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INTRODUCTION

The demand for standard semiconductor devices increased con-
siderably in the last 5 - 6 years with introductions of VHF mobile radio
and cordless telephones.

New developmentsin UHF (450 - 900 MHZ) cellular radio and cordless
telephones has generated a need for highly specialised devices and
R.F. modules.

The fast-growing European market, notably based on TACS, NMT,
CNET and CEPT standards calls for a dedicated device selector guide.

This brochure presents (under a single cover) a compilation of sum-
marised information found on the front pages of data sheets related to
Motorola Radio Communication products and devices.

Detailed technical data is available in data books, data sheets and
specific application notes. Copies of data sheets and application notes
can be obtained from Motorola Sales Office or distributors listed on the
back cover.

1-1







Alpha/Numeric List n

Alpha/Numeric List of Products






Device
BFQ17
BFQ18A
BFQ19
BFR90
BFR91

BFR92
BFR93
BFR96
BFS17
MBD101

MBD301
MBD701
MC12000
MC12002
MC12009

MC12011
MC12013
MC12014
MC12015
MC12016

MC12017
MC12018
MC12019
MC12022
MC12023

MC12040
MC12061
MC12071
MC12073
MC12074

MC12090
MC12502
MC12509
MC12511
MC12513

MC12514
MC12540
MC12561
MC1376

MC14046

ALPHA/NUMERIC LIST OF PRODUCTS

Description
B AIOPIIIOY & v v a5 55 605 58 5 dommon w8 10 o0 e s w6
RF Amplifier . . . ...
RF Amplifier . . . ............ A .
Low Noise RF Amplifier . ...........................
Low Noise RF Amplifier ... ........... ... ..........

Low Noise RF Amplifier ... .........................
Low Noise RF Amplifier ... .......... ... ... ... .....
Low Noise RF Amplifier . ... ......... ... e .u...
Low Noise RF Amplifier . .............. .0 0. uiuii...
UHF/VHF Mixer 4V . . .. et e e e e e

Two Modulus Prescaler : 8/9 . . ... .......... ... . .0o.....
Two Modulus Prescaler : 10/11 . ... ... ... ... ... ' u....
Counter Control Logic . . . .. .. ...ttt
Low Power Two Modulus Prescaler:32/33 .. ..............
Low Power Two Modulus Prescaler : 40/41 . . . . .. Ry EEs . s

Low Power Two Modulus Prescaler :64/65 . ...............
Low Power Two Modulus Prescaler: 128/129 . .............
Low Power Two Modulus Prescaler : 20/21 . ...............
Low Power Two Modulus Prescaler : 128/129 ... ...........

Low Power Prescaler: 64 . ...........c '

Phase Frequency Detector . ........... ' iimnnnnnn.
Crystal Controlled Oscillator . . ... .....................
High Speed Prescaler UHF-VHF : 266/64 .. ...............
LowPowerPrescaler : 64 . .............00o i uenns.

CounterControl LOGIC. . ..o v vttt ettt et e eeeenn
Phase Frequency Detector . ............ ... urunuunn.
Crystal Controlled Oscillator. . . .. .. ..o v vt vttt oo v v neenn
FM Modulator Circuit . . ... ..ot i et e e e e e e
Phase Comp VCO . .. ... ittt e e e e e e
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MC145106
MC145145
MC145146
145151
NIC145152

BC145155
MC145156
WC145157
MC145158
MC145159

MC145160
ME145161
MC145162
MC145163
MC14568

MC1496
MC1596
MC2831A
MC3356
MC 3357

MC3359
WMC3361A
M3362
MC3393

3396
MCA016
MO017
WCA018
MC2019

MA316
MCA317
MCA318
MCA319
MHW709

MHW710
MHW 720
MHW720A

ALPHA/NUMERIC LIST OF PRODUCTS (continued)

Description Page
Parallel Input PLL Frequency Synthesiser .. ........ SR 5-18
4 Bit Data Bus Input PLL Frequency Synthesiser . ........... 5-19
4 Bit Data Bus Input PLL Frequency Synthesiser . . .......... 5-20
Parallel Input PLL Frequency Synthesiser . . . .............. 5-21
Parallel Input PLL Frequency Synthesiser . . ............... 5-22
Serial Input PLL Frequency Synthesiser . . ................ 5-23
Serial Input PLL Frequency Synthesiser . . ... ............. 5-24
Serial Input PLL Frequency Synthesiser . .. ............... 5-25
Serial Input PLL Frequency Synthesiser . ... .............. 5-25
Serial Input PLL with Analog Phase Detector . . . . ........... 5-26
Dual PLL Frequency Synthesiser . . . ... ...........00..... 5-27
Dual PLL Frequency Synthesiser . . . ... ...........0.0.o.... 5-27
Dual PLL Frequency Synthesiser . . ....... New Product 1986
BCD Input PLL Frequency Synthesiser . . . ................ 5-28
Phase Comp/Prog Counter . ... ... ... 5-29
Balanced Modulator-Demodulator . . .................... 5-30
Balanced Modulator-Demodulator . ... .................. 5-30
Low Power FM Transmitter System . . ................... 5-31
Wideband FSK Receiver . . .. ... ..., 5-32
LowPower FM IF . ... ... . . e 5-33
High Gain Low Power FMIF . ... ... ... ... 0.0 ui..... 5-34
Low Voltage Narrow Band FMIF ... ................... 5-36
Low Voltage FM/FSK Receiver . . ... ......ouuuuuunnn.. 5-36
Low Voltage FM/FSK Receiverwith RFAmp . ............. 5-36
Two Modulus Prescaler . . . ............ .. .c¢0uuieueenen.. 5-37
PPOSEEIBT § 20 5o im0 8 8 0 M 5 5 3 5 505 555 1 o6 o 10 om s s v 0 5-38
Programmable : N Decade .. ...........¢0uuuuueunun... 5-39
Programmable : N . .. ... . ittt ittt e e 5-39
Programmable : N Hexadecimal . . .. .................... 5-39
FROPraTAMRIIS.. I v o 5 5 om0 08 00 8 0 065 0 6 0 6 09 0 e 9 o o8 5-39
Programmable : N Decade . .............0uuuuunnunun... 5-39
Programmable : N . . . ... ... ... it 5-39
Programmable : N Hexadecimal . . . .. ................... 5-39
Programmable S N .o oo o i co ot i cus 608 bomaiea anmmmnsmes 5-39
UHF Power Module . ... ....... ... .. ... 4-2
UHF Power Module . . ... ... ... ... .0 'nnnnn.. 4-2
UHF Power Module . ... ..... .. ..., 4-2
UHF Power Module . ... ........ o't -4-2
800 MHZ PowerModule . ............¢u'uuuuunnnn... 4-2
800 MHZ Power Module . .. ............0¢0uuumuunnenn.. 4-2
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MHWB808A
MHW812
MHW820
MMBD101
MMBD301

MMBD352
MMBD701
MMBFU310
MMBF4416
MMBF5484

MMBF5486
MMBR2060

MMBR5031
MMBR571

MMBR901
MMBR911
MMBR920
MMBR930
MMBR931

MMBV 105G
MMBV109

MMBV2097
MMBV2098
MMBV2101

MMBV2102
MMBV2103
MMBV2104
MMBV2105
MMBV2106

MMBV2107
MMBV2108
MMBV2109
MMBV3102
MMBV3401

MMBV3700
MPN3404
MRF2678
MRF557
MRF559

ALPHA/NUMERIC LIST OF PRODUCTS (continued)
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800 MHZ Power Module . . ... ..... ..ot ietenennnnnn 4.2
800 MHZ Power Module . ... ... ...ttt innnnnnns 4-2
SOOMHZPowerModule . ..::::icssvsssssssisaapsmeni 4-2
UHF/VHF Mixer 4V . . .. .. it et esaenennn 4-5
UHF/NVHF MBOr3iV . ssrsnssposvsvenursnvpsnennsss 4.5
Dual UHF/VHF Mixer 4V . . . . .. ittt iaaanan 4.5
UHFEVHE Mixor TOY . vosvsnanasssounai Vs Ha8enEass 4.5
UHFINHEAMBHHEE - - s onissammnnnat bR EFa5aTF 4-4
UHF/VHF Amplifier . . ..ottt e e e e et et et et eeenns 4-4
UHF/NHE Amplifier « « s s s sssssnsnasissssamensvsssss 4-4
UHEINHE Amplifier < c c cssssssnsonasms igRanseesssns 4-4
Low Noise RF Amplifier ... ............... RREEE cese 44
Low Noise RF Amplifier . ... ... .. ... nnnnn 4-4
LW NOISE RFE AN . vnv v s w v oo s 50§ 655 %@ 0 &5 & e 4-4
Low Noise RF Amplifier . .. ... ... .t 4-4
LowNoise REAMPUHEr <. civnusnssnasssmmannevessss 4-4
Low Noise RF Amplifier . .. .. .. ... . . .. .. .. 4-4
LowNeisa BEAMPIIS . ..cunconsssmnsssinssssmnmsawans 4-4
Low Noise RF Amplifier . .. .. .. ... . ... .. 4-4
UHF/VHF Frequency Tuning . . . .« cceocsvviososacasnsns 4-5
UHF/VHF Frequency TUNING . . . . oo it it ettt eeeeee 4.5
General Purpose TuningDiode . .. ......... .0t uuuennn 4.5
General Purpose Tuning Diode . .. ... ....... ... .00 u... 4-5
General Purpese TuningBDiode . .........cccco000ssesses 4-5
General Purpose TuningDilode .........cccovvevooaaass 4.5
General Purpose Tuning Diode . . ... ................... 4-5
General Purpose TuningDiode . . ... ........ .. ..., 4-5
General Purpose TuningDiode . .. ...............c.c00u.. 4.5
General Purpose TuningDiode . .. ........ ... ¢, 4.5
General Purpose TuningDiode . . ... .............0.0.... 4.5
General Purpose TuningDiode . .. ........ ... uunn. 4-5
General Purpose TuningDiode . ... ... ... ... oot uienn. 4-5
General Purpose TuningDiode . .............c.c00viuun.. 4.5
VHE Banid SWitehing .. .o s s s s s s s sdidadmsesasnbhmbpnini§s 4-5
VHEBond SWitohing . s i s s s s s s ssisnsmsvammeadnisysdm 4.5
VHF Band Switching . . . . .. .. .. it i it it e e e 4-5
22BNHZRFAMPUEIBY s i v s ssnsnmunmnsanisamess sy 4.3
800 MHZ Amplifier . . ... ... i e 4-3
800 MHZ Amplifier . . .. .. it e e e 4-4




MRF890
ERF891

MRF892
MRF894
MRF898
MRF901
MRF911

MRFO31
V209
MWA110
MWA120

MWA 130
BWA210
MWA220
MWA230
MWA310

MWA320
MWA330
MXR3866
MXR5943
SN541LS716

ALPHA/NUMERIC LIST OF PRODUCTS (continued)
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Low Noise RF Amplifler ... i scsssessvavssinssonnens 4-4
Low Noise RF Amplifier ... ..... ... ... ... ... ... ..... 44
Low Noise RF Amplifiar .. :.cconnssnsrvasnssvssinassnss 44
UHF Amplifier . . .. ... e e e e e et e ean 4.3
UHF Amplifier . . . ... e e e e e e e et n 4-3
UHF Amplifier . . .. ... i i e e et et eann 4-3
UHF Amplifier . . . . ... i i et e et e e e ieens 4.3
UHF Amplifier . . . . . ... . it i e ».... 43
BOOMHZ Amplfiar .. svvosansssuonmamnws 8§85 §.6dsd 4-3
800 MHZ Amplifier . ... ...t it e ettt 4-3
800 MHZ Amplifier . ....... ... ... 4-3
BORMHEANPINOE wnsvsunssmusscs ey s s 68 58 590005 6ER 4-3
800 MHZ amplifier . . . . ... ... e 4-3
800 MHZ Amplifier . . ... ... . . e 4-3
BOOMHZAmMPlifier ......cccccciivesnnsecicsssonesn 4-3
BODMHEAMPUHAE . coooovsovis s 68 5,006 8 66500655555 4-3
800 MHZ Amplifier . ... .. ... ... e 4-3
800 MHZ Amplifier —24V . . . . . ... . . . . ... 4-3
800 MHZ Amplifier — 24V . . . . . . .. . . . . ... 4-3
800 MHZ Amplifier — 24V . . . ... . ... . .. . . .. 4-3
800 MHZ Amplifier —24V . . . .. .. ... ... e 4-3
800 MHZ Amplifier —24V . . . .. .. ... ... . .. 4-3
Low Noise RF Amplifier ... ..... ... ... 4-4
Lo NoBa BFAMPITEF . . .onnivnssnssassandsusinmis 4-4
Low Noise RF Amplifier . . ... ... ... . . .. @ 0., 4-4
UHF/VHF Frequency Tuning . . . . . .. oo it e e e e e ee e 4.5
Wide BandMedule . .....cvssssvssaemosnomibnssaeena 4-2
Wide Band Module . ... ... ... ... ... ittt annn. 4.2
Wide Band Module . .. ... ... ... . . . .. 4-2
Wide Band MoGltlls: . . . s ccvsssasvnsssss smoisieiisais 4-2
Wide Band Module . .. ... ... ... ... ... .. 0iiiiunneunn 4-2
Wide Band Module . . ........... ... ¢ mnannn. 4-2
Wide Band Module . .. ... ... ... ... .0 nnnnn. 4-2
WideBandModule ..............00tteeereneccenna 4-2
Wide Band Module . .. ... ... ... . . . . ... 4-2
REWCIHEIOF » v v s s s snamines i 56 idssi s iaddaiGannas

RF Amplifier . .. ... e e e e e 4-4
Programmable : N Decade ................ Available 1986
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SN54LS718 Programmable : N Binary . ... ............. Available 1986
SN74LS716 Programmable : N Decade ................ Available 1986
SN74LS718 Programmable : NBinary . . . .............. Available 1986

U310 UHF/VHF Amplifier . . .. ... e e e e e e 4-4 E
2N5484 UHF/VHF Amplifier . ... o ittt e e e e e e e e a 4-4
2N5486 UHF/VHF Amplifier .. ... e e e e e e e e e e ees 4-4
2N5944 UHF FM Power Transistor . . .. .. .. .. i i ittt eeee e 4-3
2N5945 UHF FM Power Transistor . ... ... ... ..ttt eennnn. 4-3
2N5946 UHF FM Power Transistor . . .. ... ... ... iennnn. 4-3
3N204 RF AmplifierDual Gate . . . . ... .. ...ttt 44
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Device

Control
MC12014
MC12514

Counters
MC4016
MC4017
MC4018
MC4019
MC4316

MC4317
MC4318
MC4319
SN54LS716
SN54LS718
SN74LS716
SN74LS718

J-FET Amplifiers
MMBFU310
MMBF4416
MMBF5484
MMBF5486

U310

2N5484
2N5486
3N204

Miscellaneous
MC1376
MC1496
MC2831A
MC3356
MC3357

MC3359
MC3361A
MC3362
MC3363

Mixers
MC12000
MC12002
MC12502
MBD101
MBD301

LIST OF PRODUCTS BY FUNCTION

Description Page
Counter Control LogiC . « v v« ni s s s oo s vsaneasssdasees ‘5-4
CounterControl Logic. . . ... ...ttt it eieennn. 5-4
Programmable : N Decade ..................0¢c.0uu..... 5-39
Programmable: N .« usssisisesssnssasnnsssssssness 5-39
Programmable : N Hexadecimal . . ... ................... 5-39

Programmable : N . . . . . ... . ..
Programmable : N Decade

PEOBTATTOIE S T vconm viw v h i 5 06 0 0 0 900 0 0 0 0 0 0
Programmable : N Hexadecimal

Programmable : N . . . . .. ... ... ... e
Programmable : N Decade

Programmable : N Binary . ... ............. Available 1986
Programmable : N Decade ................ Available 1986
Programmable : N Binary . .. .............. Available 1986
UHF/VHF Amplifier . . .. ... et e e 4-4
UHEINHF AWMPHTIEE . coonsssous vis s iiaas@asansss s 4-4
UHF/VHF Amplifier . . . ... .. e e 44
UREAHF BRPRIEE & o s 5 s cnsnmvei i s iansnsaaunns s ¢ 45 . 44
UHF/VHF Amplifier . . . ... o et e e 4-4
UHE/VHE AmplEer <z ssaimns s dis i das s wasonns ondsds 4-4
UHF/VHF Amplifier . . .. ..o e e e e 4-4
REAMMINor Dual GatE . . s nvssssigrsmasnsinss sdsiis 4-4
FM Modulator Circuit . . . .. ...ttt ittt e e e et ee e 5-16
Balanced Modulator Demodulator . .. ................... 5-30
Low Power FM Transmitter System . . ... ... ............. 5-31
Wideband FSIK Roceiver .. c v v v i i i iscicsvnsnsnanssas s 5-32
Low Power FM IF . .. ... . . . e e 5-33
High Gain Low Power FMIF ... ... ... ... ... ... ... ..... 5-34
Low Voltage NarrowBand FMIF ... ................... 5-35
Low Voltage FM/FSK Receiver . . . . ... ... ... iunnun.. 5-36
Low Voltage FM/FSK Receiver . . . ... .................. 5-36
Digital Mixer Translator . . . . ... ...ttt e see e 5-1
LT R R T T T TS INErTITITY 5-2
Analog MiXer . . . ..t e e e e 5-2
UHF/VHF Mixer 4V . . . . .t e e e e e e e e et e ean 4-5
UHF/VHFE Mixer 30V . .. . ittt e e e e e e et e e e e e 4-5
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MBD701 UHF/VHF Mixer 70V . .. . e et e et e e e e 45
NI2BD 101 UHF/VHF Mixer4V . ........... e e e e e e 4.5

- MMBD301 UHF/VHF Mixer 30V . . ...t e e et et ee e 4.5
MMBD352 Dual UHF/VHF Mixer4V . . ... ... . . it eiiann.. 4.5
MMBD701 UHF/VHF Mixer 70V . . . ... ittt i ittt eeean 4.5
Osaiflators
MC12061 Crystal Controlled Oscillator . . . .. ..................... 5-11
MC12561 Crystal Controlled Oscillator . . . . .. ....... ... it 5-11
Phase Detectors
MC12040 Phase Frequency Detector . ... .........cuuiiuieuernnnn 5-10
MC12540 Phase Frequency Detector . ... .. .. ... ... . cuiireunnen.. 5-10
Pin Diodes .
MMBV3401 VHF Band Switching . . . . .. .. ... .t 4.5
MMBV3700 VHF Band Switching . . .. ........ ... .. .. .. 4.5
MPN3404 VHF Band Switching . . . . . ... ... ... it ieeennn. 4.5
Phase Locked Loop Devices
MC14046 Phase Comp VCO . . .. ... . i ittt e e 5-17
MC¥45106 Parallel Input PLL Frequency Synthesiser . ... ............. 5-18
MC145145 4 Bit Data Bus Input PLL Frequency Synthesiser . ........... 5-19
MC145146 4 Bit Data Bus Input PLL Frequency Synthesiser . . .......... 5-20
MC145151 Parallel Input PLL Frequency Synthesiser . . ............... 5-21
MCi45152 Parallel Input PLL Frequency Synthesiser . . ............... 5-22
MC145155 Serial Input PLL Frequence Synthesiser . ................. 5-23
MC145156 Serial Input PLL Frequency Synthesiser . . ................ 5-24
MC145157 Serial Input PLL Frequency Synthesiser . . ................ 5-25
MC145158 Serial Input PLL Frequency Synthesiser . . ................ 5-25
MC145159 Serial Input PLL with Analog Phase Detector . . ............. 5-26
MC145160 Dual PLL Frequency Synthesiser . . ... ............¢c..... 5-27
MC145161 Dual PLL Frequency Synthesiser . . .. ...........c.0cc..... 5-27
MC145162 Dual PLL Frequency Synthesiser . . .. ... .. New Product 1986
MC145163 BCD Input PLL Fequency Synthesiser . .................. 5-28
MC14568 Phase Comp/ProgCounter . ... .......c.vuuiuennnnannan 5-29
Prescalers
MC12009 Two Modulus Prescaler : 5/6 . . ... ............c0iieu.n.. 5-3
MC12011 Two Modulus Prescaler : 8/9 . .. ................... e .. 53
MC12013 Two Modulus Prescaler : 10/11 . . . . ... ... it 5-3
MC12015 Low Power Two Modulus Prescaler : 32/33 .. .............. 55
MC12016 Low Power Two Modulus Prescaler : 40/41 .. .............. 5-5
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MC12017
MC12018
MC12019
MC12022
MC12023

