Parameters 

The programmable counter divide ratio Kn can be found 
from Equation 3. 

fo min fo min 2 MHz 
Nmin=--=-- =--=20 (42) 

fi fstep 100 kHz 

fomax 3 MHz 
Nmax = -- = --= 30 (43) 

fstep 100 kHz 

I "I 
Kn = 20 to 30 (44) 

A type 2 system is required to produce a phase coherent 
output relative to the input (see Table I). The root locus 
contour is shown in Figure 5 and the system step response 
is illustrated by Figure 6. 

The operating range of the MC4024/4324 VCM must 
cover 2 MHz to 3 MHz. Selecting the VCM control capacitor 
according to the rules contained on the data sheet yields 
C = 100 pF. The desired operating range is then centered 
within the total range of the device. The input voltage 
versus output frequency is shown in Figure 8. 
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FIGURE 8 - MC4324 Input Voltage versus Output 
Frequency (100 pF Feedback Capacitor) 

6.0 

The transfer function of the VCM is given by 

Kv 
Ko=-

s 
(45) 

Where Kv is the sensitivity in radians per second per 
volt. From the curve in Figure 8, Kv is found by taking the 
reciprocal of the slope. 

4 MHz -1.5 MHz 
Kv = 21T rad/s/V 

5V-3.6V 

Kv = 11.2 X 106 rad/s/V (46) 

Thus 

11.2 X 106 
Ko = rad/s/V (47) 

The s in the denominator converts the frequency charac
teristics of the VCM to phase, i.e., phase is the integral 
of frequency. 

The gain constant for the MC4044/4344 phase detector 
is found by 5 

DF High - UF Low 2.3 V -0.9 V 
Kp 2 (21T) 41T 0.111 V/rad (48) 

Since a type 2 system is required (phase coherent 
output) the loop transfer function must take the form of 
Equation 19. The parameters thus far determined in
clude Kp, Ko, Kn leaving only Kf as the variable for 
design. Writing the loop transfer function and relating 
it to Equation 19 

G(s) H(s) = Kp Kv Kn Kf = K(s + a) 
s s2 

Thus Kf must take the form 

s+a 
Kf=

s 

(49) 

(50) 

in order to provide all the necessary poles and zeroes for 
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the required G(s) H(s). The circuit shown in Figure 9 yields 
the desired results. 

Kf is expressed by 

R2CS+ 1 
Kf = ~ for large A 

where A is voltage gain of the amplifier. 

(51) 

R1, R2, and C are then the variables used to establish 
the overall loop characteristics. 

The MC4044/4344 provides the active circuitry required 
to configure the filter Kf. An additional low current high 
(j buffering device or FET can be used to boost the input 
impedance thus minimizing the leakage current from the 
capacitor C between sample updates. As a result longer 
sample periods are achievable. 

Since the gain of the active fIlter circuitry in the 
MC4044/4344 is not infinite, a gain correction factor Kc 
must be applied to Kf in order to properly characterize the 
function. Kc is found experimentally to be Kc = 0.5. 

(
R2CS+ 1) Kfc = Kf Kc = 0.5 --

RICS 

( For large gain, Equation 51 applies. ) 

(52) 

The PLL circuit diagram is shown in Figure 10 and its 
Laplace representation in Figure 11. 

The loop transfer function is 

G(s) H(s) = Kp Kfc Ko Kn (53) 

( R2CS + 1) (KV) ( 1 ) G(s) H(s) = Kp(0.5) R1 CS -; N (54) 

The characteristic equation takes the form 

C.E. = 1 + G(s) H(s) = 0 

2 0.5 Kp Kv R2 0.5 Kp Kv 
= s + s + --::::--::::-:--

R1N R1CN 
(55) 

Relating Equation 55 to the standard form given by 
Equation 34 

2 0.5 Kp Kv R2 0.5 Kp Kv 
s + S + 

R1N R1CN 

(56) 

Equating like coefficients yields 

0.5 Kp Kv _ 2 
R1CN - Wn (57) 
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FIGURE 9 - Active Filter Design 

and 
0.5 KpKvR2 

R1N =2~wn (58) 

With the use of an active fIlter whose open loop gain (A) 
is large (Kc = 1), Equations 57 and 58 become 

(59) 

(60) 

The percent overshoot and settling time are now used 
to determine Wn. From Figure 6 it is seen that a damping 
ratio ~ = 0.8 will produce a peak overshoot less than 20% 
and will settle to within 5% at wnt = 4.5. The required 
lock-up time is 1 ms. 

Rewriting Equation 57 

(0.5)(0.111)(11.2 X 106) 

(4500)2 (30) 

RIC = 0.00102 

(Maximum overshoot occurs at Nmax which is minimum 
loop gain) 

Let C = 0.5/lF 

0.00102 
Then R1 = = 2.04 kU 

0.5 X 10-6 

Use R1 =2kU 
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Vee Vee 

• Denotes parts external to the MC4344. 

+ 

FIGURE 10 - Circuit Diagram of Type 2 Pha .. Locked Loop 

FIGURE 11 - Laplaca Reprasentation of Diagram in Figure 10 
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Rl is typically selected greater than I kn. 

Solving for R2 in Equation 58 

2(0.8) 

(0.5 X 10-6)(4.5 k) 

=711 n 

use R2 = 680 n 

(63) 

All circuit parameters have now been determined and 
the PLL can be properly configured. 

Since the loop gain is a function of the divide ratio 
Kn, the closed loop poles will vary is position as Kn 
varies. The root locus shown in Figure 12 illustrates the 
closed loop pole variation. 

The loop was designed for the programmable counter 
N = 30. The system response for N = 20 exhibits a wider 
bandwidth and larger damping factor, thus reducing both 
lock·up time and percent overshoot (see Figure 14). 

N = 20 
wn = 5.64 k rad/s 

r = 0.961 

I 
I , 

N = 30 

\ 
wn :::: 4.61 k rad/s 

r = 0.785 ---- -.. , , 
\ 
\ 

__ - - ----- ..... "O-----""I~--
\ -2.94 k I 
\ I "'* ///1 ----

FIGURE 12 - Root Locus Variation 

NOTE: The type 2 second order loop was illustrated 
as a design example because it provides excellent perform
ance for both type 1 and 2 applications. Even in systems 
that do not require phase coherency a type 2 loop still 
offers an optimum design. 

EXPERIMENTAL RESULTS 

Figure 13 shows the theoretical transient frequency 
response of the previously designed system. The curve 
N = 30 illustrates the frequency response when the program
mable counter is stepped from 29 to 30 thus producing a 
change in the output frequency from 2.9 MHz to 3.0 MHz. 
An overshoot of 18% is obtained and the output frequency 
is within 5 kHz of the final value one millisecond after the 
applied step. The curve N = 20 illustrates the output fre-
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quency change as the programmable counter is stepped 
from 21 to 20. 

Since the output frequency is proportional to the VCM 
control voltage, the PLLfrequency response can be observed 
with an oscilloscope by monitoring pin 2 of the VCM. The 
average frequency response as calculated by the Laplace 
method is found experimentally by smoothing this voltage 
at pin 2 with a simple RC filter whose time constant is 
long compared to the phase detector sampling rate but 
short compared to the PLL response time. With the 
programmable counter set at 29 the quiescent control volt
age at pin 2 is approximately 4.37 volts. Upon changing 
the counter divide ratio to 30 the control voltage increases 
to 4.43 volts as shown in Figure 14. A similar transient 
occurs when stepping the programmable counter from 21 
to 20. Figure 14 illustrates that the experimental results 
obtained from the configured system follows the predicted 
results shown in Figure 13. Linearity is maintained for 
phase errors less than 211, i.e. there is no cycle slippage at 
the phase detector. 

N 
1: 

~ 
>u 
z 
w 
:;) 

o 
w 
a: 
11. 

I
:;) 
0-
I
:;) 

o 

4.37 V 

3.89 V 

TIME (ms) 

FIGURE 13 - Frequency·Time Response 

11111 4.43 V 

V = 0.05 V/cm 
H = 0.5 ms/cm 

3.83 V 

FIGURE 14 - VCM Control Voltage (Frequency) Transient 
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FIGURE 15 - VCM Control Signal Transient 
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Figure 15 is a theoretical plot of the VCM control volt
age transient as calculated by a computer program. The 
computer program is written with the parameters of Equa
tions 58 and 59 (type 2) as the input variables and is valid 
for all damping ratios of ~ .;;; 1.0. The program prints or 
plots the control voltage transient versus time for desired 
settings of the programmable counter. The lock-up time 
can then be readily determined as the various parameters 
are varied. (If stepping from a higher divide ratio to a lower 
one the transient will be negative.) Figures 14 and 15 also 
exhibit a close correlation between the experimental and 
analytical results. 

SUMMARY 

This application note describes the basic control system 
techniques required for phase-locked loop design. Criteria 
for the selection of the optimum type of loop and methods 
for establishing the desired performance characteristics are 
presented. A design example is illustrated in a step-by-
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step approach along with the comparison of the experimen
tal and analytical results. 
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THE TECHNIQUE OF DIRECT PROGRAMMING 
BY USING A TWO·MODULUS PRESCALER 

Prepared by 
PLL Applications 

INTRODUCTION 
The MC12009, MC12011, or MC12013 can be used as 

part of a variable modulus (divisor) prescaling subsystem 
used in certain Digital Phase-Locked Loops (PLL). 

More often than not, the feedback loop of any PLL con
tains a counter-divider. Many methods are available for 
building a divider, but not all are simple, economical, or 
convenient in a particular application. 

The technique and system described here offer a new 
approach tothe construction of a phase-locked loop divider. 
In addition to using either the MC12009, MC12011, or 
the MC12013 variable modulus prescaler, this system 
requires an MC12014 Counter Control Logic Function, 
together with suitable programmable counters (e.g., 
MC4016s or SN74LS716s). Data sheets for these addi
tional devices should be consulted for their particular 
functional descriptions. 

AN827 
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DESIGN CONSIDERATIONS 
The disadvantage of using a fixed modulus (+ P)forfre

quencydivision in high-frequency phase-locked loops (PLL) 
is that it requires dividing the desired reference frequency 
by P also (desired reference frequency equals channel 
spacing). 

The MC12009/11/13 are especially designed for use 
with a technique called "variable modulus prescaling". 

This technique allows a simple MECL two-modulus 
prescaler to be controlled by a relatively slow MTTL pro
grammer counter. The use of this technique permits 
direct high-frequency prescaling without any sacrifice in 
resolution since it is no longer necessary to divide the 
reference frequency by the modulus of the high-frequency 
prescaler. 
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The theory of "variable modulus prescaling" may be 
explained by considering the system shown in Figure 1. 
For the loop shown: 

fout ~ N. p. fref (1) 

FIGURE 1 - FREQUENCY SYNTHESIS BY PRESCALING 

Refe,ence@-hB--Frequency ___ ase F (5) veo 
(f,ef) Oet. 

where P is fixed and N is variable. For a change of 1 in N, 
the output frequency changes by P • fref. If fref equals 
the desired channel spacing, then only every P channel 
may be programmed using this method. A problem re
mains: how to program intermediate channels. 

One solution to this problem is shown in Figure 2. 

FIGURE 2 - FREQUENCY SYNTHESIS BY PRESCALING 

A -;- P is placed in series with the desired channel spacing 
(frequency) to give a new reference frequency: channel 
spacing/Po 

Another solution is found by considering the defining 
equation (1) for fout of Figure 1. From the equation it 
may be seen that only every P channel can be programmed 
simply, because N is always an integer. To obtain inter
mediate channels, P must be multiplied by an integer plus 
a fraction. This fraction would be of the form: AlP. If 
N is defined to be an integer number, Np, plus a fraction, 
A/P, N may be expressed as: 

N ~ Np + A/P. 

Substituting this expression for N in equation 1 gives: 

or: 

fout ~ (Np + A/P) • P • fref 

fout ~ (Np P + A) • fref 

fout ~ Np • p. fref + A • fref. 

(2) 

(3) 

(4) 

Equation 4 shows that all channels can be obtained directly 
if N can take on fractional values. Since it is difficult 
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to multiply by a fractional number, equation 4 must be 
synthesized by some other means. 

Taking equation 3 and adding ±AP to the coefficient 
of fref, the equation becomes: 

fout ~ (Np • P + A + A. P - A. P) fref. (5) 

Collecting terms and factoring gives: 

fout ~ [(Np - A) P +A (P + 1)] fref (6) 

From equation 6 it becomes apparent that the frac
tional part of N can be synthesized by using a two-modu
lus counter (P and P + 1) and dividing by the upper modu
lus, A times, and the lower modulus (Np - A) times. 

This equation (6) suggests the circuit configuration in 
Figure 3. The A counter shown must be the type that 

FIGURE 3 - FREQUENCY SYNTHESIS BY TWO 
MODULUS PRESCALING 

Reference 
Frequency 

(f,ef) 

N~Np.P+A 

counts from the programmed state (A) to the enable state, 
and remains in th is state until divide by Np is completed 
in the programmable counter. 

In operation, the prescaler divides by P + 1, A times. 
For every P + 1 pulse into the prescaler, both the A coun
ter and Np counter are decremented by 1. The prescaler 
divides by P + 1 until the A counter reaches the zero state. 
At the end of (P + 1) • A pulses, the state of the Np 
counter aquals (Np - A). The modulus of the prescaler 
then changes to P. The variable modulus counter divides 
by P until the remaining count, (Np - A) in the Np counter, 
is decremented to zero. Finally, when this is completed, 
the A and Np counters are reset and the cycle repeats. 

To further understand this prescaling technique, consi
der the case with P ~ 10. Equation 6 becomes: 

fout ~ (A + 10 Np) • fref 

If Np consists of 2 decades of counters then: 

Np ~ 10 NPl + NPO 

(Npl is the most significant digit). 

and equation 7 becomes: 

(7) 
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fout; (100 NPl + 10 NpO + A) fref. 

To do variable modulus prescaling using the variable 
modulus prescalers (MC12009/11/13) and programmable 
divide by N counters (MC4016, MC4018) one additional 
part is required: the MC12014 (Counter Control Logic). 

In variable modulus prescaling the MC12014 serves a 
dual purpose: it detects the terminal (zero) count of the 
A counter, to switch the modulus of the MC12013; and 
it extends the maximum operating frequency of the pro· 
grammable counters to ~bove 25 MHz. (See the MC12014 
data sheet for a detailed description of the Counter Con· 
trol Logic). 

Figure 4 shows the method of interconnecting the 
MC12013, MC12014, and MC4016 (or MC4018) for vari
able modulus prescaling. To understand the operation of 
the circuit shown in Figure 4, consider division by 43. 
Division by 43 is done by programming Npl ; 0, NPO; 4, 
and A; 3. 

Waveforms for various points in the circuit are shown 
in Figure 5 for th is division. From the waveforms it may 
be seen that the two-modulus prescaler starts in the divide 
by 11 mode, and the first input pulse causes point A to 
go high. This positive transition decrements the Np counter 
to 3, and counter A to 2. 

After 11 pulses, point ® again goes high; the Np 
counter decrements to 2 and the A counter to 1. The 
"2" contained in the Np counter enables the inputs 
to the frequency extender portion of the MC12014. After 
11 more pulses point ® goes high again. 

With this position transition at ® ' the output (fout) 
of the MC12014 goes low, the Np counter goes to 1, 

and the A counter goes to O. The zero state of the 
A counter is detected by the MC 12014, causing point 

@togo to 1 and changing the modulus of the MC12013 to 
10 at the start of the cycle. 

When fout ·goes low, the programmable counters are 
reset to the programmed number. After 11 pulses (the 
enable went high after the start of the cycle and therefore 
doesn't change the modulus until the next cycle), point 
® makes another positive transition. This positive transi
tion causes fout to return high, release the preset on the 
counter, and generates a pulse to clear the latch (return 
point @ to 0). 

After 10 pulses the cycle begins again (point@ was 
high prior to point ® going high). The number of input 
pulses that have occured during this entire operation is: 
11 + 11 + 11 + 10; 43_ Figures 6 and 7 show the wave
forms for divide by 42 and divide by 44 respectively. 

The variable modulus prescaling technique may be used 
in any application as long as the number in the Np counter 
is greater than or equal to the number in the A counter. 
Failure to observe this rule will result in erroneous results. 
(For example, for the system shown in Figure 4 if the 
number 45 is programmed, the circuit actually will divide 
by 44. Th is is not a serious restriction since Np is greater 
than A in most applications). 

I t is important to note that the A counter has been 
composed of pnly one counter for discussion only; where 
required, the A counter may be made as large as needed 
by cascading several programmable counters. Figure 8 
shows the method of interconnecting counters. Opera
tion is previously described. The number of stages in the 
A counter should not exceed the number of stages for the 

FIGURE 8 - METHOD OF INTERCONNECTING COUNTERS 
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.----~ PP2 fou' 1-------------.- f out 

rL-:-~-------' 

Y;QOQ1Ql~3:j ~B ~ ~~~t-~--~~~~iy:QOQ1Q2Q31 Q3 B~ Q3 ~ ,- - -~: - -,~ 
C MC401~ MC4016~ C MC401~B ~C MC401~~ C MC401~ C MC:: C MC=.JI- ~t~:~~6:~~-
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A Counter Np Counter 

A = 100 A2 + 10 Al + AO Np = 100 Np2 + 10 Npl + NpO 
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Np counters. As many counters as desired may be cas· 
caded, as long as fan-in and fan·out rules for each part 
are observed. 

The theory of "variable modulus prescaling"· developed 
above, examined a case in which the upper modulus of 
the two·modulus prescaler was 1 greater than the lower 
modulus. However, the technique described is by no means 
limited to this one special case. There are applications 
in which it is desirable to use moduli other than P/(P + 1). 

It can be shown that for a general case in which the 
moduli of the two·modulus prescaler are P and P + M, 
equation 6 becomes: 

fout = [(Np - A) P + A (P + M)l • fref 

or 

fout = [Np. P + M • Al • fref. (8) 

From equation 8 it may be seen that the upper modulus 
of the two·modulus prescaler has no effect on the Np 
counter, and that the number programmed in the A coun· 
ter is simply multiplied by M. 

There is no one procedure which will always yield the 
best counter configuration for all possible applications. 
Each designer will develop his own special design for the 
counter portion of his PLL system. 

FIGURE 9 - DIRECT PROGRAMMING 100-200 MHz SYNTHESIZER IN 50 kl:lz STEPS 
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Operation of the MC145159 PLL Frequency 
Synthesizer with Analog Phase Detector 

INTRODUCTION 

The MC145159 is a phase-locked loop frequency synthesizer 
with an analog, or more specifically a sample-and-hold, phase 
detector. The output of this phase detector (APDout) is used 
as a fine error signal. The synthesizer also contains a digital 
frequency steering phase comparator for coarse adjustment 
of loop frequency, separate power supply pins for the analog 
phase detector, a lock detect output, and on-chip logic for 
control of a dual-modulus prescaler. (See Figure 1.) 

Other features of the MCl45159 are a 14-bit reference 
counter, as well as a 10-bit divide-by-N counter and a 7-bit 
divide-by-A counter. All three counters are programmed via a 
serial data stream which is compatible with the Serial Peripheral 
Interface (SPI) on CMOS MCUs. The device also has on-chip 
circuitry to support an external crystal. OSCin may also serve 
as an input for an externally-generated reference signal. This 
signal is typically ac coupled to OSCin, but for larger amplitude 
signals (standard CMOS logic levels), dc coupling may be used. 

With the features listed above, the MCl45159 finds general 
purpose applications in such areas as 2-way radios, cellular 
radiotelephones, and avionics equipment. 

13 
ENABLE 

OSC.ut 

OSCin 

lin 

OATA I·BIT SIR 

As stated earlier, the MC145159 has a sample-and-hold 
phase detector. As opposed to standard digital phase com
parators with fixed gain, the gain of the sample-and-hold phase 
comparator is programmable. Four external components, two 
resistors and two capacitors, help set the gain and drive levels 
of the phase detector. Higher gain is achievable with the 
MCl45159 phase detector versus digital phase detectors. 

Because a high degree of filtering compromises overall loop 
performance, phase detectors which provide an error signal 
that is as clean as possible prior to filtering are extremely 
advantageous. One obvious benefit of the sample-and-hold 
phase comparator is that its output is analog, and therefore 
already resembles the required control voltage necessary to 
drive the loop's voltage-controlled oscillator (VCO), thereby 
minimizing filtering requirements. Ideally, this control voltage 
is a perfectly clean signal with no undesired perturbations. Any 
of these disturbances cause unwanted modulation on the 
VCOs output signal. For high performance radio equipment, 
the sidebands resulting from this modulation must be very 
low. The analog output reduces VCO modulation sidebands 
and also allows for wider loop bandwidths than are normally 
possible with digital phase detector outputs. 

14 
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CHARGE 
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* NOTE: Pin 6 is not and cannot be used as a digital phase detector output. 

Figure 1. Logic Diagram 
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TRADITIONAL SAMPLE-AND-HOLD 
PHASE DETECTORS 

Before examining the method by which the MCl45159 per
forms a sample-and-hold function, the theory of operation of 
traditional sample-and-hold phase detectors will be reviewed. 

The reference signal (divided-down OSCin signal) and cur
rent source are used to establish the sawtooth voltage on the 
ramp capacitor, CR. (See Figures 2 and 3.) CR is charged by 
the current source and quickly discharged by a switch that is 
controlled by the reference signal. In this way, the period of 
the sawtooth voltage is equal to the period of the reference 
signal. The divided-down VCO signal is used to sample the 
sawtooth voltage by closing a sampling switch for a window 
of time and letting the hold capacitor, CH, charge to the 
sampled voltage. Neglecting leakage current, the charge es
tablished on CH at the end of the sample time remains constant 
until the next sample. If for some reason the VCO frequency 
begins to rise above the desired value, the phase of the sam
pling pulse falls back and sampling is done at a lower sawtooth 
voltage. This action, in. effect, lowers the control voltage 
to slow down the VCO and keep the divided-down VCO 

-DISCHARGE 
PULSE 

(REFERENCE SIGN All 

CR 
DISCHARGE 

SWITCH 

frequency locked to the reference frequency. Likewise, if the 
VCO frequency falls below the desired value, the phase of the 
sampling pulse advances and sampling is done at a higher 
sawtooth voltage. This action raises the control voltage which 
speeds up the VCO to keep the divided-down VCO frequency 
locked to the reference frequency. 

One serious side effect of this scheme is that an undesired 
ripple voltage occurs on CH. This rippling is caused by the 
ramp waveform charging from level VA to level VB during the 
sample window. Upon opening of the sampling switch, CH is 
charged to VB and remains at VB until the switch is closed 
again and voltage VA is applied to the hold capacitor. There
fore, the hold capacitor is charged to VB and discharged to 
VA while in a locked condition. In effect, a ripple-free lock 
voltage cannot be established on CH. The magnitude of this 
ripple is a function of the ramp charging slope, sample window 
time, and hold capacitor charge! discharge times. 

To mask out the rippling effect, one solution is to follow 
CH by a second sampling switch and hold capacitor combi
nation along with the necessary control signals. However, this 
additional circuitry introduces more switching transients and 
consumes more chip and!or board space. 

y+ 

t 
CR 

CONSTANT 
CURRENT 
SOURCE 

!ICh 

-'-

SAMPLING PULSE 
- (DERIYED FRDM 

LOOP YCO SIGNALI 

SAMPLING 
SWITCH 

'-

ERROR VOLTAGE 
(DC OUTPUTI 

Figure 2. Traditional Sample-And-Hold Phase Detector Block Diagram 
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OPERATION OF THE MC145159 

THEORY 
The MC145159 uses a new, patented design approach for 

sample-and-hold phase deteCtors called ramp clamping, which 
results in improved performance over the traditional approach. 
Ramp clamping minimizes the need for a second hold capac
itor, and in most applications only one hold capacitor is needed. 
When the loop is in frequency lock, the rising edge of fR 
(divided-down OSCin signal) activates a constant current 
source to initiate charging of the ramp capacitor. (See Figures 
4 and 5. I The slope of this ramp waveform is also known as 
the phase detector gain. The ramp voltage continues to build, 
at a rate determined by RR, CR, and VDD' , until the rising 
edge of tv (divided-down VCO signal) terminates the charge 
signal, thereby establishing a constant voltage on CR. After 
a predetermined delay (equal to two clock cycles of finl this 
ramp voltage is sampled onto the hold capacitor during a 
sample window lasting four periods of fin. CH is then isolated 
from CR and, after a delay of two clock cycles of fin, CR is 
discharged. This cycle repeats every fR period. The tv edge 
relative to the fR edge in time therefore determines how long 
the ramp charges before being clamped and sampled onto CH. 
This establishes the hold voltage necessary to maintain loop 
lock. The voltage on CH feeds an N-channel source follower, 
the output of which (APDoutl controls an external VCO. 

When the loop is out of frequency lock, that is when fR 
and tv are not in a one-to-one relationship over a 211' window 
with respect to fR, the Frequency Steering Output (FSOI be
comes active. As a general rule, fR and tv must differ by 2% 
for the FSO to become active. However, as the reference 
frequency decreases, the frequency steering sensitivity in
creases. If the divided-down VCO frequency, tv, is lower than 
the divided-down oscillator frequency, fR, (tv<fRI then FSO 

pulses high. If tv>fR, then FSO pulses low. The FSO pulse 
width is approximately equal to the period of time between 
two fV pulses if tv>fR, or two fR pulses if fR>tv. FSOs 
repetition rate is equal to the difference frequency between 
fR and fV. When tv = fR over a 211' window with respect to 
fR, then the FSO remains in a high-impedance state and phase 
lock is maintained by the analog phase detector output. (See 
Figure 6.1 By combining APDout and FSO, the required low
noise VCO control voltage is provided by APDo·ut while the 
FSO provides a coarse error signal to achieve fast frequency 
lock. 

The ramp clamp approach to phase detector design, which 
is implemented on the MC145159, offers significant advan
tages over the traditional method of sample-and-hold phase 
comparators. In traditional sample-and-hold detectors, ramp 
slewing during the sample window causes rippling on the hold 
capacitor. Therefore, a second hold capacitor and sampling 
switch may be needed. The ramp clamp technique however, 
alleviates the need for a second hold capacitor and all of its 
related circuitry. This becomes very significant in the produc
tion of monolithic integrated circuits due to the savings in chip 
area that result. 

Another benefit of ramp clamping is that the ramp amplitude 
is not allowed to go beyond the value reached when sampling 
occurs. The traditional method permits the ramp capacitor to 
charge all the way up to the positive supply voltage value; in 
most cases well after sampling has occurred. This extends the 
ramp amplitude beyond that allowed with the ramp clamp 
approach. A lower ramp pulse results in less ripple in the output 
error signal caused by parasitic ramp feed-through. With ramp 
clamping, the ramp amplitude is limited to only that value 
necessary to keep the loop locked and, more importantly, it 
provides a constant voltage to the hold capacitor during the 
entire sample window. 
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Figure 4. Analog Phase Detector Logic Detail 
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A word of caution exists for the analog phase detector power 
supply pins, VDD' and VSS' . These two pins are provided 
to help isolate the analog section from noise coming from the 
digital sections of this device and also noise from the sur-

rounding circuitry. Ensure that VDD' and VDD are at the same 
voltage potential at all times. Likewise, VSS' and VSS must 
be at the same potential at all times. Otherwise, damage to 
the MC145159 may occur due to latch up. 

CR 
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PHASE DETECTOR GAIN 

As stated earlier, the gain of the analog phase detector on 
the MC145159 is programmable. The gain is set by VDD' and 
two external components; the ramp resistor, RR, and the ramp 
capacitor, CR. The user must therefore determine the optimal 
value of gain for his or her system. 

To select the optimal gain for the phase detector, let us 
assume a PLL system with a reference frequency of 10 kHz. 
(See Figure 7a.) With this frequency going into the phase 
detector, consecutive fR pulses occur 100 fLs apart. Assuming 
that the Frequency Steering Out pin has already pulled the 
system into frequency lock and turned off, the Analog Phase 
Detector Output is in complete control. Therefore, the rising 
edges of fR and fV can be nearly 100 fLs apart. Because fR 
initiates the ramp waveform and fV terminates the charging 
cycle, the ramp should be at most 100 fLs, or 271" radians wide. 
Moreover, the ramp should be capable of charging from VSS' 
to VDD' during this time. The design equation for phase de
tector gain given in the data sheet is stated as: 

[V Irad] 

Substituting in for Kq, and fR and selecting a value for CR, 
one can solve for Icharge. From Icharge. the value of ramp 
resistance, RR, is taken from Figure B. 

In this example, the gain of the phase detector is VDO' 1271" 
[V Irad]. Larger values of gain can certainly be used. In fact, 
higher gain results in faster lock times. (See Figure 7b.) There 
is, however, an upper limit to the amount of gain selected. 
Higher gain is achieved by increasing VOO' or reducing RR 
or CR (or some combination thereof). Increasing phase de
tector gain by reducing the size of the ramp capacitor leads 
to increased noise induced into the ramp, and consequently, 
hold capacitors. 

On the other hand, too little gain results in the ramp capacitor 
taking slightly longer to reach the required error voltage level, 

fR 
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fR 
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(b) fR=fV= 10 kHz 

Figure 7. Determining the Gain 
of the Analog Phase Detector 
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thereby widening the ramp waveform. This increased area 
under the curve represents more energy being transferred to 
the hold capacitor. The result is an increased potential to 
modulate the control voltage, yielding higher sidebands on the 
VCO output. Therefore, each system must be carefully ana
lyzed and optimized for the gainlnoise tradeoff. 

The analog phase detector of the MC145159 can track 
changes in its input over a 271" range with respect to fRo The 
digital frequency steering portion of the device produces error 
signals over a wide range of input frequency differences. 

OUTPUT BIAS CURRENT RESISTOR 

Included on the MC145159 is a pin dedicated for use with 
an external component, called the output bias current resistor. 
A resistor connected from this pin (RO) to VSS' biases the 
output N-channel transistor, thereby setting a current sink on 
the analog phase detector output. With larger values of output 
resistance, the analog output bias current decreases (See Fig
ure 9.) 
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METHOO OF PROGRAMMING THE COUNTERS 

The MC145159 contains three fully-programmable counters. 
The R, N, and A counters are programmed by a serial data 
bit stream. (See Figure 10.) Perusing the logic diagram of the 
device gives insight as to how the counters are loaded with 
data. (See Figure 1.) 

First, the desired values for R, N, and A must be converted 
to binary form with the proper amount of bit positions. Note 
that the R counter is 14 bits long, the N counter 10 bits long, 
and the A counter 7 bits long. To load the data the Enable 
pin must be taken low to isolate the counters fr~m changes 
that occur in the shift registers. With Enable low, data is then 
loaded into the shift registers on the rising edge of the clock 
input. Care must be taken to ensure that Olita, Clock, and 
Enable voltage levels and rise, fall, setup, hold, and recovery 
times are not violated. The divide-by-R word is loaded first 
with its most-significant bit as the first bit entered. The divide
by-N word follows immediately, again with its most-significant 
bit as the first bit entered. Next is word A, similarly with its 
most-significant bit entering first. The last bit of the string is 
the control bit. A logic one for the control bit allows all the 
counters to be loaded with shift register information when 
Enable is taken high. A logic zero entered as the control bit 
inhibits a reference counter latch load. Therefore, only the N 
and A counters are loaded when Enable is taken high. 

Finally, after all the data is properly loaded into the shift 
registers and the control bit is at the desired logic state, Enable 
is taken high to program the counters. After satisfying the 
minimum input pulse width for Enable, that pin must then be 
taken low to isolate the counters from outside disturbances. 

For example, suppose system requirements dictate that the 
R, N, and A counters be programmed with 40, 200, and 72, 
respectively. The steps to load the counters are outlined below. 

R=40 (14 bits) 

0 0 0 0 0 0 0 0 0 0 0 0 
MSB LSB 

N =200 (10 bits) 

0 0 0 0 0 0 0 
MSB LSB 

A=72 (7 bits) 

0 0 0 0 0 
MSB LSB 

Action Comment 

1. Take Enable low Isolate the counters 
«0.3 VOO) 

2. Shift in eight Os Start loading R word 
3. Shift in one 1 
4. Shift in one 0 
5. Shift in one 1 
6. Shift in five Os R word entered; start 

loading N word 
7. Shift in two 1 s 
8. Shift in two Os 
9. Shift in one 1 

10. Shift in three Os N word entered 
11. Shift in one 1 Start loading A word 
12. Shift in two Os 
13. Shift in one 1 
14. Shift in three Os A word entered 
15. Sh.ift in one 1 Control bit high 
16. Take Enable high Load the three counters 

(>0.7 VOO) 
17. Take Enable low Isolate the counters 

«0.3 VOO) 

Now that the counters are loaded with the correct infor
mation and the system is working properly, changing the out
put frequency is desired. New values of N and A are chosen 
while keeping R the same. (R is only used in this case to set 
up the system resolution.) The same method can be used to 
program the N and A counters while simply ignoring the R 
counter. Take Enable low, shift in the appropriate binary data 
for N and A, shift in a control bit of logic zero to isolate the 
R counter form the Enable line, and pulse high the Enable 
input. 

For example, suppose the new values for N and A are 178 
and 13, respectively. The steps to load the counters are out
lined below. 

N = 178 (10 bits) 

o 0 
MSB 

o 

A = 13 (7 bits) 

o 0 0 
MSB 

o 0 

o 1 
LSB 

o 
LSB 

LATCHED WHEN CONTROL BIT = 1 
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1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

9. 
10. 
11. 
12. 
13. 
14. 

Action 

Take Enable low 
Shift in two Os 
Shift in one 1 
Shift in one 0 
Shift in two Is 
Shift in two Os 
Shift in one 1 
Shift in four Os 

Shift in two Is 
Shift in one 0 
Shift in one 1 
Shift in one 0 
Take Enable high 
Take Enable low 

Isolate the counters 
Start loading N word 

N word entered; start 
loading A word 

A word entered 
Control bit low 
Load the two counters 
Isolate the counters 

As is evident, the two prior routines are serial in nature. A 
microprocessor is therefore best suited to program the 
counters. Also, note that the counter outputs are not available 
on the MCl45159 for checking correct counter operation. 
However, a shift register output, SRout, is available. (See 
Figure 1.) Therefore, the same microprocessor that programs 
the counters can also be used to verify the contents of the 
shift registers to ensure that the correct data has been loaded. 
Enable must be held low while verifying shift register contents 
to avoid affecting the counters. 

Although the MCl45159 has on-chip logic for control of an 
external dual modulus prescaler, the device is capable of per
forming in a single modulus mode simply by leaving the mod
ulus control output unconnected. In this case, the 10-bit divide
by-N counter performs the loop divide-by-N function. The A 
counter must still be loaded with data, but that data is a don't 
care. However, loading the A counter with all Os is strongly 
recommended. In that way, the modulus control output is 
stuck high and cannot cause any possible interference by 
switching periodically. 

fin, OSCin LIMITS 

Although not stated on the data sheet, the fin and OSCin 
limits for the MCl45159 are about the same as the rest of the 
silicon-gate MCl451XX family of frequency synthesizers. (See 
Figures 11 and 12.) One limit is 15 MHz for a supply voltage 
of 5 V and a divide value of six or greater for the Nand R 
counters. Refer to the graphs for frequency limits of the 
MCl45159 counters at other supply voltages. 

The analog phase detector component values playa small 
role in determining the input frequency limits at the input to 
the phase detector. For high reference frequencies, a large 
value of Icharge is most likely required. Make certain that 
component values are in specified ranges. For best results, 
the following limits are recommended. (Low-leakage polysty
rene or Mylar capacitors are recommended for CR and CH.) 

1 kllsRRSl Mil 
500 pFsCR sO.l1'F 

10 CH s CR 
10 kll s RO s 1 Mil 
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DUAL-MODULUS PRESCALING CONSTRAINTS 

The MC145159 contains all the necessary logic for control 
of an external dual-modulus prescaler. Dual-modulus pre
scaling is a solution to some of the shortcomings associated 
with single-modulus prescaling. Inherent in the design of 
synthesizers using, single-modulus prescaling is the fact that 
the value of the reference frequency into the phase detector 
is multiplied by the prescale value P, as well as by the counter 
value, N. (See Figure 13.) This results in a loss of system 
resolution because any unitary change of N results in the 
output frequency of the VCO changing by the reference fre
quency times P, which may be undesired. 

Dual-modulus prescaling is a solution to this problem. It 
allows VCO step sizes equal to the value of the phase detector 
reference frequency to be obtained. This technique utilizes an 
additional A counter and a special prescaler which divides by 
anyone of two values, depending upon the state of its control 
line. (See Figure 14.) In dual-modulus prescaling, the lower 
speed counters are uniquely configured. Special control logic 
is necessary to select the divide value, P or P + 1, in the pre
scaler for the required amount of time. 

The modulus control signal is low at the beginning of a 
count cycle, enabling the prescaler to divide by P + 1, until the 
A counter has counted down to zero. At this time, modulus 
control goes high, enabling the prescaler to divide by P, until 

fref PHASE CRYSTAL 
OSCILLATOR 1----+ + R COUNTER 1---+ OETECTOR 

"'ref IK~1 

fo 
iiP 

Ntot=NP 

the N counter counts down the rest of the way to zero; N 
minus A additional counts. 

Ntot= (P+1)A+P(N-A) 

= NP+A 

Modulus Control is then set back low, the counters preset to 
their respective programmed values, and the sequence is 
repeated. 

This provides for a total programmable divide value of (N 
times P) + A. To have a range of total divide values in sequence, 
the A counter is programmed from zero through P - 1 for a 
particular value N in the N counter. N is then incremented by 
1 and the A counter is sequenced from zero to P -1 again. 

Certain constraints apply when using dual-modulus pre
scaling: 1) N is greater than or equal to A always applies; 2) 
the value of P must be large enough so that the maximum 
frequency of the VCO divided by P must not exceed the fre
quency capability of the N and A counters; also, 3) P times 
the period of the maximum VCO frequency must be greater 
than the sum of the prop delay through the dual-modulus 
prescaler plus the prescaler setup or release time relative to 
its control signal plus the propagation delay of frequency in' 
(fin) to Modulus Control. 
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Figure 13. Single-Modulus Prescaling 
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Figure 14. Dual-Modulus Prescaling 

FREQUENCY SYNTHESIZER EXAMPLE 

Suppose the MC145159 is to be used in a system which 
operates from 118.000 to 135.975 MHz in 25 kHz steps, i.e., 
aircraft communication transceivers. (See Figure 15.) A pre
scaler is needed to divide down the maximum VCO output 
frequency to a frequency that the MCl45159 can handle (15 
MHz maximum at VDD=5 V). A minimum prescale value of 

10 is required. However, if a divide-by-10 single-modulus pre
scaler is used, the reference frequency would have to be ad
justed to 2.5 kHz in order to maintain the 25 kHz step size. 
Therefore, dual-modulus prescaling is desired and the 
MC12016 divide-by-40/41 prescaler is selected due to an input 
frequency capability of 225 MHz and the ability to divide down 
the VCO frequency to well under 15 MHz. 

MC145159 r-----------l 
,........--+-1 

CRYSTAL + R COUNTER PHASE o OSCILLATOR DETECTOR I LOW·PASS 
FILTER 

ll: L---l 
I I 
I +A I I COUNTER I 
I I 
I CONTROL I I LOGIC I 
L ______________ ..J 

Figure 15. Typical System Application 
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With a reference frequency of 25 kHz, the N and A counters 
must be loaded with the proper values to achieve 118 to 135.975 
MHz at the loop output. For example, at fmax: 

N _ 135.975 MHz 
tot - 25 kHz 

Ntot= 5,439 

To arrive at programming values for N and A, use: 

Ntot= NP+A 

Substituting in, and for now, letting A = 0: 

5,439 = N(4O) 

N = 135.975 

Therefore, N = 135 is used. Now, A must be determined. 

A = Ntot-NP 

A = 5,439 - (135)(40) 

Similarly, at fmin: 

A=39 

118 MHz 
Ntot = 25 kHz 

Ntot = 4,720 

Ntot= NP+A 

N = 4,720 
40 

N = 118 

Therefore N=118 and A=O. 
A table can be built up showing the values of N and A and 

their corresponding loop output frequencies. 

Table 1. Output Frequencies and Their Corresponding 
N and A Counter Values 
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(fref=25 kHz, P=4O) 

Output 
Frequency Ntot N A 

IMHz) 

118.000 4,720 118 0 
118.025 4,721 118 1 
118.050 4,722 118 2 

118.975 4,759 118 39* 
119.000 4,760 119 0 
119.025 4,761 119 1 

135.950 5,438 135 38 
135.975 5,439 135 39 

*Notethatbecause P=40, the maximum value of A=39. 

In the example above, a 25 kHz reference frequency is used. 
This frequency is generally established at the reference input 
of the phase detector by an on-chip oscillator used with an 
external crystal. The R counter is programmed to divide down 
the crystal frequency to the required reference frequency, in 
this case 25 kHz. With the MCl45159, the divide-by-R range 
is from 3 to 16,383. Therefore, the designer has many options 
in choosing the crystal frequency. One example is a 3.2 MHz 
crystal with a divide-by-R of 128 to yield a reference frequency 
of 25 kHz. Obviously, many other combinations are possible. 

Now, a suitable gain must be chosen for the phase detector. 
With a 25 kHz reference frequency, successive fR pulses occur 
40 ,.s apart. For the first attempt, the ramp capacitor is chosen 
to charge up to VOO' in one-eighth the time, or 5 /Ls. (The 
slope with which the ramp capacitor charges is the phase 
detector gain.) Therefore, the selected gain is 6.4 V /rad with 
a 5 V supply. Larger values of gain can be selected to speed 
up lock times; however, induced noise in the loop may be 
increased. 

Values of phase detector components can now be deter
mined using the equation for phase detector gain. 

IV/rad) 

letting CR = 500 pF and solving for Icharge yields 

Icharge = 500 /LA 

Figure 8 shows that the graph for VOO = 5 V crosses the 500 
/LA axis at RR=20 kll. With CR=500 pF, CH is chosen to be 
50 pF. Slightly larger values for hold capacitance may be re
quired for noise considerations. Finally, the output resistor 
(RO) can be any value between 10 kll and 1 Mil, as long as 
the analog output bias current is compatible with the employed 
low-pass filter. (See Figure 9.) 

A major concern in designs with the MC145159 is combining 
the analog phase detector output with the Frequency Steering 
Output properly. Three possible methods are shown in Figure 
16. It should be noted that these three connection schemes 
are theoretical only and have not been tested in the lab. Meth
ods of connecting these two outputs will be the subject of a 
forthcoming application note. 

The low-pass filter and voltage-controlled oscillator must 
also be planned dut carefully for optimal loop performance. 
For the MCl45159, the loop filter can be combined with the 
connection scheme for the phase detector outputs. Further 
filtering may be necessary if dictated by the system require
ments. In the previous example of aircraft communication 
transceivers, a VCO must be chosen for the loop. The Motorola 
MCl648 is a good choice due to an output frequency capability 
above the fmax constraint of 135.975 MHz. Consult the 
MCl648 data sheet for VCO design considerations. 