MC12071
MC12073
MC12074
MC12090
MC12509
MC12511
MC12513
MC3393

MC3396

RF Module
MHW709
MHW710
MHW720
MHW720A
MHWB802

MHW808
MHWB808A
MHW812
MHW820
MWA110

MWA120
MWA130
MWA210
MWA 220
MWA230

MWA310
MWA320
MWA330

RF Transistors
MRF 1946
MRF2678
MRF557
MRF559
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Low Power Two Modulus Prescaler : 64/65 . ............... 5-5
Low Power Two Modulus Prescaler : 128/129 .............. 5-6
Low Power Two Modulus Prescaler : 20/21 . ........ s W 5-7
Low Power Two Modulus Prescaler : 128/129 . ............. 5-8
LOWPOWST Proscaler: B4 . . s wsvsessmupanmmnanumens g0 1 5-9
High Speed Prescaler UHF-VHF : 256/64 ................. 5-12
LowPowerPrescaler: B4 . ....c i insennsosvanassssss
LowPowerPrescaler: 256 .. ............¢ciiiieeiinn.
HighSpeod Prasealer . .. ..o oo snssmsconmsmamanesss s
Two Modulus Prescaler : 5/6
Two Modulus Prescaler : 8/9
Two Modulus Prescaler : 10/171 . . . . ... i it innnnn 5-3
Two Modulus Prescaler . . ... ... .. ittt ennnnnns 5-36
Prescaler : 20 . ....... e B N W B RO 5-37
UHF Power Module . ... ... ...ttt eeseeeennnn 4-2
UHF POWEIMOBUIE . o oo o556 s nmme s s o s e s @ s &6 s s 4.2
UHFPowarMedule ...:i::iisisonassasiauavonesessans 4.2
UHF Power Module . ... ... ... ...ttt nnnnnn 4-2
BODMHZPowerModule . .....ccovmaossmavesnsssissss 4-2
SO0 MHZPowerModule ......cs0cvesovnsscsnsssnass 4-2
800 MHZ Power Module . .. ...... ...t innnn 4-2
SB00OMHZPowerModule .........ccuo0ceeeececaaannas 4-2
800 MHZ Power Module . . ... ...ttt ieeenennenans 4-2
Wide Band ModUIE .. ... . s 6 s o 0w e 5 e 5000 o) 5068 8 @56 0 5 s a8 4.2
Wide Band Module . . ... ... .. ittt et eeeann 4.2
WideBand Module ... .. :ssscicsssssosnsssosssasanossd 4-2
WideBand Module . .. ... ... ..ttt eennnnnnsnns 4.2
Wide Band Modle . . . incinssssusoauussss s 6o @mwsss 4-2
Wide Band Module . ... ... ... ...ttt inennennan 4-2
WideBand Module . .. ... ... ... ¢ttt tiinnnnnns 4-2
Wide Band Module . ... ... ... ¢ttt tmennenennns 4-2
WideBand Medule . .. covunsmoceswmassniisnseesesss 4.2
2OMHEZREAMPITIOr : s svssnssisnnipssinsssmnesns 4-3
220 MHZ RF Amplifier . . .. oo ittt it et i e e e e e e 4-3
BOOMHZAMPLiIfier .. vcvmsvsneossumuosios soemssess 4-3
800 mHZ Amplifier . ... .. ittt e et 4-4
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800 MHZ Amplifier . .......... ... ... ... ..
800 MHZ Amplifier .. ............. e
800 MHZ Amplifier . ................. 0 RS B e
800 MHZ Amplifier ................... 0. ..
800 MHZ Amplifier . ............. ... ...

800 MHZ Amplifier . ....................... . ... ...
800 MHZ Amplifier ............... ... ... ... .. ...,
800 MHZ Amplifier . .......... ... .. ... ... . ... ..
800 MHZ Amplifier .. .......... ... ... . ... .. ..

800 MHZ Amplifier —24V . ... ... ... .. ... ... ... ...
800 MHZ Amplifier —24V . .. ... ... ... ... .. ... ...
800 MHZ Amplifier —24V . . .. .............. ... ... ..
800 MHZ Amplifier —24V . . . ............... .. . ...,
800 MHZ Amplifier —24V . ... ............. ... . . .....

Low Noise RF Amplifier . ................ ... .. .. .. ..
Low Noise RF Amplifier . ................... .. .. .. ..

Low Noise RF Amplifier . ............... ... ... ... ...
RF Amplifier . . . ...

RF Amplifier . .. .. ... .. .
RFE Amplifier . . ... ..
Low Noise RF Amplifier . ................. ... .......
Low Noise RF Amplifier . ... ................. .. .....
Low Noise RF Amplifier . ............ ... ... . ... ...

Low Noise RF Amplifier . ................. ... .. .. ...
Low Noise RF Amplifier . ................. ... .. .....
Low Noise RF Amplifier . ................. ... ......
Low Noise RF Amplifier .................. ... .......

Low Noise RF Amplifier . ................ ... . ... ... .
Low Noise RF Amplifier . ................. .. .. . .....
Low Noise RF Amplifier . ................ . . . . ......
Low Noise RF Amplifier .. ................ ... . . .....
Low Noise RF Amplifier . ................ ... . ..., . . .

Low Noise RF Amplifier . ................ .. ... . .....

Low Noise RF Amplifier .. ................ ... .. ... ..
Low Noise RF Amplifier . ................ .. .. .. .....
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MRF580 Low Noise RF Amplifier ............ e e e 4-4
MRF581 Low Noise RF Amplifier . ....................... vee. 4-4
MRF629 MIHE AMpHEISY < s s v sasinenis isRaaas R i sGRERIRE B 5 4-3
MRF630 UHF Amplifier . ... i e e e e e e et e e et e e e an 4.3
MRF641 UHE BPIEer . o c o590 65 A s s hB iR nRssRERREa s 4-3
MRF644 LI ROOPHTIAY o v oo 006 00 55 00 00 % & 00 W 0 0 508 A 6 6 8 5 5 s 4.3
MRF646 UHF Amplifier . . .. ... . i e e e e e e et e e e e 4-3
MXR3866 REDIETHICOF o o v w0 56w in 30 09 9 2 300 8 W0 8 IR 90
MXR5943 AEAMPINGY ;s avisnissrsid R bR a i i d B R RER =
2N5944 UHF Amplifier . . .. . i e e e e e e e e e e aeeas
2N5945 UHF Amplifier . . . . . e e e e e e e e
2N5946 UHF Amplifier. . ... .. e
Varicap Diodes

MMBV 105G UHF/VHF Frequency TUNING . o« c c e s s s ssasmassnososss 4-5
MMBV109 UHF/VHF Frequency TURING . . . v v v it it it e i it et eenenes 4-5
MMBV2097 General Purpose TuningDiode . ........... .00 eunnn.. 4-5
MMBV2098 General Purpose TuningDiode . ..............00iuiun.. 4.5
MMBV2101 General Purpose TuningDiode . ........... .00 iuiue... 4.5
MMBV2102 General Purpose TuningDiode . ................c.0.00c... 4-5
MMBV2103 General Purpose TuningDiode . .. ...........iiiinnnn 4.5
MMBV2104 General Purpose TuningDiode ..............c.00ciiveen. 4-5
MMBV2105 General Purpose TuningDiode . ........... ..., 4-5
MMBV2106 General Purpose TuningDiode . .............ciiiunununn 4-5
MMBV2107 General Purpose TuningDiode ................0c00ue.. 4-5
MMBV2108 General Purpose TuningDiode . .............. . ¢.o.uv.... 4-5
MMBV2109 General Purpose TuningDiode . ...........¢ciiiiiiuunn. 4-5
MMBV3102 General Purpose TuningDiode . .. ..........00iiiiunnn.. 4-5
MV209 UHF/VHF Frequency Tuning . . . ... ... ..t iuenennn 4-5
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SELECTOR GUIDES FOR RF MODULES AND DISCRETES

*  LAND MOBILE POWER HYBRID AMPLIFIERS

* GENERAL PURPOSE WIDEBAND HYBRID AMPLIFIERS
* 407 — 512 MHZ UHF FM POWER TRANSISTORS

* 806 — 960 MHZ FM POWER TRANSISTORS

* 136 — 225 MHZ FM POWER TRANSISTORS

* 407 — 512 MHZ UHF RM POWER TRANSISTORS
* 806 — 960 MHZ UHF FM POWER TRANSISTORS

* 136 — 225 MHZ UHF FM POWER TRANSISTORS

* RF LOW NOISE AMPLIFIER TRANSISTORS

* FIELD EFFECT TRANSISTORS

*  TUNING DIODES
* HYPER ABRUPT DIODES UHF/VHF
* SCHOTTKY DIODES

*  PIN DIODES
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LAND MOBILE POWER HYBRID AMPLIFIERS
; o
. P Out Pin Freq. Power Gain VCC
Device Type Watts Watts MHZ dB8  Min Volts | Package
S
A
MHW709 75 0.1 400-512 188 125 700-03
A
MHW710 13 0.15 400-512 194 125 70003
B
MHW720 20 0.15 400470 1 125 700-03
B
MHW720A + 20 0.15 400470 21 12,5 700-03
C
MHW802 2.2 0.05 825-915 20.4 9.5 784-01
D
MHWS08 7.5 0.25 806-950 148 125 297A-05
D
MHWS08A 75 0.03 806-950 24 125 301C01
E
MHW812 12 0.5 890-915 138 125 297A-06
D
MHWS820 20 0.25 806-950 19 125 301B-02
A: Available for 400440 MHZ (—1); 440-470 MHZ (—2); 470-512 MHZ (-3)
B: Available for 400-440 MHZ (—1); 440470 MHZ (-2)
C: Auvailable for 825-845 MHZ (—1); 890-915 MHZ (—2)
D: Available for 806-870 MHZ (—1); 806-890 MHZ (—2); 870-950 MHZ (—3)
E: Available for 890-915 MHZ (—3)
+  Designed for Wide Range P Out Level Control
GENERAL PURPOSE WIDEBAND HYBRID AMPLIFIERS — 50 OHMS TO-39 PACKAGE
Frequency Gain VCC Output Level Noise Fig
Device Type Range dB Min/Typ Volts 1dB Compression @250 MWD
b DBM Typ
MWA110 0.1400 13/14 29 -25 4
MWA120 0.1400 13/14 5 8.2 55
MWA130 0.1400 13/14 5.5 18 7
MWA210 0.1-500 9/10 1.75 15 6
MWA220 0.1-600 9/10 3.2 10.5 6.5
MWA230 0.1-600 9/10 44 18.5 75
MWA310 0.1-1000 7/8 1.6 3.5 6.5
MWA320 0.1-1000 7/8 29 1156 6.7
MWA330 0.1-1000 -/6.2 4 15.2 9
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407-512 MHZ UHF FM POWER TRANSISTORS

. P Out Pin Power Gain VvV CC
Device Type Watts Watts dB  Min Volts Package
~ MRF629 2 0.32 8 12,6 TO-39
MRF630 3 0.33 9.5 125 TO39
2N5944 2 0.25 9 125 244-04
2N5945 4 0.64 8 125 244.04
2N5946 10 2.5 6 125 24404
MRF641 15 3.75 78 1255 316-01
MRF644 25 5.9 6.2 125 316-01
MRF646 40 13.3 48 125 316-01
MRF648 60 22 44 125 316-01
806—960 MHZ FM POWER TRANSISTORS
. P Out Pin Power Gain VvV CC
Device Type Watts Watts d8  Min Volts Package
MRF837 1.75 0.125 8 1255 MACRO-X
MRF557 15 0.25 8 125 317D-01
MRF839 3 05 8 125 305-01
MRF841 5 0.7 8.5 125 24404
MRF840 10 25 6 12.6 31904
MRF843 15 3 7 1255 24404
MRF842 20 5 6 125 31904
MRF844 30 9 5.2 125 319.04
MRF846 40 15 43 125 31904
MRF848 60 25 4 125 333A
MRF890 2 0.25 9 24 30501
MRF891 5 0.62 9 24 31904
MR F892 14 2 85 24 31904
MRF894 30 6 7 24 319.04
MRF898 60 12 6.3 24 333A
136—225 MHZ FM POWER TRANSISTORS
i P Out PIn Power Gain VvV CC
Device Type Watts Watts dB Min Volts Package
MRF2678 15 1 12 125 244.04
MRF1946 30 3 10 125 211-07
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LOW NOISE AMPLIFIER TRANSISTORS

B.WTyp

Noise Figure (Max) Gain Max Ratings
Device Package —_—
FT @ Ic NF @ f IC db @ f VIBRICEO | Ic(mA)
GHZ mA dB  MHZ mA Min  MHZ
MRAF571 MACRO.X 80 | 50 |20 [1000 | 5.0 10.0 | 1000 10 70 ]
MMBRS571 | SOT23 8.0 50 26 | 1000 |10.0 10.5 | 1000 10 80
MRF2369 MACRO.X 6.0 50 20 |1000 | 5.0 10.0 | 1000 15 70 ]
MRF580 MACRO.X 50 | 75 |2.0*| 500 [500 11.0 500 18 200
MRF581 MACRO.X 5.0 75 2.0* | 500 |500 13.0 500 18 200 ]
BFQ19 SOT89 5.0 50 |3.3 500 | 50.0 15 75 |
BFR91 MACRO.X 50 | 30 1.9* | 500 | 2.0 16.0* | 500 12 40
BFR93 SOT23 5.0 30 1.9* [ 500 | 20 - — 15 35 |
MRF911 MACRO.X 5.0 30 |25 [1000 [ 5.0 12.5* | 1000 12 40
MMBR911 | SOT23 50 | 30 25 [1000 | 5.0 B
MMBR930 | SOT23 50 | 30 25* | 1000 [ 2.0 8.0* | 500 12 35
BFRY0 MACRO.X 5.0 14 24*| 500 | 20 18.0* | 500 15 30
BFR92 S0T23 5.0 14 2.4* | 500 2.0 - &= 15 25 |
MRF901 MACRO.X 4.5 15 [2.0 {1000 | 5.0 10.0 | 1000 15 30 |
MMBR901 | sOT23 45 15 1.9* [1000 | 5.0 16.0* | 1000 15 30 |
MMBR920 | SOT23 45 14 3.0* |1000 | 2.0 10.0* | 1000 15 35
BFR96 MACRO.X 45 50 2.0* | 500 |10 12.0 500 15 100 |
BFQ18A SOT89 4.0 50 - = - — — 15 150
MRF559 MACRO.X 3.0 |[100 . = 4 13.0 512 18 150
MRF931 MACRO.X 3.0 1.0 |38*| 500 | 025 | 16.0* | 500 5 5
MMBR931 | SOT23 3.0 1.0 [38*| 500 | 025 | 10.0* | 1000 5 5
MXRS943 | SOT89 2.0 [100 - — = — - 30 400
BFS17 SOT23 15 25 - i =5 - - 15 25
MMBR2060 | SOT23 15 256 |35 | 450 | 15 125 450 14 50
BFQ17 SOT89 1.2 | 150 — — -~ = = 25 300
MMBRS031 | SOT23 1.0 5 25 | 450 | 1.0 14.0 450 10 20
*Typ
FIELD EFFECT TRANSISTORS
Re YFs Noise Figure |Ipgs @ Vpgg=15V Max Ratings
Device Package (Max)
mm ho @ f dB @ f Min Max V(BR)GSS | Ig Max
Min (MHZ) Max (MHZ) (mA)
2N5484 T092 25 100 3.0 100 1.0 5.0 25 30
MMBF5484 SOT23 2.5 100 3.0 100 1.0 5.0 25 30
2N5486 TO92 3.5 400 35 400 8.0 | 200 25 30
MMBF5486 SOT23 35 400 3.5 400 8.0 | 200 25 30
MMBF4416 SOT23 4.0 400 4.0 400 50 | 15.0 30 20
U310 TO52 10 1kHZ | 3.0* 450 241 60t 25 100
MMBFU310 | SOT23 10 1kHZ | 3.0* 450 241 60t 25 100
3N204 TO72 10 1kHZ | 5.0 450 6.0 | 30 30 50
*Typ

T Measured @ Vpg = 10V
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TUNING DIODES

- Nominal CAP CAP Ratio QTyp Max Rating
Device* [Package +10% (pF) Min
@ VR=4V F=1 MHZ c2/c20 @ 4V/50 MHZ V(BR) R
MMBV2097 | SOT23 1.0 2.0 400 30V
‘MMBV2098 | SOT23 22 2.0 400 30V
MMBV2101 | SOT23 6.8 25 400 30V
MMBV2102 | SOT23 8.2 2.5 350 30V
MMBV2103 | SOT23 | 10 2.5 350 30V
MMBV2104 | SOT23 | 12 25 350 30V
‘MMBV2105 | SOT23 | 15 25 350 30V
MMBV2106 | SOT23 | 18 25 300 30V
MMBV2107 | SOT23 | 22 25 300 30V
MMBV2108 | SOT23 | 27 25 250 . [ 30V
MMBV2109 | SOT23 | 33 25 250 30V

These Diodes exist also in TO92 (2 leads) Package

HYPER ABRUPT DIODES UHF/VHF

Capacitance (pF) Cap Ratio Q Typ Max Rating
Device Package @ Min @ 3Vv/50 MHZ V(BR)R
Min Max VR(V) C3/C25
MMBV 105G SOT23 1.8 28 25 4 350 30v
MMBV3102 S0T23 20 25 3 45 300 30v
MMBV109 SOT23 26 32 3 5 250 30V
MV209 TO92 26 32 3 5 250 30V
SCHOTTKY DIODES
Capacitance (pF) VE Max (Volts) Max Rating
Device Package
pFMax @ VR(Volts) @IF =10mA V(BR)R
MBD101 TO92 1 0 0.6 4v
MMBD101 SOT23 1 0 06 4V
MMBD352 SOT23 1 0 0.6 4v
MBD301 TO92 1.5 15 0.6 30V
MMBD301 SOT23 1.5 15 0.6 30v
MBD701 TO92 1 20 1.2 70V
MMBD701 SOT23 1 20 1.2 70V
PIN DIODES
Capacitance Resistance Max Rating
Device Package Ohms Max
pF (Max) @ VR (Volts) @ |g=10 mA/100 MHZ V(BR)R
MPN3404 TO92 2 20 0.85 20
MMBV3401 S0T23 1 20 0.70 35
MMBV3700 S0T23 1 16 0.40 200
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rackage Ouuiine bimensions

The following pages contain information on the various
packages referenced on the individual data sheets. Infor-
mation includes: a picture of the package, dimensions in
both millimeters and inches, the various pinout configura-
tions (styles), a cross reference for Case numbers, “old"
JEDEC “TO"” numbers, and the new JEDEC “TO" designa-
tion.