With the loop all in place and powered up, the counters 
must be programmed for the synthesizer to tune to the desired 
channel. From Table 1, suppose 135.975 MHz is the VCO 
output frequency desired. The N counter should be pro
grammed to 135 and the A counter to 39. Also, with a 3.2 
MHz crystal and 25 kHz channel spacing, the R counter should 
be programmed to 128. 
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Figure 16. Possible Methods for Combining Analog Phase Detector Output and Frequency Steering Output 

CONCLUSION 

This application note discussed the open-loop characteris
tics of the MC145159 PLL frequency synthesizer with analog 
phase detector. The MC145159 uses an improved method over 
the traditional sample-and-hold technique while providing an 
alternative to digital phase detectors in frequency synthesis 
applications. The Frequency Steering Output together with 
the Analog Phase Detector Output combine to produce an 
error signal without the introduction of excessive noise. In 
fact, this phase detector scheme minimizes filtering require
ments, reduces VCO modulation sidebands, and allows for 
wider loop bandwidths than are normally possible with digital 
phase detector outputs. 

An additional application note is planned to cover the closed
loop application of the MC145159, especially the methods for 
combining the two phase detector outputs. 
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VHF Narrowband FM Receiver Design 
Using the MC3362 and the MC3363 
Dual Conversion Receivers 
Prepared by: Bipolar Analog Applications 

Motorola has developed a series of low power narrow
band FM dual conversion receivers in monolithic silicon 
integrated circuits. The MC3362 and the MC3363 are man
ufactured in Motorola's MOSAIC process technology. 
This process develops NPN transistors with fT = 4 + 
GHz, which allows the MC3362 and the MC3363 to have 
excellent very high frequency (VHF) operation with low 
power drain. They are ideal for application in cordless 
phones, narrowband voice and data receivers, CB and 
amateur band radios, radio frequency (RF) security 
devices and other applications through 200 MHz. 

Features of the MC3362/3 Receiver ICs: 
• Broadband RF input frequency capability (to 200 MHz 

using internal oscillator, over 450 MHz using external 
oscillator) 

• Single supply operation from VCC = 2 to 7 Vdc 
• Low power consumption (Icc = 3 mA typical at VCC 

= 2 Vdc) 
• Internally biased NPN RF transistor amplifier (MC3363) 
• Complete dual conversion circuitry - first mixer and 

oscillator included 
• First local oscillator (La) includes buffered output and 

varactor diode to allow phase locked-loop (PLL) fre
quency synthesis for multichannel operation. 

• Buffered second local oscillator output available for 
PLL reference input (MC3362) 

• Multistage limiter and quadrature detection circuitry 
included 

• RSSI (Received Signal Strength Indicator) with Carrier 
Detect logic included 

• BUilt-in data slicing comparator detects zero crossings 
of FSK data transmission 

• Inverting operational amplifier included for audio mut
ing or active filtering (MC3363) 

SCOPE 

This application note contains functional descriptions 
and applications information pertaining to the various 
functional blocks of the MC3362/3 receiver circuits. Four 
receiver application circuits are shown. A single channel 
receiver and a 10 channel frequency synthesized receiver 

MOSAIC is a trademark of Motorola, Inc. 
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designed for the 49 MHz cordless telephone band are 
shown. A 256 channel "2 Meter" (144-148 MHz) amateur 
band receiver is also shown, including an appropriate PLL 
frequency synthesizer design to control the receiver's 
local oscillator. Finally, a low cost application featuring 
the MC3362 as a single chip manually tunable 162 MHz 
weatherband receiver is shown. A directory of external 
component manufacturers is included as an appendix. 

COMPARISON OF THE MC3362 AND THE MC3363 

Figures 1A and 1 B show the system block diagrams of 
MC3362 and MC3363, respectively. The MC3362 and the 
MC3363 are made from the same die, but a final metal 
mask difference allows different features to be made 
available on each. Data pertaining to the common func
tional blocks are identical on both circuits. 

The MC3363 is a complete VHF dual conversion FM 
receiver including RF amplifier, two mixers and oscilla
tors, limiting IF amplifier and quadrature detection cir
cuitry, received signal strength indicator (RSS!) circuitry, 
squelch circuitry and a data shaping comparator for 
detecting FM frequency shift keyed (FSK) data transmis
sions. Receivers using the MC3363 alone can achieve 
better than 0.3 /LV input sensitivity for 12 dB SINAD, from 
a 50 n source. The MC3363 comes in a 28-lead plastic 
wide SOIC package only. 

The MC3362 is optimized for cordless telephone appli
cations and as such does not contain the RF preamplifier 
or squelch circuitry. In addition, the second local oscil
lator contains a buffered output so that it can serve as 
the system frequency reference in applications where a 
10.240 MHz or 10.245 MHz reference is needed. In gen
eral, the MC3362 can be substituted for the MC3363 
where: 

• A receiver with sensitivity of 0.7 /LV at the input for 
12 dB SINAD is adequate. 

• An external RF preamplifier with AGC is desired (such 
as MOSFET's 3N211 and MPF211). 

• Receiver squelch is not needed. 
• Surface mount technology cannot be used. The 

MC3362 is available in two 24-lead plastic packages 
(DIP and wide SOIC surface mount). 
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Figure 1A_MC3362 Internal Block Diagram 
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FEDERAL REGULATIONS. 
RECOMMENDED STANDARDS 

Radios built for certain VHF and UHF bands may qualify 
under the FCC Code of Federal Regulations Title 47. Part 
15, for use by unlicensed operators. It is important to 
know the federal regulations concerning a particular fre
quency channel or band of channels before a receiver or 
transmitter circuit is designed. Contact the FCC/Govern
ment Printing Office to order a copy of the Code of Fed
eral Regulations, Title 47, Parts 0-20 which contains Part 
15. before designing a radio receiver or transmitter for 
unlicensed utility applications. 

Professional (land mobile) radios come under another 
part (Part 90) of the Title 47 code. There are a set of 
standards, published by the Electronic Industries Asso
ciation, which dictate recommended operating specifi
cations for two way communication equipment. These 
standards provide useful information about radio per
formance, terminology and measurement techniques 
and are useful even if professional radios are not a 
designer's primary goal. Contact the EIA at 
(202) 457-4900 to order the standards listed below. The 
FCC/GPO can be reached at (202) 275-2054 or 
(213) 894-5841. The pertinent documents are: 

Number Description Parts Referenced 

FCC Title 47, Code of Federal Radio Frequency 
Part 15 Regulations Devices 

FCC Title 47, Code of Federal Landmobile Radios 
Part 90 Regulations 

RS-204-C EIA Recommended FM/PM Receiver 
Standard Standards 

EIA-152-B EIA Recommended FM/PM Transmitter 
Standard Standards 

EIA-316-B EIA Recommended Test Conditions, 
Standard Radio Standards 

REFERENCE LITERATURE 

The following Motorola literature may be useful when 
designing with the MC3362/3 receivers: 

Number Description Parts Referenced 

DL128, Rev. 2 Linear and MC3362, MC3363, 
Interface Device MC34119, MC2831A, 
Data MC2833, MC13060, 

MC33171 
DL130 CMOS/NMOS MC1451XX CMOS 

Special PLL's 
Functions Data 

DL122 MECL Device MC12XXX ECL 
Data Prescalers 

DL126 Small Signal 3N211, MPF211 
Transistor Data 

COMPANION DEVICES 

• The MC2831A and the MC2833 low power FM trans
mitter ICs provide all essential functions for cordless 
telephone and general transmitter and oscillator appli
cations through 60 MHz (MC2831A) and 200 MHz 
(MC2833, using internal very high frequency [VHF] 
transistors as frequency multipliers). 

• The MC34119 low power audio amplifier with differ
ential outputs provides efficient power transfer and 
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eliminates the need for the typical large audio coupling 
capacitor. 

• The MC13060 Mini-Watt audio amplifier (for higher 
powered audio output). 

• The MC33171 low power single suppJy operational 
amplifier for use as an RSSI buffer or active integrator. 

• The MC14516X series of dual PLL frequency synthes
izers for development of 10 channel cordless telephone 
band transceivers. 

• The MC12XXX series of ECL prescalers and 
• MC1451XX series of CMOS Frequency Synthesizers for 

development of VHF "high band" radios to 200 MHz 
• The MC145442/3 single chip 300 baud modems which 

allow audio frequency shift keyed (AFSK) RF modem 
design for very reliable data transmission. 

• The 3N211 and MPF211 dual gate MOSFET's for 
MC3362 RF preamplification with AGC capability. 

BLOCK DESCRIPTION 

RF Amplifier (MC3363 only) 
The MC3363 contains an internal NPN bipolar RF ampli

fier transistor. The base of the transistor is biased inter
nally to approximately 0.8 Vdc, which simplifies 
common-emitter amplifier design. Grounding the emitter 
yields an emitter current IE = 1.5 rnA and voltage gain 
AV = 20 dB with a collector load RL = 1 kn. 

Emitter degeneration resistors can be added to lower 
current drain, with RE decoupling used to preserve the 
gain. With the emitter grounded the input at Pin 2 looks 
like 180 n in parallel with 20 pF at 50 MHz. The noise 
figure at 50 MHz and unity gain frequency (fr) of the NPN 
transistor are approximately 2 dB and 3 GHz, respectively, 
at IE = 1.5 rnA. The collector load can be resistive, as 
shown in Figure 10, or tuned as shown in Figure 14. When 
both input and output are tuned and/or impedance 
matched care must be taken to prevent unwanted oscil
lations - this is why the 2 kn resistor is included in the 
collector load of Figure 14. 

First Mixer 
The first mixer is a doubly balanced multiplier, driven 

directly from the RF input and from the first local oscil
lator via a cascode amplifier. It is used to convert the RF 
input frequency down to the first IF of 10.7 MHz. The 
input admittance seen at either RF input pin is 670 ohms 
in parallel with 7 pF at 50 MHz; that is, Rp = 670 nand 
Cp = 7 pF. The series equivalent impedance at 50 MHz 
is Rs = 210 nand Cs = 10.2 pF. The first mixer:s input 
is differential, but can be driven single-ended with no 
loss in system gain. If a single·ended input is used, be 
sure to AC ground the unused pin. This can be done with 
a bypass capacitor to the negative rail (VEE) or by con
necting the pin directly to the VCC supply. 

The isolation of the mixer is shown in Table 1, and of 
particular value in many applications will be the strong 
attenuation (41 dB) of the local oscillator at the mixer 
input. The isolation is due to the fully balanced mixer 
configuration used and helps to reduce LO radiation at 
the receiver's antenna. 

Table 1. First Mixer Isolation Level (in dB) at: 
Signal LO Tank Mixer Out (IF) Mixer In (RF) 

LO 0 -17 -41 
RF -16 -9 0 
IF -29 0 <-40 
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NOTES: 

Initial Alignment of LC Tank 

VARACTOR 

1STLOTANK 

1ST LO TANK 

1ST LO OUT 

VCC 

R1 
I-~--o BUFFERED OUTPUT 

3 k!l (OPTIONAL! 

1. The varactor control pin controls the net capacitance across the 
local oscillator tank pins. The net capacitance will be approximately 
20-25 pF when this pin is left open and 10-15 pF when connected 
to Vee, depending upon strays and the Vee value used. If the Vee 
supply is regulated, connect the varactor control pin to Vee; 
otherwise. bypass via a 0.01 p.F capacitor to ground. 

2. Connect the oscillator as shown in the left hand drawing (Initial 
Alignment) and adjust L 1 so that the tank resonates approximately 
2-3 MHz below the crystal frequency. The frequency should be 
checked by examining the buffered output using a high impedance 
probe or by some sort of inductive pickup which will not push the 
oscillator off frequency. The frequency should be: 

fLO = 1 
217 V(L1 + [2) Cvaractor 

3. Break the L l-L2 connection and add Xl and R2. Verify that the LO 
operates at the desired frequency by applying an RF input of 

Final Configuration 

VARACTOR 

1ST LO TANK 
VCC 

lSTLO TANK 

1STLO OUT I-~--o BUFFERED OUTPUT 
3 k!l (OPTIONAL! 

10.7 MHz above or below the crystal frequency and checking for 
receiver quieting. Make sure that there is proper LO amplitude. Also 
there should be approximately 200 mVpp seen at either LO tank pin. 
The buffered LO output should yield 200-600 mVpp depending on 
the Vee value used. 

4. The R2 resistor must be included or else the oscillator will latch. 
o 5. This method has been proven effective up to 65 MHz using 3rd 

overtone crystals, but has proven unreliable at higher frequencies 
(usually using 5th and 7th overtone types!. For higher frequency 
operation on a single channel, a signal can be injected into the local 
oscillator port. (See the "First Mixer and Oscillator" section.) 

6. Component values: The R1 resistors should be 10 to 50 kO and are 
included in order to add some current and gain to the local 
oscillator. L 1 should equal L2 in nominal value and a fixed value 
might be used but startup with different crystals might be degraded. 
R2 should be 300 to 1500 n. Xl should be 3rd overtone, series 
mode resonant (no load capacitance specified). 

Figure 2. Running the MC336213 First Local Oscillator 
on a Single Channel Under Crystal Control 

The open circuit conversion voltage gain of the first 
mixer is typically 24 dB, flat to 7 MHz. Internal rolloff is 
provided above 7 MHz to suppress RF and LO signals 
and spurious products sent on to the second mixer. The 
gain at 10.7 MHz is typically 18 dB. The output circuit is 
an emitter follower which is impedance-matched to 330 
ohms to drive 10.7 MHz ceramic filters which typically 
have 330 ohm input and output impedances. For appli
cations which require a high impedance crystal filters, 
impedance matching will likely need to be added at the 
first mixer's output to preserve the filter's response. 

First Local Oscillator and Varactor Diodes 
Associated with the first mixer is the first local oscillator 

(LO). It is a complete voltage controlled oscillator and 
only requires an external LC tank circuit (no external var
actor diode). For multichannel applications, the oscillator 
includes varactor tuning and a buffered output suitable 
for interfacing to a PLL frequency synthesizer. This is the 
approach used in the receivers of Figures 10 and 11. The 
maximum oscillation frequency obtained has been 
approximately 190 MHz, achieved by injecting extra cur
rent into the oscillator. To inject current into the local 
oscillator, connect pull-up resistors of 10-50 kG from VCC 
to each LO tank pin. The LO buffered output varies from 
400 mVpp to 1100 mVpp with supply voltage and the 
output waveform appears best with Rpd = 3 kG, as 
shown in Figure 3. 

There are internal varactor diodes which have capac
itance which appears across the local oscillator tank pins. 
The internal capacitance can ra~ge from 10 to 25 pF 
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depending on the control voltage applied to the varactor 
control pin (MC3362 Pin 23, MC3363 Pin 27). The capac
itance is maximum when the voltage applied is at the 
minimum (0.7 V) value. Applying voltages greater than 
VCC and lower than 0.7 V to the varactor control pin can 
cause the oscillator to stop. 

The first local oscillator can be crystal controlled to run 
on a single channel. The procedure of Figure 2 shows 
how to do this for applications through 65 MHz. The 
receiver of Figure 10 uses this approach. 

Figure 3, First Local Oscillator Buffered Output 
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A third application of the local oscillator is to drive it 
from an external source. This is recommended for appli
cations from 75 MHz to 200 MHz and beyond which do 
not require PLL frequency synthesis. The inputs are dif
ferential and they must be driven using a wideband RF 
transformer or balun. The input voltage seen at either 
tank pin should be roughly 100 mVrms to ensure proper 
operation of the mixer and care should be taken so that 
any inductance present at the LO tank pins does not res
onate with the internal varactor capacitance (a small val
ued resistor of 50-100 n should ensure this does not 
occur). Using this approach, no loss in mixer gain is seen 
until the RF and LO inputs are taken over 450 MHz. The 
RF and LO inputs should be run with a 10.7 MHz differ
ence in frequency to accommodate the first IF bandwidth, 
so image frequency considerations (preselector filter 
quality) may limit the maximum RF input frequency to 
less than 450 MHz. 

Second Mixer and Second Local Oscillator 
After the 10.7 MHz IF signal is filtered using a ceramic 

filter, it is applied to the second mixer input. The second 
mixer is also doubly balanced to reduce spurious 
responses and typically is used to convert the 10.7 MHz 
IF down to 455 kHz for application to the limiting amplifier 
and detection circuitry. In the typical low cost application, 
the mixer is driven single-endedly from a ceramic filter, 
with one ofthe mixer inputs bypassed directly to the VCC 
supply. The open circuit conversion voltage gain is typ
ically 25 dB. For applications which require a high imped
ance crystal filter, impedance matching will likely need 
to be added at the second mixer input to preserve the 
filter response. The second mixer output is rolled off 
above 500 kHz, to reduce spurious response and idle 
noise. 

The second local oscillator is a Colpitts type which is 
typically run under crystal control. The crystal used is 
specified for fundamental mode operation, calibrated for 
parallel resonance with a load capacitance of 30-40 pF. 
The typical waveform seen at the base is shown in Figure 
4. The oscillator can be run at 10.240 MHz or 10.245 MHz, 
depending on the first local oscillator frequency desired. 

Figure 4. Second Local Oscillator Waveform 
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The MC3362 second local oscillator has a buffered output 
available which can be used to drive the reference fre
quency input of a PLL synthesizer or a prescaler. An exter
nal local oscillator signal can be injected into the local 
oscillator's base, with the emitter pin left open. The signal 
should be sinusoidal and should be approximately 300 
mVpp to 500 mVpp in level. 

The output admittance of the second mixer at 500 kHz 
is 1500 n in parallel with 50 pF; that is, Rp = 1500 nand 
Cp = 50 pF. The series equivalent impedance is Rs = 
1420 nand Cs = 1065 pF. This impedance matches the 
typical input impedance of standard 455 kHz ceramic fil
ters, which have 1500-2000 n typical input and output 
impedances. 

Limiting IF Amplifier and Quadrature Detector 
The 455 kHz IF signal is applied to the limiting IF ampli

fier, where it is amplified and limited before application 
to the quadrature detection circuitry. The limiting IF 
amplifier input has an input impedance of approximately 
1.5 kn, which provides good power transfer from 1.5 kn 
ceramic filters. The limiting IF circuitry has 10 p.V input 
sensitivity for - 3 dB limiting, flat to 1 MHz. In order to 
preserve overall power supply current drain, the limiting 
IF and the receiver in general are not designed for wide
band applications. 

The coupling capacitor from limiter output to quadra
ture tank and detector input is provided internally and its 
value is 5 pF. The 455 kHz oscillator circuit is typically 
built around an LC tank circuit, with Cp = 180 pF, Lp = 
680 p.H. Typical ceramic resonators can not be driven 
from the quadrature tank pin. A waveform like that of 
Figure 5 should appear at the quadrature tank pin during 
periods of full receiver quieting and no modulation. 

Meter Drive (RSSI) 
The amplitude of the RF input signal at the appropriate 

frequency is monitored by meter drive circuitry. This cir
cuitry detects the amount of limiting in the limiting IF 
amplifier and produces a linear change in current (nom
inally 0.1 p.A) at the meter drive pin for each decibel of 
change in the RF input. The meter drive circuitry is fairly 

Figure 5. Quadrature Tank Pin Waveform Under 
Strong Received Signal Condition 
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linear for input signal levels over a 60 dB range. This 
output can be used as a meter drive or Received Signal 
Strength Indicator (RSSI) and needs to be bufffered. In 
order to provide a linear, wide ranging RSSI output volt
age, three things must be accomplished: 

1. The Meter Drive pin (MC3362 Pin 10, MC3363 Pin 12) 
should be clamped to within VBE/2 (approximately 300 
mV) of the MC3362/3 supply voltage, or loading of the 
Meter Drive's current source will occur. The carrier 
detect output is disabled (high output) when the 
Meter Drive pin is clamped in this manner. There are' 
diodes present at the Meter Drive pin which can inter
fere with the Meter Drive. (See Figure 6 for a schematic 
representation.) With these diodes present the voltage 
swing possible at the Meter Drive pin is limited to a 
diode drop above and below the VCC supply. 

2. Some type of current to voltage conversion must take 
place. The RSSI output is typically 4 to 12 pA 

3. Negative feedback must be provided in the output 
buffer to counteract buffer amplifier gain variations. 
Some method of output level adjustment may be 
desirable. 

Vee 

METER 
ESD DRIVE 
DIODE 

Figure 6. Schematic Representation of Meter Drive 
"Parasitic Circuits" 

Carrier Detect 
Another configuration for the meter drive and carrier 

detect circuitry, is to program the carrier detect output 
using a resistor from the meter drive pin to the VCC sup
ply. The carrier detect pin is an open collector output so 
a pull-up resistor is required. The carrier detect is active 
low, meaning that an RF input above the programmed 
trip level will yield a low output «0.1 V) at the carrier 
detect pin. When the RF input is below the trip level (or 
is detuned) the carrier detect pin will be at the supply 
voltage. The trip level is set by the resistor value used 
between the meter drive pin and supply. A resistor of 
130 kfl sets the trip level to approximately - 110 dBm at 
the first mixer's input, which is roughly the 12 dB SINAD 
point of the receivers with no external RF amplification. 
It should be noted that the meter drive current will not 
have the .same linear 0.1 JLA/dB current-input level rela
tionship as when the meter drive is buffered as discussed 
above, so an analog RSSI output is not really achievable 
when Carrier Detect is .used. 
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Vee2 

Vee1 

RSSIOUTPUT 

Figure 7. Sample RSSI Buffer 

• Recommend MC33171 as the operational amplifier. 
The MC33171 is a low-power single supply single op 
amp with offset adjustment capability. 

• VCCl = MC3363 supply (2 V to 7 V) 
• VOUT = VCCl + Imeter (Rf) 
• VCC2 = Op amp supply. Make this high enough to stay 

within the op amp's common mode input range -
equal to VCCl + 2.2 V for the MC33171. This voltage 
also must be high enough to provide the maximum 
VOUT desired. 

• Rls can be added to level shift the output, and is 
optional. The output voltage will be adjusted down
ward by a factor of (VCCl - VCC2)(Rf/Rls)' 

• Compensation capacitor Cc is added to ensure stability 
and will limit the circuit's response time. 

• This circuit is not recommended for general purpose 
AM detection. 

Muting (MC3363 only) 
Audio muting can be provided in two ways. The carrier 

detect output can be DC coupled to the MC3363 muting 
op amp input (Pin 15) and the op amp output can serve 
to mute the audio. That is, the op amp output (Pin 19) 
serves as a switch to ground in the audio signal path. 
When the carrier level decreases below the carrier detect 
trip point, the carrier detect pin will go to VCC and the 
op amp output will go into saturation, muting the audio. 
This yields a simple squelch with minimum external com
ponents and is shown in Figures 10 and 14. 

Another way to mute the audio on MC3363 is to use 
the op amp as an active filter for detecting noise above 
the audio passband. The recovered audio is fed through 
the active filter, rectified, integrated and compared to a 
reference level. When the level rises above the reference, 
a squelch gate is triggered. The data slicing comparator 
on the MC3363 might be used as a squelch gate. This 
noise triggered squelch would be executed similarly to 
the squelch in MC3357/59/61 FM IF applications. (See the 
MC3359 data sheet for details.) This type of squelch frees 
the Meter Drive circuit to provide a linear output as noted 
under "Meter Drive (RSS!)" above. 
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Data Recovery 
Both receivers contain a data slicing comparator which 

provides data shaping and limiting of frequency-shift 
keyed (FSK) serial data transmissions. The data slicer is 
a non-inverting type, with the negative input terminal 
biased internally to VCC/2. Typically the data slicer is AC 
coupled to the recovered audio pin via a 0.01 /LF to 0.1 /LF 
capacitor. Larger coupling capacitors can cause distortion 
of the detected output and this is seen as negative slew 
rate limiting in Figures Band 9. A pull down resistor from 
the detector output pin to VEE will reduce this effect if 
objectionable. The comparator output is an open collec
tor so a pull-up resistor is required. 

Comparator hysteresis is available by connecting the 
comparator output and input using a high-valued resis
tor. This helps maintain data integrity as the recovered 
audio becomes noisy, or for long bit strings of one polar
ity. Resistor values below 120 kn are not recommended 
as the comparator input signal will not be able to over
come the large hysteresis induced. Figure BA shows data 
jitter resulting from noisy demodulated data signal. The 
improvement seen when hysteresis was added is shown 
in Figure BB. 

Figure SA. Noisy Recovered Data Signal 
Causes Data Jitter 

Figure 9A. FSK Data Recovery at 1200 Baud 

MOTOROLA COMMUNICATIONS DEVICE DATA 

The maximum usable FSK data rate for any narrow
band FM system is typically 1200 baud subject to IF and 
quadrature bandwidth and adjacent channel spacing lim
itations. The approximate bandwidth required to gener
ate or receive a frequency modulated signal is: 

BW = 2 (fmod + fdev) kHz, where fmod is the mod
ulating frequency and fdev is the frequency deviation. 

This is known as Carson's Rule and is fairly accurate. 
Any modulating signal which exceeds the available IF 
bandwidth will be attenuated and/or distorted. For proper 
recovery of square waves including the leading and trail
ing edges approximately the 7th harmonic should be 
present. For a 1200 baud (600 Hz) square wave with fdev 
= 3 kHz, fmod = 4.2 kHz (7th harmonic of 600 Hz square 
wave), the bandwidth niieded is: BW = 2(4.2 + 3) kHz 
= 14.4 kHz = ±7.2 kHz, which is acceptable in narrow
band FM channels. Figures 9A and 9B show the effect of 
trying to pass a 9600 baud modulated carrier through a 
narrowband channel, with resulting degradation of 
recovered data. 

Figure SB. Improvement in Data Jitter 
Through Addition of Hysteresis 

Figure 9B. Distortion of Recovered Audio 
with 9600 Baud Modulation 
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For narrowband RF modems where 300 baud is ade
quate, an audio frequency shift keyed (AFSK) approach 
is recommended. In this application two audio tones (for 
Logic "0" and Logic "1 ") are modulated onto an RF carrier 
and transmitted to the receiver, which reproduces the 
audio tone sequence. The audio tones can be generated 
at the transm itter and decoded after the receiver by the 
MC145442/3 single chip 300 baud modems. 

BREADBOARDING 
Do not attempt to build a high frequency radio circuit 

using a wirewrap or plug-in prototype board. While the 
MC3362 and the MC3363 are "tame" as high gain receiv
ers go, high frequency layout techniques are critical to 
obtaining optimal receiver performance. This means 
(typically) a one- or two-sided copper clad board with 
adequate ground plane connected to VEE potential. It is 
also important that all VCC interconnections are made 
using copper traces on the board. Do not use "free float
ing" point to point wiring for the VCC interconnections! 
In general, keep all lead lengths as short as possible, with 
an emphasis on minimizing the highest frequency path
lengths. Decoupling capacitors should be placed close to 
the IC. If these techniques are not followed then the 

RF INPUT 
49.67 MHz 

50.n W9P 1000p 

MC3363DW 
28 

receiver sensitivity and noise quieting will suffer, and 
oscillations can occur. 

APPLICATIONS CIRCUITS 

Single Channel VHF FM Narrowband Receiver 

The first application shown is of a complete single 
channel VHF receiver operating at 49.67 MHz. This appli
cation includes a suitable circuit for running the first local 
oscillator under crystal control on a single channel, which 
is particularly useful for dedicated remote control links 
and low cost two-way radios through 75 MHz. The circuit 
contains a simple carrier level based squelch circuit and 
audio amplification. 

The 49.67 MHz receiver frequency is within the 49 MHz 
USA cordless telephone band. Radios built for this band 
may qualify under FCC Code of Federal Regulations Title 
47, Part 15, for use by unlicensed operators. It is impor
tant to know the federal regulations concerning a partic
ular frequency channel or band of channels before a 
receiver circuit is design (see the notes on FEDERAL REG
ULATIONS, RECOMMENDED STANDARDS above). 

Figure 10 shows the complete receiver schematic. The 
LC network shown is used to match the input impedance 

0.D1 J.t 

( o~1-t--{:J 
r---CJ-rYY"'Or,--+-_-""~10 k 

·~{J~~--~-~~~10k 

100 k 

+ 

LEGEND: 
1~ 

Xl ~ 10.245 MHz, fundamental mode. load capacity 32 pF. 
Fl ~ 455 kHz ceramic filter, Rin '" Rout ~ 1.5 kO to 2 kO. 

Part numbers are muRata CFU455X or CFW455X - suffix 
denotes bandwidth. 

lC1 = 455 kHz quadrature tank circuit. Part numbers are Toko 
RMC2A6597 HM or 5SVLC-0637BGT (smallerl. Ceramic 
discriminators cannot be used with the MC3362/3, as their input 
impedance is too low. 

Pl ~ 10 kO, audio taper. 

TEST 
POINT 

F2 ~ 10.7 MHz ceramic filter, Rin ~ Rout ~ 330 O. 
Part numbers are muRata SFE10.7MJ-A, SFA10.7MF5, or 
SFE10.7MS2-A. 

X2 = 38.97 MHz, 3rd overtone, series mode 
(no load capacity specifiedl. 

All capacitors in microfarads, inductors in Henries and resistors in 
Ohms unless otherwise specified. 

Figure 10. Single Channel FM VHF Receiver at 49.67 MHz 
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of the RF amplifier to 50 n at this frequency. The amplifier 
collector load is a single resistor for simplicity and in 
order to enhance stability. The method of Figure 2 was 
used to develop the crystal controlled oscillator circuit at 
38.97 MHz. The RC integrator rolls off the audio above 2 
kHz in order to minimize unwanted noise output. This 
enhances receiver sensitivity and provides proper audio 
deemphasis. The receiver, without the audio amplifier, 
has 6.2 mA current drain at VCC = 5 V for a total dissi
pation of 31 mW. Using a 455 kHz filter with a 6 dB 
bandwidth of ± 10 kHz the receiver has a 12 dB SINAD 
point of 0.28/.N, modulation acceptance of 10.4 kHz and 
distortion below 1.2% with fmod = 1 kHz and modulation 
deviation fdev = 3 kHz. The maximum (S + N)/N ratio 
obtained is 60 dB. 

The MC34119 audio amplifier adds 3 mA quiescent cur
rent drain at 5 V, can deliver 250 mW into an 8 n speaker 

~50 rT~-l:::: 
_ ~ I 22~ 

__ --1 

-= -=-= 
TaKa 
291 GCS·5Bl ON 

TaKa 
291GCS·5Bl0N 

Vcc 

560 

Vcc 17 

13 

and has differential outputs which eliminate the need for 
the typical large audio coupling capacitor. It also has a 
chip disable input which provides muting and power 
conservation. 

Ten Channel Frequency Synthesized 
Cordless Telephone Receiver 

A demonstration receiver circuit has been built featur
ing the MC3362 and the MC145160 dual phase locked 
loop (DPLL). This receiver features frequency synthesis 
to cover the ten channels allocated in the USA for cord
less telephone (CT) receivers in the 46 MHz (handset) and 
49 MHz (base station) frequency ranges. The MC14516X 
series DPLL's feature two complete loops which control 
both the transmitter output and receiver first LO 
frequencies. 

9B7654 

DPLL MC14S160 
OSC IN 11 P 

18i--=-'c::...;,:,'-----l1-------~ 

V+ 

27 k 

DATA 
.---------~-'::'--<>OUTPUT 

"""'VIA_-o AUDIO 
OUTPUT 

Figure 11. Ten Channel Frequency Synthesized Receiver 
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T1 
0.8 JLH 

I 

50ll :Et fl'2 
4 I 

I 
~ I 6 

-=- -=-: -=- 12 P 

MC3362 

24 

T1 and T2 wound on 
Taka Type 7KM 
7 mm Shielded Cores. 

Figure 12. Information on T1 and T2 of Figure 11 

FIN·R 

r----
1 ST LO I MC3362 

BUFFER I 
OUTPUT 1ST 

LOCAL 
OSC 

MC14516X 

PO·R 

3.3 k 

Figure 13. Simple Interface of MC3362/3 
To DPLL MC14516X 

Figure 11 shows the complete schematic diagram. A 
simple RF transistor amplifier is included to overcome 
antenna and RF preselector losses. The output of the VCO 
buffer is amplified by an external transistor amplifier so 
that the VCO signal strength is large enough to drive the 
receiver input pin (Fin-R) of the DPLL properly. Gain of 
the VCO is set at approximately 400 kHz using the LC 
values shown. The SB (Pin 3) of the MC145160 is 
grounded to disable the transmit loop to simplify devel
opment of the circuit and reduce power consumption. 
The DC voltage at the varactor control input of the 
MC3362 (Pin 23) is adjusted to VCC/2. The system ref
erence frequency of 10.240 MHz is generated in the 
MC3362 second LO and fed into the Osc-In (Pin 18) of the 
MC145160. 

With a supply voltage of VCC = 3 V and modulating 
signal fmod = 1 kHz, fdev = 3 kHz the receiver yields 
an input sensitivity of 0.6 pV for 20 dB noise quieting 
and 0.2 pV for 12 dB SINAD from a 500 source. The 
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audio distortion is less than 3 percent. The minimum 
noise floor is less than 80 /LV and the maximum (S + N)I 
N ratio is 53 dB. 

There is a simpler way to interface the MC3362/3 to the 
MC145160 DPLL as shown in Figure 13. The VCO signal 
(about 400 mVpp with Vec = 3 V using a pull-down 
resistor of 3 kO from the MC3362 Pin 20 to VEE) is fed 
directly into the Fin-R input (Pin 16) of the MC145160. 
With this configuration, the noise floor is raised to 245 /LV, 
10 dB higher than the circuit of Figure 11. 

256 Channel Frequency Synthesized 
Two Meter Amateur Band Receiver 

A more traditional PLL frequency synthesizer approach 
is needed to provide frequency flexibility and to allow 
the MC3362/3 receivers to operate in the VHF "high band" 
(130 MHz to 172 MHz). A receiver is shown which covers 
the entire Two Meter (referring to radio wavelength) ama
teur radio band from 144 MHz to 148 MHz in 256 channels 
spaced at 20 kHz. The complete receiver and PLL fre
quency synthesizer are shown in Figures 14 and 15. The 
receiver achieved the same specifications as the 
49.67 MHz MC3363 receiver discussed above~ 

The MC3363 receiver was chosen because squelch and 
good sensitivity with minimum component count were 
desired. To obtain good operation of MC3363 VCO above 
75 MHz, the first local oscillator must be running well. To 
ensure this, the VCC supply voltage is kept above 3 V 
which increases the current in the local oscillator circui
try. Extra current is also injected into the local oscillator 
via pull-up resistors of 10 kO from each of the local oscil
lator tank pins to the VCC supply. With the components 
of Figure 14, the receiver VCO had an average gain of 
1.5 MHzN. 

The VCO output is amplified and fed into an MC12017 
dual modulus prescaler which drives the input of the PLL 
frequency synthesizer. The MC145152-2 PLL frequency 
synthesizer was chosen for its ease of use and parallel 
input format. The MC33171 bipolar operational amplifier 
was chosen as the active integrator (loop filter) because 
of its low power drain, offset adjustment capability and 
ability to operate from a single supply voltage. The design 
equations and assumptions used to determine loop filter 
components are shown below. The MC145152-2 data 
sheet and other sources go into much more detail on PLL 
theory and performance. 

Calculations of Loop Filter For VCO PLL 
Frequency Synthesis 

Assumptions: 
fo = 135.3 MHz (local oscillator center frequency) 
fs = 20 kHz (channel spacing) 
fb = 0.01 fs (loop bandwidth) 
frc = 20 fb (filter cutoff frequency) 
§ = 0.707 (loop damping factor) 
VDD = 5 V (PLL supply voltage) 
KVCO = 9.4 x 106 radN (VCO gain, measured on 

MC3363 receiver) 
Cl = 0.1 /LF (active integrator component) 
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Results: Table 2. PLL Frequency Synthesizer Switch 
fb = 0.Q1 fs = 0.01 (20 kHz) = 200 Hz Settings and Frequencies 
frc = 20 fb = 20 (200) = 4 kHz 'vee frx (MHz) 
Kill = VDD 1 2 'IT = 0.796 (phase detector gain) (MHz) = fvee + 

wn = 2'ITfb C257) 
Switches N P A ~ = Ntfs 10.7 MHz 

{2§2 + 1 + ((2§2 + 1)2 + 1IO•5}0.5 2.06 = 610 rad/sec 
00000000 104 64 0 6656 133.12 143.82 

Nt = fo 1 fs = 135.3 MHz 120 kHz = 6765 00000001 104 64 1 6657 133.32 143.84 

Rl = Kill KVCO 1 (Cl wn2 Nt) = 29.7 kG == 30 kG 01000000 105 64 0 6720 134.40 145.10 

R2 = 2 § -;- (wn Cl) = 23.2 kG == 24 kG 01111111 105 64 63 6783 135.66 146.36 

Cc = 4 -;- (2 Rlfrcl == 0.017 /LF 10000000 106 64 0 6784 135.68 146.38 

With an 8 bit parallel input format several possible 10001101 106 64 13 6797 135.94 146.64 

switch settings and resultant counter values and receiver 10011100 106 64 28 6812 136.24 146.94 

frequencies are shown in Table 2 below (Note: Nt = NP 11010001 107 64 17 6865 137.30 148.00 

+ A, where P = 64 for the MC12017). 11111111 107 64 63 6911 138.22 148.92 

RF INPUT 

MC3363DW 144-148 MHz 
50n 

\L7 22 P 0.05 p. 

rr------------~28 veo 

y(~ 
39 P 
I 

* 0,01 TUNING VOLTAGE 
r---n-~------_f- ISEE FIGURE 15) 

39 p 

Vee = 
5V. 

)-t:J-....L~4-____ --'II'10""k4 ~2.2 k 
10k 4+---~-

0.22 p. veo OUTPUT 
1 Vpp 

REGULATEO 

100 k 

LEGEND: 
Xl = 10.245 MHz. fundamental mode. load capacity 32 pF. 
Fl = 455 kHz ceramic Ii Iter. Rin = Rout = 1.5 kn to 2 kn. 

Part numbers are muRata CFU455X or CFW455X - suffix 
denotes bandwidth. 

LC1 = 455 kHz quadrature tank circuit. Part numbers are Toka 
7MC-8128Z or 5SVLC-0637BGT Ismallerl. Ceramic 
discriminators cannot be used with the MC336213. as their 
input impedance is too low. 

3k 20 P 

0.1 

Pl = 10 kn. audio taper. 

ISEE FIGURE 151 

MC34119D 
LOW POWER 

AUDIO AMPLIFIER 
1 8 

F2 = 10.7 MHz ceramic filter. Rin = Rout = 330 n. Part numbers 
are muRata SFE10.7MJ-A. SFA10.7MF5. or SFE10.7MS2-A. 

L 1 = 3 Turns #18 AWG. 0.25" diam .• 0.125" spacing. air wound. 
VCC2 = 2-12 V. must be well decoupled Irom the VCC source for the 

MC3363. 

All capacitors in microfarads. inductors in Henries and resistors in 
Ohms unless otherwise specified. 

Figure 14. 2 Meter Frequency Synthesized FM Receiver 

Single Chip Weatherband Receiver 

An application of the MC3362 as a simple receiver 
tuned to the NOAA Weatherband (162.4 MHz to 
162.55 MHz) is shown in Figure 16. The RF input is 
applied directly to the mixer input, using a simple "L 
network" to provide impedance matching of the mixer 

MOTOROLA COMMUNICATIONS DEVICE DATA 

input to 50 G. The system sensitivity for 12 dB SINAD 
is 0.67 /LV at the input from a 50 G source in this appli
cation, which is as good as most inexpensive weather 
cubes and the dual conversion design allows for excel
lent image protection to be provided. 
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MC145152-2 

Fin LD 

VSS OSCin tJ-~=:--1I 

VDD 

RAO 

RAI 

RA2 

~R 

~V 

MC 

A5 

NO 

Nl 

N2 

N3 

OSCout 

A4 

A3 

Al 

R112 R112 

R112 

NOTES: 
1. The values of Al, R2, Cl and Cc are very important in determining 

the loop characteristics. Those values calculated in the text gave 
fairly "clean" veo Control Voltage and veo Buffered Output 
signals. 

2. Switches 51-58 can be mini-DIP or hexadecirnally coded 
thumbwheel switches. S1 is the MSB, 58 is the LSB. 

3. VCC3 :=: 7.2 V minimum, to ensure that the MC33171's input 
common mode range is not exceeded. An acceptable way of 
configuring the entire receiver's power is: 

Vee. Voo 
0.1 Jl- 5 V, REGULATED 

y-.L..--t--~ 

VCO TUNING VOLTAGE 
10 k ISEE FIGURE 141 

J. 0,01 fJ-

Figure 15. 256 Channel VCO Control Using PLL Frequency Synthesizer 

tFINPUT 

5 P 50 p 
1-.--1----11------1 

1162.40-162,55 MHz, 50 01 

MC3362 

VCC 

+--_--"V\"v--..-l12 t--"""'>-±'~"'" 

O-..J'PN">-01 1 
I 

: TOKO RMC : 
L-_~~r...._J 

NOTES: 

Lp = 680fJ
Cp = 180 P 

1. Make Vee connections along a substantial portion of copper plane. 
Do NOT use point to point wiring for Vee interconnections! 

2, Vcc (MC3362) ~ 2 V to 7 V, regulated, First local oscillator will drift 
if this supply is not regulated! 

3, VCC2 (MC34119) ~ 2 V to 12 V, must be well decoupled from the 
VCC source for the MC3363. 

0,1 

4. L 1 = 3 turns #18 AWG, .2" dia., .05" spacing, air wound. 
5. Pins 1 and 24 are differential RF input, and are unmatched and used 

single-ended in this circuit. If single-ended input is used, be sure to 
bypass the unused pin. 

6. All capacitors in microfarads, inductors in Henries and resistors in 
Ohms, unless otherwise specified. 

Figure 16. MC3362 Application as a Tunable Weather Band Receiver 
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The first local oscillator is free-running in this appli
cation and the receiver is manually tunable over a range 
of ± 1 MHz. The oscillator's frequency and tuning range 
are determined by the external tank circuit values chosen. 
Keep in mind that the internal varactor diodes add 
10-25 pF of capacity across the tank pins, depending on 
the varactor control voltage applied. 

This circuit is easily built to vefify receiver character
istics on the lab bench, but as shown is not suited for 
mass production. The local oscillator temperature sta
bility is not nearly adequate in this free-running config
uration and microphonic pickup is difficult to avoid. 
Before a narrowband receiver is production-ready, the 
first local oscillator must be stable to within approxi-

mately ± 100 Hz. The "First Mixer and Oscillator" section 
provides notes on driving the first mixer using an external 
oscillator signal above 50 MHz. The MC2833 FM trans
mitter IC might serve as the local oscillator source up to 
200 MHz. 