An information on Tape and Reel packaging
capabilities is also given.



rackage Outline Dimensions

imensions are in inches unless otherwise noted.

2
CASE 20-03 TO-72 (TO-206AF) CASE 20 STYLES
o
Ile o)
o
STYLE1
STYLES STYLES
o PN 5:“"“ PIN1. SOURCE PINT  DRAIN
A 2. ORI - 2 GATE1 2 GATE2
8 1 BATE 3 DRAIN 1 GATE)
4. CASE LEAD i Chee o+ SOURCE,
€ r = SUBSTRATE
{ [ 1 o — STYLEG AND CASE
a L M‘:! PIN 1. ORAIN
T ! 1 oR 2. SOURCE AND STYLE 10
L - DRAIN SUBSTRATE PINT EMITTER
- { 4. SUBSTRATE AND 5 'gATE T BAsE
SEATING * CASEILEAD 4. SOURCE AND 3 COLLECTOR
PLANE STYLE 3 SUBSTRATE 4 CASE
PIN1. DRAIN STYLET
2. SOURCE PIN 1. ORAIN STYLE 11
254 3 GATE 1. SOURCE PIN 1. EMITTER
81 4. CASE LEAD 3. GATE 2. CATHODE
4. CASE AND
J1 | SUBSTRATE 3. COLLECTOR
k11270 = - STYLE4 « ANODE
L Biloe - PIN 1. SOURCE STYLES NOTE
W[ R 2. GATE PINT. EMITTER2 :
N |1 3. DRAIN 2. BASE1 1. ALL RULES AND
] - 11 - i 0,050 | 4 GATE?2- 3 COLLECTOR NOTES WITH
SUBSTRATE AND 4 EMITTER L T0.72 OUTLINE
ALL JEDEC dimensions snd notes spply CASE BASE 2 SHALL APPLY
CASE 22-03 TO-18 (TO-206AA) CASE 22 STYLES 2
! 3
STYLE ) STYLE?
PIN 1 EMITTER PIN 1. ANODE
2. BASE 2 BASE
e A~ 3 COLLECTOR 3 CATHODE
™ STYLE?2 STYLES
PIN | SOURCE.SUBSTRATE PIN 1. GATE
i AND CASE 2 ANODE 1
IE r c I 2 GATE 3. ANODE 2
3. DRAIN
DIM STYLE D STYLES
f f i N PIN 1. ANDDE 2
[ 2 ANODE !
A 2 DRAIN
—F | «x 3. GATE 3. GATE
EATING (CONNECTED TO
PLANE STYLE® CASE]
PIN 1. SOURCE STYLE 10
2 ORAIN PIN | BASE
3 GATE ACASE 2 EMITTER
el STYLES 3. BASE
s N ""; ::;;715" STYLE 11
N PIN ' DRAIN
K‘t\llr | E 3 BASE2 2 GATE
1 G —.—-i STYLES 1 SOURCE, SUBSTRATE
M ’ PIN | CATHODE STrLE 12:
Q y 2. GATE PIN 1. SOURCE
ANDDE :
3 2. GATE
All JEDEC notes and dimensions spply. 3. ORAIN (CASE)
*ASE 26-03 TO-46 (TO-206AB) CASE 27-02 TO-52 (TO-206AC)
STYLE Y STYLE )
A—t PIN 1. EMITTER PIN 1. EMITTER
8 2. BASE 2. BASE
t __I_ 3. COLLECTOR 3.BASEZ
c
=== STYLE2: STYLE4:
P 1 PIN 1. DRAIN PIN 1. SOURCE
t; ¢ S 2. SOURCE 2 ORAIN
N 1 s (& 3. GATE & CASE 3. GATE & CASE
F I
lll':i'! K MILLIMETERS
DIM| MiN
STYLE1: T
PIN 1. EMITTER N1
2. BASE
3. COLLECTOR
All JEDEC dimensions and notes spply All JEDEC dimerasons and notes spply
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PACKAGE OUTLINE DIMENSIONS (continued)

——
CASE 29-02 TO-92 (TO-226AA) CASE 29-03 TO-226AE
]
-8 T
A A
] NOTES:
;N 1. DIMENSIONS ‘A AND 8- ARE DATUMS. .
SEATING = N ! 1‘7 1 2. T- ISSEATING PLANE.
PLANE T .
F— L MILLIMETERS INCH 3. POSITIONAL TOLERANCE FOR LEADS:
I « M| MIN | MAX | WIN | MAX & [#[F 00 0on@[TA@[E@)
A | 432 | 533|0.170] 0.210 4. DIMENSIONING AND TOLERANCING
48 531 10175 ] 0.205 PER ANSI Y145, 1973
18] 419 [ 0.125] 0.165
' ~ .41 0016 | 0.022 Ak
e] o] 041 3 1 1 o s Ny D MILLIMETERS|  INCHES
G : 143 1 0.016 | 0.019 | - g ~+4 WMIN_ [ MAX
Ty 5 114 | 140 | 0.045 | 0.055 | L g DIM[ MIN_|MAX | MIN | MAX
4 — [ 2s4[ - [0100 4 Sy A | 737 ] 787] 0.290] 0310
SECT. A-A Al 87 095 | 0.105 A ] A ¥ R
‘ r " rc 1210 § - = l-"!‘“ c 3 18] 4181 0.125] 0.16!
| .35 = 2501 - o 46 .61 ] 0.018] 0.
— N | 203 | 267 [ .80 0105 == 127
N - 115 = N 2154
T R = 6] - T 12.10
~In 3 | oa1 [ oou o0 " 07 |
All JEDEC dimensions and notes apply. ::
CASE 29 STYLES CASE 31-03 TO-5 (TO-205AA)
.
3
s";ﬁu‘l‘ EMTTER s‘:l”:' BASE 1 STYLE 16 STYLEM
2 mas 3. EReREER i - ¥ COLLECTONANODE =8
3 COLLECTOR 1 BASE? LA 3 cATHODE I: 8
STYLE 10 =
“:::f BASE PIN 1 CATHODE STYLE 1! STYLE2S l S e P (t
2 EMITTER 1 GATE L] a;l“"m ; G.er!l {
3 COLLECTOR 3 AWODE e I 3 urz TE \:[F".'
]
Ton . anoe ot Anone STVLE 8. sTVLED
2 AwODE 1 catwopEs awooe M) ANORL "";:gau.“ s K
3 CATHODE 3 CATWODE 3 01 CONNECTED 3 o N o 2
n:rlnll‘ CATHODE s'::':'m TERMINAL Y STYLEIS STYLED \o MILLIMETERS
pam T et o - oo |
3 ANODE 1 MAIN TERMINAL 2 3 CAT#aDE T G A ,_i": ul‘l
STVLES STYLE N STYLE 1 x
STYLE20 STYLE
"™} sounce ™, e PN 1 ROT CONNECTED Pik 1. CATHODE PN ). EMITTER .' 053
3 GATE 3 CATHODE 2 1 CAT 2. ANODE 2. BASE
1 ANDOE 3 GATE 3. COLLECTOR
STYLES 406{0.
STYLEN STYLE S . 5088
m; ::u::tuwurnu ﬂl; :n_l#‘::on n-; ::;;,gutam “::;.E: CATHOOE 0.711]0.864
BBRA STYLE v 1 saAse o 1 CATHODE 2. GATE ‘“:3‘ :4‘:5
s "™} ColLecron s n STYLE HAREES T E
2 COLLE it -
".; :2',‘:‘ 3 BASE P 1 SOURCE PIN 1 DRAIN M
e 2 GATE 2 GATE STYLE 3: N —
STYLE 18 1 DRAw 3 SOURCE PIN |. GATE ==
STYLER ""; :::"?gn" STYLED) 2. CATHODE A | 154 | -
PIN1 DRAIN PN 1 GATE LA =
2 GATE 3 ANODE 2 2 SOURCE 3. ANODE 025
3 SOURCE & SUBSTRATE 3 DRAWN
CASE 31A-01 CASE 79-02 TO-39 (TO-205AD)
-— A
po— A == [R ]
8 L —— '. =
o i {0
STYLE 1: STYLE 2: i s
— - PIN 1, EMITTER PIN 1. INPUT E T
2 BASE 2. ouTPuT £i K MILLIMETERS | INCHES
| 3. COLLECTOR 3. GRouno | oM | MIN_[MAX | MIN | MAX
SEATING K SEATING Jd-_p A 89 (940 | 0350 ( .370
PLANE WILLIMETERS PLANE 8 | 800 [ 851 | 0315]0.335
DIM[ MIN_| MAX C 1 610 [ 660 _E_.%:
05| 0533 | 0016 0.
L NEr 229]3.18_| 0009]0.125
181|457 g 405 | 0483 0016] 0019 |
41 048 |G 8 [533 [0190]0210
.08 BSC H 711/ 0854 | 0028] 0.
71 _[086 737 ] 107 | 0.029] 0.080 |
74114 X (1270 | - 500| -
122 - 35 - 250 -
A 450 8SC 45° NOM
2.54 BSC = ol
NOTE: 0.100
1. LEADS WITHIN 0.36 mm (0.014) DIA
OF TRUE POSITION AT SEATING All JEDEC dwmenmons and notes spply.
PLANE AT MAXIMUM MATERIAL CONDITION.
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PACKAGE OUTLINE DIMENSIONS (continued)

J—
CASE 79-03 CASE 79 STYLES
2
PN 1 INPUT
2. outeyt ! 3
3. GROUND .
=R
R 8
L R & STYLE 1 STYLE4
% M PIN1 EMITTER PIN | MAIN TERM |
I T 2 BASE 2 GATE
E | LIS 3 COLLECTOR 3 MAIN TERM 2
J->=F1 X
el ~pa— STYLE2: STYLES
et wtaep) MILLIMETERS| _INCHES PIN 1. DRAIN PIN 1 COLLECTOR
DIM| MIN | MAX | MIN | MAX 2 SOURCE 1 BASE
A | 902]930 3 GATE 3 EMITTER
8 | 80085
191457
053 ‘
1 I 0.017 | 0.035 | STYLED STYLE 6:
o048 1001610010 ] PIN | CATHODE PIN 1. SOURCE
"G | 483|533 [0130] 0210 1 GATE 2. GATE
W | 071|086 | 0028 | 0034 3. ANODE 3. DRAIN
3 ora] 102 {0029 | 0040 (case)
x| i2m] - Jose0] -
| M| _459NOM 459NOM NOTES
N 254 TYP 0.100 TYP
X ABAL 1. ALL RULES AND NOTES ASSOCIATED WITH T0 39
(0] s0%wow | 90%NOM OUTLINE SHALL APPLY
CASE 176-02 CASE 176B-01

NOTE
A Toterance of 25 mm (010) mum be aliowed
at point leads protrude from package for glass
fun awver

L f
el
B

MILLIMETERS]  INCHES MILLIMETERS|  INCHES
ol MAX | MIN | MAX DIM| MIN | MAX | MIN | MAX
A 67 | 0.080 | 0105 | Al 203 | 267 | 0080 0105
8 076 | 0.015 | 0.030 8| 038 | 0.76 | 0015 0.030
03| 0.050 | 0.080 C] 127 | 2.0 | 0.050| 0.080
B 41 10010 0.016 | D] 025 | 041 | 0.010] 0.016]
f 15 | 0.003 | 0.006 .08 151 0.003 | 0.006
K406 | 457 [ 0160 0180 | K| 4 457 | 0160 0160
N4 78| 0.058 | 0.070 W] 203 267 | 0080 0.105
CASE 176 STYLES CASE 244A-01
STYLE D STYLES
PIN 1 BASE PIN 1. CATHODE
2 EMITTER 2 NOT CONNECTED
3 COLLECTOR 3 ANDDE STYLE1: STYLE 2:
STY1E2 STYLEG PIN 1. EMITTER PIN 1. COMMON
PIN 1. SOURCE PIN | CATHODE 2. BASE 2. OUTPUT
1. GATE 2- ANODE 3. EMITTER 3. COMMON
FORAIN 2.ANODE 4. COLLECTOR 4 INPUT
STYLE] STYLE?
PIN 1 ORAIN PIN I EMITTER il TMILLIMETERS]  INCHES
2 SOURCE 2 BASE e
1 GATE 3 COLLECTOR i -g f OIM] NN [ MAX | WIS ] MAX
g - A| 706| 726] 0278 0.286 |
STYLE4 STYLES ZER wiee § € s T 520 6501 02441 0.256
PIN | ANODE 2 PIN 1 ANODE L 1 ¢ 17524 16.51] 0600 0.650 |
i) LY iR anace e 0 | 066] 086] 002 0038
g HEY £ | 140] 165 0.055] 0.065
F| 152] - 060 -
J | pio| 0.15] 0004 0.006
K[17] - 80| -
M| 450NOM 450 NOM |
- ] Var] - ] o550
s | 274] 335] 0.108] 0.132
T | 140] 1.78] 0.055] 0.070
U | 292] 368] 0.115] 0.145
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PACKAGE OUTLINE DIMENSIONS (continued)

————
CASE 249-05 CASE 303-01
2]
/
7 N A
\ ro
/ / 7| i
| OSTYLEN STYLE 2 /f_ f
'{—" O " pm o emiTTER PN EMITTER 'f_ T
\ 2. BASE 2. BASE '
: \ / 3 EMITTER 3 EMITIER K stvien STYLE 2.
M 4 COLLECTOR o COLLECTOR _ & ‘ PINT COLLECTOR ~ PIN1. COLLECTQR
AN " = ‘ 2 EMITTER 2. BASE
l ~ \ SEATING PLANE « K| 3 BASE 3 EMITTER
GROUND AND IS 4 EMITTER 4. BASE
CONNECTED T0
PIN | AND PIN 3 NOTE
& A C, 1. DIMENSION K APPLIES TO ALL LEADS,
J i
I = A s MILLIMETERS {" —] i 1
oms| w1 1 : Imumttu INCHES
A ] | DIM[ MIN | MAX | MIN | MAX
f 7 A | 229 | 267 | 0.080] 0108
' ( ] C [ 089 | 1.40 [ 0.035 0,055
SEATING PLANE D] 041 | 061 | 0.016 [ 0024
1 F | 089 | 109 |0
(] 08 [ 015 |0
s | K[ 445584 [0.075[0230
CASE 30%-01 CASE 305A-01
=
32—
—
=
(i "/ !
™
~
K
STYLE 1t D
PIN 1. EMITTER }
2. BASE )
3. mmé: I 1-/4-»\:
4. COLLECTOR
N f STYLE 1
T MILLIMETERS|  INCHES PIN 1 EMITTER
Ly L,, A DIM| MIN [ Max | miIN | max g:;ﬁm
i = i A | 508 | 55902000220 | .
v 1_} — 1 . i C [ 1397 | 16.26 | 0.550 | 0.640 F 4 FOLLECTON
E 7 — 140 | 165 | 0,055 U
rsumm PiRE T & 02 | 121 | 0040 0050 MILLIMETERS| _INCHES
— i P s 064 | 089 | 0025] 0035 A DIM| MIN | MAX | MIN | MAX
8-32 UNC 2A | 003 | UUJ) | [-——T— ]
WRERCH FLAT - U J | 008 | 0180003 0007 ‘ 3 A | 508 559 | 02000220
K _[1105 | - oas| - [ 1 C | 241 0095 0.130
ey c 4
b L | 1.40 | 165 0055 | 0065 — — D | 140 ] i85 10 ;
™ | 450 NOm 450 NOM 1 -1 02| 127 | 0.040] 0.050
L/E 3 121 ] - 10050 € 64 | 089 | 00250,
40 | 165 0055 | 0065 ] 08 | 018 | 0.003] 0007
40 18 | 0055 | 0.070 K1 - 04 -
79 | 3810110 0.150 [ 450 NOM 459 NOM
V | 241 ]| 287 [ 0095[ 0115
CASE 317-01 CASE 317A-01
&
L
L 0 [
: 1
4 2 e N
. T |
! X i
STYLE1: STYLE 2: A ]
| PIN 1. DRAIN PIN1. COLLECTOR
‘-‘ 2. SOURCE 2 EMITTER STYLE 1 STYLE 2
. 3. GATE1 3 g;-':irm | x PIN 1 COLLECTUR  PIN 1. COLLECTOR
‘- " 4. GATE2 7. BASE 2. EMITTER
l_L 3 EMITTER 1. BASE
=) '
— j_,‘ [MILLIMETERS| _INCHES MILLIMETERS]  INCHES
DIM| MIN | MAX | MIN | MAX OIM| MIN | MAX | MIN | MAX
SEATING PLANE A | 444 521 0.175] 0.205 A | 4aa | 521 0175 0.
C | 190 254 | 0.075] 0.100 3 254 | 0.075 | 0.1
84 | 099 | 0033 | 0.039 | o )99 |
F 1020 0.30 [ 0.008 ] 0012 ] F 7020 | 030 [0008 [ 001
G | 076 1.4 |0030] 0.04 6 [ 076 | 1.14 | 0030
K 24 .13 | 0.285 | 0.320 | K| 724 | 813 |0.285 | 0.320
L 11054 | 1143 | 0415 0.450 [ L [1054 | 1143 [ 0415 | 0.450
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pPACKAGE OUTLINE DIMENSIONS (continued)

—
CASE 318 TO-236AA CASE 318 TO-236AB
(Low Profile)
0 — D MILLIMETERS | INCHES
- MILLIMETERS| _ INCHES e hdnes &
[MILLIMETERS| _ INC
_— DIM[ MIN | MAX | MIN | MAX - DIM|”MIN.[ MAX | MIN | MAX
A [280 1102] 0.1197 Al 280 | 304 [0.1102]0.1197]
+ 8 [1.20 | 1.40 | 0.0472] 0.0551] + B| 120 | 140 |0.0472]0.055)
’ | € [0.85 | 120 |0.033 | 0.0472 3 ] C | 089 | 1.04 |0.035 |0.0412
s L D {037 | 046 | 0.015 | 0.0177 B L 0| 037 46 | 0.015 | 0.0177]
F_[0.085 | 0.13 | 0.0034] 0.0051 F| 0085] 0.13 | 0.0034] 0.0057)
A 2 & 18 | 204 .mm_.u"su‘ﬁ 1 2 ‘ G| 178 | 204 |00701]0.0807
| 4 ] 51 | 060 | 0.020 | 0.0236 | v | Hi 051 60 | 0.020 |0.0236
I | 010 | 025 | 0004 | 0.0098 L_l K| 0.013] 0.10 | 0.0005]0.0040
NJ._:l E— 210 | 250 |0.083 | 0.0984 N ——— L[ 210 | 250 [0.083 | 0.0984
HH I—_G M 045 | 0.60 | 0.018 | 0.0236 - H l——c M| 045 k_ﬂ_ 0.018 | 0.0236
K N [0.89 | 102 |0.035 | 0.0401 N| 089 [ 102 |0.035 | 0.0401]
[ § 3 P A —
ool | 4] |
—qu— } —b{MI—-— T
K F K F
CASE 318 STYLES CASE 345-01
e A )
STYLEG: STYLE 10: STYLE 14: - E c
PIN 1. BASE PIN 1. DRAIN PIN 1. CATHODE r ‘1 J
2. EMITTER 2. SOURCE 2. GATE T N N
3. COLLECTOR 3. GATE 3. ANODE . N
STYLET i b2z 3
STYLE 11: STYLE 15
PIN 1. EMITTER PIN 1. ANOOE PIN 1. GATE x oy 8 T
2. BASE 2. CATHODE 2. CATHODE F L_=||
3. COLLECTOR 3. CATHODE 3. ANODE L =0
STYLE 8 ANODE G
PIN 1. ANODE ) STYLE 12:
2. NO CONNECTION PIN 1. CATHODE STYLE 16 ¢
3. CATHODE 2. CATHODE RN 3 ANCDE MILLIMETERS H
3 ANDDE 2.CATHODE LL INCHES
) 3. CATHODE DIM| MIN | MAX MIN | MAX
STYLES STYLE 13: A | 840 | 460 | 0.174 | 0.181
STYLE | :
PIN 1. ANDDE PIN 1. SOURCE STYLE 17: PilL IBASE STHLED. ane 8, 229 | 260 | 0091 0107
2. ANODE 2. DRAIN BIN1: NO CONNECTION 2 COLLECTOR 2 ANODE C | 140 | 160 | 0056 [ 0.062
3 CATHODE 3. GATE 2, ANDOE 3 EMITTER $ FATHDGE 0| 036 | 048 | 00150016
3. CATHODE ’ E 162 1.80 | 0.064 | 0.070
STYLE 2 STYLE4 F | 044 | 053 0.018] 0.020
STYLES 1 THRU 5 ARE OBSOLETE. PIN 1. ANODE PIN 1. DRAIN G .50 BSC .059 BSC
f it e, R
NOTES 3 NO CONNECTION OURC i ! ] !
1. 318 - 02 MEETS ALL JEDEC 3 BRUR T3 BITHBSC |
DIMENSIONAL REQUIREMENTS - TN 704 ] 2.26 | 0.087 ] 0.089 ]
FOR T0- 236 AA. P35 [ &35 01 Al
CASE 358-01 CASE 607-04 CERAMI o
f—
{ﬂ I - I
T e T
————— s i
N r & E‘: — s
' v
= =5
K e | = || -
SO ./ 4 . E ; 4 b
N N ~ STYLE 1: STYLE? ! [ ” %
PIN 1. BASE PIN 1. DRAIN T
\Q(\s'c 2 EMITTER 2. SOURCE I e —
3. COLLECTOR 3. GATE — 1 o T T =
S| INCHES
4 EMITTER 4. GATE? O T v L T
4 A | 610 | 699 0240 (0275
STYLE 1 "C 076|203 0030|0070
u MILLIMETERS | INCHES BASE 2, 6,9, 13 o T 025 | 048 0010 [ 0019
P v _.P...T_. oIM[ MIN | MAX | MIN | MAX EMITTER 3, 5, 10, 12 TF T 008015 000310006
[———:,] f A| 241 292 | 0095] 0.115 COLLECTOR 1,7, 8, 14 6 12188¢C 0050 BSC
£ B 195| 236 | 0077] 0.033 FOR COMPLEMENTARY QUADS W 013 ] 083 00050035
[ _/ C] 109 1560 | 0043 0.063 NPN PINS 1 THRU 3, 12 THRU 14 [ 1 - [0 - jons
SEATING PLANE D] 043 058 | 0017] 0023 PNP PINS § THRU 7, 8 THRU 10 'k [ 635] - jos0 ) - |
F1 007] 0.5 ] 0003} 0006 (REFER TO STYLE 1 L (1880 070 - |
K| 482 660 ] 0.190] 0.260 FOR PIN IDENTIFICATION) [N 025] 000 .
053 | 096 | 0.021] 0038 [Ry = Fodgd == Toois:
Ul 198 218 [ 0078 S 782 | 838 0300|0330
T | 945 [ 485 0175|0195 |

4-11



PACKAGE OUTLINE DIMENSIONS (continued)

CASE 610A-04 CERAMIC CASE 632-02 TO-116 CERAMIC

MILLIME
TERS| iNcCHeg

oiM | MIN | MAX | win
| A [168 |99 :'“
, 553 | 711 ]
E 08 | -
——l R I n‘--. T :L:E l
. F 1077 | 177 Toosg
1__1 I =] ; G| 25485 3
MILLIMETLRS INCHES _]— N e
Jre— __l DIM [N | MAX | MIN | MAX N N " - 3 ‘L :
L -[ IL TR Hb=— —| G}— staring J__,‘\‘\" lﬂ 162 Is'c
| ¢ . - g
L& My L o ,,__J PLANE AT
STVLE STYLE 1 T g
B&E‘ COLLECTOR 1, 7, 8, 14
eums" 4 BASE 2,6, 9, 13
couecronn -y EMITTER 3, 5, 10, 12
-4 COMPLEMENTARY PAIRS
FOR COMPLEMENTARY PAIRS 5 e 1 ,
et g o NPN 1 THRU 3, 5 THRU 7 NPN 1 THAU 3, 12 THRU 14
PNPPINS 4.5, 7 R ] 121 ] 0 PNP 8 THRU 10, 12 THRU 14 PNP 5 THRU 7, 8 THRU 10
(REFER TO STYLE 1 FOR PIN IDENTIFICATION) T | 165 | 203 | 0065 [0080 | e At bl R
CASE 646-05 ‘ CASE 654-02

I : —nr 14
Q -~}
0 | 3 '
YYVVYY
pa g | [miLcmeTers|  incHEs NOTES
o e L e T
s ENI 56 0. : UTLINE
F —t "I 8 | 6.10 | 6 SHALL APPLY.
) [P | C_ {406 | 508 | MILLIMETERS| INCH
%c : (,:: ??_2__. DIMW MIN | MA
! T L™ - A les [sa | o
\ l%ﬁ 241 B I.‘ls_i_'_jl_ 0305 | 0.3%
i FiRF P 520 0. 019 470 | 0.165] 0.1
o= <ligfe <A Wl e 0 Tou Jos3 Tooe amn
L] 7628 E B
— o s 3 0‘2“ “tu n:m 0.019
BASE 2, 6, 9, 13 N [os1 [102 W 1071 T088
EMITTER 3, 5, 10, 12 70 [iie |
COLLECTOR 1,7, 8, 14 70 | = -
COMPLEMENTARY PAIRS N [ = 250 | -
TYPE 1 TYPE 2 W | 4 B5C
NPN 1 THRU 3, 5 THRU 7 NPN 1 THRU 3, 12 THRU 14 N |75 100
PNP 8 THRU 10, 12 THRU 14 PNP 5 THRU 7, 8 THRU 10 ¥ - oy ~ 10,050 |
(REFER TO STYLE 1 FOR PIN IDENTIFICATION)
CASE 654-07 CASE 654 STYLES
fr A
- H -
T
I wI ¢ “:-Luinl'causcmn 5 EMITTER SIILEL
: : T . DR
S T i soum
/ ] 3 EMITTER 7. COLLECTOR .
/ 4 OMITTED 8. OMITTED 3. ORAIN 1. GATE
é S : 4 OMITTED 8. OMITTED
SEATING f | PIN 1. COLLECTOR 5. SOURCE STYLES
2. BASE E. DRAIN SIDE 1 (NPN) SIDE 2 (PNP)
Ao LEETHE L eATE PIN1. COLLECTOR 5 EMITTER
o &/ 0MTTER 2. BASE 6. BASE
EEE— STYLED 31 EMITTER 7. COLLECTOR
: B ':"l:'“—“::? ml:‘c“:\ix PIN 1, EMITTER 4. OMITTED 8 OMITTED
2. BASE
{ H‘}* 3. COLLECTOR STYLEG
G E.1 4. OMITTED PIN 1. SOURCE 5. SOURCE
5= 2. DRAIN 6. DRAIN
0 SORNON 3 GATE 7. GATE
T NO CONNECTION .
H—Eﬂ f cgrnooe ik & OMITTED B. OMITTED
:‘ 8 OMITTED
| ™
N

4-12



PACKAGE OUTLINE DIMENSIONS (continued)

———

CASE 714-02

L
I ¢ |
| E K ¥
N i i
! JE
i J §-32UNC 28 I 13 | ;
“H=- L (3 41| 267 | 0095 | 0.105
FIRST STAGE. PIN 1, RF IN (] 65| 978 | 0.380 | 0385
4. RFOUT 4 396 BSC 0156 BSC
SECOND STAGE PIN 6, RF IN K | 686 137 [02/0] 0.290 |
9, RF OUT L | 25408SC 1000 BSC |
PIN N 406| 432 | 0160} 0.170
Vie: PIN S ’ 16] 292 | 0085 | 0.115 |
DC AND RF GROUND. PINS 2,3, 1.8 [ 3176| 427 [ 0148] 0168
NOTE R - |isn ) 535
1 MOUNTING HOLES WITHIN 1 1500 BSC
025 mm (D010) DIA OF TRUE 1105] 1143 | 0435 | 0450
POSITION AT MAXIMUM 1 495] 521 | 0195 0.205 |

MATERIAL CONDITION

413
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@ MOTOROLA

MC12000

DIGITAL MIXER/TRANSLATOR
(D Flip-Flop w/Translator)

The MC12000 is intended for use as a digital mixer in phase-
locked loop frequency synthesizers and other applications where
a MECL “D" flip-flop with translators is required. Toggle frequency
is typically 250 MHz. TTL to MECL and MECL to TTL translators
are provided to facilitate interfacing with MECL or TTL circuits.

The MC12000 is designed to operate from a single power supply
of either +5.0 Vdc or —5.2 Vdc.

DIGITAL

MIXER/TRANSLATOR

L SUFFIX

CERAMIC PACKAGE

CASE 632

P SUFFIX
PLASTIC PACKAGE
CASE 646

LOGIC DIAGRAM

PIN ASSIGNMENT

1——D Q 13
s L Q 12
11
’ 1
° D [: 14 Vce
TTL C O 13[]Q
8 s 4 Input 2
MECL orRNOR [ 12[]Q
Output [ 11 [[] OR Output
. Translator
+
9 MECL Input [: 10 j NOR Output
_| to 6 Translator E: 9 :] .
TTL QOutput
88—
vee [ 81 - input
D Qn 0n+1
0 0 0 Vce=Pin 14
0 1 0 VEg=Pin7
1 0 1
1 1 1
5-1 DS 9236




@ MOTOROLA

MC12002/ |
MC12502 “

ANALOG MIXER

The MC12002/MC12502 is a double balanced analog mixer, in-
cluding an input amplifier feeding the mixer carrier port and a
temperature compensated bias regulator. The input circuits for
both the amplifier and mixer are differential amplifier circuits. The
on-chip regulator provides all of the required biasing.

This circuit is designed for use as a balanced mixer in high-
frequency wide-band circuits. Other typical applications include
suppressed carrier and amplitude modulation, synchronous AM
detection, FM detection, phase detection, and frequency doubling,
at frequencies up to UHF.

ANALOG MIXER

—

T
P SUFFIX
PLASTIC PACKAGE
CASE 646

L SUFFIX
CERAMIC PACKAGE
CASE 632-02
LOGIC DIAGRAM PIN ASSIGNMENT
Heacl S
2 12 egulator 1 14 VCC
Local O— Carri ——O Bypass [: :l
Oscillator Amplifier rmer Output
3 Port 11 Local
Inputs lo— vy VR o Oscillator [} 2 13 [ Resistor Load
8 Mixer Input
. O : Local
Signal Signal oca
Inguts { 9 Port Oscillator [ 3 12 [] Data Output
O VR Vg Input
1 Alternate
Signal [] 4 11 [T] Data Output
Input
lato
Null Adjust [] 5 10 :lgsg:sas '
Bias Mixer Signal
Regiiliitoe Null Adjust [] 6 9 :J,nput
Mixer Signal
VEE 7 s [J Input

-

DS 9236 (Issue A



MC12009 MC12009

D MOTOROLA MC12011 mMC12511
MC12013 MC12513

TWO-MODULUS PRESCALER

These devices are two-modulus prescalers which will divide by TWO-MODULUS
5and 6, 8 and 9, and 10 and 11, respectively. A MECL-to-TTL PRESCALER
translator is provided to interface directly with the MC12014
Counter Control Logic. In addition, there is a buffered clock input
and MECL bias voltage source. Details of operation are on the
MC12012 data sheet.

600 MHz (Typ) Toggle Frequency PT?(;JPIZI::I:AGE
MC12009 (+5/6), MC12011 (= 8/9), MC12013 PLAS(':ASEM

(+10/11)

MECL to TTL Translator on Chip

MECL and TTL Enable Inputs

+5.0 or —5.2 V Operation*

Buffered Clock Input — Series Input RC Typ, 20 Ohms
and 4 pF

Vg Reference Voltage

310 Milliwatts (Typ)

L SUFFIX
CERAMIC PACKAGE
*When using +5.0 V supply, apply +5.0 V to pin 1 (Vccp). pin CASE 620
6 (TTLVce). pin 16 (V). and ground pin 8 (VEg). When using
-5.2V supply, ground pin 1 (Vcco). pin 6 (TTL V), and pin
16 (V) and apply —5.2 V to pin 8 (Vgg). If the translator is not
required, pin 6 may be left open to conserve dc power drain.
PIN ASSIGNMENT
LOGIC DIAGRAM
PR P A
" :_ N Veeo [ 16 [ vee
1c>2—I~E1 | 2 a2 15 [ Clock
Q4 —T°
10+1 E2 I a[]s 4[] Vg
%—1—53 | (-1 s 13 [TJ E1 MECL
o_g I E4 | (+1 s 12 [T] E2 MECL
3
10“'1—5 ES 74 +o TTLvee [ 6 11 [] €3 MECL
°““_I € | TTL Output [ 7 10 [JEa TTL
E’,_p_ mect | | vee (] 8 9[Jes L
to |
s -] ™ | 7
O—+—{ Translator -‘[_0 Ve = pin 1
I Vee = pin 16
VEE = pin 8

5-3 ADI-534R1



(C)lWOTOROlA

oS,

MC12014/
MC12514

—_—
—_—
COUNTER CONTROL
LOGIC
COUNTER CONTROL
The MC12014 monolithic counter control logic unit is designed LOGIC
for use with the MC12013 Two-Modulus Prescaler and the MC4016
Programmable Counter to accomplish direct high-frequency pro-
gramming. The MC12014 consists of a zero detector which con-
trols the modulus of the MC12013, and an early decode function
which controls the MC4016. The early decode feature also in- —
creases the useful frequency range of the MC4016 from 8.0 MHz ——
to 25 MHz. P SUFFIX
PLASTIC PACKAGE
CASE 648
LOGIC DIAGRAM w
T
P1 14 | G2 | Ga I L SUFFIX
G6 Hout CERAMIC PACKAGE
Po " "' CASE 620
P2 12 : I'
| S
P3 13 ' E& G:S) G7 |
|
: d , PIN ASSIGNMENT
fin 1o+
{Clock) T So S o NP e = T
e Y i
| C I
I G8 p G1cD::—’ ]
‘ |
| | _ A/
| G11 : fin g 16 ] Vee
s G9
Vcc=Pin 16 20 2 15 7] NC
Gnd=Pin 8 L r:‘ _Jt E :
————————— J° Zi |: 3 1“[pP
R = s e m
'r Zero Detector | 22 []a 13[]P3
G12 _—
| I Z3 s 12[] P2
: : 82 [ 1 [] P
G13
0 2 oy | Enable Out [ 7 10 [ B1
9 2 04: G14 : Gnd []8 9 : fout
' 51 to
G15 O 7
22 ¢ o - Enable
| G16 | Out
23 5 o4 |
| G18
G17 !
82 6 w#——Do——J |
. J
5-4 DS 9236 (Issue B)



. MC__01.
@ MOTOROLA MC12016
MC12017

- Advance Information
MECL PLL COMPONENTS
LOW-POWER TWO-MODULUS PRESCALER
The MC12015, MC12016 and MC12017 are two-modulus pre- Tv;'gw'“:g:jfus
scalers which will divide by 32 and 33, 40 and 41, and 64 and 65 PRéSCALER

respectively. An internal regulator is provided to allow these devices

to be used over a wide range of power-supply voltages. Regulated

operation is obtained by connecting supply voltages of 4.5 to 5.5 V

toboth Pin 7 and Pin 8. Unregulated operation is obtained by connect-
- ing voltages greater than 5.5 to Pin 8 and leaving Pin 7 open.

@® 225 MHz Toggle Frequency

® Low-Power—7.5 mA Max at 6.8V

® Control Input and Output are Compatible with Standard CMOS

® Connecting Pins 2 and 3 Allows Driving One TTL Load P SUFFIX
.
’ PLASTIC PACKAGE
@® Supply Voltage45V1095V CASE 626
r
IMUM RATINGS
Characteristic Symbol Range Unit PRESCALER BLOCK DIAGRAM
-Lgulatd Voltage, Pin 7 Vreg 8.0 Vdc
Ywer Supply Voltage, Pin 8 Vce 10.0 Vdc
verating Temperature Range Ta -40 to +85 °C
rage Temperature Range Tstg -6510+175 °C Control
Input
ECTRICAL CHARACTERISTICS (Voc=5.5109.5, Vigg=4.5t05.5V lor ?_a'
Ta =-40°C to +85°C) z
Signal0'001 uF | +~
Characteristic Symbol Min Typ Max Unit Input o_l ( O 2 Active
¥gle Frequency fmax 225 — — MHz Signal 51 _N/N+1 Pullup
 (Sine wave input) fmin — - 35 MHz Gnd ‘_(6)_ Output
upply Current Icc — 6.0 7.8 mA 0.001 uF 3
ontrol Input High 20 - - \Y =
(+32, 40 or 64) 7
n 4
ditrol Input Low — —_ 08 Vv _[-0—4' -
_[:-33,41 or 65) 0.1 4uF = Gnd
lutput Voltage High* VOH 25 — - v I
Jlsource = 50 uA) =
ltput Voltage Lov.* V, — - 05 v
(lgimg = N oL Vce
lsink = 2 mA) Voltage
put Voltage Sensitivity Vin 8 Regulator
35 MHz 400 — 800
EO-ZSS MHz 200 — 800 mVPP
0.1 uF
lL. Response Time tpLL — — tout -70 ns I “
{(Notes 1 and 2) =
oles:
! tpy | = the period of time the PLL has from the prescaler rising output transition (50%)
to the modulus control input edge transition (50%) to ensure proper modulus selection.
2, tout = period of output waveform.
2 connected to Pin 3
b-b

ADI-626R2



M) MOoTOROLA

MC1201

—

Product Preview

+128/129 520 MHz
LOW-POWER TWO-MODULUS PRESCALER

The MC12018 is a two-modulus prescaler which divides by 128 and
¥29. An internal regulator is provided to allow this device to be used
over a wide range of power-supply voltages. Regulated operation is
obtained by connecting supply voltages of 4.5 t0 5.5 V to both Pin 7 and
Pin 8. Unregulated operation is obtained by connecting voltages

——

MECL PLL COMPONENTS

+128/129
LOW-POWER

TWO-MODULUS

PRESCALER

greater than 5.5 to Pin 8 and leaving Pin 7 open.