SUMMARY 
The high degree of integration and MOSAIC process 

used in the MC3362/3 receivers give the radio designer 
new levels of space and power economy, while providing 
high performance and considerable design flexibility. The 
receivers shown and alternate configurations discussed 
should interest designers of cordless phones, VHF two 
way radios, remote control receivers, wireless data links 
and home security systems. 

APPENDIX - DIRECTORY OF COMPONENT MANUFACTURERS 

muRata-Erie 
2200 Lake Park Drive 
Smyrna, GA 30080 

Toko America Inc. 
1250 Feehanville Drive 
Mount Prospect, IL 60056 
Distributor - Digikey 
Distributor - Inductor Supply 

Coilcraft 
1102 Silver Lake Road 
Cary, IL 60013 

California Crystal Laboratories 

Fox Electronics 

International Crystals 

Standard Crystal Corporation 

(404) 436-1300 
ceramic filters 

(708) 297-0070 
quadrature coils 
coils, transformers 
(800) 344-4539 
(800) 854-1881 
(800) 472-8421 (California) 

(708) 639-6400 
coils 

(800) 333-9825 
crystals 

(813) 693-0099 
crystals 

(405) 236-3741 
crystals 

(818) 443-2121 
crystals 

Note: Design-in kits including printed circuit boards are available from analog marketing. Call (602) 897-3820 

Motorola does not endorse the vendors listed. 
This is a partial vendor list and no liability is assumed 

for omissions or errors in address, product line or other information. 
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The MC145170 in Basic HF and VHF Oscillators 
Prepared by: David Babin and Mark Clark 

Phase-locked loop (PLL) frequency synthesizers are com
monly found in communication gear today. The carrier 
oscillator in a transmitter and local oscillator (LO) in a receiver 
are where PLL frequency synthesizers are utilized. In some 
cellular phones, a synthesizer can also be used to generate 
90 MHz for an offset loop. In addition, synthesizers can be 
used in computers and other digital systems to create different 
clocks which are synchronized to a master clock. 

The MC145170 is available to address some ofthese applica
tions. The frequency capability of the MC145170 is very broad 
- from a few hertz to 160 MHz. 

ADVANTAGES 

Frequency synthesizers, such as the MC145170, use digital 
dividers which can be placed under MCU control. Usually, all 
that is required to change frequencies is to change the divide 
ratio of the N Counter. Tuning in less than a millisecond is 
achievable. 

The MC145170 can generate many frequencies based on the 
accuracy of a single reference source. For example, the refer
ence can be a low-cost basic crystal oscillator or a 
temperature-compensated crystal oscillator (TCXO). There
fore, high tuning accuracies can be achieved. Boosting of the 
reference frequency by 100x or more is achievable. 

ELEMENTS IN THE LOOP 

The components used in the PLL frequency synthesizer ·of 
Figure 1 are the MC145170 PLL chip, low-pass filter, and 
voltage-controlled oscillator (VCO). Sometimes a voltage
controlled multivibrator (VCM) is used in place of the VCO. 
The output of a VCM is a square wave and is usually inte
grated before being fed to other sections of the radio. The 
VCM output can be directly used in computers and other digi-
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REFERENCE 
OSCILLATOR 

Figure I. PLL Frequency Synthesizer 

tal equipment. The output of a VCO or VCM is typically 
buffered, as shown. 

As shown in Figure 2, the MC145170contains a reference os
cillator, reference counter (R Counter), VCONCM counter (N 
Counter), and phase detector. A more detailed block diagram 
is shown in the data sheet. 

HF SYNTHESIZER 

The basic information required for designing a stable high-fre
quency PLL frequency synthesizer is the frequencies 
required, tuning resolution, lock time, and overshoot. For the 
example design of Figure 3, the frequencies needed are 
9.20 MHz to 12.19 MHz. The resolution (usually the same as 
the frequency steps or channel spacing) is 230 kHz. The lock 
time is 8 ms and a maximum overshoot of approximately 15% 
is targeted. For purposes of this example, lock is considered 
to be when the frequency is within about 1 % of the final value. 

HF SYNTHESIZER LOW-PASS FILTER 

In this deSign, assume a square wave output is acceptable. To 
generate a square wave, a MC1658 VCM chip is chosen. Per 
the transfer characteristic given in the data sheet, the MC1658 
transfer function, KVCM, is approximately 1 x 108 radians! 
second/volt. The loading presented by the MC1658 control 
input is large; the maximum input current is 350 ~A. Therefore, 
an active low-pass filter is used so that loading does not affect 
the filter's response. See Figure 3. In the filter, a 2N7002 FET 
is chosen because it has very high transconductance (80 
mmhos) and low input leakage (100 nA). 

REFERENCE 
OSCILLATOR 

FROM 
VCONCM 

DIVIDE VALUE 

MULTIPLYING VALUE 

Figure 2. Detail of the MC145170 

TO 
LOW-PASS 
FILTER 
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+5V +5V +5V 

PLL 
1.5kn 

FREQUENCY BIAS 

SYNTHESIZER LOW·PASS 
VCM FILTER 

16 16 
47pF 

Rl O.OIIlF 

DATA IN MC145170 MC1658 .~ ENABLE 
CLOCK ':' 0.01 

8 9 IlF 8 

lMQ lMQ 
':' 

O.OIIlF O.OIIlF 

OUTPUT 

510Q PULLDOWN 
LOW-PASS FILTER BUFFER/FILTER 

':' 

Figure 3. HF Synthesizer 

In order to calculate the average divide value for the N Count
er, follow this procedure. First, determine the average 
frequency; this is (12.19 + 9.2)/2 = 10.695 MHz or approxi
mately 1 0.7 MHz. Next, divide this frequency by the resolution: 
10.7 MHzl230 kHz = about 47. 

Next, reference application note AN535 (see book DL 130/D 
Rev 1). The active filter chosen takes the form shown in Figure 
9 of the application note. This filter is used with the single-en
ded phase detector output of the MC145170, PDout. The 
phasedetectorassociatedwithPDouthasagainKm = VDoI411. 
For a supply of 5 V, this is 5/411 = 0.398 Vlrad. The system's 
step response is shown in Figure 4. To achieve about 15% 
overshoot, a damping factor of 0.8 is used. This causes fre
quency to settle to within 1 % at wnt = 5.5. 

The Information up to this point is as follows. 

fref = 230 kHz 
ivCM = 9.2 to 12.19 MHz; the average is 10.7 MHz, 

average N = 47 
power supply = 5 V for the phase detector 
KVCM = 1 x 108 radls/V 
overshoot = approximately 15%, yields a damping 

factor = 0.8 
lock time t = 8 ms settling to within 1 %, wnt = 5.5 
K41 or Kp = 0.398 Vlrad. 

From the application note, equation 61, wn = 5.5/t = 5.5/0.008 
= 687.5 radls. 

Equation 59 is R1C = (Kp Kv)/wn2 N 

= (0.398 x 1 x 108)/687.52 x 47 

= 1.79 

Equallon 59 Is used because of the high-galn FET. 

Next, the capacitor C is picked to be 1 1lF. Therefore, 
R1 = 1.79/C which is 1.79 MO. The standard value of 1.8 MO 
is used for R1. 

Equation 63 is R2= (2~)/C wn 

= (2 x 0.8)/(1 x 10-6 x 687.5) 
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Figure 4. Type 2 Second Order Step Response 

=2.33 kn. 
A standard value for R2 of 2.4 kn is utilized. 

HF SYNTHESIZER PROGRAMMING 

Programming the MC145170 is straightforward. The three 
registers may be programmed in a byte-oriented fashion. The 
registers retain their values as long as power is applied. Thus, 
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usually both the C and R Registers are programmed just once, 
right after power up. 

The C Register, which configures the device, is programmed 
with $CO (1 byte). This sets the phase detector to the proper 
polarity and activates PDout. This also turns off the unused 
outputs. The phase detector polarity is determined by the filter 
and the VCM. For this example, the MC1658 data sheet 
shows that a higher voltage level is needed if speed is to be 
increased. However, the low-pass filter inverts the signal from 
the phase detector (due to the active element configuration). 
Therefore, the programming of the polarity for the phase de
tector means that the POL bit must be a "1." 

The R Register is programmed for a divide value that results 
in the proper frequency at the phase detector reference input. 
In this case, 230 kHz is needed. Therefore, with the 4.6 MHz 
source shown in Figure 3, the R Register needs a value of 
$000014 (3 bytes, 20 in decimal). 

The N Register determines the frequency tuned. Tuning 9.2 
MHz requires the proper value for N to multiply up the refer
ence of 230 kHz to 9.2 MHz. This is 40 decimal. For 
12.19 MHz, the value is 53 decimal. To tune over the range, 
change the value in the N Registerwithin the range of 40 to 53 
with a 2-byte transfer. Table 1 shows the possible frequencies. 

Table 1. The HF Oscillator Frequencies 

N Value Frequency, MHz 

40 9.20 
41 9.43 
42 9.66 
43 9.89 
44 10.12 
45 10.35 
46 10.58 
47 10.81 
48 11.04 
49 11.27 
50 11.50 
51 11.73 
52 11.96 
53 12.19 

EXTRA FILTERING FOR THE HF LOOP 

When the HF oscillator was built, the proper frequencies could 
not be tuned. The output of the MC1658 was examined with 
an oscilloscope and the switching edges were discovered to 
be "ragged." That is, the output did not appear to be a square 
wave with clean transitions. 

The fin input olthe MC145170 is sensitive to 500 mV pop sig
nals, and the ragged edges were being amplified and counted 
down by the N Counter. Therefore, the edges needed cleaning 
up. One method would have been to add a low-pass filter be
tween the MC1658 and MC145170. However, because an 
additional buffer was needed elsewhere in the circuit, an 
MC74HCU04 inverter was used in place of the filter. This in
verter's frequency response is low enough to clean up the 
ragged edges. That is, filtering of the ragged edges occurred, 
and the output had smoother transitions. As mentioned pre
viously, one of the elements in the inverter package was used 
to buffer the output of the VCM before feeding it to the outside 
world. See Figure 3. 
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VHF SYNTHESIZER 
The MC145170 may be used in VHF designs, also. The range 
forthis next example is 140to 160 MHz in 100 kHz increments. 

VHF SYNTHESIZER LOW-PASS FILTER 

To illustrate design with the doubled-ended phase detector, 
the <jlR and <jlv outputs are used. This requires an operational 
amplifier, as shown in Figure 5. From the design guidelines 
shown in the MC145170 data sheet, the following equations 
are used: 

_JKlpKVCO 
OJn - N C R1 (1 ) 

damping factor (2) 

where, from Ihe data sheet, the equalion for the $R and $V phase deleclor, 

K<jl = VDD = 2.. = 0.796 V/rad (3) 
21t 21t 

1; = 0.707, 

OJn = 21tfR = 21t x 100 kHz = 12,566 rad/s (4) 
50 50 

and 

K _ 21t II fVCO 
VCO- II VVCO 

21t x (160 -140 MHz) 

10 - 2 

= 1.57 x 107 rad/sN (5) 

The control voltage range on the input to the veo is picked to be 2 to 10 V. 
The average frequency= (140 + 160)/2 = 150 MHz. Therefore, 
the average N = 1500. 
The above choices for 1; and OJn are rules of thumb that are a 
good design starting point. A larger OJn value results in faster 
loop lock times and higher reference frequency VCO 
sidebands for similar sideband filtering. (See Advanced 
Considerations.) 
Choosing C1 to be 4700 pF, R1 is calculated from the 
rearranged expression for OJn as: 

R1= KlpKVCO = (0.796 V/rad)(1.57 x 107 rad/sN) 

c10lnN (4700 pF)(12,566 rad/s)2 (1500) 

= 11.23 kQ 

Therefore, chose an 1 t kn standard value resistor. 
R2 is determined from: 

R2 = 3.. = (2)(0.707) 
OJnC1 (12,566)(4700 pF) 

(6) 

= 23.94 ill or (7) 
2.4 kQ (standard value) 

VHF SYNTHESIZER EXTRA FILTERING 

For more demanding applications, extra filtering is sometimes 
added. This reduces the VCO sidebands caused by a small 
amount of the reference frequency feeding through the filter. 
One form of this filtering consists of spitting R1 into two resis
tors; each resistor is one-half the value of R1, as indicated by 
R1I2 in Figure 5. Capacitors Cc are added from the midpoints 
to ground to further filter the reference sidebands. The value 
of Cc is chosen so that the corner frequency of this added net-
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work does not significantly affect the original loop bandwidth 
WB· 
The rule of thumb for an initial value is Cc = 4 / ( R 1 wRC), 
where wRC is the filter cutoff frequency. A good value is to 
choose wRC to be 1 0 x wB, so as to not significantly impact the 
original filter. 

(8) 

= 12,566)1+(2)(0.707)2+ h+(4)(0.707)2+ (4)(0.707)4 

= 25,760 rad/s 

WRC = 10 wB = (10)(25,760) = 257,600 rad/s (9) 

CC= __ 4 __ = 4 
R1wRC (11.23 kn)(257,600 rad/s) 

(10) 

= 1383 pF = 1500 pF 

There is also a filter formed at the inputto the VCO. Again, this 
should be selected to ensure that it does not significantly affect 
the loop bandwidth. For this example, the filter is dominated 
by R14 with C5. The capacitance of the varactors (in series 
with the rest of the circuit) is much smaller than C5 and can 
therefore be neglected for this calculation. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

As above,let wRC = 257,600 rad/s be the cutoff ofthis filter. R1 
was previously chosen to be 10 kn. Therefore, 

C5 = ___ 1 __ = ..,.,..."".,..,._1-:-:----:--, 
wRCR14 (257,600)(10 kn) 

(11 ) 

= 388 pF = 390 pF 

THE VARACTOR 

The MV2115 was selected for its tuning ratio of 2.6 to 1. The 
capacitance can be changed from 49.1 pF to 127.7 pF over a 
reverse bias swing of 2 to 30 volts. Contact your Motorola rep
resentative for information regarding the MV2115 varactor 
diode. 

For example, three parameters are considered. 
CT = Nominal capacitance 
CR = Capacitance ratio 
fR = Frequency ratio 

CR= Cvmin = (Vmax)P 
Cvmax Vmin 

where p = the capacitance expcnent 

(12) 

AN1207 
4-239 



Therefore, 

log(2.6) = plog(15) 

p = log(2.6)/log(15) = 0.3528 

Using the nominal capacitance of 100 pF at 4 volts: 

Solving for Cvmax: 

Solving for Cvmin: 

THE veo 

100 pF = (~\0.3528 
Cvmax 4V) 

100 pF = 1.382 
Cvmax 

100 pF = 72.4 F 
1.382 P 

2.6= Cvmin 
49.1 pF 

Cvmin = (2.6)(49.1 pF) 

Cvmin = 127.7 pF 

(13) 

(14) 

(15) 

(16) 

(17) 

For convenience, the MC1648 VCO is selected. The tuning 
range of the VCO may be calculated as 

where 

fmax = (Cdmax + Cs)0.5 

fmin (Cdmin + Cs)0.5 

fmin = 1 
27t[L(Cdmax + Cs)]0.5 

(18) 

(19) 

As shown in Figure 8 of the data sheet, the VCO tank circuit 
is comprised of two varactors and an inductor. Typically, a 
single varactor might be used in either a series or parallel 
configuration. However, the second varactor has a two-fold 
purpose. First, if the1 ° kQ isolating impedance is left in place, 
the varactors add in series for a smaller capacitance. Second, 
the added varactor acts to eliminate distortion due to the tank 
voltage changing. 

Therefore, with the two varactors in series, Cdmax' = 
CdmaX/2. The shunt capacitance (input plus extemal capaci
tance) is symbolized by Cs. 

Therefore, solving for the inductance: 

L = 1 19.9 nH ~ 20 nH (20) 
(21tfmin)2(Cdmax' + Cs) 

The Q of the inductor should be more than 100 for best perfor
mance. 

f . = 1 _ 135 MHz (21) 
min 27t[(19.9 nH)(69.85 pF)]0.5 
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f = 1 = 173 MHz (22) 
max 27t[(19.9 nH)(42.2 pF)]0.5 

The frequency ratio is 1.5 to 1 and is impacted by the tuning 
range of the MV2115 varactor diode used in the tank circuit. 
Therefore, the required range of 140 to 160 MHz is not limited 
by this VCO design. 

A pc board should be used to obtain favorable results with this 
VHF circuit. The lead lengths in the tank circuit should be kept 
short to minimize parasitic inductance. The length of the trace 
from the VCO output to the PLL input should be kept as short 
as possible. In addition, use of surface-mount components is 
recommended to help minimize strays. 

VHF SYNTHESIZER PROGRAMMING 

Again, programming the three registers of the MC145170 is 
straightforward. Also, usually both the C and the R Registers 
are programmed only once, after power up. 

The C Registerconfigures the device and is programmed with 
$80 (1 byte). This sets the phase detector to the correct polar
ity and activates the <VR and <VV outputs while turning off the 
other outputs. Like the HF oscillator, the phase detector polar
ity is determined by how the filter is hooked up and the VCO. 

The R Register is programmed for a divide value that delivers 
the proper frequency at the phase detector reference input. In 
this case, 100 kHz is needed. Therefore, with the 1 MHz crys
tal shown, the R Register needs a value of $OOOOOA (3 bytes, 
10 in decirnal). 

The N Register deterrnines the frequency tuned. To tune 140 
MHz, the value required for N to multiply up the reference of 
100 kHz to 140 MHz is 1400 decimal. For 160 MHz, the value 
is 1600 decimal. To tune over the range, simply change the 
value in the N Register with a 2-byte transfer. 

ADVANCED CONSIDERATIONS 
The circuit of Figure 5 may not function at very-high tempera
ture. The reason is that the MC145170 is guaranteed to a 
maximum frequency of 160 MHz at 85°C. Therefore, there is 
no margin for overshoot (reference Figure 4) at high temper
ature. There are two possible solutions: (1) maintain the 
ambient temperature at less than 60°C, or (2) limit the tuning 
to less than 160 MHz. 

Operational amplifiers are usually too noisy for critical applica
tions. Therefore, if an active element is required in the 
integrator, one or more discrete transistors are utilized. These 
may be FETs or bipolar devices. However, active filter ele
ments are not needed if the VCO loading is not severe, such 
as is encountered with most discrete VCO designs. Because 
active elements add noise, some performance parameters 
are improved if they are not used. On the other hand, an active 
filter can be used to scale up the VCO control voltage. For 
example, to tune a wide range, the control voltage may have 
to range up to 10 V. For a 5 V PLL output, this would be scaled 
by 2x via use of active elements. 

Some applications have requirements that must be met in the 
areas of phase noise and reference suppression. These pa
rameters are in conflict with fast lock times. That is, as lock 
times are reduced, reference suppression becomes more dif
ficult. Both reference suppression and phase noise are 
advanced areas that are covered in several.publications. As 
an example, consider that the VCO input voltage range for 
the above VHF loop was merely picked to be 8 V. Advanced 
techniques demand a trade off between this voltage range and 
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the spectral purity of the VCO output. This Is because the 
lower the control voltage range, the more sensitive the VCO 
is to noise coming Into its control input. 

A VCO IC may not offer enough performance for some 
applications. Therefore, the VCO may have to be designed 
from discrete components. 

Figure 6 shows the performance of the VHF Oscillator proto
type on a spectrum analyzer. Note that the reference 

I 

sidebands appear at 100 kHz as expected, and are 50 dB 
down. 

REFERENCES 
CMOS Application-Specific Standard ICs, book DL130/D, 
Motorola, 1990, MC145170 data sheet and AN535 application 
note. 
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Figure 6. VHF Oscillator Perfonnance 
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_ SEMICONDUCTOR 

APPLICATION NOTE AR254 #1 

Analyze, don't estimate, phase-lock-loop 
performance of type-2, third-order systems. You can do the 
job with a programmable-calculator in 48 steps, or less. 

Phase-lock loops certainly have many uses, especial
l~' in frequency synthesizers, but exact mathematical 
calculation of their transfer functions is difficult. This 
is particularly true for type-2, third-order systems 
(Fig. 1), which don't produce steady-state phase errors 
for step-position or velocity signal inputs. However, 
a small programmable calculator, the HP-25, easily 
-and exactly-determines the complete loop transfer 
function in 48 steps. In addition, the program data 
re\'eals the noise reduction you can expect for the 
loop's voltage-controlled oscillator (VCO), as well as 
the loop's stability. 

Most other design approaches must resort to second
order loop approximations to simplify calculations; a 
more exact method manually would take too long. 

Unlike a type-! loop, a type-2 loop has two true 
integrators within the loop-a VCO and an 
integrator/filter after the phase detector. Replacing 
the integrator/filter with a passive-RC, low-pass filter 
results in the more common type-! response, which 
doesn't have the phase coherence for step and velocity 
inputs between the two signal inputs to the phase 
comparator that the type-2 has. 

Moreover, a third-order loop-the order is usually 
determined by the transfer function of the 
integrator/filter (FlS,)-can reduce VCO noise sub
stantiall~', without increasing reference-frequency 
sidebands in the output signal. These sidebands 
hamper simpler loop-circuit performance. 

The transfer function of a generalized phase-lock 
loop can be represented as follows (Fig. 2): 

00 (s) = G,,, 
H; (s) 1 + G,)-I" , 

\\·here. from Fig. 1 

(1) 

G'<I = (Kp)(F,,,)(K/s) (2) 
and H, = liN. (3) 
The phase comparator transfer function is Kp and N 
is a digital counter/divider factor. 

A t~'pical integrator/filter built around an op amp 
(Fig. 3) has a transfer function determined by the 
amplifier-circuit's closed-loop gain, 

Zr 
ACL = -, 

Andrzej B. Przedpelski, Vice President of Development. 
A.R.F. Products Inc .. 2559 75th 5t.. Boulder. CO 8030l. 

1. A type-2 phase-lock loop has two true integrators-the 
integrator/filter (Fsl and the VCO (K, I. Replacing the 
integrator/filter with a passive-RC network converts the 
circuit to a type-1 system. 

2. The phase-lock loop's generalized open-loop transfer 
function, GIS) HIs), has a third-order denominator-from 
which the circuit's name is derived. 

C2 

3. An integrator/filter circuit can be built with a wideband 
op amp and RC feedback network. 

Reprinted with permission from Electronic Design, May 10, 1978 (Vol. 26, No. 10). Copyright "1978, Hayden Publishing Co., Inc. 
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Table 1. Third order type-2 PLL 
Display Key 

Line Code Enlry Remarks Registers 

00 RO 
01 1573 (g)n 
02 61 x 

03 02 2 R1 T1 
04 61 x 

05 2307 ST07 

06 2403 RCL3 R2 T2 
07 61 x 
08 01 1 
09 1509 (g)"'P R3 T3 
10 2304 ST04 
11 22 R~ 

12 2402 RCL2 R4 
13 2407 RCl7 
14 61 x 
15 32 CHS R5 Kp Kv 
16 01 1 -N-

17 32 CHS 
18 1509 (g)-P R6 
19 2404 RCL4 
20 71 
21 2405 RCL5 R7 
22 61 x 
23 2401 RCL1 
24 71 
25 2407 RCL7 
26 1502 (g) x' 
27 71 
28 2304 ST04 
29 1408 (I) log 
30 02 2 
31 00 0 
32 61 x IGJwHiwl 
33 74 RIS 
34 22 RI 
35 21 x~y 

36 41 - La 
37 74 R/S 

38 2404 RCL4 

39 1409 (I)+R 

40 01 1 

41 51 + 
42 1509 (g)+P 

43 1522 (g)1/X 
44 1408 (I) log 
45 02 2 
46 00 0 
47 61 x e/en 

48 1300 GTO 00 

49 
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where Z, = R, 
Zr = impedance of feedback network 

The transform of the feedback network is 
1 

s(C,+C,)+ R, 
Zc(s) = ----1-=' 

sC,(sC,+ R} 

(4) 

(5) 

and the integrator/filter transfer function is then 
1 

_s(C,+C,) + R, 
F(s) = 1 ' (6) 

C,R,(sC,+ R} 

Multiply Eq. 6 by R,/R" then 

or 

where 

FIs ) = - s(C,R,+C,R,)+ 1 (7) 
sC,R,(sC,R,+ 1) 

sT,+l 
FI,) = - --'---, 

sT,(sT3+ 1) 
T, =R,C, 
T, = R,(C, + C,) 
T3 = R,C, 

(8) 

The open-loop transfer function of Fig. 2 is G(sff(,) 
therefore, from Eqs. 2, 3 and 8 

G l-T - s(T,)(K,Kp) + K,K p (9) 
(s}i-.L(s) -

s3NT,T3 + s'NT, 
Note the third-order denominator, from which the 

circuit's name-third-order-loop-is derived. Note 
also the deletion of the minus sign: the circuit con
figuration (a phase inverter) provides the negative 
feedback. Both Kp and K, are positive. 

If you substitute jw for s in Eq. 9, you can get the 
equation for plotting the magnitude and phase of the 
circuit's open-loop gain as a function of frequency: 

Step 

G(jw)i(jw) = - jw(T,) (K){p) + K){p. (10) 
jw3NT,Ta + w'NT, 

Instructions 

Input 
Datal 
Units Keys 

Output 
0."1 
Units 
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Table 2. Calculated loop response 

Frequ,ency 1-'-:--:--
Hz 

100 
1000 

10,000 
94;650 

100,000 
1,000,000 

10,000,000 
*Unity-gain point ~"Maximum overshoot 

A servo-loop damping factor that appears in lower
order loops is not defined in third-order loops. Instead 
you determine stability by the phase margin between 
-180° and the phase at a frequency where the gain 
is unity in the open-loop gain function, GjJ-Ij~ The 
larger the phase margin, the more stable the system. 
A phase margin of about 45° produces an adequately 
damped loop. More than 45° means greater stability 
and, of course, the system may oscillate when the 
margin approaches zero. 

Feedback also reduces noise 

Not only does feedback determine the system's 
stability, but it also delineates its noise-output charac
teristics. When running free, the VCO is considerably 
more "noisy" than is the circuit's reference crystal 
oscillator. But the circuit's feedback loop substantially 
reduces the VCO's output-noise spectrum, especially, 
at low frequencies. This particular reduction is for
tunate, because the VCO's noise output has 1/f charac
teristics: high-frequency noise tends to fall off without 
outside help, but the low frequency needs the help. 

An approximate expression for the loop's output 
phase noise is 

,------------------.J [( I e/en I )(ev)]2 + [(N)(eJ]2, (11) 
where e, = crystal-oscillator noise. 

e" = VCO noise. 
(e/e n) = loop's response to VCO noise. 

And the loop's response to the VCO noise is 
1 (e/e n) = . (12) 

1 + G(,JiI'1 
Although G(,Ji(,) determined from Eq. 9 is complex, 

only the magnitude of (e/e n) from Eq. 12 is used in 
Eq. 11. Note: The greater the open-loop transfer 
function, G1,JiI,), the smaller the (e/eJ, and the lower 
the loop's output noise. However, note also that the 
reference crystal oscillator's noise contribution is 
multiplied by the divider constant, N, though, hopeful
ly, the crystal-oscillator noise is low. 

In addition, you can get a check on the system's 
stability by plotting the loop's response to VCO noise 
(e/e n ), obtained from Eq. 12, versus frequency. You'll 
find that the curve has a high-pass response with a 
12-dB/octave slope. For best stability, any overshoot 
at the cutoff frequency should be less than 6 dB. Of 
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course, lower overshoot represents higher stability. 
Clearly, the loop's mathematical analysis depends 

mainly upon calculation of GUwJiuwl in Eq. 10. 

Now comes the program 

To make the calculator program simpler, rewrite 
Eq. 10 as follows: 

Guw)HIJwl = ~;~:2 [ ~~~2: \ ] (13) 

Table 1 contains the program that solves Eq. 13. It 
provides both the magnitude and phase angle, il, of 
the open-loop response, G(j .. ,)H(jw), given Tlo T2, Ta, 
K K/N and frequency, f(w=21rf). The open-loop re
s;onse magnitude is given in dB and its phase in 
degrees. Also, the magnitude of the loop's VCO noise 
response (Eq. 12) is given in dB. If answers in dB aren't 
required, however, seven steps can be eliminated. 

To see how the program works, consider a 960-MHz 
transmitter recently proposed for a Navy application. 
It calls for a phase-lock loop with the following 
characteristics to generate the 960 MHz: 

N 64 
R, 10,000 n 
C, 4700 X 10-'2 F 
R2 330 n 
C2 470 X 10-12 F 
Kp 0.25 V Irad 
Kv 3 X 109 (rad/s)/V 

The stable crystal-oscillator reference frequency 
used is 15 MHz. The frequency divider and phase 
comparator are built with ECL logic. From the circuit 
component values and transfer constants we obtain: 

T, 4.7 X 10-5 s 
T2 1.706 X 10-6 s 
T3 1.551 X 10-7 s 

(KvKp)/N 11.72 X 106/s 
The calculator program provided the results in 

Table 2. Note that the phase margin at unity gain 
corresponding to 94,650 Hz is 40.15°; thus the loop is 
fairly stable. Further, the loop's response to VCO noise 
shows a maximum overshoot of 3.30 dB at 100,000 Hz, 
which confirms the loop's stability (less than 6-dB 
overshoot). If the phase margin is too small or you 
want overdamped loop operation, the program allows 
you to check the effects of parameter changes and get 
the performance you want, quickly. However, keep all 
additional circuit poles above the area of interest, since 
they reduce phase margin and stability. In addition, 
don't ignore the effects of stray capacitances. And use 
a high-gain op amp with a wide frequency response 
and a VCO with a wide modulation bandwidth .•• 
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APPLICATION NOTE AR254 #2 

Optimize phase-lock loops to meet 
your needs-or determine why you can't 

The time constants of a PLL's integrator/filter 
are the keys to controlling a loop's performance. 
In the integrator/filter, you can trade off circuit 

parameters most easily to meet your needs. The other 
loop components (Fig. 1) have simple, real-valued 
transfer functions (Kv , K p , N) that can't be changed 
as easily. But the integrator/filter's transfer function 
(FB ), detailed in Fig. Ic is the source of the high-order 
complex function in the following equation for open
loop gain: 

G (jw) H (jw) = [ --:jw T, - 1] , 
JwT, + 1 

(1) 

where 
T!, T" T, = time constants defined in Fig. lc, sec

onds 
Kp = phase-detector gain constant, volts/radi

an 
Kv = voltage-controlled-oscillator (VeO) sen

sitivity, radians/second/volt 
N = frequency devisor 
w = (27l'f) frequency, radians 

Usually, Kp , Kv and N are given, but you can choose 
T" T, and Ta to give you the loop performance you 
want. Generally, of course, you want the loop to be 
stable, to attenuate the reference frequency and to 
reduce veo noise. But stability, being an absolute 
necessity, gets priority. The other two requirements, 
unfortunately. are inversely dependent and must be 
traded off against each other. 

A damping factur to control stability as in simpler 
secund-order loups can't be readily defined in the 
third-order loop of Fig. 1. Instead, the phase margin 

In ED No. 10, May 10, 1978, p. 120, A. B. Przedpelski 
advised: "A wt/yze, dOll't es tirnate, phase-lack-loop 
pel/Ol'1llance. " He showed how to calculate the per
for1lla.//(;( (~r a given type-2, third-order PLL system 
with a 41i-step jil'ogram for an HP-25 programmable 
calculator. This article will show you how to optimize 
such a PLL to your requirements. But you will 
discover that you may not be able to get ail require
ments simultaneously. Compromises may be neces
sary. 

Andrzej B. Przedpelski, Vice President of Development, 
A.R.F. Products Inc .. 2559 75th St.. Boulder. CO 80301. 

FROM CRYSTAL 
REFERENCE 
OSCILLATOR 
IN 
SYNTHESIZERS 
(fr) 

C2 

CI 
R2 

INTEGRATOR / FILTER 

Tl :: RI·Ct 
T2= R2(CI+C2.1 
T3= R2·C2 

[NwD 

fo:: Nfr 

1. A phase-lock loop (a) with two integrators (b) is classi
fied type 2. And the order-third, in this case-is estab
lished by the characteristics of the integrator/filter (c). 
Time constants T], T2 and T3 determine the integrator/fil
ter's detailed performance. 

Reprinted with permission from Electronic Design, September 13, 1978 (Vol. 26, No. 19). Copyright ©1978, Hayden Publishing Co., Inc. 
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OPEN-LOOP RESPONSE- [Gis) His)] 

___ -----18o. 

~--------------L-______ _L __ ~~ __ ~O· 
t, t, 

FREQUENCY 

2. This open-loop gain/phase plot shows a typical phase 
displacement from -180'. When the frequency, fa, which 
corresponds to O-dB gain, is made to align with the 
maximum phase displacement. calculating Tl, T, and T3 
is simplified. 

NOISE -REDUCTION 

OOB _R~G\ ____ _ 

e/en = I+G(~)H(S) 

FREQUENCY 

3. Increase fo and you increase the noise-reduction region 
-the shaded area bounded by the O-dB line and the noise
attenuation curve. 

-the difference between 180° and the phase of the 
open-loop transfer function, where the gain is one
becomes the criterion for stability. Fig. 2 is a typical 
open-loop response curve showing both amplitude and 
phase response, and the phase margin. 

The asymptotic slope of the amplitude curve is fixed 
at 40 dB per octave by the loop's integrator/filter and 
VCO. The phase delay would be constant at -180°, 
except for the phase lead introduced at middle fre
quencies by the transfer function F(s). This phase lead 
provides the phase margin that ensures loop stability. 

45°-a good compromise 

The phase margin should be between 30° and 70° 
for most applications. The larger the phase margin, 
the more stable the loop. But a large phase margin 
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not only slows the response, it also increases output 
sidebands and reduces the loop's VCO-noise sup
pression capability. Thus, a phase margin of about 45° 
is a good compromise between desired sta.bility and 
the other generally undesired effects. 

Ideally, a phase comparator provides an error signal 
that is proportional to the phase difference between 
its two inputs, and nothing else. But in practice, some 
of the reference frequency, fr, always leak through 
the comparator, which frequency modulates the out
put signal to produce undesirable sideband frequen
cies. Shifting the open-loop gain-amplitude curve of 
G (jw) H (jw) Fig. 2 to the left would attenuate fr and 
the sidebands. But such a shift also would weaken the 
circuit's VCO-noise suppression capability. 

A typical VCO noise-reduction plot is shown in Fig. 
3. Noise attentuates in the region that lies to the left 
of the curve and below the O-dB line (shown cross
hatched). The unity-gain frequency, fo, defines the 
noise reduction: It's directly proportional to fo. Clearly, 
then, shifting the G (jw) H (jw) curve to the right by 
increasing fo will also increase the VCO noise-reduc
tion region-which is opposite the requirement for 
reducing the sidebands. Thus, as so often happens, you 
must compromise. Locate the point of minimum phase 
shift (inflection point of the phase response, Fig. 2) 
exactly at fo, the unity-gain value. 

The inflection point is strategic 

Locating fo at the phase inflection point is 
strategically valuable, because it will help solve for 
the value of T,. But first you must determine T •. 
Accordingly, from Eq. 1 the phase margin, q" is 

q, = tan -'w T, - tan-' w T. + 180°. (2) 
Differentiate q, with respect to wand set the result 
equal to zero to locate wo, and the result is . 

...it. = T, T, = 0 
dw 1 + (wT,)' 1 + (w T,)' 

Solving Eq. 3 then gives you 
1 

Wo = .jT, T, 

And substituting Eq. 4 into Eq. 2 gives you 
tan q, = T, - T, 

2 -./T,T. 

(3) 

(4) 

(5) 

Finally, plug Eq. 4 into Eq. 5 and re-arrange to get 
T, = secq, -.t~n~ (6) 

Wo 

Then re-arrange Eq. 5 to get 
T, =_._1_ 

wo'T, 
(7) 

Since you want the gain to be one at the phase-

MOTOROLA COMMUNICATIONS DEVICE DATA 



4. This plot of a PLL's open-loop transfer function con
firms the design-parameter choices-a 45° phase margin 

inflection point, solve for T, in Eq. 1 with 
G (jw) H (jw) = 1; as a result, 

(8) 

The 41 steps 

The program in the table solves Eqs. 6, 7 and 8 in 
41 steps with an HP-25 programmable calculator. Of 
course, the program can be adapted to other program
mable calculators. 

To illustrate the program's procedure, consider a 
PLL that must produce an output of 16.95 MHz from 
a 5-kHz reference, f,. The phase comparator, veo and 
divider transfer functions are as follows: 

Kp = 0.19 V Irad 
Kv = 10.6 X 10' rad/s/V 
N = 3390 

For stability, start with a phase margin of 45° and 
an fo of about 1/50 of f,. Thus, with 

'" = 45° 
and 

MOTOROLA COMMUNICATIONS DEVICE DATA 

at an fo of 100 Hz and unity gain. The loop is stable. but 
some adjustments may be desirable. 

fo = 5000/50 
= 100 Hz, 

calculate T" T, and T, with the program: You get 
T, = 3.63 X 1(i's 
T, = 3.84 X 1(i's 
T, = 6.59 X 1(i's 

But with those time constants you would need 
components with nonstandard values. However, if you 
select standard capacitors and resistors as follows: 

e, = 0.33 J.lF, R, = 12 k lI, 
e, = 0.068 I'F, R, = 10 k lI, 

you get the following time constants: 
T, = 3.96 X 10--'s 
T, = 3.98 X 10--'s 
T, = 6.8 X 10--'s 

which are close enough for a first try. 

Verifying the results 

To verify the results, the open-loop transfer func
tion, G (jw) H (jw), and noise response, e/en , were 
calculated with the program provided in the previous 

AN254#2 
4-247 



article and plotted in Figs. 4 and 5. The curves confirm 
that the design is stable with a maximum phase 
margin of 45° at a frequency where the open-loop gain 
is about unity. And the veo noise-reduction curve 
shows a moderate 3.2-dB overshoot with noise fre
quencies below about 70 Hz in the attenuation region. 

Still, adjustments may be desired. For instance, if 
you want more reference-frequency (fr) attenuation, 
the G (jw) H (jw) curve can be shifted to the left. Move 
fo one decade (to about 10 Hz) and you'll increase the fr 
attenuation by 40 dB. Or, if noise frequencies above 
70 Hz are bothersome, you can shift the G Ow) H (jw) 
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5. The noise-response calculation corresponding to Fig. 
4 shows that VCO noise is attenuated below about 70 Hz. 

curve to the right by increasing fo. 
lf you still aren't satisfied, you can change the phase 

margin. Reduce the margin and you improve both fr 
and VeO~noise attenuation-but then you lose some 
stability .•• 
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Suppress phase-lock-loop sidebands 
without introducing instability 

Phase-lock loops: Part Three 
The first two parts of this series showed how to 

analyze and then optimize type-2, third-order PLL 
systems and provided simple calculator programs for 
an HP-25 to do the otherwise tedious computations. 1.2 
This article takes you a step further and shows how 
to suppress sidebands, especially undesired when the 
PLL is used in frequency-synthesis systems. 

F requency synthesis, a major application of the 
phase-lock loop (PLL), always involves PLL-per

formance compromise: keeping loop bandwidth as 
wide as possible to reduce acquisition time and 
voltage-controlled oscillator noise, and at the same 
time suppressing reference-frequency sidebands that 
can pass through wide bandwidths (Fig. 1). 

Fortunately, the reference frequency is con
siderably above the required loop bandwidth in most 
cases, which alleviates the sideband problem to some 
extent. But for heavy suppression of undesired side
bands, extra filtering is necessary. However, it must 
be done carefully so as not to introduce loop instabili
ty. Three filtering circuits, none of which reduce 
bandwidth or yeO-noise attenuation can help solve 
the problem. In fact, an active LP-filtering technique, 
the most versatile and efficient of the three, is 
programmed on an HP-25 to speed the design. 

All methods assume that the PLL, a type-2 third
order 100p,1 meets all requirements! except adequate 
reference-frequency sideband suppression. The three 
approaches include Re, active-notch and active-LP 
filtering. The PPL's phase margin serves as a measure 
of loop stability, since the damping-factor concept isn't 
applicable to third-order 100ps:2 phase margins be
tween 30° and 45° are minimum criteria for stable 
operation. And the filter's action in reducing the 

. feedforward gain, G(jw), at the sideband frequencies 
is the criterion for the suppression effectiveness. 

Since H(jw) is equal to liN, a constant, then the 
open-loop gain, G(jw)H(jw) in Eq. 1, can be used as 
a measure of this sideband-suppression effectiveness: 

Andrzej B. Przedpelskl, Vice President of Development, 
A.R.F. Products Inc., 2559 75th St., Boulder, CO 80301. 

GOw) 

REFERENCE ,;::::===:;--;::;;;;;;:;;:;;:;:;--;==~ 
FREQUENCY 

~ ~~ 
(5 kHz) (16.95 

® 

C2 
INTEGRATOR/FILTER 0.047 ~F 

RI 

HOw) 

Kp-0.19 V/rac! 
Kv.l0.6 x 10' rads/V 
N-3390 

MHz) 

TI- RI·CI·2.2 .10 ... 
T2 - R2 (CI + C2) 2.67110'" 
T3 ·R20C2-0.47.10'" 

_ Slmltorto_'n __ L.oaoo: 

=~~SIfi.I/2~~)-. _ ... ' __ IIId __ 

1. A phase-lock-loop frequency synthesizer (a) generates 
16.95 MHz from a crystal-oscillator reference frequency 
of 5 kHz. To help suppress sidebands, a sideband-sup
pression filter is added in tandem with the output of the 
loop's original integrator/filter circuit (b). 

Table 1_ Filter suppression/phase margin tradeoffs 

Phase 
Circuit Phase margin First- Second-

margin deteriora- sideband sideband 
tion reduction reduction 

OriRinal 44· 
R~ .Iow-pass 

RC = 3 x 
32 10'" 12· 20 dB 26 dB 

NfCh filter 
= 10 44 0 ... * 0 
= 1 43 1 ... * 1.5 
= 0.1 31 13 ... * 16.5 

:secono-
order active 

d = 0.707 34 10 28 40 
d = 0.1 42 2 28 40 

"Theoretical-actual value about 40 dB. 

G(jw)H(jw) = K y Kp [ -jwT. -1 ] (1) 
NT,,,,' jwT. +1 ' 

Kp= gain constant of the phase detector, 
Ky = veo sensitivity, 

Reprinted with permission from Electronic Design, September 13, 1979 (Vol. 27, No. 19). Copyright "'1979, Hayden Publishing Co., Inc. 
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Table 2. Third-order PLL with two-pole low-pass filter 

48 
49' IG s Hsi 

N -= counter divide ratio, 

2d 

w 

TJ, T2, T3-= integrator/filter time constants. 

Simple but limited 

The simplest approach adds in series with the 
Integrator/Filter an Re low-pass section (Fig. 2a), 
whose cutoff frequency is larger than the upper end 
of the loop's bandwidth. For illustration, let the value 
of Re be 3 X 10-4 s for the frequency-synthesizer 
example outlined in Fig. 1. (A larger value would 
reduce sidebands more, but would also decrease the 
phase margin too much.) With a value of 3 X 10-4 s, 
the phase margin remains within a "safe" 300 -to-45°. 

AN254#3 
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2 Store Wo STO 0 
Tl STO 1 
T2 STO 2 
T3 STO 3 
Kv ENTER 
Kp x 
N STO 5 
d ENTER 2 x 

STO 6 

3 Enter w STO 7 

4 Calculate 

5 Repeat steps 3 and 4 
for other values of 
freauency. t» 

(f) PRGM RI .ePhase 
b'=--+---+----1 margin 
I-'-R::...c/S~+--+--lIG(s) H(s)1 

The open-loop transfer function then becomes: 

GGw)HGw) -= K.Kp [ -jwT,-l ], (2) 
NT 1W' jw(T. +T.)+ 1 +w·T. T. 

where T4 is the additional Re time constant. 
Solving Eq. 1 at frequencies of 5 and 10 kHz shows 

that the first sideband (at 5 kHz) is reduced a 
respectable 20 dB and the second sideband (at 10 kHz) 
even more to 26 dB. But the phase margin also is 
reduced to a marginal 32° (Table 1). 

However, an active Re notch filter (Fig. 2) gives 
much more attenuation at the first sideband (5 kHz) 
and is more flexible in some applications. Its gain is 

AGw) -= 1 , (3) 
.[ W o ]+1 
JW Q(w'-wo') 

where w.-= the notch frequency (2rl.), 
Q-= the circuit Q. 

The open-loop transfer function, the product of Eqs. 
1 and 3, is 

GGw)HGw) -= K.Kp X 
NT,w' 

[ 
-jwT.-1 ,1'(4) 

jw (T.- Q(W;~wo'») +w'T.( Q(w"~wo'») + ~ 
Although the notch frequency w. must be fixed at 

the reference frequency, the value of Q can vary. 
Theoretically, the reference frequency receives in
finite attenuation. Actually, only about 40 dB can be 
realized, even under ideal conditions. Evaluation of 
Eq. 4 for Q's of 10, 1 and 0.1 shows that high Q values 
produce negligible phase-margin deterioration, but 
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ACTIVE RC NOTCH FILTER 

RC LOW-PASS 

2. Many filter configurations can be used to suppress 
sidebands. The simplest is a low-pass RC circuit (a). 
Somewhat more flexible is an active RC notch filter (b). 

attenuation of the second harmonic of the reference 
frequency is small or zero (Table 1). At a Q of 0.1, 
however, the second harmonic is reduced 16.5 dB, but 
then the phase margin suffers. 

Most versatile, however, is a second-order, active, 
low-pass filter with variable damping (Fig. 2c). Its 
gain (with "s" functions of its more familiar form 
replaced by jw) is:3 

wn' A(jw) = ----"---
-w'+2djwwn+wn' 

(5) 

where wn= the filter's natural pole frequency, 
d= the filter's damping factor. 

This time, multiplying Eqs. 1 and 5, the over-all 
open-loop transfer function becomes 

G(jw)H(jw) wn"KvKp X 
NT,w' 

[ 
-jwT.-l J (6) 

jw[2dwn+T.(w"-w)]+ [w"-w'-2dT.wnw'] J 
If Wn is chosen to be 6283 (2 11" X 1000) at damping 

factors of 0.707 (Butterworth response) and 0.1 (16-
dB peak Chebyshev), Eq. 6 gives the same sideband 
attenuation for both damping factors, but the high
ripple Chebyshev deteriorates the phase margin least 
(Table 1 and Fig. 3). 

Since both the pole frequency and the damping 
factor can be varied in Eq. 5, the circuit it represents 
is most versatile. Therefore, Eq. 6 is programmed for 
easy solution on an HP-25 (Table 2) in 49 steps. 
However, for easier stability evaluation, the program 
solves directly for the phase margin-the difference 
between 1800 and the open-loop transfer-function 
angle-rather than the phase angle itself. 

Clearly, the simple RC circuit is least efficient. It 
gives the least sideband attenuation and the largest 
phase-margin deterioration. The notch filter, although 
theoretically capable of very high attenuation of the 
first sidebands only with very small phase-margin 
deterioration, generally requires component toler-
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C2'~ 
7r fa R 

CI=-_'
(27rfo R)2C2 

fo '~~~~i~g 

SECOND-ORDER ACTIVE LOW-PASS FILTER 

C I 

d'.J% 
w·-' -

n R.jCiC2 

But of all filters, a second-order active low-pass filter (c) 
is most versatile, since two of its parameters are indepen
dently adj ustable. 

40 

!50 00 !500 
FREQUENCY IHzl 

3. A plot of open-loop gain and phase response of the 
system in Fig. 1 compares sideband suppression at 5 and 
10 kHz without an extra filter with that of a simple RC 
and an active, second-order filter. 

ances too critical for other than some special applica
tions. The more complex, active, second-order low
pass filter, however, can be tailored to most applica
tions-illustrating an often observed design 
phenomenon: the more complex the circuit the better 
the performance. Of course, then, more complex filter 
circuits than those used in the examples may offer 
even better solutions to sideband reduction .•• 
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Calculate the noise spectral density and short-term frequency stability in a 
PLL with a programmable calculator, and vary the parameters to trade off 
thenoiselfunctional performance requirements. 

Programmable calculator 
computes PLL noise, stability 

This article is the fourth by the author on phase
locked loops, starting with '~nalyze, Don'tEstimate, 
Phase-Lock-Loop Performance" (May 10, 1978, p. 
120); then "OptimizePhase-Lock-Loops toMeet Your 
Needs"(Sept. 18, 1978, p.134);followed by "Suppress 
Phase-Lock-Loop Sidebands without Introducing In
stability" (Sept. 13, 1979, p. 142). 

The circuit constants of a phase-lock loop can be 
optimized not only for performance requirements 
(acquisition time, sideband levels, step response, and 
stability, among others), but also for noise output 
and the resulting short-term (or "instantaneous") 
frequency stability. Because most other frequency
generation methods lack this versatile performance, 
and noise and stability control, phase-lock loops 
(PLLs) are preferable for frequency synthesis. 
Moreover, a programmable HP-19C (or 21C) calcu
lator· with the proper program makes the design 
tradeoffs between noise effects and functional per
formance requirements relatively easy to determine. 

A properly designed frequency synthesizer derived 
from a PLL (Fig. 1, top) will offer a high degree of 
flexibility and long-term frequency stability. In a 
PLL, the frequency of the stable reference oscillator 
(say, a quartz-crystal circuit) can be multiplied by 
a precisely controlled factor over a very wide range. 
Although the PLL may seem more complicated than 
the conventional so-called frequency-multiplier 
circuit (Fig. 1, bottom), in practice, the PLL· is more 
efficient more compact, and considerably wider in 
bandwidth. All the advantages increase as the multi-
plication factor increases. . 

In most PLL frequency synthesizers, the.primary 
concern is the functional performance-a problem 
that has been treated extensively.' Even the theo
retical aspects of phase noise in low-noise signal 
sources have been extensively covered.····· However, 

"ndrzel B. Przedpelskl, Vice President of Development 
A.R.F. Products. Inc. 
2559 75 St.. Boulder. CO 80301 

f.=Nf. 

PLL and conventional frequency multiplier 

1. Although the PLL frequency multiplier (top) looks more 
complex than the conventional multlpller(bottom), It Is in fact 
more compact and more flexible, and can handle a much 
wider frequency range. 

~~ ~ L_. __ 
!. l),lf 

.I -r - I 
~ I I c! . ' .... At r--

I 
TIme (min) 

I 
J 

Frequency modulation ........ by-./ .. 
/. 

TIme( ... ) . 

2. Short-term frequency stability can be far worse (bottom) 
than the long·term average of a PLL system (top). 

Reprinted with permission from Electronic Design, March 31, 1981 (Vol. 29, No.7). Copyright "'1981, Hayden Publishing Co., Inc. 
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PLL noise and stability 

specific methods for calculating the noise and short
term frequency stability and details of the tradeoffs 
are generally not available, except for some recent 
work by the National Bureau of Standards on low
noise signal sources."'" 

Short-term (or "instantaneously" sampled) fre
quency stability, in the millisecond range, is particu
larly important for accuracy in position-finding 
applications, as in LORAN navigation and various 
radar and sonar Doppler systems. Even though 
frequency drift over a short time generally is less 
than the average long-term frequency drift, instan
taneously measured samples show much wider vari
ations in the frequency swings caused by phase noise 
in the signal source (Fig. 2). 

The overall phase-noise, or spectral-density out
put, S.(w)O, of a PLU is found by 

S 1 1 .(w)VCO 1 +G(w)H(w) + 

1 G(w) I' 
S.(w)REF I+G(w)H(w) 

where S.(w)VCO is the open-loop spectral density of 
phase fluctuations in the PLL's voltage-controlled 
oscillator (VCO) and S.(w)REF is the equivalent spec
tral density of fluctuations in the reference os
cillator. These phase fluctuations are measured in 
rad'/Hz, but generally plotted in dBc, which is 
10 10glO S.(w)' More commonly, however, vendor-

Phase 
computation 

[K,] 

~ 
L-a-J 

>--~---o 

To=1/27rlo T2 =Rz (C 1 +C .. l 

T, :.; R,C, T)= R"C .. 

A" 0:: op-amp de gain: fo = frequency at -3-d8 gain 

3. For a filth·order PLL, four of the time constants are 
determined by the integrator/filler circuit, and the fifth Is 
determined by the veo. 
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supplied phase-noise data, designated £(w), and also 
measured in dBc, are for single-sideband noise. (The 
dBc designation is defined as 10 log,o of the ratio 
between the output from a spectrum analyzer with 
a I-Hz bandwidth and the signal's carrier level.) 
Accordingly, 

£(w) = 10 log,o(V2)S.(w) (per rad'), 
assuming that 

£(-w) = £(w). 
Therefore, to convert £(w) data to "straight" S.(w) 

data, add 3 dB to the £(w) data and take the antilog. 
An HP-19C program (see "Noise in a 5th-order 

PLL") calculates this single-sideband noise, where 
G(w)H(w) is the open-loop gain of the PLL.' The feed
back path, H(w), is simply liN; and G(w) equals 

(KpKvlwT,) (jwT, + 1) 

Optimized for functional performance, the following 
circuit constants are used for a typical PLL (Fig. 3): 

Ao = 320,000 
To = 7.96 X 10-' s 
Tv = 1.59 X 10-' s 
T, = 2.408 X 10-' s 
T2 ;= 2.491 X 10-6 s 
T, = 4.700 X 10-' s 
Kp = 314 X 10' V Irad 
Kv = 0.16 rad/V 
N =20. 

The single-sideband phase noise, when calculated 
by the program for a range of so-called Fourier 
frequencies (offsets from a carrier, f = wI2,,), can 
be plotted as in Fig. 4 (dotted line). Although this 
output phase noise can be reduced by varying circuit 
constants to illcrease the loop's bandwidth, proceed 
with caution, because other desirable operating char
acteristics (such as circuit stability or speed of 
response) could be compromised. The program, how
ever, offers an easy way to determine how systematic 
changes in the parameters affect noise. 

Oscillator noise should be low 

In addition to the calculated PLL noise, Fig. 4 
shows a plot of the SSB-noise characteristics of the 
circuit's VCO and crystal-reference oscillator. The 
oscillators are the main source of phase noise in a 
PLL. The information for plotting their noise can 
be obtained from the manufacturers of the os
cillators, or from measurements made by the user. 

Where noise reduction is of prime importance, 
select oscillators that generate minimum noise and 
have noise spectral densities that complement each 
other (as in Fig. 5). The point at which the two curves 
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Noise In 5th order PLL 
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PLL noise and stability 

crosB is called the crossover frequency (f,). This 
frequency is an important parameter for optimizing 
a PLL's noise characteristics. 

In Fig. 5, the VCO noise-distribution plot is divided 
into three characteristic regions. High-quality os
cillators generally exhibit this spectral-density rela
tionship. In region I, S,,(O is typically proportional 
to 1If", so-called flicker-frequency noise; in region 
II, S"(O is proportional to 11£2, so-called white-fre
quency noise; and in region III, S,,(e) is constant, so
called white-phase noise. Beyond region III, the 
bandwidth limitation of the circuit at~enuates the 

Ill'· ill' 
~ouriert!8quenoy (HZ) . 

4. A PLL·ls optimized for performance characteristics, such 
as stability, response time, and sideband levels; but the noise 
characteristics generally fall where they may, as exemplified 
In this plot of a fifth-order PLL. 
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5. The "optimum" PLL output-noise characteristic Is the one 
that coincides most closely with the PLL's Intersecting 
reference crystal oscillator and VeO-osclllator noise 
characteristics (heavy lines). A high damping-factor value 
(such as d = 10) makes the best correspondence with this 
criterion. 
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noise to negligible levels. 
Region I noise stems from fluctuations in 

oscillatorccircuit frequency-control components; re
gion II, from thermal noise in the oscillator's gain 
element; and region III, from additive thermal noise 
from other elements of the circuit (including the gain 
element). 

A plot of the optimum phase-noise characteristic 
of a PLL would coincide with the lower parts of the 
two oscillator curves (heavy lines in Fig. 5). 

The type-2, second-order PLLcircuit in Fig. 6 helps 
to illustrate how closely this' condition can be ap
proached. This circuit can be generalized by relating 
the integrator's time constants (T, and T.) and the 
VCO's and phase comparator's transfer coefficients 
(K. and Kp) with a damping factor (d), and with the 
reference and VCO crossover frequency (f, = 
w,/2'11-), as follows: 

d = (T/2) .jKpK.lTl; d»l 
T. = 4d'lw, 
T, = T.KpK.lw,. 

When these circuit parameters are considered 
together with the circuit's open-loop gain (note: 
H(w) = 1), 

G(w)H(w) = KpK. (-jwT.-1), 
T,w' 

and substituted in the phase-noise equation for 
S<f>(w)O, the PLL's spectral density becomes 

l' w· w· 

S<f>(W)RE{ (2d) ( ~ ~ + ( ~) • ] 
( 1 ~) + (We) 

4d'w' w 

The "Optimizing PLL Phase Noise" program with 
its subroutine 0, solves this equation for any F~urier 
frequency (f = wI2'11"). In Fig. 5, solutions are shown 
for damping-factor values (d) of 0.5, 1.0, and 10. 

The largest damping.factor (d = 10) causes the 
noise curve to approach the "optimum" noise charac
teristic most closely-when it lies completely be
tween the VCO/reference-oscillator lines and as 
closely as possible to the lower lines. To satisfy this 
criterion, the curve generally passes through the 
frequency crossover point previously mentioned. 
Larger damping values than 10 will provide little 
further improvement. In fact, a larger damping value 
would slow response more than it would lower the 
noise output. Special cases may require low damping 
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Subroutine 0 must be performed before the 
time constants can be calculated with subroutine 1 
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factors-a value of 1 or even 0.5-to get a faster 
response or the special noise-distribution shapes that 
these lower damping factors produce. 

After the phase-noise characteristics (based on the 
fc of the oscillators and a selected damping factor) 
have been calculated, a second part of the optimizing 
program (subroutine 1) can then be used to calculate 
the time constants T, and T, for the given Kp and 
Kv of a type-2 second-order PLL. 

Determining a PLL's short-term frequency stabil
ity requires integration of the spectral density of the 
phase fluctuations to obtain the so-called Allan 
variance (a dimensionless measure of stability, 
where u,' is ..If!f in a short sample period). Thus 

u,'(T,fh) = __ 2_ f'jS.(f) sin' (1I'fT)df, 
(TV1I')' 0 

where T is the sampling time (in seconds), v is the 
long-term average frequency (in Hz), and fh is the 
bandwidth, or maximum excursion of the offset from 
the carrier (the maximum Fourier frequency). 

Figure 7 (top) shows the relationship between 
frequency or phase and the frequency spectral-noise 
densities, along with the resultant short-term fre
quency stabilities, for several distinct types of phase 
or frequency noise. A typical complex signal source 
(such as a PLL) could have a combined short-term 
frequency;stability as in Fig. 7 (bottom). But such 
noise types generally do not obey simple integer
power curves and, therefore, pose a problem: The 
Allan equation dges not have a closed-form solution 
for fractional powers, so it cannot be used directly. 
Nevertheless, very accurate answers can be obtained 
with Simpson's Rule and a programmable calculator. 

Although the Allan equation requires integration 
over the Fourier frequency range of 0 to fh' the low
frequency limit of 0 Hz cannot be used in a log-log 
Simpson's Rule integration. Fortunately, frequen-

G(W) = ~:: (-JwT2-1) 

T2=4d2Jwc. Tl=T2Kp K,Iw c 

6. The phase-output noise in this type-2 second-order PLL 
can be optimized by adjusting the damping factor(d) in 
relation to the oscillator-noise crossover frequency (fel. 
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Whlte~ phase 
noise ~ 

S¢(f) 

f 

Whlte~ frequ,ency ~> 
nOise 

S¢(f) 
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nOise "" 

S¢(f) 

f 

(log) 

1 
U~'l 

White·phase I 
nOise region I 

""I Y :,,"1 ~ 
fiT 

"I ~I : ""1 ~ 
fiT 

'~I ~ :~"I "I 
f I. T 
Frequency Time 

domain I domain 

t~~j~:r;~;i~~~ r'Os ____ ,..,~T-I.0 _--(' "Long-term" 

I : fr~~~~~y I Flicker- r fret~~~~~~rifl 
I noise region I frequency I temperature 
I : noise region: effects, aging) 

(log) 

7. The distribution olthe dlfferenllypes offrequency and 
phase noise can be expressed as line segments that 
represent powers of frequency or tlme(top), and the overall 
distribution of a system can be shown by combining 
appropriate segments (bottom). 

cies below (211'Th)-', where Th is the longest sampling 
time, do not contribute appreciably to the value of 
the Allan variance. The longest sampling time for 
short-term effects is generally 1 s; therefore, for a 
measuring-system bandwidth of 1000 Hz, just the 
Fourier frequencies between about 0.16 and an fh of 
1000 Hz need be considered. (Since the manufacturer 
did not supply data below 2 Hz for the reference 
oscillator and veo used in Fig. 5; a new oscillator 
with data to 0.1 Hz was substituted in Fig. 8, top.) 

As shown in Fig. 7 (bottom) and Fig. 8 (top), the 
phase-noise curves can be approximated with 
straight-line segments. The segments are plotted on 
semilog paper with S.1f) measured in dBc on the 
vertical axis. Therefore, the segments, 

y = axb, 

can be established from the end points on their phase
noise curves-where S.(f,) and S.(f.) correspond to the 
low-frequency (f,) and the high-frequency (f,) end 
points, as follows: 

b = 

and 10 (log f, - log f,) 
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Allan variance calculations 

Keys Output 
Data/Units 

5504 
4541 05 

5505 
1300 
1306 
2513 

·251405 
03 

5500 
'1407 
14.00 
2523 
45.06 
2563 

55&~ 
51 

1642 
2553 
2553 
5506 
5507 
1654 
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( S.(£,I - 10 h log f,1 ) 

10 • 
a = 10 

With coefficients a and b established for each line 
segment, the contributions of each segment to the 
overall Allan variance d,' can be calculated with the 
approximate Allan equation, 

by. a modified Simpson's Rule program supplied by 
Hewlett-Packard (HP-19C/29C Applications' Book, 
1977). The Simpson's Rule is incorporated into the 

Ca.lculated short-term stability 

Device Segment I 

Reference f, = 0.1 Hz, I, = 10 Hz 
oscillator 

a = 1.26 x 10-". b = -1.40 
T/nI0.001/l0 10.01/10 10.1120 111100 
uy'l1.1o x 10-21 11.05 x 10-2514.80 x 10-2511.76 x 10-" 

Voltage· f, = 0.1 Hz, f, = 10 Hz 
controlled 
oscillator a = 5.01 x 10-", b = -3.90 

T/n10.001110 10.01/10 J 0.1120 111100 
uy'14.49 x 10-2114.39 x 10-2511.34 x 10-2318.10 x 10-23 

PLL I, = 0.1 Hz, I, = 100 Hz 
output 

a = 4.64 x 10-", b = -1.83 
Tin I 0.00111 0 10.01/20 j 0.1/100 J 1/1000 

uy'12.43 x 10-" 11.46 x 10-23 11.19 x 10-" 18.21 x 10-" 

DevIce Segment II 

Reference I, = 10 Hz, I, = 100 Hz 
oscillator 

a = 1.26 x 10-", b = -0.40 
T/nI0.001l10 10.01/20 I 0.11100 1111000 
uy'13.27 x 10-2318.22 x 10'''17.56 x 10-"17.56 x 10-21 

Voltage· I, = 10 Hz, I, = 100 Hz 
controlled 
oscillator a = 6.31 x 10-", b = -2.00 

T/nI0.001/l0 I 0.01120 10.1/100 1111000 

uy'j1.59 x 10 "11.06 x 10-2311.63 x 10 2511.27 X 10-21 

PLL f, = 100 Hz, I, = 1000 Hz 
output 

a = 2.51 x 10-", b = -0.70 
T/nI0.001/20 10.Q11100 jO.l/1000 11/10,000 
uy'll.04 x 10 21 11.00 x 10 2311.01 x 10 "11.01 x 10 21 

Device Segment III 

Reference I, = 100 Hz, I, = 1000 Hz 
oscillator 

a = 2.00 x 10-", b = 0.00 
T/nI0.001l20 I 0.011100 10.1/1000 11110,000 

uy'16.08 x to'" 15.47 x 10-" 15.47 x 10-" 15.47 X 10-" 

Voltage· I, = 100 Hz, f, = 1000 Hz 
controlled 
oscillator a = 6.31 x 10-", b = -0.50 

T/nI0.001l20 I 0/01/100 10.111000 11/10,000 

uy' 18.88 x 10-" 18.27 x 10-" 18.28 x 10 "I 
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-so 

-60 
-70 

i-aD 
e 
o 
~-90 

§ 
~ .... 
~ -100 

"; u: -110 

.~ -120 
~ 
1l 
~ -130 

~ 
'5 -140 

'" .~ 

~-150 

'i! 

veo 

/ 

1-160+-------~--------~------~~------., 
0.1 1.0 10 

Fourier frequency (Hz) 

Output 

/', 

100 1000 

10.13+ _____ .,. _______ .,. ________ ... 
0.001 0.01 0.1 1.0 

Sampling time, T (s) --__ .., __ 

Short-term frequency stability 

8. The phase-noise characteristics ofthe reference oscillator 
and the veo can be expressed with three straight-line 
segments (I,ll, and III); and the PLL output, by two (top). 
The short-term stability In terms of the Allan variance can 
then be calculated by keying the required coefficients as 
determined from the coordinates ofthese line-segment ends 
Into the calculator (see Table)and plotting the results 
(bottom). 

AN254 #4 
4-259 



complete program for an HP-19C calculator-"Allan 
Variance Calculations." With a, b, v, and T estab
lished, the only decision remaining is the number 
of intervals, n, into which the segments must be 
divided. The more intervals chosen, the more ac
curate the calculation, but the longer the calculation 
takes. A good choice for a minimum n value (which 
must be an even number) is 

n ~ 10 [T(f, - f,)]. 
The calculation time, then, is 0.056 n + 0.15 min. 

To illustrate an application of the Allan variance 
calculations, the (a and b) program coefficients for 
the straight-line segments making up the VCO, 
reference oscillator, and overall output noise were 
determined from Fig. 8 (top). The coefficients are 
listed in the "Calculated Short-term Stability" table. 
Sample times of 1, 10, 100, and 1000 ms and end 
frequencies of 0.1, 10, and 1000 Hz were employed. 

With these inputs, u/ was determined with the 
Allan variance program. The frequency stability, 

Uy(T) = v2:u/(T,fh), 

was calculated, after summing the individual u/ 
contributions of each segment. A plot of uy VB 

sampling time for the VCO, reference, and output 
is shown in Fig. 8 (bottom).D 
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OPERATION OF THE MC14469 
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Austin, Texas 

The MC14469 is an addressable asynchronous receiver transmitter that finds ap
plications in control of remote devices, transfer of data to and from remote locations 
on a shared wire and as an interface from remote sensors to a central processor. 

OPERATION OF THE MCl4469 
The MCl4469 is an asynchronous receiver/transmitter 

fabricated in metal-gate CMOS technology. The asyn
chronous data format consists of a serial stream of data bits, 
preceded by a start bit and followed by one or more stop bits. 
The asynchronous data format is used to eliminate the need 
to transmit the system clock along with the data bit stream. 
The fact that the MCl4469 is made in CMOS technology 
means that it offers the high noise immunity and low power 
consumption characteristic of this technology. 

The MCl4469 can receive one or two eleven-bit words in a 
serial data stream. The first received word contains a seven
bit address and if it matches the programmed address of the 
receiver. the transmitter can be enabled to transmit its two 
data words. The 7 bits of the received address word must cor
relate bit by bit with the 7 address pins of the MCI4469. A 
second word may optionally be received for data or control 
use. This word will contain seven data bits which will be 
latched onto the command data outputs if it has a valid com
mand format. With 7 address lines, 27 or 128 separate units 
may be interconnected for simplex or full duplex data 
transmission. The MCI4469 is capable of operation at data 
rates in excess of 30,000 baud controlled by an on chip 
oscillator. Applications include transmitting data from 
remote A/D converters, temperature sensors, or remote 
digital transducers as well as single line control of remote 
devices such as motors, lights or security devices. 

DEVICE OPERATION 
As shown in the block diagram of Figure I, the MCI4469 

consists of three different sections: the receiver, the transmit
ter, and the oscillator. The receiver must receive (at least) a 
valid address on its receive data input (pin 19) in order to set 
up the necessary internal conditions to allow the transmitter 
to transmit its two data words. The address word consists of 

MOTOROLA COMMUNICATIONS DEVICE DATA 

a start bit, seven address bits, the address identifier, an even 
parity bit and a stop bit. The address will be valid only if: a) 
the seven address bits match the address that is programmed 
on input pins AD through A6, b) if the address identifier is 
high, and c) if the state of the parity bit causes the total 
number of ones in the address word, including the address 
identifier and parity bit, to be even. After reception of a valid 
address, the MCI4469 can optionally receive a command 
word. Similar to the address word, the command consists of 
a start bit, seven data bits, a command identifier, an even 
parity bit and a stop bit. The command will be valid if the 
command identifier is low and the total number of ones, in
cluding the parity bit, is even. The reception of either a valid 
address or both valid address and a valid command can be 
used to set up the necessary internal conditions for transmis
sion. The format of address and command words is shown in 
Figure 2. 

Upon receipt of a valid address data stream, the MCI4469 
generates a valid address pulse (V AP) which in turn sets the 
internal valid address latch (VAL) and the internal send 
enable latch (SEL). See Figure 3 for a timing diagram. SEL 
remains high for eight data bit times or until the send input 
(pin 30) is taken high. If SEL is allowed to time out and a 
valid command word is subsequently received, a command 
strobe (CS) is generated which sets SEL high again. It again 
remains high for eight data bit times after being set. 
However, once the valid address latch (VAL) is set high, it 
will remain high until SEND goes high and resets it. 

In order for the MCl4469 to transmit its two data words, 
SEND must receive a rising edge while the valid address latch 
and send enable latch are both set high. Therefore, a send in
put must occur within eight bit times after the generation of 
either a valid address pulse or a command strobe, depending 
on the system configuration. After eight bit times. SEL will 
time out and transmission will be inhibited. 
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Figure lAo MCl4469 Block Diagram 
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(CO-eel 
Command Data 

OSC1 

OSC2 

Pin Assignments 

VOO 

CS 

54 

56 

TRO 

Transmit 

100-107 150-$71 

Data Rate Clock 

Receive Data Strobe 

Receive Data Strobe Enable 
1-86 

SEND going high resets VAL and SEL, and initiates the 
transmission of the data defined by input pins 11-18 and the 
status word defined by input pins 22-29. The transmitted 
words each contain a start bit, eight data bits, an even parity 
bit and a stop bit, all in UART compatible format. The 
transmitted data has the format shown in Figure 3. Note that 
the transmitted data must be inverted before being presented 
to the receiving device. This is usually accomplished by the 
line driver or transistor used to drive the common transmit 
wire. 

OSCILLATOR OPERATION 
The oscillator can be controlled by a ceramic resonator, a 

crystal or by an externally generated clock, and will typically 
operate at frequencies up to 2 MHz at a VDD of 12 V. The 
oscillator frequency is divided by 64 to derive the receive data 
strobe and the data rate clock. Thus, the data bit period is 64 
times the oscillator period. To allow for maximum phase jit
ter, the receive data strobe is centered at the middle of each 
data bit. The receipt of a start bit initiates the receive data 
strobe and synchronizes the strobe to the receive data bit 
stream. 

Since data is sent asynchronously, the transmit oscillator 
and receive oscillator must be the same frequency to ensure 
that the receive data strobe occurs at the middle of the bit 
period. The maximum permissible variation in oscillator fre
quency between a transmitting unit and a receiving unit can 
be such that over the entire receive data word time the total 
error is plus or minus one-half data bit period. 
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Figure lAo Data Format 

,0( Address .,0( f 
------~15T' TIT TTl .-rP~ 

I:.:J _ 1_.1.. L- .J.. .1...L.J "'L J"'" "' 
." Address MC14469 

Pin Number 

S .,0( Command ., 

~STr 'T TTl T'~rpJTs::-:p:----"' t.:2.i. .1. ...1 ...L .J. .J...J. ~ 
Command 

Pin Designation 
4 5 6 7 8 9 10 Identifier 

AO A1 A2A3 A4A5A6 

MC6B50 
ACIA Pin Number 22 21 20 19 18 17 16 
Pin Designation DO 01 02 03 04 05 06 

39 3B 37 36 35 34 33 Identifier 
CO C1 C2 C3 C4 C5 C6 

22 21 20 19 18 17 16 
DO 01 02 03 04 05 06 

'"'IO(~----Input Oata------i.~'0(~-----5tatus-----i.-t, 

r:::;rT T"T T", T T T:"'1~nr;:;r T,T'" T"'T "T T' 
____ -'1 5T L .J. .l. ..L .J. ..J.. ..L ..L. J.. P ~ 5T L..J. .J. ..L ..J. .J. .J. .J.. .J. P ....... 5_P _____ _ 

MC14469 
Pin Numbers 
Pin Designation 

MC6B50 

11 12 13 14 15 16 17 18 
100101102103104105106107 

ACIA Pin Number 22 21 20 19 18 17 16 15 
Pin Designation DO 01 02 03 04 05 06 07 

Note: Pin numbers apply to plastic DIP only. 

29 28 27 26 25 24 23 22 
50 51 52 53 54 55 56 57 

22 21 20 19 18 17 16 15 
DO 01 02 03 04 05 06 07 

Figure 2B. Example Data Words 
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.,0( 
Address Word 

(0100000) 

RECEIVE DATA 

·1 I... Command Word ., 
1+--- (0001101) -------;~ 

r r 

I nsu J " ~'---+--+--t---' 
t:: 0 ~ '" M ... '" <D Q 
l!! iii f/) 

.~ 
a. 
.9 .. 

0.. 
f/) 

TRANSMIT DATA (Inverted) 

t:: 
l!! 
f/) 

o .-N('f')OVLO 

iii 

Input Data Word I 5tatus Word I "'Io(t---- (01010111) ----:-_i • .,""o(t----- (10111000) -------l.~ 
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Figure 3. Typical Receive/Send Cycle 

M M 
Address S Command S 
~ B S ,------A-------B S 

VDD SOl 2 3 4 5 6 7 P SOl 234 5 6 7 P 
vss~x~~~~~1x~]K~~~~J------------------~R~eC-e~iv-e-r~ln-p-ut-(~R~11----------------

I 
I 
I 

Valid Address Pulse In 
(VAP) ~,~------------------------------------------------------

I 
I 

. I Internal Valid 1...-______________________ ---, 
Address Latch --+i !-__________________________________ _ 
(VAll I 

I 
I 
I 

Internal Send ---!Jr---------.....,L-J .. ------.....,L-__________________________________ _ 
Enable Latch I 
(SEll I 

I 
Command Strobe ____________________ -'nL-______ ~-----------------------------------
Output (CS) 

Send Input. 'II (Send) --------------------~----~ L-____________________________ __ 

M M 
Iss 
I B S B S 

Transmit Out VDDIsFR)("D<rl<Tx~~1E1.EWJ<:2<!i<!)<!X:!<:2<:BlP: P-
(TRO) -------------....;;;.""T 0 1 2 3 4 5 6 7 TO 1 234567 

Each received data word consists of 11 bits, and thus the 
variation in oscillators cannot be more than half a bit time 
divided by II bit times or 4.5010. 

The internal oscillator active circuitry consists of a normal 
CMOS inverter. When a high value resistor is used to provide 
DC feedback, the inverter is biased into its linear region and 
acts as an AC simplifier. The size of the feedback resistor is 
unimportant but needs to be small enough to overcome 
leakages and large enough to not load the oscillator output. 
Values in the range of I MO to 22 MO are common. 

With the inverter biased as an AC amplifier the usual 
oscillator design is the Pierce type oscillator using a parallel 
resonant crystal. See Figure 4. Two capacitors, one from in
put to ground and one from output to ground, present the re
quired capacitive load to the crystal. The series connection of 
the capacitors through ground avoids feedback of signal 
through the parallel capacitive path. An inductor or ceramic 
resonator can be substituted for the crystal to form a Colpitts 
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oscillator ususally at less cost than a crystal but at the expense 
of frequency stability. 

MODES OF OPERATION 
The various modes of operation of the MCI4469 are 

discussed below. For most applications, the send input is tied 
to either V AP or CS for fully automatic operations. If this is 
not done, the send input must receive a rising edge within 
eight bit times after V AP or CS in order for a transmission to 
occur. 

It is possible to operate the MCI4469 in a receive only 
mode by tying SEND to VSS. The device can receive valid 
address words only or both address and command words. 
Three different modes of operation of the MCI4469 are 
possible depending on the signal used to drive the SEND in
put. These are RECEIVE ONLY MODE, SEND EQUALS 
YAP and SEND EQUALS CS. 
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Figure 4. Oscillator Circuit 

MCI4469 
Internal 

Oscillator 

.,O;.:;sc;:;.,.:.I_-_1'\j5-'IIM~-__ --. Osc 2" - -

-:r
C1 

Note: Ceramic Resonators 

C2-:r 

Note: For externally 
generated clock. 
drive Pin 1. float Pin 2. 

307.2 kHz ± 1 kHz for 4800 Baud Rate 
Cl~50 pF 
C2~200 pF 

RECEIVE ONLY MODE 
If the MCl4469 is in the receive only mode (i.e., if SEND 

is tied to V SS) and if it is receiving valid address words only, 
it will respond with a valid address pulse after every other 
valid address. The intervening addresses will cause no out
put. The reason for this can be seen by examining the flow 
chart (Figure 5). 

Assume the MCl4469 has been reset, the receiver is in
itialized and is ready to be addressed. If the MSB of the first 
word received is a one (signifying an address), the device 
checks to see if the valid address and send enable latches are 
set. If neither is set, and if the word is a valid address, VAL 
and SEL are set and a valid address pulse is generated. If 
SEND is not taken high within eight bit times, SEL is reset 
and the device is re-initialized and ready to receive a com
mand. If the next word received is an address rather than a 
command, the MCl4469 will find that VAL is still set. It will 
then reset VAL, initialize the receiver, and wait for another 
address to be sent. As a result, the second consecutive ad
dress to be received will not result in the generation of a 
V AP. This problem does not arise when the device is enabled 
to transmit every time it is addressed, since VAL is reset dur
ing the transmission cycle; Notice that once VAL has been set 
by the reception of a valid address, the only way it can be 
reset without rejecting an address is by going through the 
transmission cycle. 

A similar situation arises when the MCl4469 is in the 
receive only mode and valid addresses and valid commands 
are alternately received. On the reception of the first valid 
address, VAL and SEL are set and a V AP is generated. After 
eight bit times, SEL is reset and the receiver is re-initialized. 
If the next received word is a command, the MSB will be 
zero, and when the device checks the valid address latch, it 
will find that it is set. If the command word has a valid for
mat, it will be latched onto the command data outputs 
(Co-C6). A command strobe will be generated and the send 
enable latch will be set. Once again SEL will be reset after 
eight bit times and the receiver will be re-initialized. Thus, 
the reception of the first valid address and command words 
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will result in the generation of a valid address pulse and a 
command strobe respectively, as expected. However, since 
data has not been transmitted, the next incoming address 
word will be rejected because the valid address latch has not 
been reset. The MCl4469 will then reset VAL and re
initialize the receiver. The following word is a command 
word and because the valid address latch is not set, the com
mand is also rejected and the receiver is re-intialized. 

The next address and command words received will result 
in the generation of a V AP and CS. Thus, in the receive only 
mode, every other address and command words will be re
jected. 

SEND EQUALS VAP 
If only addresses are being received and if V AP is tied to 

SEND, a V AP is generated and data is transmitted when a 
valid address is received. Normally the transmit cycle is com
pleted before a new address word is received. It is possible, 
however, for the reception of a new address to overlap the 
transmission of data. If this occurs, the current transmission 
is completed before the transmitter is allowed to start 
another transmission (see Figure 5). 

If address and command words are alternately received 
while SEND is tied to V AP, a V AP is generated every time an 
address is received. The transmission of data begins as soon 
as a V AP is generated. This results in VAL and SEL being 
reset before completion of the received command word and 
causes the command word to be ignored. 

SEND EQUALS CS 
If SEND is tied to CS and if address and command words 

are alternately received, a V AP and CS are generated every 
time an address and command are received. Data is transmit
ted every time a CS is generated. Once again, data transmis
sion can overlap the reception of a new address and com
mand word. However, the current transmission will be al
lowed to finish transmitting (see Figure 5). 
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Figure S. Flow Chart of MCl4469 Operation 
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THE MCl4469 AS A MASTER TRANSMITTER 
The MCl4469 can transmit only after it has received a 

valid address. For this reason it is usually considered to be a 
remote or slave device controlled by a UART, MPU or 
similar control system. However, it is possible to use the 
MCl4469 as a master transmitter by giving it a start pulse on 
its receive input that has the format of a valid address. The 
idea is to set the address of the MCl4469 that is to be used as 
a master transmitter in such a way that a valid address will 
consist of a single pulse which goes low for a certain number 
of bit times and then goes back high and remains high. This 
will allow the use of a one-shot or RC network to generate a 
start pulse which will look like a valid address to the 
MCl4469. On receiving the start pulse, the MCl4469 will 

generate a valid address pulse which can be tied to the SEND 
input in order to initiate a transmission. 

As shown in Figure 2B, if the address of the MCl4469 has 
an even number of ones, the parity bit will be high. The ad
dress identifier and stop bit are also high. Therefore, if the 
address begins with any odd number of zeros and ends with 
an even number of ones, the address wo~d (start pulse) will 
need to go low for the start bit, stay low for an odd number 
of address bits, go high for the rest of the address bits, the 
address identifier, parity and stop bits. For example, if the 
address of the MCl4469 is set to hex 00, a valid address will 
consist of a signal which goes low for eight bit times and then 
goes back high (see Figures 6 and 7). The other addresses for 
which the scheme will work are hex 60, hex 78 and hex 7E. 

Figure 6. 
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Infrared Sensing and Data Transmission 
Fundamentals 
Prepared by: Dave Hyder 
Field Applications Engineer 

Many applications today benefit greatly from electrical iso
lation of assemblies, require remote control, or need to sense 
a position or presence. Infrared light is an excellent solution 
for these situations due to low cost, ease of use, ready avail
ability of components, and freedom from licensing require
ments or interference concerns that may be required by RF 
techniques. Construction of these systems is not difficult, but 
many designers are not familiar with the principles involved. 
The purpose of this applicetion note is to present a "primer" 
on those techniques and thus speed their implementation. 

THE GENERAL PROBLEM 

Figure 1 represents a generalized IR system. The transmitting 
portion presents by far the simplest hurdle. All that needs to 
be accomplished is to drive the light source such that sufficient 
power is launched at the intended frequency to produce ad
equate reception. This is quite easy to do, and specific circuits 
will be presented later. 

LIGHT SOURCE ~ 
RECEIVER PROCESSING 

Usually Infrared Amprofi~ati9n f-- Data Separation 
and Altaring 

Figure 1. Simplified IR Sensing/Data Transmission 
System 

The bulk of the challenge lies in the receiving area, with 
several factors to consider. The ambient light environment is 
a primary concern. Competing with the feeble IR transmitted 
signal are light soUrces of relatively high power, such as local 
incandescent sources, fluorescent lighting, and sunlight. 

+ 

These contribute to the problem in two ways. First, they pro
duce an ambient level of stimulation to the detector that ap
pears as a dc bias which can cause decreased sensitivity and, 
worst of all, seturation in some types of detectors. Second, 
they provide a noise level often 60 dB greater than the desired 
signal, especially in the form of the 50 or 60 Hz power fre
quency. Also, recall that the sensitivity of silicon photo de
tectors extends well into the visible range. This sensitivity, 
albeit reduced, causes severe interference since the sources 
in this region are often of significant power, e.g., incendescent 
lighting and sunlight. In addition to the visible component, 
both produce large amounts of infrared energy, especially 
sunlight. 

Some IR applicetions are not exposed to this competition, 
and for them dc excitation of the source may be adequate. 
These include some position sensing areas and slow data links 
over short distances. 

But the bulk of IR needs require a distance greater than 30 
cm, speeds greater than 300 baud, and exposure to interferin,g 
elements. For these needs high-frequency excitation of the 
source is necessery. This ac drive permits much easier am
plification of the detected signal, filtering of lower frequency 
components, and is not difficult to produce at the driving end. 
Optical filtering for removal of the visible spectrum is usually 
required in addition to the electrical, but this too is quite simple. 

A WORD ABOUT DETECTORS 

Figure 2 shows the three basic detection schemes: a pho
totransistor, a Darlington phototransistor, and a photodiode. 
All three produce hole-electron pairs in response to photons 
striking a junction. This is seen as a current when they are 
swept across the junction by the bias voltage, but they differ 
greatly in ot!1er respects. 

+ + 

MRD821 

(al PHOTOTRANSISTOR Ibl DARLINGTON PHOTOTRANSISTOR (el PHOTO DIODE 
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Figure 2. The Basic Detectors for IR Photosensing 
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The most sensitive is the Darlington. The penalties are tem
perature drift, very-low tolerance to saturation, and speeds, 
limited to about 5 kHz (usually much less). Next is the single 
transistor, having similar penalties (but to a lesser degree), 
with speeds limited to less than 10 kHz. Typically, they are 
limited to less than half that number. These two detectors 
normally find their use in enclosed environments, where ample 
source intensity is available to provide large voltage outputs 
without much additional circuitry (their prime advantage). 
Their detection area is almost never exposed to ambient light. , 

In virtually all remote-control applications (implying dis
tance), the diode is the detector of choice. This is due primarily 
to its near-freedom from saturation, even in most sunlit en
vironments. The penalty is sensitivity, often in the nanoamp 
or low microamp region, but balanced by response speed in 
the nanosecond range. This permits transmission frequencies 
in the 50-100 kHz area, providing ample data rates, inexpensive 
amplification, and easy filtering of noise. 