@ 520 MHz Toggle Frequency

@ Low-Power — 7.0 mA Typical

@ Control Input Is Compatible with Standard CMOS and TTL
@ Supply Voltage 45V 109.5V

@ The Specifications of This Product Preview Are Design Goals Only

MAXIMUM RATINGS
Characteristic Symbol Range Unit
i Voltage, Pin 7 V,-og 8.0 Vdc
| Power Supply Voltage, Pin 8 Vee 100 Vdc
Opesating Temperature Range TA -40 to +85 °C
Stosage Temperature Range Tstg -65t0+175 °C
(Vcc=55t10 9~5-Vreg =45t055V
ELECTRICAL CHARACTERISTICS Ta =-40°C to +85°C)
Characteristic Symbol Min Typ Max Unit
Toggle Frequency fmax 520 — — MHz
{Sine Wave Input)
Supgply Current (Pin B) Ice — 7.0 - mA
Coravel Input High VIH 20 — — v
(=128
Control Input Low ViL - - - 0.8 \
=129)
Diffesential Output Voltage Vout 08 1.0 — Vv
(sink = 200 pA)
PLL Response Time tPLL — —  [out-3 ns
{Nates 1 and 2)
Input Voltage Sensitivity Vin 200 - 800 mVpp
Notes
1. %pyy =the period of time the PLL has from the prescaler rising output transition (50%)
Sothe modulus control input edge transition (50%) to ensure proper modulus selection.
2. Youe = peviod of output waveform

P SUFFIX
PLASTIC PACKAGE
CASE 626

PRESCALER BLOCK DIAGRAM

[ T .

This decument contains information on a new product. Specifications and information
herem are subject to change without notice.

Control
Input o
O s
! >
o

Signat0-001 uF | » :2:

Input O 01 "
Signal 6| ¥N/N+1 3 ¢
Gnd 10k ;

001 uF 2 NEG
= % e’
7 4 ;
1
Gnﬂ_ i
1 uF = -}
u
Ve Voltage L
8 Regulator ‘L
I
—
I 0.1 pF I‘t
|
NP 149R1



@ AOC 1 OlOL  WCleul9

Advance Information

MECL PLL COMPONENTS
LOW-POWER
LOW-POWER TWO-MODULUS PRESCALER TWO - MODULUS
. - PRESCALER
The MC12019is a divide by 20 and 21 two-modulus prescaler. It +20/21

will divide by 20 when the modulus control input is high and by 21
when the modulus control input is low.

® 225 MHz Toggle Frequency
® Low-Power—7.5 mA Maxat55V

@ Control Input Compatible with Standard Motorola CMOS
Synthesizers

® Emutter Follower Outputs

P SUFFIX
PLASTIC PACKAGE
CASE 626

XIMUM RATINGS

Characteristic Symbol Range Unit
er Supply Voltage, Pin 7 VCC 8.0 Vdc PRESCALER BLOCK D'AGHAM
rating Temperature Range Ta -40 to +85 .
age Temperature Range Tsig -6510+175 oC
= Control
ECTRICAL CHARACTERISTICS (Voc =4.5105.5 V. T = —40° 10 +85° C) 'ngjt 1 7
Characteristic Symbol -40°C 25°C 8s5°Cc Unit
Min | Max | Min | Max | Min | Max
gle Frequency fmax 225 - 225 — 225 — | MHz ﬁ:gn:" 0.001 uF
iine wave input) fmin — 35 - 35 - 35 |MHz i l .
ply Current Icc —_ 75 — 75 — 75 mA Signal 5| = N/= N+1 2

trol Input High 20 —_ 20 — 20 - v Gnd
-20) l‘o' Qutput

0.001 uF
trol Input Low — 0.8 -— 08 — 08 "
7 4
-20) 10k
Vee

put Voltage Swing Vout — 600 — 600 - 600 |mVp, 0.1 uF Gnd
it Voltage Sensitivity Vin
35 MHz 400 | 800 | 400 | 8OO | 400 | 800 1 1
50-255 MHz 200 | 8OO | 200 | 800 | 200 | 80O = = -
Response Time tPLL — |tout=7d — [our70l — [tout-70| ns
lotes 1 and 2)

18
IpLL = the ume the PLL has from the prescaler rising output transition (50%) to the modulus
control input edge transition (50%) to ensure proper modulus selection.

lout = period of output waveform.

cument contains information on a new product. Specifications and information heremn AD“71 0R1
yect to change without notice. 5 7



@ MOTOROLA

MC12022

Product Preview o
MECL PLL COMPONE
+128/129 1.0 GHz NTs
LOW-POWER TWO-MODULUS PRESCALER +128/129
. . . LOW-POWER
The MC12022 is a two-modulus prescaler which divides by 128 and
. . . . : TWO-MODuULys
129. An internal regulator is provided to allow this device to be used PRESCALE
over a wide range of power-supply voltages. Regulated operation is R
obtained by connecting supply voltages of 4.5 10 5.5 V to both Pin 7 and
Pin 8. Unregulated operation is obtained by connecting voltages ————
greater than 5.5 to Pin 8 and leaving Pin 7 open. ——

® 1.0 GHz Toggle Frequency
® Low-Power 14 mA Typical
® Control Input Is Compatible with Standard CMOS and TTI
® Supply Voltage 4.5 V10 9.5 V
@ Propagation Delay 25 ns Typical

® The Specifications of This Product Preview Are Design Goals Only

P SUFFIX
PLASTIC PACKAGE
CASE 626
T —
T —

MAXIMUM RATINGS

Characteristic Symbol Range Unit
Regulated Voltage, Pin 7 Vieg 80 Vdc
Power Supply Voltage, Pin 8 Vee 100 Vdc
Operating Temperature Range Ta -40 to +85 °c
Storage Temperature Range Tstg -65 to +175 °C

ELECTRICAL CHARACTERISTICS (VCC=55109.5V 09451055V

TA = -40°C to +85°C)

Characteristic Symbol Min Typ Max Unit

Toggle Frequency frmax 1.0 — —_ GHz
{Sine Wave Input)

Supply Current (Pin 8) Ice - 14 - mA

Control Input High ViH 20 — — \'4
=128}

Control Input Low ViL - — 08 \%
(=129)

Differential Output Voltage Vout 08 1.0 — \"J
(lgink = 200 pA)

PLL Response Time PLL - —  |tout-50 ns
(Notes 1 and 2)

Input Voltage Sensitivity Vin 200 — 800 mVpp

Notes:

1. tpyy = the period of time the PLL has from the prescaler rising output transition (50%)
the modulus control input edge transition (50%) to ensure proper modulus selection.

2. 19y = period of output waveform.

PRESCALER BLOCK DIAGRAM

5-8

Control
Input =3
O~y &
o
Signlfo‘oo‘ uE e POS
Input 0-{ (—0 Edge
Signal g +N/N+1 3
Gnd 10 kS
—0
= Edp
7 4
Gndﬁ_
0.1 uF =
Ve Voltage
8 Regulator
I 0.1 uF
NP 150R



@ MOTOROLA MC12023

l/"* .
- -Advance Information
P
— - MECL PLL COMPONENTS
LOW-POWER
PRESCALER
+ 64

+ 64, 225 MHz, LOW-POWER PRESCALER

The MC12023 is a new member of Motorola’s PLL family. The
MC12023 is a prescaler which will divide by 64. This device may
be operated over a wide range of supply voltages (3.2 to 5.5 V).
Because of this range of supply voltages the MC12023 is very
suitable for hand-held, battery-operated devices.

e 225 MHz Toggle Frequency
o Low-Power — 4.0 mA Maximum at 5.5 V P SUFFIX

¢ Operating Supply Voltage — 3.2V to 55V PLAS;%:‘;SEAGE

¢ Connecting Pins 2 and 3 Allows Driving One TTL Load

—— - PRESCALER BLOCK DIAGRAM

IMUM RATINGS :
Characteristic Symbol Range Unit

Supply Voltage Vce Oto +7.0 Vdc

ting Temperature Range TA Oto +70 *C

'e Temperature Range Tstq -65t0 +175 € To Vce

'RICAL CHARACTERISTICS (Vce = 321055V, Ta = 0°C to +70°C) .

Characteristic Symbol | Min | Typ | Max | Unit sl::::;' Active
Frequency fmax 225 - — MHz ¢ o2 Pull-Up
! wave input) fnin — — 20 MHz 0.001 uF 2
Current I — 3.5 4.0 mA ; +64

cc Signal Output

Voltage High* VOH 1.2 1.4 — v Gnd . gl
rce = 50 H.A‘ VCC = 32V) (_O—' 3
Voltage High* VOH 35 — — v 0'02‘
ce = 50 pA, Voo = 5.0V) _#

Voltage Low* VoL — - 0.5 v i

= 2.0 mA) 7 a4
oltage Sensitivity Vin mVpp Vec Gnd
Hz 400 — 800 0.1 uF
'5 MHz 200 | — | 800 T
it Resistance Rin — TBA — k) T

apacitance Cin — TBA - pF

nnected to Pin 3 TBA — To Be Announced.

L5V

'ent contains information on a new product. Specifications and information herein

to change without notice.
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@ MOTOROLA

MC12040/
MC12540

L ——
————
PHASE-FREQUENCY
DETECTOR
The MC12040 is a phase-frequency detector intended for use PHASE'FREQUENCY
in systems requiring zero phase and frequency difference at lock. DETECTOR
In combination with a voltage controlled oscillator (such as the
MC1648), it is useful in a broad range of phase-locked loop ap-
plications. Operation of this device is identical to that of Phase
Detector #1 of the MC4044. A discussion of the theory of operation
and applications information is given on the MC4344/4044 data T e—
sheet. S
P SUFFIX
PLASTIC PACKAGE
CASE 646

Operating Frequency = 80 MHz typical

R6

Vs

LOGIC DIAGRAM

- —0 4 U (fR>fyv)
30 (fr>fy)
R Q
S
S
R Q-
T 12 D (Fy>TR)
—{ 0 11D (fy>fR)
INPUT | OUTPUT
v o R |[V|u|D|U|D
cc1=Pin1
Vcea =Pin 14 0 [O(X|X[X|X
Vgg =Pin7 0 (1 |X|X|X]|X
1 T|X|X[X]|X
0 |1 |X[X|X|X
1 111]0(0|1
0 1117/0(0]1
TRUTH TABLE T (Hporon
1 oj1(0({0]|1
This is not strictly a functional ; 1lolo p
truth table; i.e., it does not cover all 1 0 :
possible modes of operation. How- 1 ? 0 0 1
ever it gives a sufficient number of 1 0 : ! g
tests to ensure that the device will 0 1
function properly in all modes of 1 110]1(1]0
operation. 0 |1]/0(1]|1]0
1 [(1{0]0]1]0
X = Don't Care

L SUFFIX
CERAMIC PACKAGE
CASE 632-02
PIN ASSIGNMENT
|
“\J |
Veer ] 1 14 [ Veez ;
NC ] 2 13[7] NC j
1
U 3 12 D i
= = |
ua n[o !
Ne [ s 10 [] NC i
R 1s s v '
|
VEE == 8 : NC

NC — No Connection

5-10
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@ MOTOROLA

MC12061 » MC12561

CRYSTAL OSCILLATOR

The MC12061 and MC120561 are designed for use with an ex-
ternal crystal to form a crystal controlled oscillator. In addition to
the fundamental series mode crystal, two bypass capacitors are
required (plus usual power supply pin bypass capacitors). Trans-
lators are provided internally for MECL and TTL outputs.

Frequency Range = 2.0 MHz to 20 MHz
Single Supply Operation: + 5.0 Vdc or —5.2 Vdc
Three Outputs Available:

1. Complementary Sine Wave (600 mVp-p typ)

2. Complementary MECL
3. Single Ended TTL

CRYSTAL OSCILLATOR
L SUFFIX
CERAMIC PACKAGE
‘ CASE 620
P SUFFIX
PLASTIC PACKAGE
CASE 648

LOGIC DIAGRAM

HI vee

Bias v AGC
Bypass ¢ Filter Sine Wave
0.1 uF 0.1 uF  Qutput
Volhtage
Reg.
1
Note: 0.1 uF power supply 6
pin bypass capacitors

not shown,

TYPICAL CIRCUIT CONFIGURATIONS Note: 0.1 uF power supply pin bypass capacitors not shown.

ﬂlVEE

MECL
to 10
. —0
Trans- LRI
lator Output

SlVEE

FIGURE 5 — MECL OUTPUT

FAGURE 2 — FIGURE 3 — MTTL OUTPUT FIGURE 4 — MECL OUTPUT
SINE WAVE OUTPUT (+5.0 V Supply) (-5.2 V Supply)
+ 50V +50V +50V __:]_
f 1L f Tl f Tl
= 13 49 13+
—O—e *O—C —O—e
Sine 2 Out 2 Out 2 Out
Out = 10 = MECL B MECL
—O—e 3 -O—e 3 Out 3 Out
}MECLO( * 1Y i 14 _]u 14 _]
u n n 12 - 12 -
10 o " Out L o
15
stﬁj 80 9 ts js iais cts 5 ia t ja f

CRYSTAL
REQUIREMENTS Characteristic MC12061/12561
lote: Start-up stabilization | 046 of Operation Fundamental Series Resonance

time is a function of

crystal series resist- Frequency Range

2.0 MHz - 20 MHz

ance. The lower the Series Resistance, R1

Minimum at Fundamental

resistance, the faster

Maximum Effective Resistance, Rg(max)

155 ohms

the circuit stabilizes.

5-11
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@ MOTOROLA MC12071

e ——
HIGH-SPEED PRESCALER
- HIGH-SPEED
The MC12071 is a high-speed prescaler designed for use in PRESCALER
communications and instrumentation systems. In the UHF mode,
it performs division by 256, and divides by 64 in the VHF mode.
A bandswitch mode control line selects the mode of operation
between the UHF and VHF input pins. T
UHF operation is selected by applying a high-level (logical 1) S
to the bandswitch input. A low-level (logical 0) is applied to the P SUFFIX

bandswitch input to obtain the VHF mode. An internal amplifier/
multiplexer is used to isolate both inputs, amplify the input signal,
and improve sensitivity.

Inputs are designed for ac-coupled sine wave signals, but can
be dc-coupled if proper bias levels are maintained. Normally used
single-ended, the inputs can also be operated with complemen-
tary input signals if required. o

Circuit outputs are complementary emitter-follower type which o
can drive a 33-pF or equivalent load. Maintaining a balanced load TYPICAL APPLICATIONS
and controlling rise and fall times will reduce harmonic outputs. e CATV Converters

® Digital frequency synthesizers for-
VHF/UHF receivers
Broadband Operation Instrumentation

High Sensitivity

PLASTIC PACKAGE
CASE 646

Satellite communications

Standard 5 Volt Power Supply ® High-frequency divider for:
VHF/UHF — Dual Mode Operation Frequency counters (UHF)
Complementary Emitter-Follower Outputs Timers (UHF)

Independent VHF and UHF Input Pins High-Speed computers

SHF, second IF local-oscillator

injection

Frequency standards

PCM communications

LOGIC DIAGRAM Radar ranging systems
Satellite communications

® High-frequency up-converters

T 3 Bandswitch PIN ASSIGNMENT
13 00— AMP/
VHFi, MULTI- +64 S
P ER

14 LEX veer [: 1 14 :VHF Input
BswW [] 3 12 [T NC

9 4Q " Output [] 4 11 [CINC

UHFip -4 Outputs. Output [] 5 10 [] UHF Input

5

10 0—— a NC[]s 9 [] UHF Input
VEE1 : 7 8 [ Vgg2 (gnd)
(gnd)

NC — No Connection

5-12 DS 954



M) MmoTOROLA

MC12073

/-—_ -
Product Preview
J—
MECL PLL COMPONENTS
+64 LOW-POWER PRESCALER LOW-POWER
- The MC12073 is a new member of Motorola’s PLL family. It is PRET“:LEH

a high-speed, low-power prescaler which divides by 64. The
MC12073 can be used in all frequency synthesis applications.
Typical applications include electronically tuned TV/CATV and
communication systems as well as instrumentation.

An internal preamplifier is included in the MC12073. This pre-
amplifier isolates the differential inputs and provides gain for the
input signal. The MC12073 is pin compatible with Plessey’s
SP4632 and has differential outputs.

e 1.1 GHz Toggle Frequency

e Low-Power: 25 mA Typical @ Vcc = 5.0V

e High Input Sensitivity

e 800 mV Minimum Peak-Peak Output Swing

e This Product Preview’s Specifications are Design Goals Only

P SUFFIX
PLASTIC PACKAGE
CASE 626

AXIMUM RATINGS

Characteristic Symbol Range Unit
wer Supply Voltage Vce 7.0 Vdc
yating Temperature Range TA 0to +70 ‘c
rge Temperature Range Tstg -65t0 +175 *C

ECTRICAL CHARACTERISTICS (Vcc = 451055V, T = 0°Cto +70°C)

Characteristic Symbol Min Typ Max Unit
igle Frequency fmax 1.1 — — GHz
Sine wave input)
wply Current Icc - 25 — mA
lput Voltage Vout 08 1.0 - Vpp
load = 10 pF,
sink_= 200 wA)
ut Voltage Sensitivity Vin Min — 10 —_ mVems
ut Overload Vin Max 200 - — mVems
Input Resistance Rin — T8D* - k2
ut Capacitance Cin — T8D* - pF
% determined.

document contains information on a new product. Specifications and information herein are
¢t to change without notice.
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PRESCALER BLOCK DIAGRAM

Qutput

—-—._07

VcCo—
8 ———o0 6

0.00192 ¢3

ul:.l_ ]:.—0.001 uF

Signal
Input

4 0 Gnd

PRESCALER PINOUT

v
NC E E] Vce

i 2

Input Output
1 3 6

Gnd |4 3 NC

ND 1R4



@ MOTOROLA

Product Preview

+256 LOW-POWER PRESCALER

The MC12074 is a new member of Motorola’s PLL family. It is
a high-speed, low-power prescaler which divides by 256. The
MC12074 can be used in all frequency synthesis applications.
Typical applications include electronically tuned TV/CATV and
communication systems as well as instrumentation.

An internal preamplifier is included in the MC12074. This pre-
amplifier isolates the differential inputs and provides gain for the
input signal. The MC12074 is pin compatible with Plessey's
SP4653 and has differential outputs.

® 1.1 GHz Toggle Frequency
® Low-Power: 26 mA Typical @ Ve = 5.0V

@ High Input Sensitivity

® 800 mV Minimum Peak-Peak Output Swing

® This Product Preview’s Specifications are Design Goals Only

MECL PLL COMPONENTS

LOW-POWER
PRESCALER
+ 256

P SUFFIX
PLASTIC PACKAGE
CASE 626

—

MAXIMUM RATINGS

Characteristic Symbol Range Unit
Power Supply Voltage Vee 7.0 Vde
Operating Temperature Range TA Oto +70 *C
Storage Temperature Range Tstg | —65t0 +175 °C

ELECTRICAL CHARACTERISTICS (Vcc = 451055V, To = 0°C to +70°C)

Characteristic Symbol Min Ty | Max Unit
Toggle Frequency fmax 1.1 — - GHz
{Sine wave input)
Supply Current Ice — 25 — mA
{Load = 10 pF,
Isink = 200 pA)
Input Voltage Sensitivity Vin Min i 10 w— MVrms
AC Input Resistance Rin — | TBD* | — k)
Input Capacitance Cin — TBD* — pF
*To be determined.