For more information on the intemal characteristics of these 
devices, see the appropriate section of the Motorola Optoe
lectronics data book (#DL118/D). 

SHORT DISTANCES 

Many applications in position sensing lend themselves well 
to the sensitive, if slow, nature of phototransistors. When a 
go, no-go situation exists, these provide a simple solution 
provided that ambient light is not present at the detector. The 
designer must ensure that the system operates even if this 
portion of the equipment is exposed, as by opening a hatch 
during servicing or final adjustment during production. This is 
often achieved via covers, tubes limiting light paths, or that 
enough directionality exists in the basic device construction 
to provide the needed isolation. Also available for this appli
cation are logic-level output devices, usually of the open-col
lector type, making processor or logic interfacing convenient. 

The light source for these uses is chosen primarily by the 
distance needed. LEOs work well up to about 5 cm. Above 
this, incandescents are often used due to 'their high output 
and ease of drive with low-voltage ac. Fluorescent sources are 
seldom adequate due to their "cool" color temperature com
pared to incandescent. That is, not enough output in the near
infrared or infrared portion of the spectrum. 

Data can be transmitted in these short distance situations, 
provided the speeds required are not great. An example is the 
electrical isolation of two adjacent PC boards in a rack, with 
IR elements facing each other across the short space. Here 
the data can be used to drive the LED directly; modulating a 
high frequency is not necessary. 

Speed and sensitivity are the tradeoff. The resistor used to 
develop a voltage can be made larger to provide increased 
sensitivity, but speed suffers and tendency toward saturation 
increases. Values of 50-200 11 are common, but can be higher. 

MODERATE DISTANCES 

For the general case of remote control or sensing at distances 
greater than 30 cm, the vast majority of applications utilize an 
LED source switched at a carrier frequency of 20 kHz to 50 
kHz and a diode detector coupled to ac band-limited amplifiers. 
Although certainly more complex than the simpler short-dis
tance sensors, today's product offerings make it an easy task 
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to achieve 10 meters with a data rate of around 5,000 baud 
at very modest cost. 

The transmission end is easily configured. Figure 3 shows 
a simple IR source capable of 50 kHz transmission. Note that 
no special techniques are needed to switch the diode at these 
frequencies. A burst of high frequency is created for each bit 
time in the data being sent. This mode of gating a carrier on 
and off is known as CW (continuous wave). 

+ 

~u~_~ Td~ 
~ 9 MTP3055EL 

50 kHz SQUARE WAVE -= 
Figure 3. Baaic IR Source Drive for CW Operation 

The main areas of interest are the switch device and the 
diode current. Today's IREDs (infrared emitting diodes) are 
generally capable of around one ampere peak currents, but 
applications typically limit this to half that value. Most designs 
that use a 50 percent duty cycle square wave switching wav
eform have diode currents in the 100-500 mA range. It is 
important to realize that although I R ED output increases lin
early with drive current, it drops rapidly with increasing tem
perature. Therefore, reliability is not the only reason for 
resisting the temptation to increase range by driving the IRED 
harder. A diode with a 100 mA continuous rating can be reliably 
driven with a 200 mA square wave, and so on. It is quite 
common to use more than one IRED in series for increasing 
output and range, lowering the current requirements, and in
creasing reliability of the diodes. 

The driver device can be a bipolar transistor or a FET. The 
bipolar works' fine, but requires enough base current for sat
uration that the driving circuitry often must provide 10-20 mA 
or more. This may not be available directly from CMOS de
vices. Darlingtons solve this problem, but are usually much 
too slow. Another solution is an inexpensive logic-level FET 
such as the MTP3055EL, its physically smaller cousin, the 
MT03055EL, or a MTP4N06L. This provides plenty of speed 
while being driven directly from any CMOS device, with ab
solute minimum parts count. A resistor (50-500 III is sometimes 
used in series with the gate to moderate the very-high switch
ing speed and noise from high frequency oscillations. The 
resistor is usually not needed if the gate is driven from a 
medium-speed CMOS gate such as the MC14081B or 
MC14011UB. 

THE RECEIVING PROCESS 

At the receiving end, the first item encountered is an IR 
optical filter as shown in Figure 4. This serves the sole purpose 
of attenuating the visible portion of the spectrum while leaving 
the I R intact. It can be a material specifically designed for the 
purpose, such as the Kodak filter series, but is usually an 
inexpensive acrylic plastic. This is almost any readily-available 
red, non-opaque plastic. Suitability is easily proven by inserting 
a sample between an emitter and detector while observing the 
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detector output. The IR signal should be minimally altered. 
This filter may be incorporated into the system as a unique 
piece of the material in front of the detector, or the entire front 
panel of the product may be made of this plastic. Sometimes 
lenses are actually molded from it (discussed in a later section). 

~~t~ 
IR FILTER HP OR BP FILTERING 

DATA 
EXTRACTION TO 

PROCESSING 

Figure 4. Basic IR Receiver 

The detector diode behind the filter is usually constructed 
as a large-geometry device specifically designed for I R remote 
control, and presents a large area simply for more IR energy 
absorption or increased aperture. It is not unusual to find the 
material used for encapsulation to be red or black, and ap
parentlyopaque. The encapsulation serves as an IR filter, as 
in the case ofthe MRD821. Even so, an additional one is usually 
employed as mentioned above, often for the cosmetics of the 
product. 

In addition to visible-light filtering mentioned above, elec
trical filtering must be applied to greatly attenuate the low
frequency interference present in both the visible spectrum 
and the IR. This is accomplished by three methods. First, 
coupling capacitance values are judiciously chosen to begin 
rolloff just below the trensmitted frequency. This is quite ef
feCtive since the area of interest is usually about a factor of 
103, or some 9 to 10 octaves above the power-line frequencies. 

+ Vb 

~ 
la) CAPACITIVELY·COUPLED FRONT END 

The second method is to use explicit high-pass filter circuitry, 
but in practice this is seldom needed due to the effectiveness 
of the other techniques. A third option is to use a bandpass 
amplifier, usually with an LC tank. More discussion of this 
later. 

After the signal is brought up to a level sufficient for de
tection, some method must be employed to extract the data. 
Most common is a simple peak detector. This detects the 
presence of the high-frequency pulses, charging a capacitor 
up to a threshold in a few cycles, et which point a comparator 
signals the new level. In the absence of a signal (the carrier), 
the capacitor discharges until the comparator's lower threshold 
is reached, signifying the opposite logic leliet Other techniques 
are also available, such as the phase-locked loop, whose lock
detect output can be used as the recovered logic-level data. 

MORE ON RECEIVING CIRCUITS 

Two general methods are used to begin the amplification. 
First the diode light current (a few microamps or less) may be 
used to develop a voltege across a series resistance, which is 
then capacitively coupled to the amplifier using the rolloff of 
low frequencies mentioned above, as shown in Figure Sa. 
Second, the current may be driven directly into the amplifier, 
as in Figure Sb, where the photo current is summed with the 
feedback current at the amplifier input. Note that in these and 
other figures, the amplifier symbol does not necessarily denote 
an actual integrated operetional amplifier, but may symbolize 
a discrete amplifier. 

Figure 6 shows an amplifier system coupled to a bandpass 
amplifier centered about 50 kHz. Here the front end is actually 
an operational amplifier, used in the mode of Figure 5b. Various 
choices for operational amplifiers exist; perhaps the first hinges 

Ib) DIRECT .cOUPLED DIODE FRONT END 

Figure 5. Front-End Amplifier Options 
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1 mH* 

150 

*Toko type 10 PA or equivalent. Available from Digi-Key Corporation, phone (8001 344-4539. 

Figure 6. Amplifier Chain Showing 50 kHz Bandpass Filter Second Stage 
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on the supply voltage. Some recent advances in the technology 
have greatly increased slew rates and gain-bandwidth prod
ucts. This has permitted devices that are capable of operation 
on a single 5 volt supply, yet can be used in the 50 kHz range. 
An example of this is the MC34072 series, whose input com
mon mode range includes ground, permitting the diode or the 
other amplifier input to be referenced there. If greater gains 
are needed, and higher supply rails are available, the MC34082 
series provides slew rates of 25 V I /IS, or twice that of the 
MC34083. These operational amplifiers in general do not have 
the low-noise performance of discrete versions, with the above 
devices being in the 30 nV 1,jHz region. However, the MC330n 
provides excellent noise performance of about 4.5 nV 1,jHz at 
a similar slew rate on a 5 volt supply, although its common. 
mode range does not include ground. A simple discrete am
plifier example is shown in Figure 7. 

Another option that should be considered for data reception 
is the MC3373 (Figure 8), which integrates many of the func
tions already described. This device contains the front-end 
amplifier, a negative-peak detector with comparator, and re
quires only a few external components. The amplifier may 

1 k 

+5V 

4.7k 

MPS3904. 
MPS2222A = 

have the diode directly connected to it, or ac coupled for 
purposes of rolloff. A tuned circuit can be used for the better 
noise performance of a band-limited system. Some words of 
caution: supply bypassing close to the device, particularly at 
the gain-determining impedance (resistance or tuned circuit), 
is critical. Without proper bypassing, gain and range suffer. 
Also, a higher supply voltage of around 12 volts or so assists 
in greater range performance. 

The vast majority of IR links in consumer products (VCRs, 
TVs) use an LC tank. The inductor is a shielded, adjustable 
slug type in the 1-5 mH range. Shielding in the form of a metal 
can usually encloses the entire subassembly, and the designer 
should expect to employ such shielding in most applications 
requiring moderate or long distance operation. 

Note that in Figures 7, 8, and 9 the bias supply to the 
receiving diode is heavily decoupled from the supply via an 
RC. Any noise present at this point directly impacts system 
noise and sensitivity. Bandwidth is also often limited at the 
upper end as an aid in overall noise performance as seen in 
Figures 7 and 9. These amplifiers use small capacitors (33 pF, 
10 pF, 100 pF) to roll off frequencies above 100 kHz. 

MC33072 

100 k 
1 k 

100 

Figure 7. Simple Discrete Front End with Op Amp 

+12 V 

4.71'F 
1 k 

100 k 
4.71'F T 

=/fo L----I 
MRD821 

Figure 8. IR Receiver Using the Integrated MC3373 
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LONG DISTANCES 

When the distance to be covered extends beyond 10 meters 
or so, other methods must be considered. The methods de
scribed below have resulted in ranges of 100 meters or more. 

At the transmitting end, most of the options available center 
on increasing the power output. One way is to increase the 
IRED current, but this is subject to limits as previously dis
cussed. Another solution is to use multiple diodes in series, 
often three. Note that this does not require additional supply 
current. Multiple diodes also provide one solution to those 
applications requiring less directionality, with the IREDs being 
slightly misaligned from one another. 

The diodes can also be driven much harder, and produce 
proportionally higher instantaneous power, if they are pulsed 
with a very-short duty cycle. Currents of about an ampere are 
common, but for only a few microseconds and with a duty 
cycle of 5 percent or less. This also requires modified receiving 
techniques. 

At the receiving end, most solutions center on increasing 
the aperture of the system such that simply more energy is 
gathered. Multiple receiver diodes can be connected in parallel, 
adding their currents, with the additional possibility of reducing 
directionality if needed. Another technique is to add a lens, 
with the diode being placed at the focal point. In higher volume 

10 k 

production, this is often molded into a front panel and is usually 
of the red filtering plastic mentioned earlier. Some systems 
make use of a flat Fresnel lens, being somewhat more difficult 
to mount but very effective. They can also be hidden behind 
a plastic panel. 

Front-end amplifiers superior to the simple operational am
plifier or discrete versions already mentioned may be found in 
these highest-performance situations. Such an amplifier is 
shown in Figure 9, where low-noise transistors are used in a 
circuit designed specifically for low-noise applications. 

When pulsed sources are used, some encoding scheme is 
normally used to transmit the data. One common technique 
is to use a single pulse for one edge of a data bit, and two or 
more closely spaced pulses to signal the opposite edge. These 
are simply differentiated by some flip-flops and a small amount 
of timing circuitry. Other schemes use multiple pulses at close 
intervals to indicate one logic level, and a differing number to 
denote the other. 

CONCLUSION 

As can be seen from this discussion, I R links have become 
quite easy to implement. With the basic principles in mind, 
the designer should be able to adapt the techniques mentioned 
here to his specific system needs. 

22 
r---~----'-----'-~Ar-.--------------~---------.-----.--~~--+12V 

MR0821 

AN1016 
4·274 

JfjI 

4.7 p.F 20 k 

ENCODER 

MC145026 
MC145030 
MC145033 
MC145034 

100 k 10 k 47 

150 = 2.2k 

10P.FJ 
10 k 

Figure 9. High-Performance Discrete Front-End 
Amplifier with Special Attention Paid to Noise 
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Figure 10. Utilizing Motorola's Encoders and Decoders 
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Evaluation Systems for Remote 
Control Devices on an Infrared Link 
Prepared by: Dave Hyder 

Field Applications Engineer 

The introduction of many remote control devices and their 
modest costs now permits the designer a wide choice of inex
pensive options in the low-end control area. When this choice 
is coupled with the ease and economics of infrared communi
cation links, applications for the combination of the two 
abound. This paper provides information for constructing the 
basic building blocks for evaluation of both the IR transmitter/ 
receiver and the most popular remote control devices. 
Schematics and single-sided PC board layouts are pres
ented that should enable the designer to quickly put together 
a basic control link and evaluate its suitability for his applica
tion in terms of data rate, effective distance, error rate, and 
cost. Sources for speciality parts required are also given. 

Motorola offers a wide variety of devices suitable for re
mote control applications, and these are grouped in three 
distinct families. The oldest of the three is the MC1450261718 
series, comprising one encoder sending nine bits of informa
tion and two decoders, one conSidering all transmitted data 
as an address, the other utilizing less addressing possibilities 
and using the difference as four bits of data. This series also 
uses trinary addreSSing, permitting greatly increased num
bers of address codes for a given pin count. 

The next series is comprised of one part, the MC145030, 
which is an encoder and decoder on the same part. Thus, it 
is suitable for applications requiring bidirectional or half-du
plex control. It is capable of nine bits of address, no data. 

Derived from the internal architecture of the MC145030 is 
the MCI4503314/5 series, which comprise a wide variety of 
choices of address/data combinations, outputs, and a single
chip encoder/decoder. This series can encode up to 17 
address bits, or 13 addresS/4 data. Other features, such as 
an ability to defeat attempts to break the code, are also in
cluded. At present, these devices are available in surface 
mount packages only. 

This paper presents simple board layouts and schematics 
for encoder/decoder pairs "connected" by IR transmitter/re
ceiver links. For each of the three families of devices, there 
are two PC layouts and schematics, one encoderltransmitter 
and one decoder/receiver. These are made sufficiently gen
eral that each can be modified and jumpered so as to enable 
evaluation of any member of that family. 

Note that only one IR transmitter and one IR receiver de
sign is used for all of the encoder/decoder options, and so 
there is only one schematic of each of these two, and it would 
be mated with the encoder or decoder schematic of choice 
to form a complete system. The PC layouts all have these 
sections included, of course. 
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DESIGN SPECIFICS 

The IR transmitter schematic shows two IR LEOs. While 
most designs will use but one, the other is allowed for on the 
PC layout for evaluation of other options, such as lower total 
current, greater range, misalignment for less directionality, 
etc. The generation of the transmitted frequency (in this case 
50 kHz) Is not done with minimal components, but allows for 
flexibility in frequency, and selection of other crystals via 
some cuts and additional resistors. A production design 
would likely utilize a common oscillator for the transmitter and 
encoder sections or even include the ability to startup on re
quest to minimize power. Open pads are provided to enable 
jumpering of different frequencies with a combination of divid
er taps and crystals/resonators. 

The IR receiver section uses an MC3373P as an amplifier/ 
data detector. This is a high-gain device working with some 
very low signal levels. Thus, shielding will likely be required, 
and ground area is provided for its attachment. The compo
nent values are "middle-of-the-road" and will work well as 
presented; the designer will want to evaluate for himself 
whether to permit higher ,gains, different low frequency rol
loffs, or other sensitivities. The choice of the LC tank values 
is of particular interest. The values shown are adequate for 
many applications, but higher Q's may be needed. This com
es at the cost of slower rise and fall times on the data 
envelope, visible at pin three of the MC3373P, and is the pri
mary factor governing the maximum data bit rate of the 
design. Lower Q's will yield "squarer" data envelopes (higher 
possible bit rates), broader tuning, and less selectivity. Tun
ing is accomplished by placing a transmitting source several 
feet away, and adjusting the inductor for maximum data en
velope at pin three. The output of the MC3373P is squared 
and inverted by a Schmitt-trigger MC74HC14 device. In 
many designs, a slower and quieter version of this device 
may be preferred, such as the MC14093 NAND Schmitt. This 
device will generate less system noise, critical to good opera
tion of the receiver, and also would operate on higher supply 
voltages, such as 12 V, where the MC3373 receiver also 
works well. 

The output of the receiver section is presented to a red 
LED to indicate that data is being received (activity on the 
MC3373 output). This, of course, does not indicate valid 
data, but only that something is being detected. It may be an 
indication of noise or power-line pickup and require .!lesign 
changes or shielding. Valid data is indicated via a green LED 
driven by the output of the decoder device and annunciates 
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that it has received its correct address (set by the DIP 
switches). 

The transmitting section is attached to one of the three 
encoder designs, and three PC layouts are presented; the 
same is true of the receiver and the three possible decoders. 
The receiver schematic in Figure 1 is joined with the decod
ers of Figures 3, 5, and 7 and the transmitter schematic of 
Figure 2 with those encoders in Figures 4, 6, and 8. Each 
encoder or decoder layout can be used with more than one 
version in the same family, and appropriate pads and jump
ers are provided on the layout. Other situations certainly are 
possible, such as changing minor portions of the layout to 
make the data bits on some systems available to a connec
tor, or remote transmit enables, etc., and these layouts may 
serve as a starting point. 

One caution on the choice of Rand C values for the encod
ers and decoders: the tolerance and dielectric type are 
important, especially for production-volume designs intended 
to operate over temperature. Refer carefully to the data 

SPECIFIC COMPONENT SOURCES 

Trinary DIP switch, 8 position 

Trinary DIP switch, 9 position 

Other DIP switches 

PB switch, transmitter enable 

Inductor, variable, shielded, 4.7 mH, type 7PA 

Ceramic resonator, 400 kHz 

Transmitting IR LED 

Receiving IR diode 

Shielding Material, 0.005" Tin sheet, solders easily 

sheets of the appropriate device for a discussion of these pa
rameters and permitted tolerances. 

CONCLUSION 

The designs as presented here are intended for a 5 V sup
ply and a transmitter carrier frequency of 50 kHz. Other 
frequencies should be investigated for ease of generation, 
minimum components, increased data rates, and different 
Os. With a single transmitting LED driven with about 250 mA, 
the author achieved effective distances of about 10 meters. 
This distance could be extended by a few meters if two LEDs 
were utilized. There are applications that do not require this 
level of sensitivity, and the receiver should be modified ac
cordingly. On the other hand, greater distances or those 
requiring less directionality may require adding more LEDs, 
driving them harder, utilizing multiple receiving diodes, and/or 
adding Fresnel lensing in front of them. For more information 
on IR techniques, see Application Note AN1016, and the 
CMOS Application-Specific Standard Ie Data Book, DL 130 
rev. 1. 

AMP #436172-3 

AMP #436172-2 

AMP series 7100 or similar 

Digi-Key # P9950 

Toko # 126LNS-T1028Z 
Digi-Key # TK3209 

Panasonic # EFO-A400K04B 
Digi-Key # P9940 

Motorola MLED81 

Motorola MRD821 

K & S "Easy Solder Tin Sheet" 
Most hobby shops 

NOTE: Motorola cannot recommend one supplier over another and in no way suggests that this is a com
plete listing of component suppliers. 
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r-----------------------v SHIELD 

I 4.7 
t---~-----r--~~-J~~----~----------~------+5V Rl 4.7k 

Cl 
10 I1F 1:' .....-----'-3 ---J8L-.-., 

01," " 
02 L--..-----l 

2xMRD821 
(1 OPTIONAL) 

10 R2 
R3 

MC3373 

4 

C3 

C6 I 
':[!l.001 I1F I 
':' I 

I 
I 
I 
h - I ':' L _________ ~ _____________ ~ 

VALID 
DATA 

DATA VALID FROM 
DECODER DEVICE 

EXTRACTED DATA 
TO DECODER DEVICE 

Figure 1. IR Receiver section common to all receiver boards. Values shown are for a 50 kHz carrier frequency 
and a 5 V supply. Note that the use of two receiving diodes is optional and provided for on the 

board layout. The shield is required in all but the shortest range applications. 

POSITIVE TRUE DATA 
FROM ENCODER DEVICE 13 12 

2 

47k Rl 

Cl 

RESET 

10 

CLOCK 

__ 47 k RESISTOR MAY BE 
INSERTED HERE TO LIMIT 

C2 DRIVE TO SOME 

+5V 

14 

MC74HC4024 

7 

470 pF T 400 kHz ~ CRYSTALS. CUTTRACE. 1 
~70pF 

':' t 
CERAMIC RESONATOR, PANASONIC EFp·A400K04B OR 

EQUIVALENT. OTHER FREQUENCIES MAY BE USED, SUCH 
AS 640 kHz FOR AN 80 kHz CARRIER, AND CRYSTALS SUCH 

AS 32.768 kHz TIMEKEEPING DEVICES. IN THE LADER 
CASE, USE THE DRIVE LIMITING RESISTOR. 

1/4 
11 

1/16 

9 
1/8 

+5V 

10or4.7 
(1 or2 LEDs) 

R4 

Figure 2. IR transmitter section common to all transmitter boards. Note that the use of two IR LEOs is 
optional but is provided for on the board layout. Choose R4 for an LED current appropriate to the 

application. Common values are from 100 to more than 500 mA, with 250 mA being common. 
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+5V +5V 
+5V 

CB...L O.lIlF VALID DATA OUT 
lB T 16 TO INDICATOR 

11 
+5V 
N.C.--o DATA IN FROM RECEIVER 

*1 MCl4502718 

Sl REPEAT 4 10 
FOR 9 5 330 k 0.1 IlF 

SWITCHES 
15 (SEE NOTE ON 6 

R9 Cl0 

I TRINARYDIP 14 LAST FOUR 
SWITCH,9 POS. 13 SWITCHES) -= 
AMP #436172-2 12 7 0.01 IlF 9 

-= -= 
Tee 

Figure 3. Two decoders, identical except that the MC145027 uses only 5 bits of address, considering 
the last 4 bits as data. To use this device, leave the last four Dip switch positions open as these pins 

(12, 13, 14, 15) become outputs. 

+5V +5V +5V 

I C7...L 0.1 IlF I DATA OUTTO 
,-----,lfnS--..., T ..-----.1',;6--' IRTRANSMITTER 151-_____ • 

+5V-o 

S2 

14 'fE, TRANSMIT ENABLE N.C. --0 ""0-+-----11 

* 1 ~ MCl45026 
REPEAT 4 
FOR 9 5 0.01 IlF 

SWITCHES ~~ 
TRINARY DIP I ~ (SEE NOTE ON 12 ----, I 
SWITCH, 9 POS. 9 LASTFOUR 100 k 
AMP #436172-2 10 SWITCHES) 13 
~ ____ -;9~~ L __ rB ______ ~ 

.L .L 

11 47k R6 

R5 

Figure 4. The MC145026 Encoder. Note that when used with the MC145028 decoder in the receiver, all 9 
switches are considered addresses, and that with the MC145027 the last four are interpreted as data. In 

the latter case, a trinary (open) position is decoded as a logical one. 
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5V +5V + I ca .J.-. 0.111F VAUD DATA OUT T 14 TO INDICATOR 
15 

1 DATA IN FROM RECEIVER 

S1 

~I 2 12 

3 MC145030 R9 
REPEAT 4 20 
FOR 9 5 100 k 

SWITCHES 6 Ra 
19 

BINARY DIP I 7 33 k 

SWITCH. 9 POS. 
a 1aH~ 1-9 9 10.13.17 

-L -L 1000 pF 

Figure 5. The MC145030 as a decoder. Note that the 9 DIP switches take advantage of the on-chip 
pullup resistors on the device. Also the decoder out (Pin 15) toggles with each successful data 

reception, unlike the MC145027/8 devices. 

+5V +5V 

C7.J.-. 0.111F I 
T 14 

1 

S2 

*1 2 
3 

MC145030 
REPEAT 4 

FOR 9 5 

SWITCHES 6 

I 7 BINARY DIP 
SWITCH. a 

9POS. 1-9 9 12.13.17 
-L -L 

DATAOUTTO 
IR TRANSMITIER 

16 

10 
TE. TRANSMIT ENABLE 

R5 
20 ~1 

100k yO-
19 

R6 

1aH~ 
+5V 

1000pF 

~ 

100k 
R7 

Figure 6. The MC145030 as an encoder. Note that transmit enable occurs on the 
rising edge of the waveform. 
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BINARY DIP 
SWITCH, 9 POS. 

.f 10-18 

I *' S1 REPEAT 
FOR 9 

SWITCHES 

I 
BINARY DIP 

.f 
9-16 SWITCH, 

1 
8POS. 

REPEAT 0 S2 FOR 8 
SWITCHES 

1* 

+5V 
CS-L 0.11lF 

T' +r i - 1 28 22 VALID DATA OUT 
2 TO INDICATOR 
3 23 
4 DATA IN FROM RECEIVER 
5 21 
6 
7 26 

R8 

8 MC14503315 1001<0 
9 24 

R9 
10 

HJ~~ 11 
12 25 

13 1000pF 
14 18(17) 

'T11lF I 15 
16 C10 

-:!: 
\ 17 27,20(18,19) 

NOTE: THESE LAST FOUR LINES MAY BE 
CONSIDERED DATA, NOT ADDRESSES IN 
SOME APPLICATIONS. 

Figure 7. The MC14503315 as a decoder. Note that there are two DIP switches, one 9 position, one 8. In 
the event of using the upper addresses as data, leave these pins open (center position). Also the CE 

pin may be either 18 or 17 depending on the device, and pin 181s strapped to ground on the 
MC145033. "Mode," pin 19, Is grounded on the MC145035. 

BINARY DIP 
SWITCH,9 POS. 

of 10-18 0 

1 *' REPEAT 
S1 FOR 9 

SWITCHES 

I 
BINARY DIP 

-f" 
SWITCH, 

9-16 8POS. 

I 
REPEAT 

S2 FOR 8 0 
SWITCHES 

1 *' 

+5V 
C7-L 

T 
0.11lF 

+r 

- 1 28 DATAOUHO 
2 IR TRANSMITTER 
3 19 
4 TXEN, TRANSMIT ENABLE 
5 18 
6 
7 R6 

26 ...J.!1 8 MC14503314 100k 
9 .• R5 Y 24 

+5V 10 33k 
11 25 H,~ 12 
13 
14 
15 
16 
17 27,20 

~ \ 
NOTE. THESE LAST FOUR LINES MAY BE 
CONSIDERED DATA, NOT ADDRESSES IN 
SOME APPLICATIONS. 

~ 

100k 
R7 

Figure 8. The MC14503314 as an encoder. Note that transmit enable occurs on the ris
ing edge of the waveform. Pin 20 is grounded on the MC145033. 
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C3 

R4 

01,2 

Ql 

GND PWR HC4024 HCU04 R2 XI Rl 51 

R3 C4 Cl,2 R5 C5 R6 

a, MC145D26 

b. MC145D3D 

GND PWR HC4024 HCU04 R2 XI 51 R7 

R3 C4 Cl,2 R5 C5 R6 Rl 

c. MC145D33JMC145D34 

52 C7 

MCI45026 

C7 

R7 

JUMPER WIRE 

C7 MC14503X COMPONENT 
MOUNTED ON FOIL 51DE 

Figure 9. Three Component Layouts for IR Transmitters 
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R1 
C1 

C4 

D1 

D2 

APPROX. SHIELD LOCATION 
ON COMPo SIDE ON ALL RECEIVERS 

MC3373 R3 R2 C3 C2 C6 HC14 R9 
a. MC145027IMC145028 

b. MC145030 

c. MC1450331MC145035 

C10 R8 

C8 

C9 

Figure 10. Three Component Layouts for IR Receivers 
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a. MC145026 

b. MC145030 

c. MC145033/MC145034 

Figure 11. Three PC Layouts for IR Transmitters 
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a. MC145027IMC145028 

b. MC145030 

c. MC1450331MC145035 

Figure 12. Three PC Layouts for IR Receiver 

MOTOROLA COMMUNICATIONS DEVICE DATA 



MOTOROLA 
- SEMICONDUCTOR 

APPLICATION NOTE 
AN1203 

A Software Method for Decoding the Output 
from the MC14497/MC3373 Combination 
Prepared by: Steve Reinhardt 

The electronics industry has used infrared media as a simple, 
easy, and effective method of wireless communications over 
short distances. It is not without its problems since simple onl 
off modulation is affected by the many infrared sources in our 
environment today. To provide immunity from the noise 
created by lamps, lighters, electronics, and even humans, the 
IR carrier is modulated at a rate that would not occur in nature. 
The industry has settled on around 40 kHz as the modulation 
frequency.1 

The data that is transmitted usually takes the form of AM (or 
CW -continuous wave); that is the carrier is turned on and off 
for variable periods of time. Some have used a FM scheme, 
where the modulation frequency is changed to represent 1 or 
o. The output of detectors is generally the same: that Is a logic 
o represents a presence of carrier in AM, orone olthe frequen
cies in FM. A logic 1 then represents no carrier in AM, or the 
second frequency in FM. 

The encoding of the data varies widely, from schemes that en
code the data as variable pulse widths, constant length coding 
schemes, or simple ASCII, to the biphase scheme used in the 
MC14497. Any of these schemes can be decoded by the use 
of a microcomputer that has a timer, such as the MC68HC05 
family or the MC68HC11 family of parts. 

THE MC14497 

The MC14497 is a complete building block for IR data trans
mission,lacking only a high current driver to power the IR LED 
(or LEOs, depending on the range required) such as the 
MLED81. The chip limits the duty cycle of the LED to about 
10%. The use of an inexpensive ceramic resonator generates 
the 31.25 kHz carrier. A simple SPST matrix keyboard com
pletes the transmitter. 

THE MC3373 

The MC3373 is a companion chip to the MC14497. It provides 
all of the front-end signal processing to interface an IR photo 
detector, such as the MRD821, to a TTL level. It includes the 
gain stages, with automatic background level control (AGC), 
a simple frequency discriminator to eliminate interference 
from other sources, and a wave shaper that generates a TTL 
orCMOS output level. The MC3373 does not decode the data, 
it merely recon,structs it in logic level form (the way it was trans-

mitted) to facilitate decoding. It too requires few outside 
components, such as a tuned circuit and a few capacitors for 
wave shaping. Care must be taken in circuit layout, as this de
vice operates at very high gain to accommodate the low level 
input signal from the photodetector. Since there are frequency 
sensitive components in the circuit, it is best to minimize lead 
lengths, work on a ground plane, and perhaps even put a 
shield around the components that make up the receiver.l 

THE ENCODED BIT STREAM 

To understand how to decode the data from the MC14497, it 
is important to understand what is transmitted. Each word 
transmitted consists of an AGC burst, a start bit, and 6 data 
bits. The 6 data bits represent 64 individual channels (0-63). 
However, channel 63 (111111) is never sent. 

The carrier frequency is determined by dividing the oscillator 
frequency by 16. For a 500 kHz resonator, the carrier is 31.25 
kHz. The baud rate (signalling rate) is equal to the carrier di
vided by 32, or the oscillator divided by 512. Again, for a 500 
kHz resonator, the baud rate is approximately 976 bps. Each 
command word takes approximately 8 ms to send. 

Refer to Figure 1. Data is the representation of the channel 
code (001010, channel 10). Carrier represents the output of 
the MC14497. Recovered is the slgrial that is output from the 
MC3373. Notice that the data is inverted, or normally high. 
When a key is pressed, the chip sends a signal to setup the 
AGC in the receiver. In the AM mode, which is most common, 
each transmitted word is preceded by a 512 j.lS burst (oscilla
tor divided by 256). One bit time later, the start bit is sent. The 
bi-phase modulation scheme then uses the position of a carri
er within the bit time to represent the data value. Refer to 
Figure 2. The presence of carrier immediately after the bit time 
boundary represents a 1. The lack of the carrier represents a 
o. The phase then changes so thatthere is a constant modula
tion, with clock edges on each bit time boundary. This feature 
is important in some communications schemes, but is not im
portant here. 

If a key is held down, the code is repeated at 90 ms intervals. 
See Figure 3. This results in a duty cycle of about 10% so that 
the IR LED can be pulsed at high peak power. At this duty 
cycle, the MLED81 can tolerate peak currents well in excess 
of 100 mAo Once a key is released, the MC14497 auto
matically sends the code for channel 62 (111110), which 
indicates end of transmission (EOT). 

1 See also ANl 016, "Infrared Sensing and Date Transmission Fundamentals". 
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DATA 

CARRIER 

RECOVERED 

DATA 

RECOVERED 

START A 

Figure 2 

A B C D 

B C D E F 

Figure 1 

KEY DOWN ! 1 WORD 

DEBOUNCE L-___ ---J~ 
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Figure 3 
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Figure 4 
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THE DECODING METHOD 

Refer to Figure 4. The letters refer to time slices shown on 
Fig. 4. The pseudocode to decode the data looks like this: 

Main: 
Set up an interrupt to look for the start bit transition. 

Interrupt: 
Capture the timer value and save it.(a) 
Look for the next transition(b), capture the timer value 

and subtract the saved value. This is the bit time 
value. Save it. 

Add one quarter bit time value to the timer, and set an 
interrupt for when it times out.(c) 

At that interrupt(c-i), look for the value, and set the 
carry bit accordingly. 

Add the bit time to the timer, and set the interrupt. 
Shift the carry into the data storage location. 
Have we got the six bits plus start? If not, repeat, other

wise we're done with this word. 
Is the word EOT (channel 62)? if not, the key is probably 

repeating. If it is, the message is complete 

THE MC68HC11 PROGRAM 

This chip is easy to use because of the 16-bit add (ADDD) 
and subtract (SUBD) features which can used to service the 
timer. The MC68HC05 devices lack this, but do provide an add 
with carry (ADC) to implement 16-bit adds. 

Port A pin 3 (PA3) is used as the input from the MC3373. 
This is an input capture pin (IC1). The output compare feature 
is required to generate the bit clock, though an output pin is not 
necessary. 

THE MC68HC05 PROGRAM 

The code forthe MC68HC05 is a little different. First, since 
the state of the input capture pin cannot be read, the data must 
be routed to another pin. Therefore, PA7 is used to sample the 
data. The internal output compare interrupt is utilized to set the 
baud clock. 

MC68HC11 PROGRAM LISTING 

start 
Ids 
#$ FF 
'load the stack pointer 

Idaa 
#2 
'set prescaler to 14 

staa 
TMSK2 
'by writing to TMSK2 register 

Idaa 
#1 
'enable input capture 3 functions 

staa 
TMSK1 
'TMSK1 enables the interrupt 

staa 

MOTOROLA COMMUNICATIONS DEVICE DATA 

TFLG1 
'TFLG 1 clears the flag 

Idaa 
#2 
'look at falling edges 

staa 
TCTL2 
'by writing to TCTL2 

Idaa 
#6 

staa 
count 
'number of bits to assemble 

'end of initialization 

main 

'main program 

'Input capture interrupt service routine. The first time 
through, the 

'value olthe timer is saved, the second time through, the dif
ference 

'is calculated, determining the bit interval, and the time slice 
is 

'shifted by one quarter bit interval for sampling the data. , 

timeint 
brset 
flags,O,next 
'input capture 3 interrupt routine 

Idd 
#$1014 
'save the timer value from the first edge(a) 

std 
save it 
'to time the baud rate 

bset 
flags,O 
'bit 0 in flags indicates first edge 

bra 
endint 
'exit interrupt cleanly 

next 
Idd 
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#$1014 
"get the timer value(b) 

subd 
saveit 
"subtract the first value(b-a) 

std 
baud 
"save that in baud 

Isrd 
"divide by 2 

Isrd 
"divide by 4 

addd 
#$1014 
"add 1/4 bit time to the timer 

std 
OUTCl 
"store to output compare 1 

Idaa 
#$FE 
"clear the mask 

anda 
TMSKl 
"without disturbing other bits 

staa 
TMSKl 
"disable further input compare interrupts 

bclr 
flags,O 
"clear first edge flag bitendint 

endint 
Idaa 
#1 
"setup to clear flag for next edge 

staa 
TFLG2 
"and writing to TFLG2 

rti 
"wait for next edge 

"Output compare interrupt service routine. Each time an in-
terrupt 

"occurs, sample the input line and shift the equivalent value 
"into the data register. Do so for all six data bits, then word 
"is complete. 
" 
bitint 

Idaa 
PORTA 
"get the present value of the data 

anda 
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#4 
"mask all but PA3, the input 

rora 
"shift towards carry 

rora 
"once more 

rora 
"now the input bit is in carry 

cmc 
"data from 3373 is inverted 

Idaa 
data 
"get the saved data byte 

rola 
"rotate the carry in 

staa 
data 
"save the byte 

dec 
count 
~the number of bits is complete? 

bne 
next2 
"not done yet 

bset 
flags, 1 
"we're done 

bra 
endin 
"no more in this word 

next2 
Idd 
OCl 
"get the last timer, value 

addd 
baud 
"add the baud interval 

std 
OCl 
"store it for the next interrupt 

Idaa 
#1 

staa 
TMSK2 
"and clear the flag for the next interrupt 

endin 
rti 
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MC68HC05 PROGRAM LISTING 

start 
Ida 
#$CO 
"set up timer control register 

sta 
TCR 
"interrupts enabled, negative edge 

Ida 
#$0 
" make sure port a is an input 

sta 
PADDR 
" write to data direction 

Ida 
#6 

sta 
count 
"number of bits to assemble 

main 
~qu 

"main program 

"input capture service routine. The first time through, the 
value of 

"the timer Is saved. The second time through, the difference 
is 

"calculated, determining the bit interval. The time slice is 
shifted 

:by one quarter time for sampling the data. 

"timeint 
brset 
flags,O,next 

Ida 
ICH 
"grab the high byte 

sta 
saveit 
"store it 

Ida 
ICl 
"then the low byte 

sta 
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saveit+1 
" and save that. 

bset 
Ilags,O 
"got lirst edge flag 

bra 
endint 

next 
Ida 
ICl 
"get the new low byte 

sub 
saveit+1 
"subtract the old low byte 

sta 
byte+1 
"and save the result 

Ida 
ICH 
"get the new high byte 

sbc 
saveit 
"subtract the old, with carry 

sta 
byte 
"save the byte interval 

Isr 
"divide by two 

sta 
OCH 
"to output compare 

Ida 
byte+1 
"get low byte 

ror 
"use ror to get carry in 

sta 
OCl 
to output compare 

Ida 
OCH 

Isr 

sta 
OCH 

Ida 
OCl 

ror 
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sta 
OCL 
"finish divide by four 

Ida 
#$7F 
"mask 011 input capture 

sta 
TSR 
"by writing to timer status 

bclr 
flags,O 
"clear first edge flag bit 

endint 
rti 

"output compare service routine. For each interrupt that oc
curs, 

"sample the input line and shift the appropriate data bit into 
the 

"data register. Do so for all six bits, then word is complete. 
" 
bitint 

Ida 
PADR 
"get the data bit value 

lsi 
"get the data to carry 

Ida 
data 
"get the data byte 

rol 
"and assemble the byte 

sta 
data 
"to data 

dec 
count 
"check to see if all done 
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beq 
endbit 
"exit if done 

Ida 
OCL 

add 
byte+1 
"set up the next interrupt 

sta 
OCL 
"write to OCL resets flag 

ida 
OCH 

adc 
byte 
"use add with carry to do 16 bit 

sta 
OCH 

rti 
endbit 

Ida 
data 
"get the word 

coma 
"remember the data was inverted 

and 
#$SF 
"and there were only 6 bits 

sta 
data 

bset 
flags, 1 
"word ready flag bit 

rti 
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AR255 

SIMPLIFIED REMOTE 
CONTROL CIRCUITS 

match, the chip would actuate the 
decoder-out line which would nor
mally be connected to some output 
device such as a solenoid. 

An output device toggles the re
ceiver chip's encoder-enable input 
as an acknowledgment of either the 
output signal or of a completed 
operation. Once the chip senses this 
acknowledgment, the address is 
sent back to the master station over 
the serial line. 

DAVID BABIN 
Application Engineering Manager 
Motorola Inc. 
Austin, TX 

Anew chip now provides a sim
ple way to design remotely

controlled on/off· devices such as 
valves and relays. The IC 
(MC145030) combines serial en
coding and decoding functions that 
form the heart of many remote con
trol circuits. 

The 20-pin chip also contains an 
input amplifier, an output flip-flop, 
power-on reset, and an oscillator 
requiring only external RC compo
nents. No crystals or ceramic reso
nators are required. The IC is opti
mized for use in harsh industrial 
environments, operating from a 2 to 
6 V supply over a temperature 

range of -40 to 85°C. Standby cur
rent drain is 100 ,..A maximum at 
room temperature while operating 
current is at most 2.5 rnA at the 
worst-case supply voltage. 

A typical remote control applica
tion would use the IC in both the 
controlling and receiving stations. 
At the master end, the chip would 
encode the nine-bit parallel address 
input and send this address onto a 
serial output line via a three-state 
encoder-out pin. This output re
turns to a high-impedance state 
after encoding is complete. 

At the receiving end, another 
MC145030 chip serves as a decoder. 
The serial stream is received from 
the master and the address infor
mation is decoded. The IC would 
then compare this decoded address 
to the address applied to its own 
address lines. If the two addresses 

The master station treats this 
address as an acknowledgment that 
the output operation took place. 
The chip would compare the infor
mation with the address applied on 
its address lines. If the two ad
dresses matched, decoder-out 
would toggle. 

The master chip can activate any 
of 512 decoding stations in this 
manner. Alternatively, the designer 
can partition the nine address bits 
into address and data. This allows 
each remote station to perform 
several functions as in the remote 
control application shown. 

The serial output of the encoder 
is in the form of Manchester Code. 

Three-state differential 
Remote control application 

Encode 
enable 

9-Bit 
addren 

Decoder 

'" Detoder 

Chip block diagram 

Reprinted from Machine Design, June 11, 1987. 

driver and receiver 

Encodel 

Decoder 
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Differential, 
han-duplex 

lin .. 