This document contains information on a new product. Specifications and information herein are

subject to change without notice.
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PRESCALER BLOCK DIAGRAM

0.001

‘D
Output
————O 7
VcCc o——¢
8 +—o06
. ra—
+ 256
203 -
0.001 uF
#FI I 4
Signal— Gnd
Input  PRESCALER PINOUT
S
NC E 8| Vee

,,.pm{ﬁ 3}W

£ <]

E]NC

Gnd |4

NP 1§

1

LI T I T N S 1

-~

ws

Fmi



|
j—
Advance Information
PLL COMPONENTS
UHF PRESCALER
‘ HIGH-SPEED
The MC12090 is a high-speed D master-slave flip-flop capable of PRESCALER
toggle rates of over 700 MHz. It was designed primarily for high-
speed prescaling applications in communications and instru-
mentation. This device employs two data inputs, two clock inputs
as well as complementary Q and Q outputs. There are no SET or
RESET inputs.
P SUFFIX
PLASTIC PACKAGE
CASE 648
L SUFFIX
ECTRICAL CHARACTERISTICS CERAMIC PACKAGE
Ty Q° 25° 75° : CASE 620
Characteristic Symbol Min Max Min Max Min =rp Unit
wer Supply Current Ig — 65 — 59 - 65 | mA
wut Current High linH uA
’in7,9 — 400 — 260 — 260
’in 11,12 — 435 — 280 — 280
ut Current Low linL 0.5 — 0.5 — 0.3 — | uA LOGIC DIAGRAM
jh Output Voltage VoH |[-1.02]| -0.84 | -0.98 -0.81 | -0.92 | -0.735| Vdc
~ Output Voltage VoL |-1.95| -1.63 |-1.95|-1.63|-1.95| -1.60 vdc L
Ih Input Voltage Vi |-1.17| -0.84 [-1.13| -0.81 | -1.70 |-0.735| Vde 8 &2
~ Input Voltage ViL -1.87|-1.495|-185( -1.48 | -1.83| -1.45| Vdc
> PARAMETERS 11 D1
i 0°C 25°C 75°C . 2 'O
Characteristic Symbol Min Max | Min Max | Min Max Unit
jgle Frequency ftog 700 — 750 — 700 — |MHz
Typical {25°C) Vet = Pin
ijpagation Delay tpd 1.3 ns Veca =Pin 18
Clock to Output Vgg =Pin8
’ins 7 & 9—2)
tup Time tg ns
setup H 03
setup L 0.3 TRUTH TABLE
Id Time th ns c Qp+1
hold H 0.2 L o Qn
hold L 0.3 H ® a,
e Time 1 0.9 ns o L L
I Time tf 0.9 ns =£ - 2
C=C1+C2 ¢ = Don't Care
D=D1+ D2
locument contains information on a new product. Specifications and information herein ADI-705

ibject to change without notice.
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@ MOTOROLA MC1376

—
———

Advance Information

FM MODULATOR CIRCUyT

SILICON MONOULITHIC

FM MODULATOR CIRCuUIT INTEGRATED CIRCuUIT
- - - a voltage-controlled oscillator/ modulator ideally suited to cord- o
less telephone and television intercarrier applications. T
@® Wide Supply Range (5.0-12 Vdc)
@® Useful Frequency Range (1.4-14 MHz)
® Low Distortion (<1%)
CASE 626
® Excellent Oscillator Stability ‘1
@® Qutput RF Driver Transistor Included
. . Ground l: 1 w 8 : Vee
® Low Cost. Low Component Count Circuit
] 2 7 FM Out
® Wide Deviation Capability E ] —
Auxihiary
Transistor ¢ E . J j Osc Tank
e[ s [ Audio
Input
FIGURE 1 — CORDLESS TELEPHONE BASE STATION TRANSMITTER (1.76 MHz)

Voitage-

Controlled

Oscillator

MPS6601
H ’.2“_]
Audio !
MC1376
This document contains information on a new product Specifications and inférmanion herein AD|_630

are subject 1o change without notice
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@ MOTOROLA MC14046B

PHASE-LOCKED LOOP

The MC14046B phase-locked loop contains two phase compara- CMOS MSI
tors, a voltage-controlled oscillator (VCO), source follower, and
zener diode. The comparators have two common signal inputs. (LOWPOWER COMPLEMENTARY MOS)

PCAjn and PCBjn. Input PCAj,, can be used directly coupled to large
voltage signals, or indirectly coupled (with a series capacitor) to
small voltage signals. The self-bias circuit adjusts small voltage signals PHASE-LOCKED
in the linear region of the amplifier. Phase comparator 1 (an exclu- LOOP
sive OR gate) provides a digital error signal PC1gyy. and maintains
90° phase shift at the center frequency between PCAn and PCBj,
signals (both at 50% duty cycle). Phase comparator 2 {with leading
edge sensing logic) provides digital error signals PC2oy1 and PCPgt.
and maintains a 0° phase shift between PCAj, and PCBj, signals
(duty cycle is immaterial). The linear VCO produces an output signal
VCOgqut whose frequency is determined by the voltage of .input
VCOjn and the capacitor and resistors connected to pins Cl1p, C1g,
R1, and R2. The source-follower output SF 5t with an external re-
sistor is used where the VCO;,, signal is needed but no loading can be
tolerated. The inhibit input Inh, when high, disables the VCO and
source follower to minimize standby power consumption. The zener
diode can be used to assist in power supply regulation.

Applications include FM and FSK modulation and demodulation,

frequency synthesis and multiplication, frequency discrimination, L SUFFIX P SUFFIX
. i i CERAMIC PACKAGE PLASTIC PACKAGE
tone decoding, data synchronization and conditioning, voltage-to-
CASE 620 CASE 648

frequency conversion and motor speed control.

® VCO Frequency = 1.4 MHz Typical @ Vpp = 10 Vdc

® VCO Frequency Drift with Temperature = 0.04%/°C Typical
@ Vpp = 10 Vdc

® VCO Linearity = 1% Typical

PIN ASSIGNMENT

® Quiescent Current = 5.0 nA/package typical @ 5 Vdc
® Low Dynamic Power Dissipation — 70 uW Typical @ fg = 10 kHz, S — E ‘6
Vpp =5.0Vdc, R1 = 1.0 M2, R2 = o, Rgf = oo out Voo
® Buffered Outputs Compatible with MHTL and Low-Power TTL 2 PClour  Zener 415
® Diode Protection on All Inputs 3 PCBin  PCA| D14
® Supply Voltage Range = 3.0 to 18 Vdc 4 VEOyyt PC2oue 013
® Pin-for-Pin Replacement for CD40468 5 Inh A2 412
® Phase Comparator 1 is an Exclusive Or Gate and is Duty 6 Cla R1EN
Cycle Limited Y Cig SFour =10
® Phase Comparator 2 switches on Rising Edges and is not 8 Vss vCO;, 9
Duty Cycle Limited
BLOCK DIAGRAM
- e ———— ———— -3 This device contains circuitry to protect
| Self Biss Phase l the inputs against dasmage due to high static
PCAin 140 C-un:uil Compaerator 1 | 2 PClaye voltages or electric fields. however, it 13
| advised that normal precautions be taken
| Phase | 13 PC2o4¢ to avoid spplication of any voltage higher
rce;, 101 Comperator 2 1 PCPg, than maximum rated voltages to this high
in "'I_o [
| 4 vco, impedance circuit. For proper operation it
veo;, gc: Voltage " ML " ucofnm.nd.d that V,q and Vg, be
1 CGn.tou.d L 512 R2 constrained 10 the range Vgg < (V4 or
Vpp = Pin 16 | °“;'g::" o6 c1, Vout) € Vpp
Vss = Pin 8 | -l o7 cig Unused inputs must always be tied to an
] : appropriate logic voltage level (e.g.. either
Inh 5ol ‘ ! Source Follower l-r—O'O SFout Vgs or Vpp). Pins 6, 7, 10, 11, 12, and
[ 1 15 if unused must be left open
vgs 0——Pt 015 Zener
SO AR /. W, _1

DL 130
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@ MOTOROLA

MC145106

PLL FREQUENCY SYNTHESIZER

The MC145106 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 oscillator/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 10.24 MHz oscillator
or may operate with an external signal. The circuit provides a 5.12 MHz
output signal, which can be used for frequency tripling. A 29 program-
mable divider divides the input signal frequency for channel selection.
The inputs 1o the programmable divider are standard ground-to-supply
binary signals. Pull-down resistors on these inputs normally set these in-
puts 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 frequen-
cy s high. An out of lock signal 1s provided from the on-chip lock detec-
tor with a 0" level for the out of lock condition
® Single Power Supply
Wide Supply Range: 4.5 10 12 V
Prowvision for 10.24 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
Pin-for-Pin Replacement for MM55106, MM55116
Chip Complexity: 880 FETs or 220 Equivalent Gates

CMOS MsI

(LOW-POWER COMPLEMENTARY MOS)

PLL
FREQUENCY SYNTHESIZER

P SUFFIX
PLASTIC PACKAGE
CASE 707

BLOCK DIAGRAM

Osc oyt ‘2001t FS
4 5 ]6
Osc; Reference - ODetg, .
"3 Divide 29 or 210 2
Phase
Detector
'lﬂ LD
Divide by N Counter 29 1 -—8-
17| 1615|1413 12| 11| 10 9(
PO P1 P2 P3 P4 PS5 P6 P7 P8
Vop Pin1
Vss Pin 18

PIN ASSIGNMENT

5-18
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@ MOTOROLA

MC145145

Advance Information

I

4-BIT DATA BUS INPUT PLL FREQUENCY SYNTHESIZER

The MC145145 is one of a family of LS! PLL frequency synthesizer
parts from Motorola CMOS. The family includes devices having serial,
parallel and 4-bit data bus programmable inputs. Options include single-
or dual-modulus capability, transmit/receive offsets, choice of phase
detector types and choice of reference divider integer values.

The MC145145 is programmed by a 4-bit input, with strobe and ad-
dress lines. The device features consist of a reference oscillator, 12-bit
programmable reference divider, digital-phase detector, 14-bit program-
mable divide-by-N counter and the necessary latch circuitry for accept-
ing the 4-bit input data. When combined with a loop filter and VCO, tie
MC145145 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 fixed divide prescaler can be us-
ed between the VCO and MC145145,

® General Purpose Applications
CATV TV Tuning
AM/FM Radios Scanning Receivers
Two Way Radios Amateur Radio
® [Low Power Drain
® 3.0 t0 9.0 Vdc Supply Range
® > 30 MHz Typical Input Capability @5 Vdc
® Programmable Reference Divider for Values Between 3 and 4095
@ On- or Off-Chip Reference Oscillator Operation
® Single Modulus 4-Bit Data Bus Programming
® N Range=3 to 16383
® “Linearized” Digital Phase Detector Enhances Transfer Function
Linearity
® Two Error Signal Options —
Single Ended (Three State)
Double Ended

CMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

4-BIT DATA BUS INPUT PLL
FREQUENCY SYNTHESIZER

P SUFFIX
PLASTIC PACKAGE
CASE 707

PIN ASSIGNMENT

D2

D3
REFgut
%R

oV

LD
PDou!
ST

A2

REFoutow—-q-—-

12-Bit +~ R Counter

0SCin K

0SCoutoL

 EEEIEXIEEEN A

Latch4 « Lawch5 1 Latch6 |

4

10
A20—— Latch

A'Iog—— Control  }— Latches
A0 8 Circuitry

SToll— 1 Y Yy

L Latch O _E Latch 1 1 Latch 2

T
1

3 |

EEEEEEEREEREEER'
lino:ﬂ:m— 14-Bit ~ N Counter

Lock 13
Detect olb

fRlad Phase 12
Detector —=0PDg;
fy ™ A

Phase }—"50V
Detector 15
B8

R-1Q9

ANi-R2N



@ MOTOROLA MC145146

—
- —\
Advance Information
CMOS LS
4-BIT DATA BUS INPUT PLL FREQUENCY SYNTHESIZER '
(LOW-POWER COMPLEMENTARY MOS)

The MC145146 is one of a family of LSI PLL frequency synthesizer
parts from Motorola CMOS. The family includes devices having serial, 4-BIT DATA BUS INPUT PLL
parallel and 4-bit data bus programmable inputs. Options include single- Y
or dual-modulus capability, transmit/receive offsets, choice of phase FREQUENC SYNTHES|ZER
detector types and choice of reference divider integer values.

The MC145146 is programmed by a 4-bit input, with strobe and ad- ———
dress lines. The device features consist of a reference oscillator, 12-bit —
programmable reference divider, digital-phase detector, 10-bit program-
mable 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 can provide all the remaining func-
tions for a PLL frequency synthesizer operating up 10 the device's fre-
quency limit. For higher VCO frequency operation, a down mixer or a
dual modulus prescaler can be used between the VCO and the
MC145146
® General Purpose Applications P SUFFIX

CATV TV Tuning PLASTIC PACKAGE

AM/FM Radios Scanning Receivers CASE 73802

Two Way Radios Amateur Radio PIN ASSIGNMENT
® Low Power Drain D1 e\_/ 20Q1D2
® 3.0 to 9.0 Vdc Supply Range pod2 19ho3
@® > 30 MHz Typical Input Capability @5 Vdc ol »
® Programmable Reference Divider for Values Between 3 and 4095 in( 'R
® On- or Off-Chip Reference Oscillator Operation Vsslja 17(14R
® Dual Modulus 4-Bit Data Bus Programming PDoutl]s 16 ¢v
® - N Range=3to 1023, - A Range=310 127 voolle 1500 fy
® “Linearized” Digital Phase.Detector Enhances Transfer Function 0sCinl7 14 [IModulus Contro!

Linearity . _ 0SCoud 8 3B
® Two Error Signal Options —

Single Ended (Three State) AoQ9 12Q1sT
Double Ended a0 11[A2
osc..,»’——l-——g_ 12:8it ~ R Counter )

0SCouro® EEEEEEEEEEEX
| v 7 e ! L7 |
el ‘ s
Dio I
D2 fg
- Ll P
e P L3 5PDoy:
Azel N A
10 atch
Ale—— Control f—=_aiches 6
9 Circuitry =—Vpp
L A ¥ s <dovss
C e 7 6 T w]l [wiu —s1y
;_‘}}l};‘}_r Phase | 16,4y
fino> 10-81 - N Counter e Smectof | 10.un
]
Control 14 Moaulus
Logic Controi -
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@ MOTOROLA

MC145151

PARALLEL INPUT PLL FREQUENCY SYNTHESIZER

The MC145151 is one of a family of LSI PLL frequency synthesizer
parts from Motorola CMOS. The family includes devices having serial,
parallel and 4-bit data bus programmable inputs. Options include single-
or dual-modulus capability, transmit/receive offsets, choice of phase
detector types and choice of reference divider integer values.

The MC145151 is programmed by 14 parallel input-data lines. The
device features consist of a reference oscillator, selectable-reference
divider, digital-phase detector and 14-bit programmable divide-by-N
counter. When combined with a loop filter and VCO, the MC145151 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 fixed divide prescaler can be used between
the VCO and MC145151.

CMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

PARALLEL INPUT PLL
FREQUENCY SYNTHESIZER

. P SUFFIX
® General Purpose Applications — PLASTIC PACKAGE
CATV TV Tuning CASE 710
AM/FM Radios Scanning Receivers
Two-Way Radios Amateur Radio
® Low Power Drain
® 3.0 to 9.0 Vdc Supply Range
® > 30 MHz Typical Input Capability @ 5 Vdc p== R (o) =F:
® B User Selectable Reference Divider Values — 8, 128, 256, 512 2 3 vgg 0SCin 2 27
1024, 2048, 2410, 8192 33 vpp  OSCou =26
® On- or Off-Chip Reference Oscillator Operation 4 PDgyy N11f32s
® Lock Detect Signal s ] RAQ N10 | 24
@ N Counter Qutput Available 6 ] RA1 N13 323
® Single Modulus/Parallel Programming 7 4 RA2 N12 3 22
® +~N Range = 3 to 16383 8 ] %R T/RE 21
® “Linearized” Digital Phase Detector Enhances Transfer Function —r N9 = 20
Linearity -
® Two Error Signal Options — o i o
Single Ended (Three-State) NEJ NO N7E8
Double Ended 12 Nt N6 17
133 N2 NS 3316
14C3 N3 N4 315
RAZo—é—u
0SCoyrod _ gilos—- 12 x B ROM Reference Decoder
27 _ . Lock 28
0SCin 2 12-Bit - R Counter Detect [— oLD
VDD oS t
VSS 02— Phase 4
- Detector p——0PDq
A
A A——
! 9
Phase —-o00V
fin o =
in o——--——D& e 14-Bit =N Counter Dmeacmr 8 al
A A 1
) %H‘HH.-*HH 01y
T;&';S;\:g o Transmit Oftsel Adder
AL L 13 A A A A Note NO througn N13 inputs and inputs
2322 25124 20| 19&%3117 16| 1511-:! ’3‘L12I " RAO, RA1 ana RA2 have pullup resistors
o 5 o o b}
N13 N1 N9 N7IN6 N4 N2 NO not shown
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@ MOTOROLA MC145152

—_—
CMOS LsI|
PARALLEL INPUT PLL FREQUENCY SYNTHESIZER (LOW POWER COMPLEMENTARY MOS)
The MC146152 is one of a family of LSI PLL frequency synthesizer PARALLEL INPUT PLL
parts from Motorola CMOS. The family includes devices having serial, FREQUENCY SYNTHESIZER

paraliel and 4-bit data bus programmable inputs. Options include single-
or dual-modulus capability, transmit/receive offsets, choice of phase
detector types and choice of reference divider integer values.

The MC145152 is programmed by sixteen parallel inputs. The device
features consist of a reference oscillator, selectable-reference divider,
two output phase detector, 10-bit programmable divide-by-N counter
and 6-bit programmable + A counter. When combined with a loop filter
and VCO, the MC145152 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 dual modulus

prescaler can be used between the VCO and MC145152. pu_.qsprﬁ:uplf:::nce
CASE 710-02
@ General Purpose Applications — PIN ASSIGNMENT
CATV TV Tuning v,
AM/FM Radios  Scanning Receivers = | ——
Two-Way Radios Amateur Radio 2
@ Low Power Drain —]Vss e
3 vpp OSCoub=26
® 3.0 t0 9.0 Vdc Supply Range a4 —{ RAO A4 2s
@ > 30 MHz Typical Input Capability @ 5 Vdc s — RA1 A3 24
@ 8 User Selectable Reference Divider Values — 8, 64, 128, 6 —{ RA2 A0 23
&, 512. 1024. 1160. 2048 7 QR A2 : 22
@ On- or Off-Chip Reference Oscillator Operation 8 ¢y Al
® Lock Detect Signal 9 T Mod Control N9 20
® Dual Modulus/Parallel Programming 10 AS N8[9
® +N Range = 310 1023 11 NO N7 18
® -+~ A Range=0 1o 63 12 N1 N6 17
13C3 N2 N5 16
1ac={ N3 N4 315
St H 12 x 8 ROM Reference
26 , E o—>»{3 Decoder
EEEEREEEEER
z 12-Bit = R Counter DL;:; ZoL0
A
3 9, Modulus
'Inoz—u- [ Control out
Vgso=——a 8
Control > Phase [—o°%V
——AN— » Logic r Detector TodR

6-Bit -~ A Counter | 10-Bit = N Counter —J
10125'24lu:[21l23l F 11211311411511611Tslrslzol Note: NO through N9, AO through AS and
9 RAO through RA2 have pullup resistors
A5 ~ A3A2 A0 NO N2 N4N5S N7 NI noichown
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9 MOTOROLA MC145155

SERIAL INPUT PLL FREQUENCY SYNTHESIZER

CMOS LSI

The MC145155 is one of a family of LSI PLL Frequency synthesizer
(LOW-POWER COMPLEMENTARY MOS)

parts from Motorola CMOS. The family includes devices having serial,
parallel and 4-bit data bus programmable inputs. Options include single-
or dual-modulus capability, transmit/receive offsets, choice of phase
detector types and choice of reference divider integer values.

The MC145155 is programmed by a clocked, serial input, 16-bit data
steam. 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 ac-
cepting the serial input data. When combined with a loop filter and
VCO, the MC145155 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 fixed divide
prescaler can be used between the VCO and MC145155.

SERIAL INPUT PLL
FREQUENCY SYNTHESIZER

® General Purpose Applications —

CATV TV Tuning
AM/FM Radios  Scanning Receivers
Two-Way Radios Amateur Radio P SUFFIX
. PLASTIC PACKAGE
® Low Power Drain CASE 707
® 3.0 to 9.0 Vdc Supply Range
® > 30 MHz Typical Input Capability @ 5 Vdc
@ 8 User Selectable Reference Divider Values — 16, 512, 1024, 2048, PIN ASSIGNMENT
3668, 4096, 6144, 8192 s
@ On- or Off-Chip Reference Oscillator Operation with Buffered Output 1c—=iRA1 RAOLE=D 18
@ Lock Detect Signal 2 jRA2 0SCipf= 17
® Two Open-Drain Switch Outputs Icqev OSCoutf= 16
@® Single Modulus/Serial Programming 4 C¢R REFoutf= 15
® + N Range = 3 to 16383 5Vpp SW2[D 14
® “Linearized” Digital Phase Detector Enhances Transfer Function 6 C3PDout SWiED 13
Linearity 7 cVss Enable[— 12
® Two Error Signal Options — 8 LD Data= 11
Single Ended (Three-State) o fin Clock—= 10
Double Ended
RATo—a]1
. RAOH i 12 x 8 ROM Reference Decoder
0SCoyto———— Y Y YYYVYYVYYY VY
oscinoﬂtiq «2 | 2 | 12-Bit + R Counter — | ooek |—2ow0
. t
15 Vopo——> fale] Phase
HEFomo—cdh—‘ Vss " R Detector |—2o PDgut
W] A
Y 4
in P 14-Bit + N Counter l%ctor 13 pey
, Voo EEEEEEEEEEREEEX S
Enableo- == Latch Latch |—=oSW1
L EEEREEEEEEERX, X,
alee 14-Bit Shift Register S 3
‘:.'.loclu:10 r-
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@ MOTOROLA

MC145156

SERIAL INPUT PLL FREQUENCY SYNTHESIZER

The MC145156 is one of a family of LS| PLL frequency synthesizer
parts from Motorola CMOS. The family includes devices having serial,
parallel and 4-bit data bus programmable inputs. Options include single-
or dual-modulus capability, transmit/receive offsets, choice of phase
detector types and choice of reference divider integer values.

The MC145156 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 + A counter and the necessary shift
register and latch circuitry for accepting the serial input data. When
combined with a loop filter and VCO, the MC145156 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 dual modulus prescaler can be used between the VCO and
MC145156.
® General Purpose Applications —

CATV TV Tuning
AM/FM Radios Scanning Receivers
Two-Way Radios Amateur Radio

® Low Power Drain

® 3.0 to 9.0 Vdc Supply Range

@ >30 MHz Typical Input Capability @ 5 Vdc

® B User Selectable Reference Divider Values — 8, 64, 128, 256,

CMOS LSI

{LOW-POWER COMPLEMENTARY MOS)

SERIAL INPUT PLL
FREQUENCY SYNTHESIZER

P SUFFIX
PLASTIC PACKAGE
CASE 738-02

PIN ASSIGNMENT

Y4
640, 1000, 1024, 2048 RAIC]1 20F3RA0
® On- or Off-Chip Reference Oscillator Operation with Buffered Output RA2c—T2 1908¢;,
® Lock Detect Signal éyc—]3 18308 oy
® Two Open-Drain Switch Outputs dRC]4 12F=3REF gy
® Dual Modulus/Serial Programming Vbp]5 16 FTest
@ +N Range = 3 to 1023 PDoyt=6 15asw2
® “Linearized” Digital Phase Detector Enhances Transfer Function Vss=7 14oswi '
Linearity Mod Controlc—]8 13 > Enabie l
® Two Error Signal Ootions — LD9 12 Data «
Single Ended (Three-State) finc410 11 3 Clock g
Double Ended P
@
5 e
RA20—{2 7 Voo L
RAlo—{1 12 x B ROM Reference Decoder <—oVgg °
RA0—>{20 <« 7est
I EEEEEEEEERR’ e
0SCinod!2 +2 12-Bit + R Counter DLetogkct L0 *
0SCourol®— | :
17 Control Phase
REFout r Logic "R Detector -—SoPDoyt
Modulus 8 T y fvr™ A
Control ’ *
1 Phase  }—SodV
fi 7-Bit + A Counter < > 10-Bit +N Counter — Det%clor 1; R
YoD-WA EEEEEEX IEEEEREEN X, ———ri
Enableo 3 " Latch Latch Latch J——oSW1
EERER) BEEEEERXN) )
Datao!2 > -Bit
-Bi i i 0-Bit Shift Register hift
7-Bit Shift Register 1 l__ Register
Clocke! | -
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MC145157
@ MOToRoOLA MC145158

Advance Information

CMOS LsSI

(LOW-POWER COMPLEMENTARY MOS)
SERIAL INPUT PLL FREQUENCY SYNTHESIZERS

The MC145157 and MC145158 are part of a family of CMOS Phase SERIAL INPUT PLL
Lock Loop frequency synthesizer devices from Motorola. These devices FREQUENCY SYNTHESIZER
utilize silicon-gate CMOS technology to achieve the operating speeds
necessary for high-frequency operation. The family includes devices
having serial, parallel, and 4-bit data bus programmable inputs. Options
include single- or dual-modulus capability, transmit/receive offsets, and
a choice of phase detector types.

The MC145157 and MC145158 have fully programmable 14-bit
reference counters, as well as fully programmable + N (MC145157) and
+N/+A (MC145158) 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, these devices can pro-

vide all the remaining functions for a PLL frequency synthesizer P SUFFIX
operating up to the device's frequency limit. For higher VCO frequency PLASTIC PACKAGE
operation, a down mixer or a fixed-divide prescaler can be used CASE 648
between the VCO and the PLL for the MC145157 and a dual-modulus
prescaler for the MC145158. ORDERING INFORMATION
® General Purpose Applications — .

CATV MC14XXXX

Suffix Denotes
AM/FM Radios

; e Ceramic Package
Two—W?V Radios — P Plastic Package
TV Tupmg ‘ C Limited Operating
Scanning Receivers Temperature Range

Amateur Radio
Low Power Drain
3.0 10 9.0 V Supply Range PIN ASSIGNMENT
30 MHz Typical Input Capability @ 5 v (fin Input)
Fully Programmable Reference and + N Counters
Reference Divider Range = 3 to 16383
' +N Range = 3 to 16383 for the MC145157
' Dual Modulus Capability for the MC145158
' fy and f; QOutputs
* Lock Detect Signal

“Linearized” Digital Phase Detector

Single Ended (Three-State) or Double-Ended Phase Detector
Outputs

0s¢;, 1 h 4R
0SCoy, 02 ] oV
fv Q3 ] REFgy
Vbp fJ4 ) R
PDoyt 45 D ol
Vgs 46 1 LE
Lo g7  Data
fin 48 ] Clock

526 e



—
Advance Information HIGH-PERFORMANCE
LOW-POWER COMPLEMENTARY MOS
SERIAL INPUT PLL FREQUENCY SYNTHESIZER WITH SILICON-GATE
ANALOG PHASE DETECTOR
The MC145159-1 has a programmable 14-bit reference counter, as SERIAL INPUT PLL FREQUENCY
well as programmable divide-by-N/divide-by-A counters. The counters SYNTHESIZER WITH
are programmed serially through a common data input and latched into ANALOG PHASE DETECTOR
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 imit. For higher VCO frequency operations, a
down mixer or a dual modulus prescaler can be used between the vCO
and the PLL
20
MC145159pP1
® General Purpose Applications: 1 PLASTIC PACKAGE
CATV TV Tuning CASE 738
AM/FM Radios Scanning Receivers
Two Way Radios Amateur Radio —
® Low Power Consumption PIN ASSIGNMENT
® 30109.0 V Supply Range Rof] 1 @\_/ 20Q1Rg
® On- or Off-Chip Reference Oscillator Operation 0sCinq 2 190 vpp*
® Dual Modulus 0SCoutf] 3 181CH
B &R?nble with the Senal Pernpheral Interface (SPI) on CMOS Charge ] 4 17 I APDoyt
® -+ R Range=3 to 16383 qu\e'rt‘:cgt 5 16fVss”
® + N Range=16 to 1023, + A Range =0 10 127 Steering Out [ 6 15 1CR
® High-Gain Analog Phase Detector vss7 14 1SRyt
Modulus Control [} 8 13 D Enable
oge 12 1 Data
fnd 10 11 B Clock
13
Enable
14-Bu S/R 'L = SAout
4
0SCou < 8 Charge
C Vpp=Pin§
. D— 14-Bit Latch % n: VoD =Pin19
\ Analog 1 Ao Vgg=Pin7
2 ;FHMM . A | Phase 5 Vgs‘=Pin 16
0SCin —»|  14-Bat + R Counter I ™ Detector —n—ﬁr;o
'v _19_ VD(:)'OMl
[ Control Logic H 16 Vgg
| . 10 > ‘ll 1 - Modulus Control
y 4
—*  Dignal
+ ] 6°
10-8it + N Countar Frequency F—— Frequency Steering Out
»{ Steenng
7-Bit Latch 10-B1 Latch v
o 2 sexarxiiiiziii A A
P 7.8 S/R N 10-BuS/R i
n
Clock . +
*Note: Pin 6 s not and cannot be used as a digital phase detector output

This document contams information on a new product Specihications and nformation heren

are subject to change without notice
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MC145160

@ MOTOROLA MC145161

Product Preview

DUAL PLL

The MC145160 is a dual phase locked loop frequency
synthesizer intended for use primarily in 46/49 MHz cordless
phone. The part contains two ROM programmable counters for CASE 707-02
receive and transmit loops with two independent phase detect PLASTIC
circuits. A common reference oscillator and reference divider is
shared by the receive and transmit circuits.

Other features include alock detectcircuit forthe transmitloop,
ilegal code default, a buffered oscillator output for mixing
purposes in the system, 5 KHz and 4 KHz tone output. The
reference oscillator can also be optioned to acceptan 11.15 MHz

crystal.

FCC 46/49 MHz Cordless Phone Channel ROM

On-chip PLL for transmit/receive

On-chip Oscillator with Buffered Output CASE 648
Low Power Consumption PLASTIC

3.0 to 5.5V Supply Range
Lock Detect Signal
5 KHz/4 KHz Output

PIN ASSIGNMENT

~ ~r
oscout J1 @ 18 [J OSCIN osCout[]1 @ 16 [J osCin
MODE [ 2 17 [ voo MODE [ 2 15 [J voo
S8 [ 16 [ Fin 1 SE[]3 14 [] Fin1
s5k[] 4 15 [] oscB 5k[] 4 13 [] PD1
4k s 14jpo1 po []s 12 [J vss
oo [ s 13 [J vss o1 Qs 11 [] PD2
o1 Q7 12 [ Pp2 o2 07 10 [J Lo
p2 [ s 1w 03 [Js 9 [J Fin2
p3 [Jo 10 ;I Fin 2
MC145161
MC145160
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@ MOTOROLA

MC145163

ADVANCE INFORMATION

BCD INPUT PLL
FREQUENCY SYNTHESIZER

This is one of a family of LS| PLL frequency synthesizer parts
from MOTOROLA CMOS. The family includes devices having
serial, parallel, 4-bit data bus and BCD programmable inputs.

This is programmed by 4 digit BCD inputs. The device features
consist of a reference oscillator, selectable reference divider, two
output phase detectors and a 4 digit BCD programmable divided-
by-N counter.

® General Purpose Applications
Two-Way Radio
Amateur Radio
Industrial Receiver
® Low Power Consumption
® 3.0 to 9.0 Vdc Supply Range
® > 30 MHz Typical Input Capability @ 5 Vdc
® On or Off - Chip Reference Oscillator Operation
@ Lock Detect Signal
® 4 User - Selectable + R Value - 512, 1024, 2048, 4096
® - N Range = 3 to 9999
® ‘Linearized’ Digital Phase Detector Enhances Transfer
Function linearity
® Two Error Signal Options: Single Ended
(Three-State)
Double Ended

C SUFFIX
PLASTIC
QUAD PACKAGE DIL PACKAGE

P SUFFIX
PLASTIC

CASE 710

PIN ASSIGNMENT (P SUFFIX)

1 ] Fin Lo[_J2s8
2[Jvss osCin[_J27
3[]vbp o0OsCout{ _]26
4 ] PDout REFout|[ ] 25
s (C_]Rrao D3D[__]24
6 (| RA1 p3c[_J23
71eR D3B|_J22
s8[Jev D3A[__] 21
9 [ ooa pD2D|__]20
10 (] ooB p2c|_J19
11 [ ooc D2B|__]18
12 [ oop D2A[__]17
13 [ D1A pDiD[_]16
14 | piB DIC|_] 15

26 BLOCK DIAGRAM
0SC o— RAO RA1
out 5] 6]
27 28
LOCK
os;f 2 TO 4 DECODER DETECT °LD
vi bl
25 fr PHASE 4
REF © OQ 13-BIT + R COUNTER DETECTOR ——o PD
out fv A out
7
1 PHASE |——o¢R
fin 4 DIGIT BCD + N COUNTER DETECTOR 8
B p—o0 ¢V
3
VDD 0— U R A A A T O I R W Y W
2 24 232221 20191817 161514 13 12 11 10 9
VSS o— l—10°— L—j0?— L— 90— L 400 —1
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*' @ MOTOROLA MC14568B

PHASE COMPARATOR AND McMOS MSI
PROGRAMMABLE COUNTERS

The MC 145688 consists of a phase comparator, a divide-by-4, 16,

(LOW-POWER COMPLEMENTARY MOS)

64 or 100 counter and a programmable divide-by-N 4-bit binary PHASE COMPARATOR
counter (all positive-edge triggered) constructed with MOS P-channel AND PROGRAMMABLE
and N-channel enhancement mode devices (complementary MOS) in COUNTERS

a single monolithic structure.

The MC14568B has been designed for use in conjunction with a
programmable divide-by-N counter for frequency synthesizers and
phase-locked loop applications requiring low power dissipation and/
or high noise immunity.

This device can be used with both counters cascaded and the
output of the second counter connected to the phase comparator
(CTL high), or used separate of the programmable divide-by-N coun-
ter, for example cascaded with MC14569B (CTL low), MC14522B or

MC145268B. L SUFFIX P SUFFIX
® Quiescent Current = 5.0 nA typ/pkg @ 5 Vdc ) CERAMIC PACKAGE PLASTIC PACKAGE
® Supply Voltage Range = 3.0 Vdc to 18 Vdc CASE 620 CASE 648
® Capable of Driving Two Low-Power TTL Loads, One Low-Power ORDERING INFORMATION
Schottky TTL Load or Two HTL Loads Over the Rated Tempera-
ture Range. MC14XXXB — Suftix Denotes

L Ceramic Package

AXIMUM RATINGS (Voltages reterenced to Vgg! P Pilastic Package
A Extended Operating

Rating Symbol Value Unit
Temperature Range
> Suppiy Voitage VoD -051t0 +18 Vdc C Limited Operating
sut Voltage. All inputs Vin |-05tw0Vpp+ 05| Vde Temperature Range
> Current Drain per Pin 1 10 mAdc
1t _ - o
erating Temperature Range — AL Device Ta 5510 +125 C TRUTH TABLE
CL/CP Device -40 to +85
srage Temperature Range Tag -65 to +150 oc F G Division Ratio
Pin 10 Pin 11 of Counter D1
0 0 4
BLOCK DIAGRAM 0 1 16
—F———— ———— — — 1 1 0 64
i | 1 1 100
n 18 O0—F—]A Phase ——!—0—013 PCout
(Ret.) Comparator The divide-by-zero state on the programmable
I 8 ——-t—=012 PCPgout divide-by-N 4-bit binary counter, D2, is illegal.
' |
| |
| TG |
|
I | CTL HIGH CTL LOW
LTS | e Cm PCout
. 90—+t . o i O— =—0rCout  PC,O——f O
ounter I P.C. L. - O
! = L oo Bl 0 PCPout ‘
o150 | | PCPout
; i f:G |
] CC:; - c D1
" 3 O—I—‘—-— 4-Bt | o D1
| Programmable | 1QwCc2
2 20—+ Counter D2 |
|
N 0% A N W SR e B
Q1/C2
gt Q1/C2
Dpa Dpiq
4 5 6 7
00 Pin 16
5% Pin B8 DP3 DP?

5-29 DL 130



ORL NG INcoMATIG - S S _ ﬁ
Device Temperature Range Package

MC1496G 0Cto +70°C Metal Can MC1496

WC1496L 0°C to +70°C Ceramic DIP
MC1496P 0°C to +70°C Plastic DIP
WC1596G ~-55°C to +125°C Metal Can M01596
15961 -55°C to +125°C Ceramic DIP
Specifications and .Applications BALANCED
Information MODULATOR — DEMODULATOR
BALANCED MODULATOR — DEMODULATOR SILICON MONOLITHIC

INTEGRATED CIRCUIT
.. . designed for use where the output voltage is a product of an

mput voltage (signal) and a switching function (carrier). Typical —
applications include suppressed carrier and amplitude modulation,
synchronous detection, FM detection, phase detection, and chopper G SUFFIX
applications. See Motorola Application N AN- f ]
pp.| ‘| S otor pplication Note 531 for additional | ll METAL PACKAGE
design information. | CASE 603-04
® Excellent Carrier Suppression — 65 dB typ @ 0.5 MHz |
- 50dB typ @ 10 MHz
@ Adjustable Gain and Signal Handling Vee
: z‘?i?‘néed !nputsMan:i Cr);n.nu[.s + Signal ~ Output
igh Common-Mode Rejection - 85 dB typ Input . Carrier
|
Gain Adjust nput
+ Carrier
Gain Adjust () Input
- Signal Input + Output
Bias (Top View)
FIGURE 1
SUPPRESSED-CARRIER L SUFFIX
OUTPUT WAVEFORM CERAMIC PACKAGE
CASE 632-02

P SUFFIX

pLASTIC ,, [WER.