II 
To/from 

other 
stations 

Remote station 0 
r--------------------~ 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

•• 
t---r---jEncot.lt :~ 

'--~t_l4--1 Slatus ~! 
MC145030 AS 

.6 
Dec in A7 

Ene Dec 

}-. 
Function 0 

Function 0 

A.lnction1 -, 
L _________________ ~~~~ 

Note: As shown, control of two functions 
(two data bits) requires two MC145030s 
at each remote station. 
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TECH BRIEFS 

also known as Bit/>-L (biphase-level) 
code. The encoding technique al
lows both data and sync informa
tion to flow on one signal line in-

stead of two. 
The encode-enable input may 

connect directly to a push-button 
switch and pull-down resistor 

r--~------j 
".:" -"":: -"".!"'" 
i'~~:I/~; 

D ..... ' .. -1l[";';;;';;'''JLJli~~!ij L.r--------~ I _______ .L I 
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Decoder liming 

=~ 

1nIII1II.cIdntt. = mldch, 
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CHOOSING THE RAND C 
For design purposes, the maximum difference in oscillator frequency between 
encoding and decoding MC145030 chips should be no more than ± 11 %. 
Ambient temperature and supply voltage difference between the ICs affect this 
frequency difference. 'Iblerances of frequency-determining components R2 and 
C are calculated by a rule of thumb: M2 + llC + ll{re + !If.emp + ll{.up ~ ± 
11 %, where R 2 = tolerance of R 2, %; C = tolerance of C , %; he = IC frequency 
variation from part to part (expected value = ±4%); {.emp = IC frequency 
variation over temperature (expected value = ± 2% at 25°C ±400); {.uP = IC 
frequency variation with supply (expected value = ± 2% at 5 V ± 0.5 V). 

For example, from the above variances, M 2 + llC + (± 4%) + (± 2%) + 
(±2%) ~ ±11%; therefore, M2 + llC ~ ±3%. Choose R2 with a ±1% 
tolerance and C with a ± 2% tolerance. Polystyrene or mylar capacitors are 
recommended. R 1 may be ± 5%. . 

without external debounce cir
cuitry. A rising edge on encode-en
able aborts any decoding sequence 
in progress and starts an encoding 
sequence. Decoding functions are 
inhibited during this sequence. al
lowing half-duplex operation. 

The chip issues an address twic.e 
during an encoding sequence to 
guard against system electrical 
noise problems. A status pin. when 
high. indicates that the device is 
encoding. The device is in standby 
or decoding when status is low. 

Address inputs on the IC have 
on-chip pull-up devices which are 
inactiVe during standby to reduce 
power consumption. These pull
ups facilitate direct connection of 
SPST switches or jumpers to V". 

The decoder in pin is .the input 
to the on-chip amplifier. Signal 
levels as low as 200 m V p.p may 
capacitively couple through a O.lll 
F capacitor to this. pin. The source 
impedance driving the series ca
pacitor may be as high as 5 kO. 
Capacitive coupling provides 
proper amplifier biasing on chip. • 

Example RC values 

fOK Rl R2 C Encode enable 
(approx.) switeh debounce 

452kHz 
220kHz 
70kHz 
4.1 kHz 

3OkI! 5.6k1!l00pF 
47k!! 10k!! 100 pF 
47k1! 10k!! 510 pF 
330k!! 47k!! 2,200pF 

time (approx.) • 

l.3ms 
2.8ms 
8.7mB 
148mB 

• And max. time for an encoding sequence. 
Guidelines: 100 pF:sC:S0.1I'F 

10k!!:sR2:s500k!! 
2 (R2)<R1<10(R2) 
R1:S 1M!! 

R1 C 
-jl-

R2 

20 19 18 
OBC Osc Osc 

in out out 
1 2 
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Glossary of Terms and Abbreviations 

The list contains terms found in this and other Motorola publications concerned with Motorola Semiconductor 
products for Communications. 

A-Law - A European companding/encoding law commonly 
used in PCM systems. 

AlB Signaling - A special case of 8th-bit (LSB) signaling 
in a Il-Iaw system that allows four logic states to be multi
plexed with voice on PCM channels. 

AID (analog-to-digital) converter (ADC) - A converter that 
uniquely represents all analog input values within a specified 
total input range by a limited number of digital output codes, 
each of them exclusively representing a fractional part of the 
total analog input range. 

Aliasing Noise - A distortion component that is created 
when frequencies present in a sampled signal are greater 
than one-half the sample rate. 

Answer Back - A signal sent by receiving data-processing 
device in response to a request from a transmitting device, 
indicating that the receiver is ready to accept or has received 
data. 

Anti-aliasing Filter - A filter (normally low pass) that band 
limits an input signal before sampling to prevent aliasing 
noise. 

Asynchronous - A mode of data transmission in which the 
time occurrence of the bits within each character or block of 
characters relates to a fixed time frame, but the start of each 
character or block of characters is not related to this fixed time 
frame. 

Attenuation - A decrease in magnitude of a communication 
signal. 

Bandwidth - The information-carrying frequencies between 
the limiting frequencies of a communication line or channel. 

Baseband - The frequency band occupied by information
bearing signals before combining with a carrier in the 
modulation process. 

Baud - A unit of signaling speed equal to the number of dis
crete signal conditions or events per second. This refers to 
the physical symbols/second used within a transmission 
channel. 

Bit Rate - The speed at which data bits are transmitted over 
a communication path, usually expressed in bits per second. 
A 9600 bps terminal is a 2400 baud system with 4 bitslbaud. 

Blocking - A condition in a switching system in which no 
paths or circuits are available to establish a connection to the 
called party even though it is not busy, resulting in a busy tone 
to the calling party. 

BORS(C)HT - Battery, Overvoltage, Ringing, Supervision, 
(Codec), Hybrid, Test; the functions performed by a subscrib
er line card in a telephone exchange. 
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Broadband - A transmission facility whose bandwidth is 
greater than that available on voice-grade facilities. (Also 
called wide band.) 

C Message - A frequency weighting that evaluates the ef
fects of noise based on its annoyance to the "typical" 
subscriber of standard telephone service or the effects of 
noise (background and impulse) on voice-grade data service. 

Carrier - An analog signal of fixed amplitude and frequency 
that combines with an information-bearing signal by modula
tion to produce an output signal suitable for transmission. 

CCITT - Consultative Committee for International Telephone 
and Telegraph; an international standards group of European 
International Telecommunications Union. 

CCSN - Common Channel Signaling Network. 

Central Office (CO) - A main telephone office, usually within 
a few miles of a subscriber, that houses switching gear; com
monly capable of handling about 10,000 subscribers. 

Channel Bank - Communication equipment commonly 
used for multiplexing voice-grade channels into a digital trans
mission signal (typically 24 channels in the U.S. and 30 
channels in Europe). 

CIDCW - Calling Identity Delivery on Call Waiting; a sub
scriber feature which allows for the display of the time, date, 
number, and possible other information about the caller to the 
called party while the called party is off-hook. 

CLASS - Custom Local Area Signaling Service; a set of 
services, enhancements, provided to TELCO customers 
which may include CND, CNAM, Message Waiting, and other 
features. 

CLID - Calling Line IDentification; a subscriber feature which 
allows for the display of the time, date, number, and possible 
other information about the caller to the called party. 

CNAM - Calling Name Delivery; a subscriber feature which 
allows for the display of the time, date, number, and name 
of the caller to the called party. 

CND - Calling Number Delivery; a subscriber feature which 
allows for the display of the time, date, number, and possible 
other information about the caller to the called party. 

CO DEC - COder-DECoder; the AID and D/A function on a 
subscriber line card in a telephone exchange. 

COFIDEC - COder-Filter-DECoder; the combination of a 
codec, the associated filtering, and voltage references 
required to code and decode voice in a subscriber line card. 

Common Mode Rejection - The ability of a device having 
a balanced input to reject a voltage applied simultaneously 
to both differential-input terminals. 
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Companding - The process in which dynamic range com
pression of a signal is followed by expansion in accordance 
with a given transfer characteristic (companding law) which 
is usually logarithmic. 

Compander - A combination of a compressor at one point 
in a communication path for reducing the amplitude range of 
signals, followed by an expander at another point for restoring 
the original amplitude range, usually to improve the signal-to
noise ratio. 

Conference Call - A call between three or more stations, 
in which each station can carry on a conversation simulta
neously. 

CPE - Customer Premise Equipment; this could be a POTS 
phone, answering machine, fax machine, or any number of 
other. devices connected to the PSTN. 

Crosspoint - The operating contacts or other low-imped
ance-path connection over which conversations can be 
routed. 

Crosstalk - The undesired transfer of energy from one sig-
nal path to another. . 

CSN - Circuit Switched Network. 

CTS - Clear to send; a control signal between a modem and 
a controller used to initiate data transmission over a commu-
nication line. . 

CVSD - Continuous Variable Slope Delta (modulation); a 
simple technique to converting an analog signal (like voice) 
into a serial bit stream. 

03 - D3 channel bank; a specific generation of AT&T 
24-channel PCM terminal that multiplexes 24 voice channels 
into a 1.544 MHz digital bit stream. The specifications 
associated with D3 channel banks are the basis for all PCM 
device specifications. 

D/A (digital-to-analog) converter (DAC) - A converter that 
represents a limited number of different digital input codes by 
a corresponding number of discrete analog output values. 

Data Compression - A technique that provides for the 
transmission of fewer data bits. than originally required without 
information loss. The receiving location expands the received 
data bits into the original bit sequence. 

dB (decibel) - A power or voltage mJasurement unit, re
ferred to another power or voltage. It is generally computed 
as: 

10 x log (P1/P2) for power measureme~ts, and 

20 x log (V1N2) for voltage measurements. 

dBm - An indication of signal power. 1.0 mW across 600 
n, or 0.775 volts. rms, is defined as 0 dBm .. Any other voltage 
level is converted to dBm by: 

dBm = 20 x log (Vrms/0.775), or 

dBm = [20 x log (Vrms)] + 2.2.2. 

dBmO - Signal power measured at a point in a standard test 
tone level at the same point. 

i.e., dBmO = dBm = dBr 
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where dBr is the relative transmission level, or level relative 
to the point in the system defined as the zero transmission 
level point. 

dBmOp - Relative power expressed in dBmp. (See dBmO 
and dBmp.) 

dBmp -Indicates dBm measurement made with a psopho
metric weighting filter. 

dBrn - Relative signal level expressed in decibels above ref
erence noise, where reference noise is 1 pW. Hence, 0 dBm 
= 1 pW = - 90 dBm. 

dBrnC - Indicates dBrn measurement made with a C-mes
sage weighting filter. (These units are most commonly used 
in the U.S., where psophometric weighting is rarely used.) 

dBrncO - Noise measured in dBrnc referenced to zero trans
mission level. 

Decoding - A process in which one of a set of reconstructed 
analog samples is generated from the digital character signal 
representing a sample. 

Delay Distortion - Distortion that occurs on communication 
lines due to the different propagation speeds of signals at dif
ferent frequencies, measured in microseconds of delay 
relative to the delay at 1700 Hz. (This type of distortion does 
not affect voice communication, but can seriously impair data 
transmission.) 

Delta Modulation - A simple digital coding technique that 
produces a serial bit stream corresponding to changes in ana
log input levels; usually utilized in devices employing 
continuously variable-slope delta (CVSD) modulation. 

Demodulator - A functional section of a modem that con
verts received analog line signals to digital form. 

ON - Directory Number. 

Digital Telephone - A telephone terminal that digitizes a 
voice signal for transmission and decodes a received digital 
signal back to a voice signal. (It will usually multiplex 64 kbps 
voice and separate data inputs at multiples of 8 kbps.) 

Distortion - The failure to reproduce an original signal's 
amplitude, phase, delay, etc. characteristics accurately. 

DPSK - Differential Phase Shift Keying; a modulation tech
nique for transmission where the frequency remains constant 
but phase changes will occur from 90°, 180°, and 290° to 
define the digital information. 

DTMF - Dual Tone Multi-Frequency. It is the '~one dialing" 
system based on outputting two non-harmonic related fre
quencies simultaneously to identify the number dialed. Eight 
frequencies have been assigned to the four rows and four col
umns of a typical keypad. 

Duplex - A mode of operation permitting the simultaneously 
two-way independent transmission of telegraph or data sig
nals. 

,Echo - A signal.that has been reflected or returned as a 
result of impedance mismatches, hybrid unbalance, or time 
delay. Depending upon the location of impedance irregu-
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larities and the propagation characteristics of a facility, echo 
may interfere with the speaker/listener or both. 

Echo Suppressor - A device used to minimize the effect 
of echo by blocking the echo return currents; typically a voice
operated gate that allows communication one way at a time. 

Encoder (PCM) - A device that performs repeated sam
pling, compression, and AID conversion to change an analog 
signal to a serial stream of PCM samples representing the 
analog signal. 

Equalizer - An electrical network in which phase delay or 
gain varies with frequency to compensate for an undesired 
amplitude or phase characteristic in a frequency-dependent 
transmission line. 

ET - Exchange Termination (C.O. Switch). 

FDM - Frequency-Division Multiplex; a process that permits 
the transmission of two or more signals over a common path 
by using a different frequency band for each signal. 

Four Wire Circuit - The portion of a telephone, or central 
office, that operates on t\lio pairs of wires. One pair is for the 
transmit path (generally from the microphone), and one pair 
is for the receive path (generally from the receiver). 

Frame - A set of consecutive digit time slots in which the 
position of each digit slot can be identified by reference to a 
frame alignment. The frame alignment signal does not neces
sarily occur, in whole or in part, in each frame. 

Full Duplex - A mode of operation permitting simultaneous 
transmission of information between two locations in both 
directions. 

Gain - The change in signal amplitude (increase or de
crease) after passing through an amplifier, or other circuit 
stage. Usually expressed in dB, an increase is a positive num
ber, and a decrease is a negative number. 

Gain Tracking Error - The variation of gain from a constant 
level (determined at 0 dBm input level) when measuring the 
dependence of gain on signal level by comparing the output 
signal to the input signal over a range of input signals. 

HDLC - High-Level Data Link Control; a cCln standard 
data communication line protocol. 

Half Duplex - A transmission system that permits com
munication in one direction at a time. CB ratios, with 
"push-to-talk" switches, and voice-activated speakerphones, 
are half duplex. 

Handset - A rigid assembly providing both telephone trans
mitter and receiver in a form convenient for holding 
simultaneously to mouth and ear. 

Hookswitch - A switch that connects the telephone circuit 
to the subscriber loop. The name derives from old telephones 
where the switch was activated by lifting the receiver off and 
onto a hook on the side of the phone. 

Idle Channel Noise (ICN) - The total signal energy mea
sured at the output of a device or channel under test when 
the input of the device or channel is grounded (often a wide-
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band noise measurement using a C-message weighting filter 
to band-limit the output noise). 

Intermodulation - The modulation of the components of a 
complex wave by each other (in a nonlinear system). 

Intermodulation Distortion - An analog line impairment 
when two frequencies interact to create an erroneous fre
quency, in turn distorting the data signal representation. 

IRED - Infrared. Used as a wireless link for remote control 
or to transfer data. 

ISDN - Integrated Services Digital Network; a commu
nication network intended to carry digitized voice and data 
multiplexed onto the public network. 

Jitter - A type of analog communication line distortion 
caused by abrupt, spurious signal variation from a reference 
timing position, and capable of causing data transmission er
rors, particularly at high speeds. (The variation can be in 
amplitude, time, frequency, or phase.) 

Key System - A miniature PABX that accepts 4 to 10 lines 
and can direct them to as many as 30 telsets. 

Il-Iaw - A companding law accepted as the North American 
standard for PCM based systems. 

LAN - Local Area Network; a data-only communication net
work between data terminals using a standard interface to the 
network. 

Line - The portion of a circuit external to an apparatus that 
consists of the conductors connecting the apparatus to the 
exchange or connecting two eXChanges. 

Line Length Compensation - Also referred to as loop 
length compensation, it involves changing the gain of the 
transmit and receive paths, within a telephone, to compensate 
for different signal levels at the end of different line lengths. 
A short line (close to the CO) will attenuate signals less, and 
therefore less gain is needed. Compensation circuits gener
ally use the loop current as an indication of the line length. 

Longitudinal Balance - The common-mode rejection of a 
telephone circuit. 

Loop - The loop formed by the two subscriber wires (Tip 
and Ring) connected to the telephone at one end, and the cen
tral office (or PBX) at the other end. Generally it is a floating 
system, not referred to ground, or ac power. 

Loopback - Directing signals back toward the source at 
some point along a communication path. 

Loop Current - The dc current that flows through the 
subscriber loop. It is typically provided by the central office 
or PBX, and ranges from 20 to 120 mAo 

LT - Line Termination (Line Card). 

MCU - MicroComputer Unit (also MicroControlier Unit). 

MPU - MicroProcessor Unit. 

Mu-Law - A companding/encoding law commonly used in 
U.S. (same as Il-Iaw). 
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MUX - Multiplex or multiplexer. 

Modem - MOdulator-DEModulator; a unit that modulates 
and demodulates digital information from a terminal or com
puter port to an analog carrier signal for passage over an 
analog line. 

Multiplex - To simultaneously transmit two or more mes
sages on a single channel. 

NT1 - Network Termination 1 (OSI Layer 1 Only). 

NT2 - Network Termination 2 (OSI Layers 2 and 3). 

Oft-hook - The condition when the telephone is connected 
to the phone system, permitting loop current to flow. The cen
tral office detects the dc current as an indication that the phone 
is busy. 

On-hook - The condition when the telephone's dc path is 
open, and no dc loop current flows. The central office regards 
an on-hook phone as available for ringing. 

PABX - Private Automatic Branch Exchange; a customer
owned, switchable telephone system providing internal 
and/or external station-to-station dialing. 

Pair - The two associated conductors that form part of a 
communication channel. 

Pass-band Filter - A filter used in communication systems 
that allows only the frequencies within a communication chan
nel to pass, and .rejects all frequencies outside the channel. 

PBX - Private Branch Exchange; a class of service in stan
dard Bell System terminology that typically provides the same 
service as PABX. 

PCM - Pulse Code Modulation; a method of transmitting 
data in which signals are sampled and converted to digital 
words that are then transmitted serially, typically as a-bit 
words. 

Phase Jitter - Abrupt, spurious variations in an analog line, 
generally caused by power and communication equipment 
along the line that shifts the signal phase relationship back 
and forth. 

PLL - Phase-Locked Loop. 

PLL Frequency Synthesizer - Phase-locked loop frequen
cy synthesizer. A frequency synthesizer utilizing a closed 
loop, as opposed to DDS (direct digital synthesis) which is 
not a closed loop. 

POTS - Plain Old Telephone Service. 

Propagation Delay - The time interval between specified 
reference points on the input and output voltage waveforms. 

Psophometric Weighting - A frequency weighting similar 
to C-Message weighting that is used as the standard for Euro
pean telephone system testing. 

PSN - Packet Switched Network. 

PSTN - Public Switched Telephone Network. 
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Pulse Dialer - A device that generates pulse trains corre
sponding to digits or characters used in impulse or 
loop-disconnect dialing. 

Quantizing Noise - Signal-correlated noise generally 
associated with the quantizing error introduced by AID and 
D/A conversions in digital transmission systems. 

REN - Ringer Equivalence Number; an indication of the im
pedance, or loading factor, of a telephone bell or ringer circuit. 
An REN of 1.0 equals about a k.Q. The Bell system typically 
permits a maximum of ?O REN (1.6 kQ) on an individual sub
scriber line. A minimum REN of 0.2 (40 kQ) is required by the 
Bell system. 

Repeater - An amplifier and associated equipment used in 
a telephone circuit to process a signal and retransmit it. 

Repertory Dialer - A.dialer that stores a repertory of tele
phone numbers and dials anyone of them automatically on 
request. 

Ring - One of the two wires connecting the central office 
to a telephone. The name derives from the ring portion of the 
plugs used by operators (in older equipment) to make the con
nection. Ring is traditionally negative with respect to Tip. 

RTS - Request To Send; an EIA-232 control signal between 
a modem and user's digital eqUipment that initiates the data 
trflnsmission sequence on a communication line. 

Sampling Rate - The frequency at which the amplitude of 
an analog signal is gated into a coder circuit. The Nyquist 
sampling theorem states that if a band-limited signal is 
sampled at regular intervals and at a rate equal to or greater 
than twice the highest frequency of interest, the sample con
tains all the information of the original signal. The frequency 
band of interest in telephony ranges from 300 to 3400 Hz, so 
a sampling rate of a kHz provides dc to 4000 Hz reproduction. 

SCU - Subscriber Channel Unit; the circuitry at a telephone 
exchange associated with an individual subscriber line or 
channel. 

Sidetone - The sound fed back to the receiver as a result 
of speaking into the microphone. It is a natural consequence 
of the 2-to-4 wire conversion system. Sidetone was recog
nized by Alexander Graham Bell as necessary for a person 
to be able to speak prop~rly while using a han,dset. 

Signaling - The transmission of control or status information 
between switching systems in the form of dedicated bits or 
channels of information inserted on trunks with voice data. 

Signal-to-Distortion Ratio (SID) - The ratio of the input sig
nallevel to the level of all components that are present when 
the input signal (usually a 1.020 kHz sinusoid) is eliminated 
from the output signal (e.g., by filtering). 

SLIC - Subscriber Line Interface Circuit; a circuit that per
forms the 2-to-4 wire conversion, battery feed, line 
supervision, and common mode rejection at the central office 
(or PBX) end of the telephone line. 
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SOG package - Small-Outline Gull-wing package; formerly 
SOIC with gull-wing leads. This package has leads which fold 
out from the body. 

SOJ package - Small-Outline J-Iead package; formerly 
SOIC with J leads. This package has leads which are tucked 
under the body. 

Speech Network - A circuit that provides 2-to-4 wire conver
sion, i.e., connects the microphone and receiver (or the 
transmit and receive paths) to the TIp and Ring phone lines. 
Additionally it provides sidetone control, and in many cases, 
the dc loop current interface. 

Subscriber Line - The system consisting of the user's tele
phone, the interconnecting wires, and the central office 
equipment dedicated to that subscriber (also referred to as 
a loop). 

Switch hook - A synonym for hookswitch. 

Syn (Sync) - (1) A bit character used to synchronize a time 
frame in a time-division multiplexer. (2) A sequence used by 
a synchronous modem to perform bit synchronization or by 
a line controller for character synchronization. 

Synchronous Modem - A modem that uses a derived 
clocking signal to perform bit synchronization with incoming 
data. 

T1 Carrler-A PCM system operating at 1.544 MHz and car
rying 24 individual voice-frequency channels. 

TA - Terminal Adatper. 

Talkdown - Missed signals in the presence of speech. Com
monly used to describe the performance of a DTMF receiver 
when it fails to recognize a valid DTMF tone due to cancella
tion of that tone by speech. 

Talkoff - False detections caused by speech. Commonly 
used to describe the performance of a DTMF receiver when 
speech, emulating DTMF, causes the receiver to believe it has 
detected a valid DTMF tone. 

Tandem Trunk - See trunk. 

Telephone Exchange - A switching center for interconnect
ing the lines that service a specific area. 

TE1 - Terminal Equipment 1 (ISDN Terminal). 

TE2 - Terminal Equipment 2 (Non-ISDN Terminal). 

TELETEX - A text communication service between entirely 
electronic work stations that will gradually replace TELEX with 
the introduction of the digital network. (Not to be confused with 
teletext.) 
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TELETEXT - The name usually used for broadcast text (and 
graphics) for domestic television reception. (Not to be con
fused with teletex.) 

Time-Division Multiplex - A process that permits the trans
mission of two or more signals over a common path by using 
a different time interval for each signal. 

Tin Cans and String - A crude analog communications 
system commonly used to introduce voice communications 
to children. 

Tip - One of the two wires connecting the central office to 
a telephone. The name derives from the tip of the plugs used 
by operators (in older equipment) to make the connection. Tip 
is traditionally positive with respect to ring. 

Tone Ringer - The modem solid state equivalent of the old 
electromechanical bell. It provides the sound when the central 
office alerts the subscriber that someone is calling. Ringing 
voltage is typically 80-90 volts rms, 20 Hz. 

Trunk - A telephone circuit or channel between two central 
offices or switching entities. . 

TSAC - Time Slot Assigner Circuit; a circuit that determines 
when a CODEC will put its 8 bits of data on a PCM bit stream. 

TSIC - Time Slot Interchange Circuit; a device that switches 
digital highways in PCM based switching systems; a "digital" 
crosspoint switch. 

TWist - The amplitude ratio of a pair of DTMF tones. (Be
cause of transmission and equipment variations, a pair of 
tones that originated equal in amplitude may arrive with a con
siderable difference in amplitude.) 

Two Wire Circuit - Refers to the two wires connecting the 
central office to the subscriber's telephone. Commonly re
ferred to as TIp and Ring, the two wires carry both transmit 
and receive signals in a differential manner. 

UDLT - Universal Digital Loop Transceiver; a Motorola origi
nated name for a voice/data transceiver circuit. 

VCO - Voltage-controlled oscillator. Input is a voltage; output 
is a sinusoidal waveform. 

VCM - Voltage-controlled multivibrator. Input is a voltage; 
output is a square wave. 

Voice Frequency - A frequency within that part of the audio 
range that is used for the transmission of speech of commer
cial quality (i.e., 300-3400 Hz). 

Weighting Network - A network whose loss varies with fre
quency in a predetermined manner. 
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ANSI 

Bellcore 

CCITT 

EIA 
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American National Standards Institute 
11 West 42nd Street 
New York, NY 10036 
USA 

Bell Communications Research 
Customer Service 
60 New Engiand Avenue 
Piscataway, NJ 08854-4196 
USA 
Phone: (201) 699-5800 

Consultive Committee of the International 
Telephone and Telegraph 
International Telecommunications Union 
Place Des Nations 
CH-1211 Geneva 
Switzerland 
Phone: (011) 4122 730 5851 

Electronic Industries Association 
1722 Eye Street, NW 
Suite 440 
Washington, DC 20006 
USA 
Phone (Headquarters): (202) 457-4936 
Phone (Standards): (202) 457-4966 

ETSI European Telecommunications Standards 
Institute 
06921 Sophia Antipolis Cedex 
FRANCE 
Phone: 33 92 94 42 00 
Fax: 33 93 65 4716 

IEEE Institute of Electric!!1 and Electronics 
Engineers 
Headquarters: 

345 East 47th Street 
New York, NY 10017 
USA 
Phone (212) 705-7900 

Standards Office: 
IEEE Service Center 
PO Box 1331 
Piscataway, NJ 00855 
USA 
Phone: (201) 981-0060 

TIA Telecommunications Industry Association 
2001 Pennsylvania Avenue, NW 
Suite 800 
Washington, DC 2006-1813 
USA 
Phone: (202) 457-5430 
Fax: (202 457-4939 
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Handling and Design Guidelines 
HANDLING PRECAUTIONS 

All CMOS devices have an insulated gate that is subject to 
voltage breakdown. The high-impedance gates on the de
vices are protected by on-chip networks. However, these 
on-chip networks do not make the IC immune to electrostatic 
damage (ESD). Laboratory tests show that devices may fail 
after one very high voltage discharge. They may also fail due 
to the cumulative effect of several discharges of lower poten
tial. 

Static-damaged devices behave in various ways, depend
ing on the severity of the damage. The most severely 
damaged are the easiest to detect because the input or output 
has been completely destroyed and is either shorted to VDD, 
shorted to VSS, or open-circuited. The effect is that the device 
is no longer functional. Less severe cases are more difficult to 
detect because they appear as intermittent failures or de
graded performance. Static damage can often increase 
leakage currents. 

CMOS devices are not immune to large static voltage dis
charges that can be generated while handling. For example, 
static voltages generated by a person walking across a waxed 
floor have been measured in the 4--15 kV range (depending 
on humidity, surface conditions, etc.). Therefore, the following 
precautions should be observed. 

1. Do not exceed the Maximum Ratings specified by the 
data sheet. 

2. All unused device inputs should be conn.ected to VDD 
or VSS. 

3. All low-impedance equipment (pulse generators, etc.) 
should be connected to CMOS inputs only after the de
vice is powered up. Similarly, this type of equipment 
should be disconnected before power is turned off. 

4. A circuit board containing CMOS or devices is merely 
an extension of the device and the same handling pre
cautions apply. Contacting connectors wired directly to 
devices can cause damage. Plastic wrapping should be 
avoided. When external connections to a PC board ad
dress pins of CMOS integrated circuits, a resistor should 
be used in series with the inputs or outputs. The limiting 
factor for the series resistor is the added delay caused 
by the time constant formed by the series resistor and 
input capacitance. This resistor will help limit accidental 
damage if the PC board is removed and brought into 
contact with static generating materials. For con
venience, equations for added propagation delay and 
rise time effects due to series resistance size are given 
in Figure 1. 

5. All CMOS devices should be stored or transported in 
materials that are antistatic. Devices must not be in
serted into conventional plastic "snow", styrofoam or 

Figure 1. Networks for Minimizing ESO and Reducing CMOS Latch Up Susceptibility 

TO OFF·BOARD 
CONNECTION 

Rl 
MOS 

INPUT 
OR 

OUTPUT 

Advantage: Requires minimal board area. 

Disadvantage: AI > R2 for the same level of 
protection, therefore rise and fall 
times, propagation delays, and 
output drives are severely affected. 

VDD 

.,. Dl 

TO OFF·BOARD R2 
CONNECTION 

.~ D2 

':' VSS 

Advantage: R2 < R1 for the same level of 
protection. Impact on ae and de 
characteristics is minimized. 

Disadvantage: More board area, higher initial cost. 

MOS 
INPUT 

OR 
OUTPUT 

NOTE: These networks are useful for pr~tecting the following: 

where: 

EQUATION 1 - PROPAGATION DELAY VS 
SERIES RESISTANCE 

R~_t_ 
C·k 

A. "digital inputs and outputs 
B. analog inputs and outputs 
C. 3·stale outputs 
D. bidirectional (I/O) ports 

R = the maximum allowable series resistance in ohms 
t = the maximum tolerable propagation delay in seconds 

C = the board capacitance plus the driven device's 
input capacitance in farads 

k = 0.33 for devices with TIL input levels (switch point ~ 1.3 V) 
k = 0.7 for devices with CMOS input levels (switch point ~ 50% 

VOO)· 
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where: 

EQUATION 2 - RISE TIME VS 
SERIES RESISTANCE 

R~_t_ 
C.k 

R = the maximum allowable series resistance in ohms 
t = the maximum tolerable propagation delay In seconds 
C = the board capacitance plus the driven device's 

input capacitance in farads 
k = 0.7 for devices with TIL input levels (switch point ~ 1.3 V) 
k = 2.3 for devices with CMOS input levels (switch point ~ 50% 

VOO)· 
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plastic trays, but should be left in their original container 
until ready for use. 

6. All CMOS devices should be placed on a grounded 
bench surface and operators should ground themselves 
prior to handling devices, since a worker can be statically 
charged with respect to the bench surface. Wrist straps 
in contact with skin are strongly recommended. See Fig
ure 2. 

7. Nylon or other static generating materials should not 
come in contact with CMOS circuits. 

8. If automatic handling is being used, high levels of static 
electricity may be generated by the movement of de
vices, belts, or boards. Reduce static build-up by using 
ionized air blowers or room humidifiers. All parts of ma
chines which come into contact with the top, bottom, and 
sides of IC packages must be grounded metal or other 
conductive material. 

9. Cold chambers using C02 for cooling should be 
equipped with baffles, and devices must be contained 
on or in conductive material. 

10. When lead-straightening or hand-soldering is neces
sary, provide ground straps for the apparatus used and 
be sure that soldering ties are grounded. 

11. The following steps should be observed during wave sol
der operations. 
a. The solder pot and conductive conveyor system of 

the wave soldering machine must be grounded to an 
earth ground. 

b. The loading and unloading work benches should 
have conductive tops which are grounded to an earth 
ground. 

c. Operators must comply with precautions previously 
explained. 

d. Completed assemblies should be placed in antistatic 
containers prior to being moved to subsequent sta
tions. 

12. The following steps should be observed during board 
cleaning operation. 

a. Vapor degreasers and baskets must be grounded to 
an earth ground. Operators must likewise be 
grounded. 

b. Brush or spray cleaning should not be used. 
c. Assemblies should be placed into the vapor degreas

er immediately upon removal from the antistatic 
container. 

d. Cleaned assemblies should be placed in antistatic 
containers immediately after removal from the clean
Ing basket. 

e. High velocity air movement or application of solvents 
and coatings should be employed only when module 
circuits are grounded and a static eliminator is di
rected at the module. 

13. The use of static detection meters for line surveillance 
is highly recommended. 

14. Equipment specifications should alert users to the pres
ence of CMOS devices and require familiarization with 
this specification prior to performing any kind of mainte
nance or replacement of devices or modules. 

15. Do not Insert or remove CMOS devices from test sockets 
with power applied. Check all power supplies to be used 
for testing devices to be certain there are no voltage tran
sients present. 

16. Double check the equipment setup for proper polarity 
of voltage before conducting parametric or functional 
testing. 

RECOMMENDED READING 
'Total Control of the Static in Your Business" 
Available by writing to: 

3M 
Static Control Systems 
Building A 145-3N-01 
P.O. Box 2963 
Austin, TX 78769-2963 

Or calling: 
1-800-328-1368 

Figure 2. Typical Manufacturing Work Station 

NOTES: 
1. 1/16 inch conductive sheet stock covering bench top work area. 
2. Ground strap. 
3. Wrist strap in contact with skin. 
4. Static neutralizer. (Ionized air blower directed at work.) Primarily for use In areas where direct ground

ing is impractical. 
5. Room humidifier. Primarily for use In areas where the relative humidity Is less than 45%. Caution: 

building heating and cooling systems usually dry the air causing the relative humidity inside of build
ings to be less than outside humidity. 
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CMOS LATCH UP 

Latch up will not be a problem for most designs, but the de
signer should be aware of it, what causes it, and how to 
prevent it. . 

Figure 3 shows the layout of a typical CMOS inverter and 
Figure 4 shows the parasitic bipolar devices that are formed. 
The circuit formed by the parasitic transistors and resistors is 
the basic configuration of a silicon controlled rectifier, or SCR. 
In the latch-up condition, transistors 01 and 02 are turned on, 
each providing the base current necessary for the other to re
main in saturation, thereby latching the devices on. Unlike a 
conventional SCR, where the device is turned on by applying 
a voltage to the base of the NPN transistor, the parasitiC SCR 
is turned on by applying a voltage to the emitter of either tran
sistor. The two emitters that trigger the SCR are the same 
point, the CMOS output. Therefore, to latch up the CMOS 
device, the output voltage must be greater than VDD + 0.5 Vdc 
or less than - 0.5 Vdc and have sufficient current to trigger the 
SCA. The latch-up mechanism is similar for the inputs. 

Once a CMOS device is latched up, if the supply current is 
not limited, the device will be destroyed. Ways to prevent such 
occurrences are listed below. 

1. Ensure that inputs and outputs are limited to the maxi
mum rated values, as follows: 
- 0.5 $ Yin $ VDD + 0.5 Vdc referenced to VSS 
- 0.5 $ Vout $ VDD + 0.5 Vdc referenced to VSS 
Ilinl $10 mA 
Ilou~ $ 10 mA when transients or dc levels exceed the 

supply Voltages. 

2. If voltage transients of sufficient energy to latch up the 
device are expected on the outputs, external protection 
diodes can be used to clamp the voltage. Another meth
od of protection is to use a series resistor to limit the 
expected worst case current to the Maximum Ratings 
values (see Figure 1). 

3. If voltage transients are expected on the inputs, protec
tion diodes may be used to clamp the voltage or a series 
resistor may be used to limit the current to a level less 
than the maximum rating of lin = 10 mA (see Figure 1). 

4. Sequence power supplies so that the inputs or outputs 
of CMOS devices are not powered up first (e.g., re
cessed edge connectors may be used in plug-in board 
applications and/or series resistors). 

5. Power supply lines should be free of excessive noise. 
Care in board layout and filtering should be used. 

6. Limit the available power supply current to the devices 
that are subject to latch-up conditions. This can be ac
complished with the power supply filtering network or 
with a current-limiting regulator. 

Figure 3. CMOS Wafer Cross Section 

P·CHANNEL N·CHANNEL 

~ INPUT ~ 

VDD VDD P·CHANNEL OUTPUT 
OUTPUT 

FIELD OXIDE 

N·SUBSTRATE P·WELL 

Figure 4.' Latch Up Circuit Schematic 

P-CHANNEL OUTPUT 
VDD ------.:...:..... 
VDD 

N·SUBSTRATE RESISTANCE 
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Quality In Manufacturing 
QUALITY IN DESIGN 

Motorola's quality activity starts at the product design stage. 
It is Motorola's philosophy to "design in" reliability. At all devel
opment points of any new design reliability oriented guidelines 
are continuously used to ensure that a thoroughly reliable part 
is ultimately produced. This is demonstrated by the excellent 
in-house reliability testing results obtained for all Motorola's 
semiconductor products and, more importantly, by our nu
merous customers. 

MATERIAL INCOMING CONTROLS 

Each vendor is supplied with a copy of the Motorola Pro
curement Specification which must be agreed in detail 
between both parties before any purchasing agreement is 
made. This is followed by a vendor appraisal report whereby 
each vendor's manufacturing facility is visited by Motorola 
Quality Engineers responsible for ensuring that the vendor 
has a well organized and adequately controlled manufacturing 
process capable of supplying the high quality material 
required to meet the Motorola Incoming Inspection Specifica
tion. Large investments have and are continuously being 
made and Quality Improvement programs developed with our 
main suppliers concerning: 

Masks - Silicon - Piece-parts - Chemical products -
Industrial gas, etc. 

Each batch of material delivered to Motorola is quarantined 
at Goods-in until the Incoming Quality Organization has sub
jected adequate samples to the incoming detailed inspection 
specification. In the case of masks, this will include mask 
inspection for: 

1. Defect Density 

2. Intermask Alignment 

3. Mask Revision 

4. Device to Device Alignment 

5. MaskType 

Silicon will undergo the following inspections: 

1. Type "N" or "PH 

2. Resistivity 

3. Resistivity Gradient 

4. Defects 

5. Physical Dimensions 

6. Dislocation Density 

Incoming chemicals are also controlled to very rigorous 
standards. Many are submitted to in-house chemical analysis 
where the supplier's conformance to specification is meticu
lously checked. In many cases, line tests are performed 
before final acceptance. A major issue and responsibility for 
the Incoming Quality Department is to ensure that the most 
disciplined safety factors have been employed with regard to 
chemicals. Chemicals can and are often rejected because 
safety standards have not been deemed acceptable. 
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NEW PRODUCT TYPICAL DESIGN FLOW 

PACKAGE 

COMMERCIAL SAMPLE 

THIS BASIC DESIGN FLOW-CHART OMITS 
SOME FEEDBACK LOOPS FOR SIMPLICITY 
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The Six Sigma Challenge 
Motorola's expressed objective Is the achievement of "error 

free performance" in products and services. The high quality 
level of the product-line outputs, followed by stringent outgo
ing quality control, readily assures this objective. But 
error-free output from the product lines themselves is a matter 
that continues to demand full attention at all levels of produc
tion, design and administration. This far more stringent 
requirement has a two-fold goal: 

1. To further improve ultimate product reliability - experi
ence has proved that products designed for 100% 
conformance to specifications are far less subject to field 
failure than products selected to a given level of perfor
mance. 

2. To reduce waste - thereby making the end-product 
more cost competitive. 

Whether or not one-hundred percent perfection is consis
tently achievable remains subject to conjecture. Motorola's 
already low reject rates, however, warrant a high level of confi
dence that the goal can be met, and milestones toward this 
objective have been firmly established. They call for a 
hundred-fold performance improvement in output by 1991, 
and a Six Sigma Capability by 1992. 

Six Sigma Capability - not yet zero defects, but 
99.9999998% perfection in both product and in customer 
services. 

Why Six Sigma? 

Each process attempts to reproduce its characteristics 
identically from unitto unit. Inherent in each process, however, 
there are variations in conditions and in materials that are 
uncontrollable and unalterable. In all cases, therefore, the 
unit-to-unit output characteristics vary somewhat from the 
ideal (design target). 

The performance of a product is determined by how much 
margin exists between the design specifications and the actu
al value of that specification. For some processes, such as 
those using real-time feedback to control the output, the varia
tions can be quite small; for others they may be quite large. 
Many of the parametric data of a given specification tend to fol
low the normal distribution curve shown in Figure 1. 

Variation of the process is measured in Standard Deviations 
(Sigma) from the Mean. The normal deviation, defined as 
process width, is ± 3 Sigma about the mean, representing a 
yield of 99.73%. But is ± 3 Sigma good enough as an overall 
specification? Statistically, with a ± 3 sigma deviation, approxi
mately 2700 parts per million still fall outside acceptable 
performance limits. Clearly, for a product to be built virtually 
defect free it must be designed with a component yield that is 
significantly better than ± 3 Sigma. 

SPECIFICATION RANGE USL 

0.001 ppm 
1350 0.001 ppm 

~ / 

~------------------- ±6a 

Figure 1. Standard distribution curve illustrates the Three Sigma and Six Sigma Parametric Conformance. 
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LOWER SPEC 
LIMIT 

SPEC LIMIT 
± 1 SIGMA 
± 2 SIGMA 
± 3 SIGMA 
± 4 SIGMA 
± 5 SIGMA 
± 6 SIGMA 

NORMAL DISTRIBUTION 
CENTERED 

PERCENT 
68.27 
95.45 
99.73 
99.9937 
99.999943 
99.9999998 

UPPER 
SPEC LIMIT 

DEFECTIVE PPM 
317300 
45500 

2700 
63 
0.57 
0.002 

Figure 2. With a Centered Distribution Between Six
Sigma Limits Only Two Devices Per Billion Fail to Meet 

the Specification Target. 

The Six Sigma Latitude 

Product yield is a factor oftwo variables: Process width and 
design width. If a process is adequately controlled so that its 
output is ± 3 Sigma, and if the product is so well designed that 
± 3 Sigma deviations still place the products well within the 
specified design limits, then the overall yield is increased. 

The table in Figure 2 shows that a design which can accept 
twice the normal ± 3 Sigma variation of the process (design 
width = ± 6 Sigma) will have a product yield of 99.9999998%, 
corresponding to 2.0 defective parts per billion. Even if the pro
cess mean were to shift by as much as ± 1.5 Sigma from the 
center of the distribution, the process would be expected to 
have no more than 3.4 parts per million defective. 

It is Motorola's goal to achieve ± 6 Sigma capability in prod
uct design, manufacturing, sales and services by 1992. 
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NORMAL DISTRIBUTION 
SHIFTED 1.5 cr 

LOWER 
SPEC 
LIMIT 

-6cr -scr -4cr -30" -2cr -1 cr X 1 cr 

SPEC LIMIT PERCENT 
± 1 SIGMA 30.23 
± 2 SIGMA 69.13 
± 3 SIGMA 93.32 
± 4 SIGMA 99.3790 
± 5 SIGMA 99.97670 
± 6 SIGMA 99.999660 

UPPER 
SPEC 
LIMIT 

2cr 3cr 4cr scr 6cr 

DEFECTIVE PPM 
697700 
308700 
66810 

6210 
233 

3.4 

Figure 3. Effects of a 1.5 Sigma Shift Where Only 3.4 
ppm Fail to Meet Specification. 

The Motorola SPC Program 
• Purpose· Objective· Scope 

The Purpose of this program is to establish a standard ap
proach toward continued process improvement through 
statistical process control. 

Its Objective is to maintain all critical processes under tight 
statistical control in order to enhance quality and reduce scrap 
through identification of process variation, and through the 
reduction of these variations by means of realtime corrective 
action. It is expected to establish the cultural environment and 
the organizational support required to achieve the Six-Sigma 
goal. 

Its Scope encompasses a total quality improvement eftort, 
involving design, manufacturing and management of all 
Motorola product groups and their suppliers as well as their 
support departments and vendors. It provides for the estab
lishment of SPC teams and ensures adequate training. It 
serves as a liaison between teams in order to standardize and 
unify the approach tei continuous quality improvement. 
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Continuous Improvement 

Action 1. Plan 
• Correctino to • Goals and Targets 

Implementation • Success Parameter 
• Permanency to Identify Key Opportunities 

Improvement Identify Key Processes 
• Standardization • Improvement Plan 
• Customer Research • Select ProjecVTeam 
• Bench Mark 
• Redesign 

3. Check 2. Do 
• Measure Improvement • Education and Training 
• Assess Effectiveness • Implement 
• Review Projects 

Key Factors for Success 

• Management Leadership 
Top Down 
Committed 
Active 

• Clear and Agreed-On Goals 

• Breakthrough Thinking 
• Project/Teamwork 
• Training 
• Reinforcing Successes 
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Verification of Statistical Process Control 
Statistical process control programs have two specific func

tions: 

1. as a monitor, to verify that a specific process is under 
control, or to indicate that a process is not in control 
based on interpretation of control-chart abnormalities or 
other indications; 

2. as a quality improvement tool, for the purpose of improv
ing process capability. 

In either case, documentation must be available that per
mits the utilization, verification and interpretation of process 
control data, or if necessary, to implement new programs for 
process improvement. 

Evidence of Process Capability 

Capability indices must be established for each critical pro
cess and there must be evidence that the upper and lower 
specification limits are realistic and not arbitrary. The present 
goal is Cp ~ 2.0 and Cpk ~ 1.5. 

Evidence of a process capability study must be on file. De
pendjng on the level of sophistication, the study may include 
a factorial experiment, a nested variance study, summation of 
the results and recommendation for further action. The selec
tion of critical process pOints must be justified. 

Measurement System Capability 

Results of measurement system capability study must be 

on file. Precision-to-Tolerance (PfT) ratio should be less than 
0.10. 

Process Control Specifications 

Process specifications must include procedures to be fol
lowed in the event.of a process requiring corrective action. 

Operator Training 

The operators are normally the first to see the control charts. 
Incorrect interpretation will cause unnecessary and time con
suming investigations ordelay needed studies. Consequently, 
operator training is a vital function and documented operator 
certification must be on file. 

Control Chart Accuracy and Visibility 

Control charts must be current and readily available. They 
shall be maintained by the production operators and upper 
and lower control limits must be calculated according to histor
icaldata. 

Control Chart Tracking 

Control charts must be tracked continuously. All out-of-con
trol points must be highlighted and the appropriate corrective 
action described either on the chart or in a companion log. The 
objective is to view the trend, not simply to obtain a snapshot
in-time. 

Supplier/Customer Relationships 
Customers have no desire to control a supplier's process. 

Nor are they interested in the confidential details of a sup
plier's processes. They only want assurance (data) that a 
supplier has an ongoing program that supports an overall 
statistical process control plan. Primarily, Motorola's cus
tomers are interested in a supplier's statistical control of the 
critical processes, and his early warning system which keeps 
a process from becoming marginal. Most importantly, they are 
interested in what is being done for continuous improvement. 

What We Offer Our Customers 

It has been adequately demonstrated that a well monitored 
and controlled manufacturing process with minimum varia
tions will produce a better, more useful and more reliable 
product at a reduced cost. In many instances, customer satis
faction now hinges not so much on a product's ability to meet 
specifications as on a manufacturer's ability to control his pro
cesses as evidenced by reduced variability. This is used as an 
indicator of both product quality and projected costs. Motorola 
provides detailed data and inferential statistics that allow cus
tomers to make decisions about the product they buy. In many 
instances, we provide a customer access to our computer 
data banks in order to improve communications and reduce 
tumaround time for product approval. 
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What We Expect From Our Suppliers 

Improved quality of incoming material is crucial to success 
in achieving our Six Sigma goals. In order to accomplish this 
goal, we feel it necessary to reduce the number of suppliers 
and to work closely with those remaining as partners to 
resolve quality issues. 

It is the responsibility of Motorola Supplier Quality Control 
to ensure that all suppliers maintain an adequate system of 
process and material controls which provides for prevention 
(as opposed to detection) of defects in their manufacturing 
processes. This includes, but is not limited to, the following: 

• General plan for continuous improvement 

• Detailed product flow 

• Process control plan 

• Equipment and process capability studies 

• Measurement system capability studies 

• Specific action plan for out-of-control conditions 

• Evidence of statistical process control 
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Motorola's Reliability and Quality Monitor Philosophy 
In order to guarantee that the high standards of reliability 

and quality required by the Motorola continue throughout the 
entire production lifetime of each product family, an ongoing 
Reliability Monitor/Audit Program is established. 

Individual product and package family monitors are devel
oped by identifying the appropriate device(s) for each process 
family (in most cases the same device used to qualify a 
process/producVpackage family). Once identified, the appro
priate stress test programs are put in place to monitor the 
ongoing process average of the specific family. This process 
average measurement is made by . understanding the reli
ability and quality results of individual samples. The stresses 
and sampling used vary according to the product technologies 
used and the unique requirements of the customer base. In all 
cases the monitors have been defined so as to quantify the 
progress being made toward sector goals of six sigma quality 
and significant reduction in infant mortality, and long term fail
ure rates. 

Monitor testing is completed on an ongoing cycle with test 
results made available quarterly. These reports detail all test 
results received for the previous quarter, outlining the reli
ability data associated with all process/package family types. 

With all of these data, an effective ongoing monitor is estab
lished which is capable of identifying reliability trends 
associated with all process/producVpackage families. 

For a complete description, order document BR5181D. 

Reliability Stress Tests 

The following summary gives brief descriptions of the vari
ous reliability tests included in a reliability monitor program. 
Not all of the tests listed are performed by each product group 
and other tests can be performed when appropriate. In addi
tion some form of preconditioning may be used in conjunction 
with the following tests. 

HIGH TEMPERATURE OPERATING LIFE 

High temperature operating life (HTOL or HTRB) testing is 
performed to accelerate failure mechanisms which are ther
mally activated through the application of extreme 
temperatures and the use of biased operating conditions. The 
temperature and voltage conditions used in the stress will vary 
with the product being stressed. However, the typical stress 
ambient is 125°C, with the bias applied equal to or greater than 
the data sheet nominal value. All devices used in the HTOL 
test are sampled directly after final electrical test with no prior 
burn-in or other prescreening unless called out in the normal 
production flow. Testing can either be performed with dynamic 
signals applied to the device or in static bias configuration for 
a typical test duration of 1008 hours. 

TEMPERATURE CYCLE 

Temperature cycle accelerates the effects of thermal 
expansion mismatch among the different components within 
a specific die and packaging system. This test is typically 
performed per MIL-STD-883 or MIL-STD-750 with the 
minimum and maximum temperatures being - 65°C and 
+ 150°C. During temperature cycle testing, devices are 
inserted into a cycling system and held at the cold dwell 
temperature for at least ten minutes. Following this cold dwell, 
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the devices are heated to the hot dwell where they remain for 
another ten minute time period. The system employs a circu
lating air environment to assure rapid stabilization at the 
specified temperature. The dwell at each extreme, plus the 
two transition times of five minutes each (one up to the hot 
dwell temperature, another down to the cold dwell temper
ature), constitute one cycle. Test duration forthis test will vary 
with device and packaging system employed. Typical test 
duration is for 1000 cycles with some tests extended to look 
for longer term effects. 

THERMAL SHOCK 

The objective of thermal shock testing is the same as that 
for temperature cycle testing - to emphasize the differences 
in expansion coefficients of the packaging system. However, 
thermal shock provides additional stress in that the device is 
exposed to a sudden change in temperature due to the trans
fer time of ten seconds maximum as well as the increased 
thermal conductivity of a liquid ambient. This test is typically 
performed per MIL-STD-883 or MIL-STD-750 with minimum 
and maximum temperatures .being - 65°C to + 150°C. De
vices are placed in a fluorocarbon bath and cooled to minimum 
specified temperature. After being held in the cold chamber for 
five minutes minimum, the devices are transferred to an adja
cent chamber filled with fluorocarbon at the maximum 
specified temperature for an equivalent time. Two five-minute 
dwells plus two ten-second transitions constitute one cycle. 
Test duration is for normally 1 000 cycles with some tests being 
extended to look for longer term effects. 

TEMPERATURE HUMIDITY BIAS 

Temperature humidity bias (THB or H3TRB) is an environ
mental test performed at a temperature of 85°C and a relative 
humidity of 85%. The test is designed to measure the moisture 
resistance of plastic encapsulated circuits. A nominal staiic 
bias is applied to the device to create the electrolytic cells 
necessary to accelerate corrosion of the metalization. Most 
groups are tested to 1008 hours, with some groups extended 
beyond to look for longer term effects. 

AUTOCLAVE 

Autoclave is an environmental test that measures device 
resistance to moisture penetration and the resultant effects of 
galvanic corrosion .. Conditions employed during the test 
include 121 DC, 100% relative humidity, and 15 psig. Corrosion 
of the die is the expected failure mechanism. Autoclave is a 
highly accelerated and destructive test. Typical test durations 
are 48 and 96 hours. This test may be followed by HTOL or 
HTRB for 24 to 48 hours to further accelerate the corrosion 
failure mechanism. 

HASTIPTHB (PRESSURE
TEMPERATURE-HUMIDITY-BIAS) 

This test is performed to accelerate the effects of moisture 
penetration with the dominant effect being corrosion. This test 
detects similar failure mechanisms as THB, but at a greatly 
accelerated rate. Conditions usually employed during this test 
are a temperature of 121 DC or greater, pressure of 15 psig or 
greater, humidity of 100% (PTHB) or humidity of 85% (HAST), 
and a bias level that is the nominal rating of the device. 
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CYCLED TEMPERATURE HUMIDITY BIAS 

This test is used to examine devices ability to withstand the 
combined effects of temperature cycling, high humidity, and 
voltage (test can be run without bias). This test differs from a 
typical humidity test in its use of temperature cycling. A typical 
test condition used is as follows: humidity = 90 to 98%, tem
perature cycle of 25°C to 65°C, and bias applied = nominal 
device rating. This test is usually run for 1008 hours. 

POWER TEMPERATURE CYCLING 

This test is performed on semiconductor devices to deter
mine the effects of alternate exposures to extremes of high 
and low temperature with operating voltages periodically 
applied and removed. A typical test condition used is as 
follows: temperature cycle range = - 40°C to 125°C, bias 
applied = nominal device rating, and power cycling rate = 5.0 
minutes (ON)/5 minutes (OFF). This test is usually run for 
1000 cycles. 

POWER CYCLING 

This test is performed at a constant ambient temperature 
with operating voltage(s) periodically applied and removed, 
producing a ~ T JA, typically between 50°C and 150°C. Ambi
ent temperatures range between 25°C and 150°C. A typical 
test condition used is as follows: ambient temperature 25°C, 
~ T JA = 125°C with nominal bias, power ·ON" 5.0 minutes and 
·OFP' 5.0 minutes. This test is usually run for at least 504 
hours. 

LOW TEMPERATURE OPERATING LIFE 

This test is performed primarily to accelerate HCI (hot car
rier injection) effects in semiconductor devices by exposing 
them to room ambient or colder temperatures with the use of 
biased operating conditions. Threshold shifts or parametric 
changes are typically the basis for failure. The length of this 
test will vary with temperature and bias conditions employed. 

WRITE/ERASE CYCLING OF EEPROMs 

This test is employed to evaluate the effects of repeated 
programming and erasing excursions on EEPROM devices 
without corruption of data. This write/erase cycling will usually 
be performed at an elevated operating temperature for greater 
than 10,000 cycles. 

HIGH TEMPERATURE STORAGE/DATA RETENTION 

High temperature storage is performed to measure the 
stability of semiconductor devices, including the data reten
tion characteristics of EPROM and EEPROM devices, during 
storage at elevated temperatures with no electrical stress 
applied. The devices are typically exposed to an ambient of 
150°C. An acceleration of charge loss from the storage cell or 
threshold changes are the expected results. All groups are 
typically tested to 1 008 hours. 

MOTOROLA COMMUNICATIONS DEVICE DATA 

SYSTEM SOFT ERROR 

System soft error is designed to detect errors caused by 
impact ionization of silicon by high energy particles. This 
stress is performed on a system level basis. The system is 
operated for millions of device hours to obtain an accurate 
measure of actual system soft error performance. This test is 
performed on memory devices only. 

MECHANICAL SHOCK 

This test is typically performed per MIL-STD-883 or 
MIL-STD-750 and is used to examine the ability of the device 
to withstand a sudden change in mechanical stress typically 
due to abrupt changes in motion as seen in handling, trans
portation, or actual use. A typical test condition would be as 
follows: acceleration = 1500 g, orientation = Y1 plane, t = 
0.5 ms, and number of pulse = 5. 

VARIABLE FREQUENCY VIBRATION 

This test is typically performed per MIL-STD-883 or 
MIL-STD-750 and is used to examine the ability of the device 
to withstand deterioration due to mechanical resonance. A 
typical test condition is: peak acceleration = 20 g, frequency 
range = 20 Hz to 20 kHz, and t = 48 minutes. 

CONSTANT ACCELERATION 
This test is typically performed per MIL-STD-883 or 

MIL-STD-750 and is used to indicate structural or mechanical 
weaknesses in a device/packaging system by applying a se
vere mechanical stress. A typical test condition used is as 
follows: stress level = 30 kg, orientation = Y1 plane, and t = 1 
minute. 

SOLDER HEAT 

This test is used to examine the device's ability to withstand 
the temperatures seen in soldering over a more extended peri
od as compared to the typical exposure levels seen in a 
production process. Electrical testing is the endpoint criterion 
for this stress. 

LEAD INTEGRITY 

This test is typically performed per MIL-STD-883 or 
MIL-STD-750 and is used to examine the mechanical proper
ties of a device's leads, welds, and seals. Various conditions 
can be employed and provide for: tensile loading, bending 
stresses, torque or twist, and peel stress. The failure is deter
mined visually under 3X to 10X magnification. 

SALT ATMOSPHERE 

This test is performed per MIL-STD-883 or MIL-STD-750 
and is used to evaluate the corrosive effects of a seacoast type 
atmosphere on device and package elements. A failure is de
termined visually under 10X to 20X magnification. 

Quality and Reliability 
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Mechanical Data 

The package availability for each device is indicated on the front page of the individual data sheets. 
Dimensions for the packages are given in this chapter. 

--------------- 8-PIN PACKAGES ---------------

NOTE 2 

PLASTIC PACKAGE 
CASE 626-05 

SEJI~~;~ 
I I~~~K 
H~G 

;:;1$:-'I-=I2l'-0-.13-(0-.0-OS--')®:'T""1 TT"l -A-=®"'TI-B"",®=""I 

SO PACKAGE 
CASE 751-04 

roll @.1F$YPL;-, 0-.2--:S (-0.0-10-'-) ®~I ':"B-::::®:"11 

~ 
1 r- RX45' / .J F l. 

L.ut (l~tt 
~MO ..... LJ 

1-$-10.25(0.010)® ITI B® I A® I 

MOTOROLA COMMUNICATIONS DEVICE DATA 

NOTES: 
I. OIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARALLEL 
2. PACKAGE CONTOUA OPTIONAL (AOUND OR 

SOUARE CORNERS). 
3. DIMENSIONING AND TOLERANCING PEA ANSI 

Y14.5M,1982. 

DIM 
A 

c 

G 
H 

M 
N 0.76 

NOTES: 

INCHES 
MIN MAX 

0.370 0.400 
0240 0260 
0.155 0.175 
0.015 0.020 
0.040 0.070 

O.100BSC 
0.030 O.OSO 

.02 

O.300BSC 
10' 

0.030 0.040 

I. DIMENSIONING AND TOLERANCING PER 
ANSI YI4.5M.I982. 

2. CONTROWNG DIM: MILUMETER. 
3. DIMENSION AAND B DO NOT INCLUDE 

MOlD PAOmUSION. 
4. MAXIMUM MOLD PAOmUSION 0.15 (0.006) 

PEA SIDE. 
5. DIMENSION 0 DOES NOTINCLUDE 

DAMBAR PROTRUSION. ALLOWABLE 
DAMBAR PROmUSION SHALL BE 0.127 
(0.005) TOTAL IN EXCESS OF THE 0 
DIMENSION AT MAXIMUM MATERIAL 
CONDITION. 

MIWMETERS 
DIM MIN MAX 
A 4.60 5.00 
8 3.80 4.00 
C 1.35 1.75 
0 0.35 0.49 
F 0.40 1.25 
G 1.27BSC 
J 0.18 0.25 
K 0.10 0.25 
M o· 7' 
P 5.80 8.20 
R 0.25 O.SO 

INCHES 
MIN MAX 

0.189 0.196 
O.ISO 0.157 
0.054 0.068 
0.014 0.019 
0.016 0.049 

a 0.009 
0.009 

7' 
D:229 0.244 
0JjjQ 0.019 

Mechanical Data 
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14-PIN PACKAGES 

CERAMIC PACKAGE I' GEl "I CASE 632-08 f::::::: 11 
~ " ~ rit-L . 

K " 

N JLJ14PL M 

r.;1~:-r1 ~0.2',,-5-:-(0.""01-:-0)-::;®:-rI:::1TlrA:-:®"""'1 IF..~:TI 0:'::.2:-5 ('-0.0-10"'-) ""'®:TI T=-<I--:s"""®"'1 

~~ 
~~ 
I. A .1 

K 

PLASTIC PACKAGE 
CASE 646-06 

SO PACKAGE 
CASE 751A-03 

NOTES: 
1. DIMENSIONING AND TOLERANCiNG PER ANSI 

YI4.5M.ll1i2. 
2. CONTROWNG DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF lEAD WHEN 

FORMED PARAllEL. 
4. DIM F MAY NARROW TO 0.76 (0.030) WHERE 

THE I£AD ENTERS THE CERAMIC BODY. 

IN H 
DIM MIN MAX 
A 0.750 0.785 
B 0.245 0.280 7.11 
C 0.155 0.200 •. 08 
0 0.01. 0.020 0.39 0.50 
F 0.055 0.065 1.40 1.65 
G O.I00BSC 2.54BSC 
~ 0.006 0.015 0~1 0.38 
K 0.125 0.170 3.18 4.31 
L ~300BSC 7.62BSC 
M 5 • 
N 0.020 0.040 0.51 1.01 

NOTES: 
1. LEADS WITHIN 0.13 (0.005) RADIUS OF TRUE 

POSITION AT SEATING PlANE AT MAXIMUM 
MATERiAl CONDITION. 

2. DIMENSION L TO CENTER OF lEADS WHEN 
FORMED PARAlI£L. 

3. OIMENSION B DOES NOT INClUDE MOLD 
FlASH. 

4. ROUNDED CORNERS OPTIONAl. 

DIM 
A 
B 
C 
o 
F 
G 
H 
~ 
K 

NOTES: 
1. DIMENSIONING AND TOlERANCiNG PER ANSI 

YI4.5M.I982. 
2. CONTROWNG DIMENSION: MlWMETER. 
3. DIMENSIONS AAND B DO NOTlNCWDE 

MOLD PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 

PEA SIDE. 
5. DIMENSION D DOES NOT INCLUDE OAMBAR 

PROTRUSION. AllOWABlE DAMBAR 
PROTRUSION SHAll BE 0.127 (0.005) TOTAl 
IN EXCESS OF THE D DIMENSION AT 
MAXIMUM MATERIAl CONDITION. 

IN HE 
DIM MIN MAX MIN MAX 

A 8.65 8.75 0.337 0.344 
B 4.00 0.150 0.157 
C 1.35 1.75 0.054 0.068 
0 0.35 0.48 0.014 0.019 
F 0.40 1.25 0.016 0.049 
Q 1.27SSC O.OSOBSC 
~ 0.19 0.25 0.006 0.006 
K 0.10 0.25 0.004 0.009 
M Il" 7 0 

•. 60 6.20 0.299 0.244 
0.25 0.50 0.010 0.019 

Mechanical Data 
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--------------- 16-PIN PACKAGES ---------------

~ 

P 8 --.l 

CERAMIC PACKAGE 
CASE 620-10 

t,S 
II 
II 

tjU L M 
J 16PL 
F:I ~i-'iI;.,:O.:,-,25..,.,(O • .."OI..,.,O)..,.®:-T1 ="IT I--::B:-;®~I 

PLASTIC PACKAGE 
CASE 648-08 

0." 8~ 

:J F C rJ 
nIT!AAAr~SEAllNG l 

PLANE J -II- ~ M 

MOTOROLA COMMUNICATIONS DEVICE DATA 

NOTES: 
I. DIMENSIONING AND TOLERANCING PER 

ANSI YI4.SM, 1982. 
2. CONTROWNG DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARALLEL 
4. DIM F MAY NARROWTO 0.76 (0.030) WHERE 

THE LEAD ENTERS THE CERAMIC BDDY. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 0.750 0785 19.05 19.83 
B 0.240 0.295 6.10 7.49 
C 0.200 5.06 
D 0.015 0.020 0.39 O.SO 
E O.050BSC 1.27BSC 
F 0.055 0.085 1.40 1.85 
Q o.100BS 2.54BSC 
J 0.006 0,015 0.21 0.36 
K 0.125 0.170 3.18 4.31 
L O.300BSC 7.62 C 
M 0" 15' 0" 15' 
H n020 0.040 0.51 1.01 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5M,I982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEADS WHEN 

FORMED PARALLEL. 
4. DIMENSION B DOES NOT INCLUDE MOLD FlASH. 
5. ROUNDED CORNERS OPTIONAl.. 

I 

r-
hi! I 

10" 
n040 0.51 

Mechanical Data 
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16-PINPACKAGES ---------------

K 

r:pr-bClCl ClCJCJCldd~ 
L.:I:.J - - - - - - - -tt 
sFf~ Jl016PL 

':"1 ~,:..:Ir-O.:;;..25-(O-.O-1 O)"-;@""'I TTl -=-e ®""'S CTI--'A--;;®"'I 

--.i 
~.i..C t ,GEl 

SEATING L016PL K PlANE 

Mechanical Data 
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1~lo.25(O.OI0)@ITI A®I e®1 

SO PACKAGE 
CASE 751 e-05 

SO PACKAGE 
CASE 751 G-02 

NOTES: 
1. DIMENSIONS AAND B ARE DATUMS AND T IS 

A DATUM SURFACE. 
2. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5M.I982. 
:I. CONTROLUNG DIMENSION: MIWMETER. 
4. DIMENSION A AND B DO NOT INClUDE MOLD 

PROmUSION. 
5. MAXIMUM MOLD PROmUSION 0.15 (0.006) 

PER SIDE. 
6. DIMENSION D DOES NOT INClUDE DAMBAR 

PROmUSION. ALLOWABLE DAMBAR 
PROmUSION SHALL BE 0.127 (0.005) TOTAL 
IN EXCESS OFTHE 0 DIMENSION AT 
MAXIMUM MATERIAL CONDITION. 

DIll 
A 
B 
C 
D 
F 
Q 
J 

M 

NOTES: . 
1. DIMENSlONING AND TOLERANCiNG PER 

ANSIYI4.5M.I982. 
2. CONmOWNG DIMENSION: MIWMETER. 
3. QIMENSlONS A AND B DO NOTINCLUDE 

MOlD PROmUSION. 
4. MAXIMUM MOLD PROmUSION 0.15 (0.005) 

PER SIDE. 
5. DIMENSION 0 DOES NOTINCLUDE 

DAMBAR PROmUSION. ALLOWABLE 
DAMBAR PROmuSION SHALL BE 0.13 
(n0051 TOTAL IN EXCESS OF D DIMENSION 
AT MAXIMUM MATERIAL CONDITION. 

MILUMETERS I HES 
DIM MIN MAX MIN MAX 
A 10.15 10.45 0.400 0,411 
B 7.40 7.60 0.292 0.299 
C 2.35 2.65 0.093 0.104 
D 0.35 0.4S 0.014 0.019 

• 0.50 0.90 0.D20 0.035 
Q 1.2785 O.050BSC 
J 0.25 0.32 0.010 0.012 
K 0.10 0.25 0.004 0.009 
M 0- 0- 7 
P 10.05 10.55 0,395 0.415 

" 0.25 0.75 0.010 0,029 

MOTOROLA COMMUNICATIONS DEVICE DATA 



[:::::::IJ 
I. A .1 

I· [;&] -I 
[:::::]~ 

MOTOROLA COMMUNICATIONS DEVICE DATA 

18-PIN PACKAGES 

PLASTIC PACKAGE 
CASE 707-02 

CERAMIC PACKAGE 
CASE 726-04 

0P110NALLEAD 
CONAGURA11ON~,D, 10,18) 

1-$-10.25 (0.010) ® I TI B ® I 

NOTES: 
1. POSITIONAL TOLERANCE OF LEADS (D). 

SHALL BEWITIiIN 025 (D.DID) AT MAXIMUM 
MATERIAL COHDITION. IN RELATION TO 
SEATING PLANE AND EACH DlHER. 

2. DIMENSION L TO CENTER OF lEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD 
FLASH. 

MILUMETERS INCHES 
DIM MIN MAX MI MAX 

A 22.22 23.24 0.875 0,915 
8 aID B.60 0.240 0.260 
C l56 4.57 0.140 0.160 
0 0.36 0.56 0.014 0.022 
F 1.27 1.76 0.050 0.070 
G 2.54BSC 0.100850 
H 1.02 1.52 0.040 0.060 
J 0.20 0.30 0.008 0.012 
K 2.92 3.43 0.115 0.135 

7.628SC O.300BSC 
Cf' '" 0' ,,' 

0.51 1.02 0.020 0.040 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER 

ANSI YI4.5M, 1982. 
2. CONTROWNG DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4. DIMENSION F FOR FULL LEADS. HALF 

lEADS OPTIONAL AT lEAD POSITIONS 1. 9. 
10.AND la 

MILLIMETERS 
DIM MIN MAX 

A 22.35 23.11 
B 6.10 7.49 
C a08 
D 0.36 0.53 
F 1.40 1.76 
G 2.54BSC 
J 
K 3.18 4.32 
L 7.62BSC 
M Cf' '" N 0.51 1.02 

INCHES 
MIN MAX 

0.860 0.910 
0.240 0.295 

0.200 
0.015 0.021 
0.055 0.070 

O.I00BSC 
0.008 0.012 
0.125 0.170 

O.300BSC 
Cf' 15" 

0.020 0.040 

Mechanical Data 
8-7 



--------------- 20-PIN PACKAGES ---------------

B 

I" ~ 'I 
f~:::::::::1] 

-lI-020PL 
1F:l.filr':'o.7:0170 (~O.2=51:-;;@~ITT"1 7'A ®;';;s :TI-::B-::;®~I 

Mechanical Data 
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CERAMIC PACKAGE 
CASE 732-03 

PLASTIC PACKAGE 
CASE 738-03 

SO PACKAGE 
CASE 751 D-C14 

NOTES: 
1. LEAIlSWJTHIN 0~5 (0.010) DIA..tRUE 

POSmON ATSEAnNG PLANE, AT MAXIMUM 
MATERIAL CONDmON. 

2. DIM L TO CENTER Of LEADS WHEN FORMED 
PARAlLEL 

3. DIMAANDBINCWDESMENISCUS. 

DIM 
A 
B 
C 
o 
F 
Q 

H 
J 

NOTES: 

INCHES 
MIN MAX 

0.940 0.990 
0.260 0.295 
0.150 0.200 
O.DIS 0.022 
0.055 0.065 

0.100 
,.21 0.020 0.050 
0.30 0.008 0.012 

0.125 0.150 
O.300BSC 
0" 15° 

0.010 0.040 

1. DIMENSIONING AND TOLERANCING PER ANSI 
YI4.SM, 1962. 

2. CONlROWNG DIMENSION: INCH. 
3. DIMENSION L TO CENTER Of LEAD WHEN 

FORMED PARALLEL. 
4. DIMENSION B DOES NOTlNCWDE MOLD 

FLASH. 

INCHES MIWMETERS 
DIM MIN MAX UIN MAX 
A 1.010 1.070 ..... 127.17 
B 6.50 
C 0 3.8 4.7 
D 0 065 
E O.05OBSC 127BSC 
F 0.050 0.070 1.27 .n 
Q O.IOOBSC 2.S4BSC 
J 0.008 0.01 .1 
K 0 0 ·0 40 2." 3.65 
L O.300BSC 7.62BSC 
M 0' '" 0' IS' 
N 0020 0040 0.51 1.01 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.5M, 1982. 
2. CDNTRDWNG DIMENSION: MILUMETER. 
3. DIMENSIONS AAND B DO NOTINCLUDE 

MOlD PROtRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.150 

(0.006) PER SlOE. 
5. DIMENSION 0 DOES NOT INCLUDE 

DAMBAR PROTRUSION. AllOWABLE 
DAMBAR PROTRUSION SHAll BE 0.1' 
(0.005) TOTAL IN EXCESS Of 0 DIMENSION 
AT MAXIMUM MATERIAL CONDmON. 

MI IMETER I S 
DIM UIN MAX MIN MAX 
A 12.65 12.116 0.499 0."0 

." 7.40. 7.60 0.292 0.299 
2.35 2.65 0.083 0.104 
0.35 0.49 0.014 0.019 

F 0.50 0.90 0.020 0.D35 
1.27 0.050 

0.25 .32 0.010 0.012 

M .. .. 
P 10.05 10.55 .31160.41' 

.7' 0.01 .029 

MOTOROLA COMMUNICATIONS DEVICE DATA 



--------------- 20-PIN PACKAGES ---------------

1-$-10.13(0.005)@1 B@ I 

SO PACKAGE 
CASE 751 J-02 

PLASTIC PACKAGE 
CASE 804-01 

~~:::::::::II ~'~ 
I- G&l -I t /F\ 
~.i. c ~MI--- J~r-

Ju J .l U UJ~LU ~ ~Ji==
~~D20PL 

1-$-1 0.25(0.010)@ITI A@I 

MOTOROLA COMMUNICATIONS DEVICE DATA 

NOTES: 
1. DIMENSIONING AND TOLEAANCING PER 

ANSI YI4.5M.1982. 
2. CONTROLLING DIM: MILLIMETER. 
3. DIMENSION AAND B DO NOT INCLUDE MOLD 

PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.15(0.006) 

PER SIDE. 
5. DIMENSION DOOES NOT INCWDE DAMBAR 

PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.13(0.00~ TOTAL IN 
EXCESS OF lliE 0 DIMENSION AT MAXIMUM 
MATERIAL CONDmON. 

INCHES 
DIM MAX MIN MAX 

A I~BO 0.494 0.504 
B 5.oW 0.201 0213 
C 2.00 0.079 
0 0.35 0.45 0.014 O.OIB 
G I.27BSC O.050BSC 
J 0.18 0.23 0.007 0.009 
K 0.55 0.85 0.022 0.033 
L 0.05 0.20 0.002 0.008 

0' 7' O' 7' 
7.oW 8.20 0.291 0.323 

NOTES: 

9. DIMENSIONING AND TOLEAANCING PER ANSI 
YI4.5M.I982. 

10. DIMENSION B DOES NOT INCWDE MOLD FLASH. 

II. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL 

12. CONTROWNG DIMENSION: INCH. 

I 

=I O.loW 2.93 
O.300BSC 

ETEI 
MI 
24. 

3.55 
BSC 

Mechanical Data 
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--------------- 20·PIN PACKAGES ---------------

1+-0 

1+-0 

PLCC PACKAGE 
CASEnS-02 

B 1+1 0.007 (0.180l®ITI L-M® 1 N® 1 

u 1$1 0.007 (0.180l®ITI L-M® 1 N® 1 

G11$1 0.010 (0.250l®ITI L-M® 1 N® 1 
VIEW 0·0 

t-----+f-A 1$1 0.007 (0.180)®1 TI L-M® 1 N® 1 

Mechanical Data 
8·10 

NOTES: 
1. DA11JMS ·L·. -M-. AND -I/·IlETEIlMINED WHERE 

TOP OF LEAD SHOULDER EXITS PlASTIC BODY 
AT MOLD PARTING LINE. 

2. DIM Gl. TRUE POSmON TO BE MEASURED AT 
DA11JM ·T·. SEATING PLANE. 

3. DIM RAND U DO NOT INCWDE MOLD FLASH. 
ALLOWAllLE MOLD FLASH IS 0.010 (0.250) PER 
SIDE. 

4. DIMENSIONING AND TOLERANCING PER ANSI 
YI4.5M.I9112. 

~ CONTROLLING DIMENSION: INCH. 
a THE PACKAGE TOP MAY BE SMALLER THAN THE 

PACKAGE BOTTOM BY UP TO 0.012 (0.300). 
DIMENSIONS R AND U ARE DETERMINED ATTHE 
OUTERMOST EXTREMES OF THE PLASTIC BODY 
EXCWSIVE OF MOLD FLASH. TIE BAA BURRS. 
GATE BURRS AND INTERLEAD FLASH. BUT 
INCLUDING AAY MISMATCH BElWEEN THE TOP 
AND BOTTOM OF THE PlASTIC BODY. 

7. DIMENSION H DOES NOT INCLUDE DAM8AA 
PROTRUSION OR INTRUSION. THE DAMBAA 
PROTRUSION(S) SIW.L NOT CAUSE THE H 
DIMENSION TO BE GREATER THAN 0.037 (0.940). 
THE DAMBAA INTAUSION(S) SIW.L NOT CAUSE 
THE H DIMENSION TO BE SMALLER THAN 0.025 
(0.635). 

~ 
H @I 0.007 (0.180l®1 TI L-M® 1 N® 1 

* K1 

K 

r-:.J lFI$I 0.007 (0.180l®ITI L-M® 1 N® 1 

VIEWS 

INCHES II DIM MIN MAX 
A 0.385 0.395 
B 0.385 0.395 
C 0.165 0.180 4.20 4.57 
E 0.090 0.110 2.29 2.79 
F 0.013 0.019 0.33 0.48 
G O.OSOBSC 127BSC 
H 0.026 0.032 0.66 0.81 
J 0.020 0.51 

-"- 0.025 0.64 
R 0.350 0.355 8.89 9.04 
U 0.350 0.355 &89 9.04 

2 O. 1. 7 1.21 
0.042 0.049 1.07 121 
0.042 0.056 1.07 1.42 

0.020 0.50 
2" 10' 2 10" 

1 0.310 0.330 7.66 &38 
1 0.040 1.02 

MOTOROLA COMMUNICATIONS DEVICE DATA 



--------------- 22·PIN PACKAGES ----------------

~------~·A·r-------~ 

PLASTIC PACKAGE 
CASE 708·04 

CERAMIC PACKAGE 
CASE 736-05 

12 ~ IT6 OPTIONAl. LEAD 

"P;"':T==""""n:::r-.:",..,:T==,.,1::i1 ~ ~ CONFIGURATION 

22 

~Fl
L 

rn-~I 
SFp'~~ -J L U 

F~~D22PL G N JLJ 22PL M 

I ~ I 0.25 (0.010) ® I T I A ® I r.l ~'=;Ir::o.=25-::(0-:C.Ol-::0)-;;;®;-rI::lT l--=s""®"'1 

PLASTIC PACKAGE 
CASE 7368·01 

I" ~ "I [:::::::::[] 
1~10.25(0.010)®ITI A®l 1~10.25(o.o10)®ITI s®l 

MOTOROLA COMMUNICATIONS DEVICE DATA 

NOlES: 
1. POSITIONAL TOLERANCE OF LEADS 101. 

SHALL BE WITHIN 0.2510.010) AT MAXIMUM 
MAlERIAI. CONDITION. IN RELATION TO 
SEATING PLANE AND EACH OTHER. 

2. DIMENSION L TO CENlER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD 
FLASH. 

DIM 
A 

• C 
D 
F 
Q 

K 
L 
M 
N 0.51 

NOlES: 

MAX 
1.115 
0.350 
0.200 
0.022 

0.050 0.070 
O.I00BSC 

0.040 0.060 
0.008 0.015 
0.115 0.135 

0.400 
.. 15· 

0.020 0.040 

1. DIMENSIONING AND TOLERANCING PER ANSI 
YI4.SM.I982. 

2. CONmOWNG DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4. DIMENSION F FOR FULL LEADS. HALF LEADS 

OPTIONALATLEADPOSITIONS 1. 11. 12.AND 22. 
5. DIM F MAY NARROW TO 0.7610.030) WHERE THE 

LEAD ENlERS THE CERAMIC BODY. 

INCHES 
DIM MIN MAX MIN 

A 1.060 1.055 2a93 
B 0.350 0.390 9.15 9.90 
C 0.150 0.215 3.81 5.48 
0 0.015 0.021 0.39 0.53 
F 0.050 0.065 1.27 1.85 
Q O.I00BSC 2.54BSC 
J 0.008 0.015 0.20 0.39 
K 0.125 0.170 3.18 4.31 

O.400BSC 10.16SSC 
'M O· 16 0- 15 

N 0.020 0.050 0.51 1.27 

NOlES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Yt4.5M,I982. 
2. CONmOWNG DIMENSION: INCH. 
3. DIMENSION LTD CENlER OF LEAD WHEN 

FORMED PARALLEL 
4. DIMENSION AAND B DOES NOT INCLUDE MOLD 

FLASH. MAXIMUM MOLD FLASH 0.2510.010). 

INCHES 
DIM MIN MAX 

A 1.060 1.070 
B 0.280 0.300 
C 0.150 0.160 
D 0.015 0.021 
F 0.046 0.065 
G O.I00BSC 
J 0.008 0.012 
K 0.125 0.135 
L O.300BSC 
II 0- 16· 
N 0.020 0.040 

MILliMETERS 
MIN MAX 

26.92 27.17 
7.12 7.62 
3.81 4.67 
0.39 0.53 
1.15 1.39 

2.54BSC 
0.21 0.30 
3.18 3.42 

7.62BSC 
o· 

0.51 
15· 
1.01 

Mechanical Data 
8·11 



---------------- 24·PIN PACKAGES --------------

CERAMIC PACKAGE 
CASE 623..()5 

~-~ 
G 0 NJ -....jr. J....\\-

PLASTIC PACKAGE 
CASE 709-02 

NOTES: 
1. DIMLTOCENTEROFLEADSWHENFORMED 

PARALLEL. 
2. LEADS WITHIN 0.13 (D.oo~RADIUSOFTRUE 

POSIllON AT SEATING PlANE AT MAXIMUM 
MATERIAL CONDITION. (WHEN FORMED 
PARALLEL). 

NOTES: 

INCHES 
MIH MAX 
1.230 1.290 
0.500 0.610 
0.160 0.220 
0.016 0.020 
0.050 0.060 

D.looBSC 
0.008 0.012 
0.125 0.160 

D.600BSC 

0.020 0.050 

1. POSITIONAL TOLERANCE OF LEADS (D), 
SHALL BE WlTHIN 0.25 (0.01 ~ AT MAXIMUM 
MATERIAL CONDITION, IN RELATION TO 
SEATING PLANE AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD 
FLASH. 

MI METERS INCHES 
DIM MIH MAX MIN MAX 

A 31.37 32.13 1.235 1.265 

• 13.72 14.22 0.540 0.560 
3." 5.08 0.155 0.200 

D 0.36 0.56 0.014 0.022 
F 1.02 1.52 0.040 0.060 

2.54BSC O.looBSC 
H 1.65 2.00 0.065 0.060 
J 020 0.36 0.008 0.015 
K 2.92 a43 0.115 0.135 

15.24BSC O.600BSC 
M --'" 15' 0' IS' 
H 0.51 1.02 0.020 0.040 

Mechanical Data 
8·12 

MOTOROLA COMMUNICATIONS DEVICE DATA 



--------------- 24-PIN PACKAGES 

PLASTIC PACKAGE 
CASE 724-03 

~~:~FLIIII;:;:;:::;:;::;:--~' 
:II: O.<PL 1-$-1 0.25 (0.010) @ 1 T 1 8 @ 1 

1-$-10.25 (0.010) @ 1 T 1 A@ 1 

JLO.4PL 
1~-$-~1~0.~01-0(-0.2-5)~@~I~T~IA-®=S~I-B~®~I 

MOTOROLA COMMUNICATIONS DEVICE DATA 

SO PACKAGE 
CASE 751 E-04 

NOTES: 
1. CHAMFERED CONTOUR OPTIONAL. 
2. DIM L TO CENTER OF LEADS WHEN FORMED 

PARALLEl. 
3. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
4. CONTROWNG DIMENSION: INCH. 

INCHES MIl.LIMETERS 
DIU UIN UAX UIN UAX 

A 1.230 1.265 31.25 32.13 
8 0.250 0.270 6.35 6.BS 
C 0.145 0.175 3.69 4.44 
D 0.015 0.020 0.38 0.51 
E 0.050 asc 1.27BSC 
F 0.040 0.060 1.02 1.52 
G 0.1008SC 2.S48SC 
J 0,007 0.012 0.18 0.30 
K 0.110 0.140 2.60 3,55 
L O.:lOOBSC 7.62 sse 
• 0" IS" 0" IS" 
H 0.020 0.040 0.5 1.01 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER 

ANSI YI4.SM, 19S2. 
2. CONTROLLING DIMENSION: MILLIMETER. 
3. DIMENSIONS AAND B DO NOT INCLUDE 

MOLD PROTRUSION, 
4. MAXIMUM MOLD PRomUSION 0.15 

(0.006) PER SIDE. 
5. DIMENSION D DOES NOT INCLUDE 

OAMBAR PROTRUSION. ALLOWABLE 
DAMBAR PROTRUSION SHALL BE 0.13 
(O.OO~ TOTAL IN EXCESS OF 0 
DIMENSION AT MAXIMUM MATERIAL 
CONDITION. 

MILLIMETERS 
DIM MIN MAX 

A 15.25 15.54 
B 7.40 7.00 
C 2.35 2.65 
0 0.35 0.49 
F 0.41 0.90 
G 1.27BSC 
J 0.23 0.32 
K 0.13 0.29 
M 0" S" 
P 10.05 10.55 
R 0.25 0.75 

IN HE 
UIN MAX 

0.601 0.612 
0.292 0.299 
0,093 0.104 
0.014 0.019 
0.016 0.035 

O.OSOBSC 
0.009 0.013 
0.005 0.011 
0" S" 

0.395 0.415 
0.010 0.029 

Mechanical Data 
8-13 



--------------- 28-PIN PACKAGES ---------------

PLASTIC PACKAGE 
CASE 710-02 

CERAMIC PACKAGE 
CASE 751 F-04 

----*-m L t::I t::I t:U:::lltlltl!:I!;;II;;lItlltll::II;5! d..t.. c 

JLG 26X G t ' 
I$lO.25(O.010)®ITI B®I A®I 

Mechanical Data 
8-14 

L:::r::J 
SQTlNQ 
PlANE 

NOTES: 
1. POSITIONAL TOL£RANCE OF LEAOS 101. 

SHALL IIC WITHIN 0.25mm IM10) AT 
MAXIMUM MATERIAL CONDITION. IN 
RELATION TO SEATING PlANE AND 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEAOS 
WHEN FORMED PARALLEL. 

3. DIMENSION B DOES NOTINCLUDE 
MOLD FlASH. 

DIM 
A 
B 
C 
D 

NOTES: 

H 
J 
K 

0.S1 O. 

1. DIMENSIONS 'A' AND 'B' ARE DATUMS 
AND'l" IS A DATUM SURFACE. 

2. DIMENSIONING AND TOLERANCING PER 
ANsivI4.5M.I982. 

3. CONTROLUNG DIMENSION: MILLIMETER. 
4. DIMENSION 'A' AND '9' DO NOTINCLUDE 

MOLD PROTRUSION. 
5. MAXIMUM MOlD PROTRUSION 0.15 

10.006) PER SIDE. 
6. DIMENSION '0' OOES NOT INCLUDE 

OAMBAR PROTRUSION. ALLOWABLE 
OAMBAR PROTRUSION SHALL BE 0.13 
10.0051 TOTAL IN EXCESS OF '0' 
DIMENSION AT MAXIMUM MATERIAL 
CONDITION. 

MOTOROLA COMMUNICATIONS DEVICE DATA 



--------------- 28-PIN PACKAGES 

PLCC PACKAGE 
CASE 776-02 

B 1_$_1 0.007(0.180) ® ITI L-M® IN®I 
YBRK 

.fM:l 
1 

'i----=----;rLt. 

~t-f 

o 

o 

u 1_$_1 0.007(0.180) ® ITI L-M® I N® I 

Gll_$_1 0.010(0.250) ® ITI L-M® I N® I 
VIEW 0-0 

1-------+11- A 1_$_1 0.007 (0.180) ® I TI L-M ® I N® I 

Hot-----~-RI_$_I 0.007(0.180) ® ITI L-M®IN®I 

H 1_$_10.007 (0.180) ® ITI L-M® I N® I 

~~~J. 

VIEWS 

rl_$_:LT"I 0""'.0""10""'(0"".25:::0:-:) ®;;:'S "1':1 T::TI-:-L-M~®~I N~®~I 

NOTES: 
1. DATUMS ·L·. ·Mo. AND ·N· DETERMINED 

WHERE TOP OF LEAD SHOULDER EXITS 
PLASTIC BODY AT MOLD PARTING UNE. 

2. DIM Gl. TRUE POSITION TO BE MEASURED 
AT DATUM ·T·. SEATING PLANE. 

3. DIM R AND U DO NOT INCLUDE MOLD FLASH. 
ALLOWABLE MOLD FLASH IS 0.010 10.25q 
PER SIDE. 

•• DIMENSIONING AND TOLEAANCING PER ANSI 
YI'.5M.1982. 

5. CONTROLUNG DIMENSION: INCH. 
a. THE PACKAGE TOP MAY BE SMALLER THAN 

THE PACKAGE BOTTOM BY UP TO 0.012 
10.900). DIMENSIONS RAND U ARE 
DETERMINED AT THE OUTERMOST 
EXTREMES Of THE PLASTIC BODY 
EXCLUSIVE OF MOLD FLASH, TIE BAA 
BURRS, GATE BURAS AND INTEALEAD 
FLASH, BUT INCLUDING ANY MISMATCH 
BElWEEN THE TOP AND BOTTOM OF THE 
PLASTIC BODY. 

7. DIMENSION H DOES NOT INCLUDE DAMBAA 
PROTRUSION OR INTRUSION. THE DAMBAA 
PROTRUSION(S) SHALL NOT CAUSE THE H 
DIMENSION TO BE GREATER THAN 0.037 
10.940). THE DAMBAA INTRUSION IS) SHALL 
NOT CAUSE THE H DIMENSION TO BE 
SMALLER THAN 0.02510.635). 

MOTOROLA COMMUNICATIONS DEVICE DATA 

~ I-FI_$_I 0.007(0.180) ® ITI L-M® IN®I 

VIEWS 

INCHES 
DIM MIN MAX 

A Q.85 0.495 
B 0.485 0.495 
C QI85 0.180 
E 0.000 0.110 

• Q~13 0.019 

--" O.OSOBSC 
H Q026 0.032 
J Q020 
K Q025 
R O.'SO 0.456 

--"-~ -,,-456 
0,042 0.048 

W 0,042 0.048 
0.042 0.058 

0.020 
Z .- 10" 
1 0.410 0.430 

-'" 0.040 

MILLIMETERS 
MIN MAX 

12.32 12.57 
12.32 12.57 
'.20 '.57 
2.29 2.79 
0.33 0.48 

1.27BSC 
0.66 0.81 
0.51 
0.64 

11..3 11.58 
11~ 11.58 
1.07 1.21 
1.07 1.21 
1.07 1.42 

O.SO 
2" 10-

10.42 10.92 
1.02 

Mechanical Data 
8-15 



--------------- 4O-PIN PACKAGES ---------------

Mechanical Data 
8-16 

PLASTIC PACKAGE 
CASE 711-03 

NOTES: 
1. POSmONAL TOLERANCE OF LEADS (0), SHALL 

BE WITHIN 0.25 mm 10.010) AT MAXIMUM 
MATEAIAL CONDITION, IN RELATION TO SEATING 
PLANE AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FOAMED PAIIALLEL. 

3. DIMENSION B OOES NOT INCLUDE MOLD FLASH. 

RS INCH 
DIM MIN AX MIN MAX 

A 51.69 62,45 2.035 2.055 
B 1:1.72 14.22 0.540 0.560 
C 3.94 5.08 0.155 0.200 
0 0.36 0.56 0.014 0.022 
F 1.00 1.52 0.040 0.060 
Q 2.54BSC 0.10088C 
H 1.65 2.18 0.055 0.055 
J 0.20 0.38 0.008 0.015 
K 2.92 3.43 0.115 0.135 
L 15.24BSC O.800BSC 
M 0" 15' 0" IS' 
N 0.51 1.02 0.020 0.040 

MOTOROLA COMMUNICATIONS DEVICE DATA 



--------------- 44-PIN PACKAGES ---------------

YBRK 

~ ~ 
t T 

U 
0 

o 

0 

PLCC PACKAGE 
CASE 777·02 

BI~I 0.OO7(O.180)@ITIL-M®IN®1 

u I~I 0.007(O.180)@ ITI L-M® IN®I 

44 
V:.;jqw G11~1 0.010(0.250) ® ITI L-M® IN® I 

A 

R 

, --lGi-- , 
i---G1-----l 

I~I 0.010(O.250)® IriL-M® IN®I 

NOTES: 
1. DATUMS ·L·. ·M·. AND ·/HETERMINED 

WHERE TOP OF LEAD SHOULDER EXITS 
PIASl1C BODY AT MOLD PARTING UNE. 

2. DIMG1.lRUEPOSITIONTOBEMEASUAEDAT 
DATUM .T-, SEATING PLANE. 

•• DIM RAND U DO NOT INCWDE MOLD FLASH. 
ALLOWABLE MOLD FLASH IS 10.010) 0.25 
PER SIDE. 

4. DIMENSIONING AND TOLERANCING PER ANSI 
YI4.5M.I982. 

5. CONlROLUNG DIMENSION: INCH. 
6. lHE PACKAGE TOP MAY BE SMALLER 1HAN 

lHE PACKAGE BOTTOM BY UP TO 0.012 
10.300). DIMENSIONS RAND U ARE 
DETERMINED ATlHE OUTERMOST EXTREMES 
OFlHE PLASTIC BODY EXCWSIVE OF MOLD 
FLASH. TIE BAR BURRS, GATE BURRS AND 
INTERLEAD FLASH. BUT INCWDING ANY 
MISMATCH BETWEEN lHE TOP AND BOTTOM 
OF lHE PLASTIC BODY. 

7. DIMENSION H DOES NOT INCWDE DAMBAR 
PROlRUSION OR INlRUSiON. lHE DAMBAR 
PROlRUSIONIS) SHALL NOT CAUSE lHE H 
DIMENSION TO BE GREATER 1HAN 0.037 
10.94tI. lHE DAMBAR INlRUSIONIS) SHALL 
NOT CAUSE lHE H DIMENSION TO BE 
SMALLER 1HAN 0.02510.635). 

MOTOROLA COMMUNICATIONS DEVICE DATA 

VIEW 0·0 

VIEWS 

~M~I: 
A 0.685 
B 0.685 0.695 
C O.ISS 0.180 

• 0.090 0.110 
F 0,013 0.019 
~ O.05OBSC 

H 0.028 0.032 
J 0.020 
K 0.025 

0.850 O. 
U 0.850 0.658 
y 10.042 0.048 
W 0.042 0.048 
X IJI.II4~ 0.058 

0.020 
~ 2 !O" 

--"!.. 0.610 lJI.I<"I. 
..1\1 ~ 

MILLIMETERS 
MIN MAX 

17.40 17.SS 
17.40 17.SS 
4.20 4.57 
2.29 2.79 
0." 0.48 

1.27BSC 
0.66 0.81 
0.51 
0.84 

18.51 18.68 
16.51 16.66 
1.07 1.21 
1.07 1.21 
1.07 1.42 

0.50 
..... 10 
15.:><>. 16.00 
1.02 

Mechanical Data 
8-17 



--------------- 68-PIN PACKAGES ---------------

PLCC PACKAGE 
CASE 779-01 

BI-$-I 0007(0180) ® ITI L-M® IN®I -I M 

"1~ 
YBRK 

D 

9 ~ 
T t 

U W 

6;7'C1 JtJ D 

E 
c I ~-ll--~ L' 

I--G-.i \....VIEWS 

I~I 0.010(0.250) ® ITI L-M® IN®I 

~0.004(0.100) I 
-T- SEATING 

PLANE 

Mechanical Data 
8-18 

NOTES: 
1. DATUMS ·L·. ·M·. AND -N. DETERMINED 

WHERE TOP OF LEAD SHOULDER EXITS 
PLASTIC BODY AT MOlD PARTING UNE. 

2. DIMG1.lRUEPOSIllDNTOBE 
MEASURED AT DATUM .T·. SEATING 
PLANE. 

3. DIM R AND U DO NOT INCLUDE MOLD 
FLASH. ALLOWABLE MOLD FLASH IS 
0.010 ((l.25O) PER SIDE. 

4. DIMENSIONING AND TOLERANCING PER 
ANSI YI4.5M.I982. 

5. CONlROLLING DIMENSION: INCH. 
6. THE PACKAGE TOP MAY BE SMALLER 

THAN THE PACKAGE BOTTOM BY UP TO 
0.012 (0.300). DIMENSIONS R AND U 
ARE DETERMINED AT THE OUTERMOST 
EXlREMES OF THE PLASllC BODY 
EXCLUSIVE OF MOLD FLASH, liE BAR 
BURRS, GATE BURRS AND INTERLEAD 
FLASH, BUT INCLUDING ANY MISMATCH 
BElWEEN THE TOP AND BOTTOM OF 
THE PlASTIC BODY 

7. DIMENSION H DOES NOT INCLUDE 
DAMBAR PROlRUSION OR INlRUSION. 
THE DAMBAR PROlRUSION(S1 SHALL 
NOT CAUSE THE H DIMENSION TO BE 
GREATER THAN 0.037 (0.940). THE 
DAMBAR INTRUSlON(S1 SHALL NOT 
CAUSE THE H DIMENSION TO BE 
SMALLER THAN M25 (0.63~. 

DIM 
A 
8 
C 
E 
F 
G 
H 
J 
K 
R 

W 
-X 
Y 
Z 

Kl 

,--u 1-$-1 0.007 (0.180) ® ITIL-M®IN®I 

L , 
~ Z 

~ 
~ 
~ 
~ 
~ 

x- - Gl 

I~I 0.010(0.250) ® ITI L-M® I N® I 
VIEWD-D 

K 
L--
~ ~~F~ ___ ~~~~ 

1-$-10.007(0.180) ® ITI L-M® IN®I 

VIEWS 

NCHES 
MIN MAX MIN MAX 

0.965 0.995 25.02 25.27 
0.965 n995 2a02 2a27 
0.165 0.180 4.20 4.57 
0.090 0.110 229 2.19 
0.013 0.019 0.33 0.48 

O.05OBSC 1.27BSC 
0.026 0.032 0.66 0.81 
0.020 0.51 
0.025 0.64 
0.950 0.956 24.13 24.26 
0.950 0.9 24.13 24.26 

.7 
0.042 0.048 1.07 1.21 

,0.042 0.056 1.07 1.42 
0.020 0.50 

2° 1 10 
0.91 .930 .2 
0.040 1.02 

MOTOROLA COMMUNICATIONS DEVICE DATA 



--------------- S8-PIN PACKAGES ---------------

PLASTIC QUAD FLAT PACK (PQFP) 
CASE 847-01 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5M. 1982. 
2. CONTROLUNG DIMENSION: INCH. 
1 DIMENSIONS A, B. N. AND R DO NOT INCWDE 

MOlD PROTRUSION. ALLOWABLE MOLO 
PROTRUSION FOR DIMENSIONS A AND B IS 
0.25 (0.010), FOR DIMENSIONS N AND R IS O.IS 
(0.007). 

4. DATUM PLANE ·W·IS LOCATED AT TIlE 
UNDERSIDE OF lEADS WHERE LEADS EXIT 
PACKAGE BDOY. 

5. DATUMS x·y AND ·z· TO BE DETERMINED 
WHERE CENTER LEADS EXIT PACKAGE BOOY 
ATDATUM·W·. 

6. DIMENSIONS S AND V TO BE DETERMINED AT 
SEATING PLANE, DATUM·T·. 

7. DIMENSIONS A, e, N, AND R TO BE 
DETERMINED AT DATUM PLANE 'W" 

MOTOROLA COMMUNICATIONS DEVICE DATA 

DIM 
A 
B 
C 
D 
Q 
H 
J 

~ 
L 
M 

--"-

INCHES 
MIN MAX 
0.547 0.553 
0.547 0.553 
0.084 0.120 
0.1106 0.012 

O.025BSC 
0.004 0.019 
0.1106 0.1106 
0.020 0.000 

0.400 REF 
0- S' 

0.697 0.703 
0.697 .703 

.675 0.685 
0.675 

MILLIMETERS 
MIN MAX 

13.90 14,04 
13.90 14.04 
~14 104 
n21 0.30 

O.54BSC 
0.11 0.40 
0.16 n20 
0.51 0.78 

10.18REF 
0' S' 

17.71 17.85 
17.71 17.85 
17.15 17.9 
7.15 17.39 

Mechanical Data 
8-19 



----------------- S8·PIN PACKAGES ---------------

V10WY 

s 

CERAMIC QUAD FLAT PACK (CQFP) 
CASE 8478-01 

1$10.20(0.008) ®ITI L-M®I N®I 

---H==~ 
~ 

B v 

'~ ~I~~~~ 
" ~ 0 0.10(0.0041 

W f ·T· SEATING PlANE 

VIEWP 

Al 

VIEW? 

NOTES: 

VIOWY 
3 PL 

SECTlONJ1.Jl 
68 PL 

1. ALL DlMENSIONSAND TOLERANCES PER ANSI 
YI4.5M.I982. 

2. CONTROUING DIMENSION: MILUMETER. 
3. DATUM PLANE ·H·IS LOCATED AT BOnOM OF 

LEAD AND IS COINCIDENT WITH THE LEAD 
WHERE THE LEAD EXITS THE CERAMIC BODY. 

4. DATUMS L·M AND ·N· TO BE DETERMINED AT 
DATUM PLANE ·H·. 

5. DIMENSIONS S AND V TO BE DETERMINED AT 
SEAllNG PLANE ·T·. 

6. DIMENSIONS A AND B DEANE MAXIMUM 
CERAMIC BODY DIMENSIONS INQ.UD1NG GLASS 
PROTRUSION AND MISMATCH OF CERAMIC 
BODY TOP AND BOnOM. 

Mechanical Data 
8·20 

MOTOROLA COMMUNICATIONS DEVICE DATA 



9/1/93 

MOTOROLA DISTRIBUTOR AND WORLDWIDE SALES OFFICES 

AUTHORIZED NORTH AMERICAN DISTRIBUTORS 

UNITED STATES 

ALABAMA 
Huntsville 

ArrowISchweber Electronics . (205)837-6955 
Future Electronics. • • . • • • •• (205)830-2322 
Hall-Mark Electronics. • • • •• (205)837-8700 
Hall-Mark Electronics. . • • •• (205)837-8700 
Newark. . • • • • • •• • • • • • • . •• (205)837-9091 
Time Electronics •..•••••••. (205)721-1133 

Arizona 
Chandler 

HamiitorVAvnet Electronics •• (602)961-0836 
Phoenix 

Future Electronics. . • • • • • •• (602)968-7140 
Hall-Mark Electronics ••..•• (602)437·1200 
Newark Electronics. • • • • • •• (602)864-9905 
Wyle Laboratorles . . . • • • • •. (602)437-2088 

Tempe 
Anew/Schweber Electronics . (602)431-0030 
Time Electronics ....•....• (602)967·2000 

CALIFORNIA 
Agoura Hills 

Time Electronics Corporate.. (818)707-2890 
Belmont 

Richardson Electronics .••• (415)592·9225 
Calabassas 

Anow/Schweber Electronics • (818)880·9686 
Wyle Laboratorles • • • • • • • •• (818)880-9000 

Chatsworth 
Future Electronics •..•....• (818)n2·6240 
Hall-Mark Electronics. • . • .• (818)n3-45oo 
Time Electronics ••.••••••. (818)998-7200 

Costa Mesa 
HamiltorVAvnet Electronics •. (714)754-6092 

Culver City 
HamittorVAvnet Corporate •• (213)558-2000 

Gardena 
HamlttorVAvnet Electronics •• (213)516-6498 

Irvine 
Arrow/Schweber Electronics (714)587-0404 
Future Electronics •••••.•.• (714)250-4141 
Hall-Mark Electronics ..•••• (714)727-6000 
Wyle Laboratories Corporate. (714)753·9953 
Wyle Laboratorles • . • . . . • •. (714)863-9953 

Mountain View 
Richardson Electronics •.•. (415)960·6900 

Orange 
Newark. • • • . • . • . • • . . . • • .• (714)634-8224 

Rocklin 
Hall-Mark Electronics. • • • .• (916)624-9781 

Sacramento 
HamittorVAvnet Electronics •• (916)925-2216 
Newark ••.•.•••••.••••••. (916)721-1633 
Wyle Laboratorles • . • • • • • •• (916)638-5282 

San Diego 
Anew/SChweber Electronics (619)565-4800 
Future Electronics •••••••.• (619)278-5020 
Hall-Mark Electronics. • • • •• (619)268-1201 
HamlttorVAvnet Electronics •• (619)571-8730 
Newark .•••••• . • • • • . . . . .• (619)569-98n 
Wyle Laboratorles •••••••.• (619)565-9171 

San Francisco 
Newark ••.• • • • • • • • • • • • • .• (415)571-5300 

San Jose 
ArrowISchweber electronics . (408)441·9700 
ArrowISchweber Electronics • (408)428·6400 
Future Electronics •••..•..•. (408)434-1122 
Hall·Mark Electronics. • • • •. (408)432·4000 

Santa Clara 
Wyle Laboratorles • • . . . • . •. (408)727-2500 

Sunnyvale 
HamitorVAvnet Electronics .. (408)743·3300 
Time Electronics ....••••.• (408)734·9888 

Torrance 
Time Electronics ••••....•. (310)320-0880 

Tustin 
llme Electronics •••••••••• (714)669-0100 

West HUis 
Newark. • • • • • • • • • • • . • • • •• (818)888-3718 

Woodland Hills 
HamlitorVAvnet Electronics •• (818)594.Q404 
Richardson Electronics •••• (615)594-5600 

COLORADO 
Broomfield 

Future Electronics •••.•.••• (303)42HI123 
Colorado Springs 

Newark .•••••.••.•.•...•. (719)592-9494 
Denver 

Newark. • • . • • • • • • • • • • • • •• (303)757-3351 
Englewood 

AiiowISchweber Electronics . (303)799-0258 
Hall-Mark Electronics .••••• (303)790-1662 
HamiltorVAvnet Electronics •• (303)740-1000 
Time Electronics ••••••.••. (303)721-8882 

Thornton 
Wyle Laboratorles . • • • • • • .• (303)457·9953 

CONNECTICUT 
Bethel 

Future Electronics •••••.••• (203)743·9594 
Cheshire 

Hall-Mark Electronics .•.•.• (203)271-2844 
Danbury 

HamiltorVAvnet Electronics •• (203)743-60n 
Southbury . 

Time Electronics ••••••••.• (203)271-3200 
Walllnafort 

Arrow1Schweber Electronics • (203)265-n41 
Windsor 

Newark .••••••.•• • • • • . • .• (203)683-8860 

FLORIDA 
Altamonte Springs 

Future Electronics ••.•••••• (407)767-8414 
Casselberry 

Hall-Mark Electronics. . . • •. (407)830-5855 
Clearwater 

Future Electronics ••.•••••• (813)530-1222 
Hall-Mark Electronics •••••• (813)541-7440 

Deerfield Beach 
AnowISchweber Electronics . (305)429-8200 

Ft. Lauderdale 
HamlitorVAvnet Electrorics •. (305)767-63n 
Time Electronics •••.•••••• (305)484-1778 

Lake Mary . 
ArrowISchweber Electronics • (407)333-8300 

Orlando 
HamlitorVAvnet E1ectrorlcs •• (407)628-3888 
Newark .•••••.•..••••..•• (407)896-8350 
Time Electronics •••••••••• (407)841-6565 

Plantation 
Newark .•••.•.••.••.•..•• (305)424-4400 

Pompano Beach 
Hall-Mark Electronics •••• •• (305)971-9280 

TampalSt. Petersburg 
HamlttorVAvnet Electronics •• (813)573-3930 
Newark ••••.••••..•••••.• (813)287-1578 
Time Electronics •••••••••• (407)841-6565 

Winter Park 
Richardson Electronics •••• (407)844-1453 

GEORGIA 
Atlanta 

Time Electronics •••••••••• (404)351-3545 

Duluth 
Arrow/Schweber Electronics • (404)497-1300 
Hall·Mark Electronics. • . . •• (404)623-4400 
HamittorVAvnet Electronics ••. (404)446·0611 

Norcross 
Future Electronics •••••..•• (404)441-7676 
Newark. • • • •• • . • • • • • • • • •• (404)448-1300 
Time Electronics .••••••••. (404)388-0969 

ILUNOIS 
Bensenville 

HamittorVAvnet Electronics •. (708)860-nOO 
Chicago 

Newark Electronics Corp .•• (312)784-5100 
Hoffman Estates 

Future Electronics. • • • • • • •• (708)882-1255 
Itasca 

Arrow/Schweber Electronics (708)250-0500 
LaFox 

Richardson Electronics •••• (708)208-2401 
Schaumburg 

Newark •• • • • • • • • . • • • • • • •. (708)310·8980 
llme Electronics .•..•.•.•• (708)303-3000 

Wooddale 
Hall-Mark Electronics •.• • •• (708)860-3800 

INDIANA 
Indianapolis 

AnowISchweber Electronics • (317)299-2071 
Hall·Mark Electronics •••... (317)872-8875 
HamittorVAvnet Electronics •• (317)844-9333 
Newark. . . . . • • •• . • • . . • • •• (317)259·0085 
llme Electronics ••••••.••• (708)303-3000 

Ft. Wayne 
Newark ••.• . . • • . • . . • . • • •. (219)484-0766 

IOWA 
Cedar Rapl"s 

HamittorVAvnet Electronics •• (319)362-4757 
Newark' .•••••••••.•••.•. (319)393-3800 
Time Electronics ••.•.•.••• (314)391-6444 

KANSAS 
Lenexa 

AnowISchweber Electronics • (913)541-9542 
Hall-Mark Electronics. • • • .• (913)888-4747 

Overland Park 
HamittorVAvnet Electronics •• (913)888-8900 
Newark. • . • • • • ••. . . • • • • .• (913)6n-0727 
Time Electronics ••••••.••• (314)391-6444 

MARYLAND 
Beltsville 

Newark .•••.•..••••••.••• (301)604-1700 
Columbia 

Arrow/Schweber Electronics • (301)596-7800 
Future Electronics. . . • • • • .• (301)290·0600 
Hall-Mark Electronics ..•••• (301 )988-9800 
HamittorVAvnet Electronics .• (301 )995-3500 
Time Electronics •••••••••• (301)964-3080 

MASSACHUSETTS 
Billerica 

Hall-Mark Electronics. • • • .• (508)667-0902 
Boston 

AnowISchweber Electronics . (508)658-OSOO 
HamlttorVAvnet Electronics .. (508)531-7430 

Bolton 
Future Corporate. . • . . . . • •• (508)n9-3OO0 

Burlington 
Wyle l:aboraiorles ••••••••• (617)272-7300 

Methuen 
Newark • • • . • • . . • • • • • • • • •• (508)683·0.913 

Norwell 
Richardson Electronics .•.• (617)871-5162 

Peabody 
Time Electronics ..•..••.•. (508)532-9900 
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UNITED STATES - continued Future Electronics .•........ (716)272-1120 Newark ....•.........•... (412)788-4790 

MICHIGAN Hall-Mark Electronics ...... (716)425-3300 Time Electronics .......•.• (614)794-3301 

Detroit 
HamlitorVAvnet Electronics •. (716)292-0730 

TENNESSEE Richardson Electronics ....• (716)264-1100 
Newark •..........•....•. (313)967-0600 Time Electronics .......... (315)432-0355 Franklin 

G:~~~!~~f Electronics .. Rockville Centre Richardson Electronics (615)791-4900 
(616)243-8805 Richardson Electronics .... (516)872-4400 Knoxville 

Livonia 
Sr:;,~Ito~Avnet Electronics .• 

Newark ...............•.• (615)588-6493 
A1rOwlSchweber Electronics . (313)462-2290 (315)437-2641 
Future Electronics ..•••••.. (313)261-5270 Time Electronics ••.•.•.•.. (315)432-0355 

TEXAS 
Hall-Mark Electronics ....•• (313)462-1205 Austin 
HamlitorVA<met Electronics .. (313)347-4270 NORTH CAROLINA Anow/Schweber Electronics (512)835-4180 
Time Electronics .......•.. (614)794-3301 Charlotte Hall-Mark Electronics •••... (512)258-8648 

MINNESOTA Future Electronics ••......• (704)455-9030 HamiitorVAvnet Electronics .. (512)832-4306 

Eden Prairie 
Richardson Electronics .••• (704)548-9042 Newark .••....••.••....•. (512)338-0287 

Anow!Schweber Electronics • (612)941-5280 Greensboro Time Electronics .......... (512)346-7346 

Future Electronics .......•. (612)944-2200 
Newark ••••.....•••...... (919)292-7240 Wyle Laboratories ...•.•... (512)345-8853 

Hall-Mark Electronics •••... (612)881-2600 Raleigh Carollton 
AnowlSchweber Electronics . (919)876-3132 A1rOw/Schweber Electronics . (214)380-6464 

Time Electronics .......... (612)943-2433 Future Electronics ••........ (919)790-7111 Dallas Minneapolis Hall-Mark Electronics. • • • •• (919)872-0712 Future Electronics ......... (214)437-2437 
HamlRonlAvnet Electronics .. (612)932-0600 HamlitonlAvnet Electronics .. (919)878-0810 Hall-Mark Corporate ....... (214)343-5000 
Newark .................•• (612)331-6350 Time Electronics .....•.... (919)693-5166 Hall-Mark Electronics •••... (214)553-4300 

MISSOURI OHIO HamlHorVAvnet Electronics .. (214)308-8140 
Earth City Richardson Electronics .... (214)239-3680 

Hall-Mark Electronics ..••.. (314)291-5350 Centerville Time Electronics ....•..••• (214)644-4644 
HamlRonlAvnet Electronics .• (314)537-1600 Anrow/Schweber Electronics • (513)435-5563 Wyle laboratories .•....••• (214)235-9953 

St. Louis Cleveland Ft. Worth 
Anow/Schweber Electronics . (314)567-6888 

Hall-Mark Electronics ...... (216)349-4632 Allied Electronics ...•••.... (817)336-5401 
Future Electronics •••...... (314)469-6805 HamiRonlAvnet Electronics .. (216)349-5100 Houston 
Newark .................. . (314)298-2505 

Newark .................. (216)391-9330 Anow/Schweber Electronics • (713)530-4700 
Time Electronics •.....••.. (314)391-6444 

Time Electronics ....••.•.. (614)794-3301 Future Electronics ......... (713)556-8696 
Columbus Hall-Mark Electronics ••.... (713)781-6100 

NEW HAMPSHIRE HamlitonlAvnet Electronics .. (614)882-7004 HamlttonlAvnet Electronics •• (713)240-7898 
Manchester Newark .................. (614)431-0809 Newark .................. (713)270-4800 

HamlttonlAvnet Electronics .. (603)624-9400 Time Electronics ...••..... (614)794-3301 Time Electronics ••••....•• (713)530-0800 
NEW JERSEY Dayton Wyle Laboratories .•....••• (713)879-9953 HamlitonlAvnet Electronics .. (513)439-6700 Richardson Cherry Hill Newark .................. (513)294-8980 

HamllionlAvnet Electronics •. (609)424-0100 Time Electronics .•••...... (614)794-3301 
Newark .................. (214)235-1998 

Fairfield Mayfield Heights UTAH 
Future Electronics •••••.•.. (201 )299-0400 Future Electronics .••...... (216)449-6996 Salt Lake City Newark .................. (201 )882-0300 Solon Anow!Schweber Electronics (801 )973-6913 Marlton Anrow/Schweber Electronics • (216)248-3990 Future Electronics •••.....• (801 )972-8489 Anow/Schweber Electronics . (609)596-8000 Toledo HamlitorVAvnet Electronics •. (801 )972-2800 Future Electronics ..•.•••.. (609)778-7600 HamitorVAvnet Electronics .. (419)242-6610 Newark .................. (801)261-5660 Mount Laurel 

W~~~~~~t~l~ctronics •.•... Hall-Mark Electronics ...•.. (609)235-1900 (614)888-3313 West Valley City 
Plnebrook Hall-Mark Electronics •••... (801 )972-1 008 

Anow/Schweber Electronics . (201)227-7880 OKLAHOMA Time Electronics .•••••.... (801)973-8494 

parsi':aany Tulsa Wyle laboratories ..•...••• (801)974-9953 

Hall- ark Electronics ... , .. (201)515-3000 Hall-Mark Electronics ....... (918)254-6110 WASHINGTON 
HamlttonlAvnet Electronics .. (201 )575,3390 HamlitonlAvnet Electronics .. (918)252-7297 

Bellevue Wayne . Newark .................. (918)252-5070 
Almac Electronics Corp. (206)643-9992 Time Electronics ••........ (201 )785-8250 OREGON Future Electronics •••...••• (206)881-8199 

NEW MEXICO Beaverton Hall-Mark Electronics .•.... (206)547-0415 
Albuquerque Anow/PJmac Electronics Corp. (503)629-8090 Newark .................. (206)641-9800 

Alliance Electronics (505)292-3360 Future Electronics. . . • • • • •• (503)645-9454 Richardson Electronics .... (206)646-7224 
HamllionlAvnet Electronics •. (505)345-0001 . Wyle Laboratories ••..... ,. (503)643-7900 Redmond 
Newark .................. (505)828-1878 Portland Hamilton/Avnet Electronics .. (206)241-8555 

NEW YORK 
HamltonlAvnet Electronics .. (503)627-0201 . Time Electronics ••......•• (206)820-1525 

Commack 
Newark .................. (503)297-1984 Wyle Laboratories .......... (206)881-1150 
Time Electronics .......... (503)626-2979 Spokane Newark .................. (516)499-1216 Anow/PJmac Electronics Corp. (509)924-9500 

Fairport PENNSYLVANIA 
Hall-Mark Electronics ...•.. (716)425-3300 Erie WISCONSIN 

Hauppauge . HamlitonlAvnet Electronics .. (814)455-6767 Brookfield 
A1rOw/Schweber Electronics (516)231-1000 King of Prussia Anow/Schweber Electronics (414)792-0150 
Future Electronics ........• (516)234-4000 Newark .................. (215)265-0933 Milwaukee 
Hall-Mark Electronics ...•.. (516)737-0600 Montgomeryville Time Electronics .......... (708)303-3000 
HamittonlAvnet Electronics .. (516)231-9800 Richardson Electronics (215)628-0805 New Berlin 

Liverpool Philadelphia Hall-Mark Electronics ...... (414)797-7844 
Future Electronics ......... (315)451-2371 Hall-Mark Electronics •••... (215)355-7300 HamittonlAvnet Electronics •. (414)784-4510 

Pittsford Time Electronics .••....... (609)596-6700 Waukasha 
Newark .................. (716)381-4244 Plttsb~ Future Electronics ......••• (414)786-1884 

Rochester Anow r Electronics . (412)963-6807 Wauwatosa 
AnowlSchweber Electronics . (716)427-0300 HamlitorVAvnet Electronics .. (412)281-4150 Newark .................. (414)453-9100 

For changes to this inf.ormation contact Technical Publications at FAX (602) 897-4171 
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CANADA 
ALBERTA 

Calgary 
Electro Sonic Inc. • ..•.•.. (403)255-9550 
Future Electronics ......... (403)250-5550 
Hamilton/Avnet Electronics .. (800)663-5500 

Edmonton 
Future Electronics .......•. (403)438-2858 
Hamilton/Avnet Electronics . (800)663-5500 

BRITISH COLUMBIA 

Vancouver 
Arrow Electronics ...•..... (604)421-2333 
Electro Sonic Inc ........... (604)273-2911 
Future Electronics .......... (604)294-1166 

UNITED STATES 

ALABAMA, Huntsville •••...•• (205)464-6800 
ARIZONA, Tempe. . . . . . . . • . .. (602)897-5056 
CALIFORNIA, Agoura Hills .•.• (818)706-1929 
CALIFORNIA, Los Angeles .... (310)417-8848 
CALIFORNIA, Irvine .......•.. (714)753-7360 
CALIFORNIA, Roseville ....... (916)922-7152 
CALIFORNIA,San Diego ..... (619)541-2163 
CALIFORNIA, Sunnyvale ..... (408)749-0510 
COLORADO, Colorado Spongs . (719)599-7497 
COLORADO, Denver. . . . . . . .. (303)337-3434 
CONNECTICUT, Wallingford . .. (203)949-4100 
FLORIDA, Maitland. . . . . . . . . .. (407)628-2636 
FLORIDA, Pompano Beach! 

FI. Lauderdale. . . . . . . . . . . . .. (305)486-9776 
FLORIDA, Clearwater ......... (813)538-7750 
GEORGIA, Atlanta ........... (404)729-7100 
IDAHO, Boise. . . . . . . . . . . . . . .. (208)323-9413 
ILLINOIS, ChlcagoJ 

Hoffman Estates. . . . . . . . . . .. (708)490-9500 
INDIANA, Fort Wayne ........ (219)436-5818 
INDIANA, Indianapolis ........ (317)571-0400 
INDIANA, Kokomo ........... (317)457-6634 
IOWA, Cedar Rapids .......... (319)373-1328 
KANSAS, Kansas City/Mission . (913)451-8555 
MARYLAND, Columbia ....... (410)381-1570 
MASSACHUSETIS, Marlborough (508)481-8100 
MASSACHUSETTS, Wobum .. (617)932-9700 
MICHIGAN, Detroit ........... (313)347-6800 
MINNESOTA, Minnetonka ••••. (612)932-1500 
MISSOURI, SI. Louis .....•••• (314)275-7380 
NEW JERSEY, Fairtield .•..••. (201 )808-2400 
NEW YORK, Fairport ......... (716)425-4000 
NEW YORK, Hauppauge ...... (516)361-7000 
NEW YORK, Poughkeepsie! 

Fishkill ..................... (914)896-0511 
NORTH CAROLINA, Raleigh .. (919)870-4355 
OHIO, Cleveland ............. (216)349-3100 
OHIO, ColumbusIWorthington .. (614)431-6492 
OHIO, Dayton ..•............. (513)495-6800 
OKLAHOMA, Tulsa .•.....•.. (800)544-9496 
OREGON, Portland ........... (503)641-3681 
PENNSYLVANIA, Colmar ..... (215)997-1020 

PhiiadelphiaiHorsham ....... (215)957-4100 
TENNESSEE, Knoxville •...... (615)690-5593 

Hami~on/Avnet Electronics •• (604)420-4101 
Newark .................. (800)463-9275 

MANITOBA 

w~r:c:~eaonlc Inc. . ....... (204)783-3105 
Future Electronics ••.•...••• (204)786-7711 
Hami~on/Avnet Electronics •• (800)663-5500 

ONTARIO 
Ottawa 

Arrow Electronics •.•...... (613)226-6903 
Electro Sonic Inc. . .•...... (613)728-8333 
Future Electronics ..•...... (613)820-8313 
Hami~n/Avnet Electronics .. (613)226-1700 

Toronto 
Arrow Electronics ......... (416)670-7769 

SALES OFFICES 

TEXAS, Austin •....•...••.•.. (512)873-2000 
TEXAS, Houslon ......•...... (800)343-2692 
TEXAS, Plano ...•.•..•...... (214)516-5100 
VIRGINIA, Richmond ..•...... (804)285-2100 
WASHINGTON, Bellevue .....• (206)454-4160 

SeaUle Access ••.•••••.•••. (206)622-9960 
WISCONSIN, Milwaukee! 

Brookfield .................. (414)792-0122 

Field Applications Engineering Available 
Through All Sales Offices 

CANADA 
BRmSH COLUMBIA, vancouver. (604)293-7650 
ONTARIO, Toronto ••.••••••.• (416)497-8181 
ONTARIO, Ottawa ..••••.•••.• (613)226-3491 
QUEBEC, Montreal .••.••.•... (514)731-6881 

INTERNATIONAL 
AUSTRALIA, Melbourne .•.... (61-3)887-0711 
AUSTRALIA, Sydney . . . . . . . .. 61 (2)906-3855 
BRAZIL, Sao Paulo .......... 55(11)815-4200 
CHINA, Beijing •..•.•.••........ 86-505-2180 
FINLAND, Helsinki ••.•••••• 358-0-351 61191 

car phone .................. 358(49)211501 
FRANCE, Par1sNanves ...... 33(1)40955900 
GERMANY, Langenhagenl 

Hannover .................. 49(511)789911 
GERMANY, Munich ............ 49 89 92103-0 
GERMANY, Nurenberg ••••.••• 49911 64-3044 
GERMANY, Sindellingen •..••. 49703169910 
GERMANY, Wlesbaden ....... 49611761921 
HONG KONG, Kwal Fong ....... 852-4808333 

Tai Po ....................... 852-6668333 
INDIA, Bangalore •.•••••••.• (91-812)627064 
ISRAEL, Tel Aviv .. . . . . . . . . .. 972(3)753-8222 
ITALY, Milan .................... 39(2)82201 
JAPAN, Aizu ................ 81(241)272231 
JAPAN, Atsugl ............. 81 (0462)23-0761 
JAPAN, Kumagaya .•....... 81 (0485)26-2800 
JAPAN, Kyushu •........... 81(092)771-4212 
JAPAN, Mito .•.•...•....... 81 (0292)26-2340 
JAPAN, Nagoya ...•....... 81(052)232-1621 
JAPAN, Osaka .•.•.•........ 81(06)305-1801 
JAPAN, Sendal •.•.•........ 81(22)268-4333 
JAPAN, Tachlkawa •••••.... 81 (0425)23-6700 

Electro Sonic Inc. (416)494-1666 
Future Electronics .•......• (416)612-9200 
Hamilton/Avnet Electronics •• (416)564-6060 
Newark .................. (800)463-9275 
Richardson Electronics (800)348-5530 

QUEBEC 

Montreal 
Arrow Electronics .......... (514)421-7411 
Future Electronics ..•.•.... (514)694-7710 
Hamilton/Avnet Electronics .. (514)335-1000 
Newark .................. (800)463-9275 
Richardson Electronics .... (800)348-5530 

Quebec City 
Future Electronics .••••••.• (418)877-6666 

JAPAN, Tokyo •............ 81 (03)3440-3311 
JAPAN, yokohama .......•• 81(045)472-2751 
KOREA, Pusan ............. 82(51 )4635-035 
KOREA, Seoul ••••••.•••••.... 82(2)554-5118 
MALAYSIA, Penang ............ 60(4)374514 
MEXICO, Mexico City. . . . . . . .. 52(5)282-2864 
MEXICO, Guadalajara ••••.••. 52(36)21-8977 

Marketing •.•...•........... 52(36)21-9023 
Customer Service. . . . . • . . .. 52(36)669-9160 

NETHERLANDS, Besl ....... (31)499861211 
PUERTO RICO, San Juan ..... (809)793-2170 
SINGAPORE .................. (65)2945438 
SPAIN, Madrid .•..••.••••.... 34(1)457-8204 

or ......................... 34(1)457-8254 
SWEDEN, Solna ............. 46(8)734-8800 
SWITZERLAND,Geneva •.... 41(22)7991111 
SWITZERLAND,Zurich ....... 41(1)730-4074 
TAIWAN, Taipei ............. 886(2)717-7089 
THAILAND, Bangkok ......•.• (66-2)254-4910 
UNITED KINGDOM, AyJesbury •• 44(296)395-252 

FULL LINE REPRESENTATIVES 
CALIFORNIA, Loomis 

Galena Technology Group ... (916)652-0268 
COLORADO, Grand Junction 

Cheryl Lee Whitely. • . . • . . . .. (303)243-9658 
KANSAS, Wichita 

Melinda ShoreslKeny Greiving • (316)838-0190 
NEVADA, Reno 

Galena Technology Group ... (702)746-0642 
NEW MEXICO, Albuquerque 

S&S Technologies, Inc. ...... (505)298-7177 
UTAH, Salt Lake City 

Utah Component Sales, Inc. .. (801 )561-5099 
WASHINGTON, Spokane 

Doug Kenley. . . . . . . . . . . . . •. (509)924-2322 
ARGENTINA, Buenos Aires 

Argonlcs, SA .•.. . . . . . . . . .. (541 )343-1787 

HYBRIDIMCM COMPONENT 
SUPPLIERS 

Chip Supply ................. (407)298-7100 
Elmo Semiconductor .......... (818)768-7400 
Minco Technology Labs Inc ..... (512)834-2022 
Semi Dice Inc ................ (310)594-4631 
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