PACKAGE l | |;
CASE 646-05 !

hURAY

|{||
vl

|

+ Signal

SO Input (] = VEE
Tk Gain Adjust [ ) NC

Gain Adjust (I [ —Output
FIGURE 2 - - Signal FINC

SUPPRESSED-CARRIER Input i) .
SPECTRUM Bias o2 Input
+ Output :INCCarrier
= 5+ .
NC Input (Top View)

)
L00 ki4e  H0) kg

FIGURE 4 - AMPLITUDE -MODULATION SPECTRUM

FIGURE 3 -
AMPLITUDE-MODULATION
OUTPUT WAVEFORM

00 w1
1O

DS 9132
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@ MOTOROLA MC2831A

Adva.nce Information

LOW POWER
FM TRANSMITTER SYSTEM

LOW POWER FM TRANSMITTER SYSTEM SILICON MONOLITHIC
INTEGRATED CIRCUIT

MC2831A is one chip FM transmitter system designed for cordless
phone and FM communication equipments. It includes Mic Amplifier,
Pilot Tone Oscillator, Voltage Controlled Oscillator and Battery Checker.

® Wide range of operating supply voltage (3.0V-8.0V)

® Low drain current (4.0mA typ full operation at VcC = 4.0V)
® Battery checker (290 uA typ at Vcc = 4.0V)

® Low number of extemal parts required

. P SUFFIX D SUFFIX
PLASTIC PACKAGE SoIC
CASE 648 CASE 751 B
FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM
RF
0osC
PIN CONNECTIONS

v

VARIABLE
BUFFER HEAgLTJ?_;‘Ss_ ] o U AF
DECOUPLING [Z] 5] °°¢
MODULATOR r= — RF
INPUT oUTPUT
veez (&] i3] GnD
MIC AMP
VREE INPUT vee
MIC AMP =] BATTERY
OUTPUT CHECKER
BATTERY
CHECKER SVJEQS g [ig) Leo
TONE 5 51 OSC
OUTPUT coiL

TONE
0sc
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@ MOToRGLA

MC3356

Advance Information

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.

WIDEBAND
FSK
RECEIVER

MONOLITHIC SILICON
INTEGRATED CIRCUIT

—

® Data Rates up to 500 kilobaud )
® Excellent Sensitivity: —3 dB Limiting Sensitivity
30 pVrms @ 100 MHz
® Highly versatile, full-function device, vet few external parts are
required
P SUFFIX
PLASTIC PACKAGE
CASE 738
FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM FIGURE 2 — PIN CONNECTIONS
- RF
vee N ‘
RF
(P Ground i 20y RF RF Ground E E RF Input
- | 7" Input E j
l,__ ___—wl 2 — 19 OSC Emuitter | 2 19 | Ground
| b—-‘E—_II—'I["—— ;’ ——-l__“Gmund
I| I Il , : - osc CollectorE anla Qutput
L 1 >< 1 Data Shaping ¥ 00?‘?;11
SRS 4 Mixer | | Comparator - RF Ve E 17| Comparator
=k | Vee
t "-_r 5 " * g 16 Mixer OutpulE 16| Comparator
Ceramic N _’ F‘ l }-
Filter 6 15 'J,:" =  Squelch IF VCCE ESquelch Status
I Comparator 2 & Status
f‘-I_-: 7 Meter " Current 14 }—Hiteresns Limiter input E E Squeilch Controt
L
i Buffer
$ 8 Limuec 5 j___-\ Limiter Bias E E Buffered OQutput
1 ..J_ .4 Squelch o
Ad ; emaoadulator
l{ T 9 o >< 12 ]' ‘Mel:i::' Limiter BlasE 12 Filter

Quadrature Detector

vce

Quad Bias |10

1 I Quad Input

—

5-32

ADI-681



LOW POWER
FM IF
LOW POWER NARROW BAND FM IF
SILICON MONOLITHIC
INTEGRATED CIRCUIT
-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) @ Vee = 6.0 Vdc)
® Excellent Sensitivity: Input Limiting Voltage —
(-3.0dB) = 5.0 uV (Typ) 16
1
® Low Number of External Parts Required P SUFFIX
PLASTIC PACKAGE
CASE 648-05
16«'
1
FAGURE 1 — FUNCTIONAL BLOCK DIAGRAM
D SUFFIX
PLASTIC PACKAGE
vVece CASE 751B-01
ff S0-16
10.245 MHz 10.7 MHz Input
1 -
—0 2 s (
2 % ™ é 15 Ground
-’_i 0 - .
2w
ey R 14 Audio Mute
- @
Filter : i
a 2z 13 _Scuw G PIN CONNECTIONS
2 &
® 2
5 Noise —\_/
¢ Detector E ] RF
Limiter Crystal Input
~ s e Active Osc. B 15 Gna
Filter .
Mi Audio
2 Ou:::n E o Mute
Scan
rl===-1 e ] Vee E L Control
I ',_I : Demodulato P 5 Squelich
I I input E Input
' Quad " _ Filter
:__Co_rl__, Decoupling E S
Limiter Filter
Qutput E Elr\put
Quad Demodulator
lnput E EQU!DU'
ADI-433
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@ MOTORGCLA MC3359

e —
— N
HIGH-GAIN ’
LOW-POWER NARROW-BAND FM IF LOW-POWER
FM IF
- - - includes oscillator, mixer, limiting amplifier, AFC, quadrature
discriminator, op/amp, squelch, scan control, and mute switch. MONOLITHIC SILICON
The MC3359 is designed to detect narrow-band FM signals using INTEGRATED CIRCUIT
a 455 kHz ceramic filter for use in FM dual conversion commu-
nications equipment. The MC3359 is similar to the MC3357 ex- —_—
cept 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) @ Vo = 6.0 Vdc)
® Excellent Sensitivity: Input Limiting Voltage —
{—3.0dB) = 2.0 uV (Typ)
® Low Number of External Parts Required
1 P SUFFIX
- PLASTIC PACKAGE
CASE 701-01
FIGURE 1 — TYPICAL APPLICATION IN A SCANNER RECEIVER FIGURE 2 — PIN CONNECTIONS AND
FUNCTIONAL BLOCK DIAGRAM

MC 3359
1g 01 wF 10.7 MHz
[l
W Vee = 6.0 Vde ] 18] F
$51 Crystal Input
17 | Osec.
b3 2 17| Gnd
51k [: 5 :
< i : A
16 Mute Mixer E $ 16] Audio
Output Q Mute
-
- Scan
15  Scan Control Vce E ] 15 Control
-
o
Limiter S o 7y Squeich
14  Sauelch Input ) 5.8‘11 4 50k Input Input
D . Filter
120 k Decoupling E 13
47 uF Qutput
6] 13 Output f I __L_\ ]
.1 u.FI Inverting § _I_ 0.1 uF Squelch Decoupling E 5 0k 12 'm'“
e Op Amp £330k ==g 05y ,f Senshiyity o yvY .
1 7 12 (Filter) It aa Quadrature Demod
L Tnput 1" YV 1Nd148 B E
{ o 0.001 uF | 750 1 Input Demodulator Qutput
:];..' 68k | 8| 1 Automatic )3 = Demodulator E To] Aecovered
. s ——— Frequency 3 oy Filter Audio
t Oad | Control < =
T 1
i Cod ] 9 10  Recovered Audio o ) N
Tk VWA { F—
r.,:l 75k _[ 0.01 wf { vopao | 0.01 uf
J
SEL-HC :[\ 0.002 uF 02 | g
udio
A1 100 pf I .L_ Out
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@ MOTOROLA

MC3361A

Advance Information

LOW POWER NARROW BAND FM IF

... includes QOcillator, Mixer, Limiting Amplifier, Quadrature Dis-
criminator, Active Filter, Squelch, Scan Control, and Mute Switch.
The MC3361A is designed for use in FM dual conversion com-
munications equipment.

e Operates From 2.0 V to 8.0 V Supply
® Low Drain Current 4.2 mA Typ @ Vgc = 4.0 Vdc

@ Excellent Sensitivity: Input Limiting Voltage—
-3.0dB = 2.0 uV Typ

e Low Number of External Parts Required

LOW POWER
FMIF

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P SUFFIX
PLASTIC PACKAGE
CASE 648-05

D SUFFIX
e Operating Frequency Up to 60 MHz soIC
CASE 7518B
FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM PIN CONNECTIONS
\
Mixer Scan Squelch Filter  Filter Recovered [ T
Input  Gnd Mute Control In  Output Input  Audio Crystal % e
Osc.
16 15 14 13 12 1 10 ] (2] 15 Gnd
\ Mixer Audio
O—J - Output E E Mute
Scan
Y % Vee E L Control
. . E Limiter == Squelch
Squel:h Trigger with + T ot E st
ysteresis = Eilter
Demodulator Decoupling [§] N output
Limiter Filter
- 4 A Output E input
" Mixer Limiter > {( Quad 3 Demodulator
T mp. 10P Input Qutput
18k 50 kg ?52 k
Oscillator 18k
AN
l 1 ! I 2 I 3 4 5 6 7 8
Crystal Mixer Vg Limiter Decoupl- Decoupl- Quad
Osc Output Input ing ing Coil
1-1986
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@ MOTOROLA

Ty

MC3362/63

——

Product Preview

RECEIVER I.C. |

E—

FEATURES

Single Supply Operation from 2-7 VDC
Low Power Consumption (3mA at 2 V Typ)

Doubly Balanced First Mixer

First LO configurable as XCO or VCO with On Board

Tuning Diodes

Wide Dynamic Range Signal Strength Indicator with

Externally Set Threshold

® Data Slicer detects Zero Crossings of FSK Modulation
of Carrier

® Available in Full Function 28 Pin Quad (Surface Mount)

or 24 Pin DIN Packages

RF Input Frequency Response to over 50 MHz at Vcc =2

o —
PACKAGING & PIN OUT*

24
1

P SUFFIX
PLASTIC PACKAGE
CASE 724-02
PLASTIC QUAD
SURFACE MOUNT
CASE 776-0
MC3362 !

BEOBA RN - —

Ao AsAR AN Asaa

1~

MC3362/63 RECEIVER I.C.
INTERNAL BLOCK DIAGRAM

IF 2nd
1st IF COM MXR

outT O O IN

1st
MXR qQ
IN
RF O F
AMP ourt
1st LO _JQ__‘A .,___.[ 2nd LO
aur ouT
FREQ. '\,) s
CNTRL [)2"d LO
1stLo O XTAL
TANK OI
MUTE
Vcc o ouT
MUTE
um Q IN

——
—AAA—
COMP O
OE&;@{

DATA ouTt
O out

CAR QUAD DET DATA  Vge
DET coiL ourt SLICER
SENS IN

PIN OPTIONS

O ONLY AVAILABLE ON 24 PIN DIP, MC3362

® ONLY AVAILABLE ON 28 PIN QUAD, MC3363

g

*PACKAGING SUBJECT TO CHANGE 5-36



Advance Information
— TWO MODULUS
PRESCALER
TWO MODULUS PRESCALER
SILICON MONOLITHIC
The MC3393P candivide by 15 and 16, and can be used with INTEGRATED CIRCUIT
Motorola CMOS frequency synthesizers MC145146, 52, 56
for commaercial AM-FM radio, land mobile and marine two-
way radios, avionic radios, and scanner receivers.
® 140 MHz (typ) Toggle Frequency
® +-15/16
® TTL and CMOS Compatible Output
® Active Pullup and Pulldown
® +5.0V Supply
® Buffered Clock Input
@ 100-400 mV (typ) Input Sensitivity
@ 200 Milliwatts (typ) N SUFRX
PLASTIC PACKAGE
CASE 826-04
FIGURE 1 — LOGIC DIAGRAM
Mode o >G
Control
LDRQ D Q {>>—00u[pu1
c ¢ 9 e ¢ O
Input O—D—LF L—,_
FIGURE 2 — TEST CIRCUITS
0 _
v 8 :
| Pin Outs
0.01 == =001 1. Bias Decouple
2 7 -0 Output . 2 2. Bias Decouple
J_ 3. Input
0.001 _c/h.‘g } g T-0.01 4. Ground
Input 0—” 3 6 Mode 3 6.NC
=001 O+18 8. Input
7. Output
I ‘[—‘ 4 5 _I_ 4 8. Vce
I
Capacitor Coupled Input Link Coupled Input
This documant contains information on a new product. Specifications and information herein AD"SS o]

are subject to change without notice.
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| @ MOTOROLA

MC3396P

/|

Advance Information

DIVIDE BY 20 PRESCALER

synthesizers and similar applications.

® 200 MHz (typ) Toggle Frequency

@ Single 5.0 Volt Supply

® Buffered Clock Input

@® 100 mV — 400 mV RMS Input Sensitivity

and CMOS.

The MC3396P is a fixed +20 prescaler for use in frequency

@® Open Collector Saturating Output is Capable of Driving TTL

DIVIDE BY 20
PRESCALER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P SUFFIX
PLASTIC PACKAGE
CASE 626

FIGURE 1 — LOGIC DIAGRAM

D Q Il >O——0 Output

St

PIN CONNECTION
. Input

Vee

NC

Qutput

Ground

NC

. Bias Decouple
Bias Decouple

FIGURE 2 — CAPACITOR-COUPLED INPUT

Vee

o
0——_—L
0.01
&
1
2

PNOOAWN -

0.001

Input o—| {—

A

8 "_—]
— 0.001

3 0.001

2k i 3 6
Qutput 4 5

L

S

FIGURE 3 — LINK-COUPLED INPUT

Vee
o
0——-1
0.01
XL
Input E
1 8 _L

—2 7 1 0.001

0.001
2k f 3 6
Output 14 5]

This document contans information on a new product. Specifications and information herein
are subject 10 change without notice
R-3R
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@ MOTOROLA MC4316 @ MC4016
PROGRAMMABLE MODULO-N Mc4317 . Mc4017

COUNTERS

- MC4318 ® MC4018

The monolithic devices are programmable, cascadable, modulo-
N-counters. The MC4316/4016 can be programmed to divide by
any number (N) from 0 thru 9, the MC4318/4018 from Q thru 15,

The MC4317/4017 consists of a modulo 2 counter which can be Mc4319 . Mc4019
programmed to divide by 0 or 1 and a modulo 5 counter which
can be programmed to divide by any number from O to 4. The
MC4319/4019 contains two modulo 4 counters.

which can be programmed to divide by any number from 0 to 3.

The parallel enable (PE) input enables the parallel data inputs
DO thru D3. All zeros are entered into_the counter by applying
2 logic "0 level to the master reset (MR) and PE inputs. This
causes the counter to stop counting (count = 0). All data inputs
are independent of the logic level of the Clock.

Modulo-N counters are useful in frequency synthesizers, in
phase-locked loops, and in other applications where a simple
method for frequency division is needed.

— L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACK AGE
All Types: . CASE 620 CASE 648
= . MC4016 thru MC4019
Input Load_rg Factor: Total Power Dissipation = only
Clock, PE = 2 250 mW typ/pkg
00, D1, D2, D3, Gate = 1 Propagation Delay Time:
MR = 4 Clock to Q3 = 50 ns typ
Output Loading Factor = 8 Clock to Bus = 35 ns typ
MC4316/4016 MC4317/4017
MC4318/4018 MC4319/4019
o—Ye aolX 4
6 ate °_6 Gate ”
i el o—Clock 1 CO}—o
o—— Do 1 C
15 o——Clock 2 9
0—1.1—01 Q2p—o0 Vc = Pin 16 O—S-DO a1
14 Gnd = Pin 8 1 15 V = Pin 16
0—2-02 031_0 0.1_D| Q2p—o0 G(r:ggpm 8
o——D3 14
s ali3 o—102 a3l—o
T i 12 S bl ™ L
o—dMR Bus b—o0 o—q‘o PE
o—dMR
MC4318/4018
MC4317/4017 MC4319/4019
QUTPUT
COUNT
QUTPUT OUTPUT
galaa el e COUNT COUNT
15 1 1 1 1 Qo (o} ] Qo
14 1 1 1] ©
MC4316/4016 13 - v Eal $ 1 1 3 1 1
12 1 1 0 0 4] 0 2 1 0
POUNT |oma Bt LT n 1o 1 o | 1
Q3| Q2|Q1]| Q0 10 10| 1]|o0 0 0 0
9 1 0 0 1
9 1 0 o 1
8 11o0lolo 8 1101010 OUTPUT
7 o 1 1 1 7 0] 1 1 1 COUNT OUTPUT
6 ol 1|10 6 ol 1(1]o Q3 | @2 | 1 COUNT
S 0 1 0 1 5 0 1 0 1 4 1 0 0 Q3 Q2
4 0 1 0 0 4 0 1 0 0 3 o 1 3
3 ol o] 1 3 of 0| 1 1 1 1
2 olo|1]o0 2 of 0| o 2 0 1 0 2 1 0
1 o|jo|o 1 1 ojlo0o]| o 1 1 0 0 1 1 [} 1
o 0 [+] v] 0 0 0 0 0 (4] 0 0 [+ 0 0 0 0 |
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TRODUCTION

The purpose of this application note is to provide the
ctronic system designer with the necessary tools to
sign and evaluate Phase Locked Loops (PLL) configured
th integrated circuits. The majority of all PLL design
sblems can be approached using the Laplace transform
:hnique. Therefore, a brief review of Laplace is included
establish a common reference with the reader. Since
: scope of this article is practical in nature all theoretical
rvations have been omitted hoping to simplify and
yify the content. A bibliography is included for those
10 desire to pursue the theoretical aspect.

{RAMETER DEFINITION

The Laplace Transform permits the representation of
: time response f(t) of a system in the complex domain
5). This response is twofold in nature in that it contains
ith the transient and steady state solutions. Thus, all
erating conditions are considered and evaluated. The
place transform is valid only for positive real time linear
rameters; thus, its use must be justified for the PLL which
Jludes both linear and nonlinear functions. This justifi-
tion is presented in Chapter Three of Phase Lock
chniques by Gardner.!

The parameters in Figure 1 are defined and will be used
roughout the text.

+ 0gls)
6;(s) .Gls) Bo(s)

H{s)

@i(s) Phase input
Og(s) Phase error
04(s) Output phase
G(s) Product of the individual feed
forward transfer functions
H(s) Product of the individual fead-
back transfer functions

FIGURE 1 — Feedback System

Using servo theory, the following relationships can be
obtained.2

1
Oe(s) = l—m(s)—ﬂ(s_) 0i(s) (n
00() = ——)__ g6) @

1 + G(s) H(s)

These parameters relate to the functions of a PLL as
shown in Figure 2.

o;(s) [ - O gls) . R Oo(s)
fi ——o m . ‘ Fjlur s, 'VWNCM - fo
fo T eg(S)/N ""’W 4
N G 4

FIGURE 2 — Phase Locked Loop

drcuit diagrams external to Motorola products are included as a means of illustrating typical semiconductor applications; consequently,
omplete information sufficlent for construction purposes is not necessarily given. The information In this Application Note has been care-
ully checked and is believed to be entirely reliable. However, no responsibility Is assumed for inaccuracies. Furthermore, such information
‘oes not convey to the purchaser of the semiconductor devices described any license under the patent rights of Motorola inc. or others.




The ° sedete  produc voltage  Hportion >
the phi__ifferenc. —_tween tu.o—ignals B wrd 8/N.—xurs
voltage upon filtering is used as the control signal for the
VCO/VCM (VCM - Voltage Controlled Mult.vibrator).

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 = I). 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.

fo=Nf}

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:

10

et G(s) He) = G+ 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) = 02 CE. (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:
GE) HE) = ®)
s(s + 10)
then
1+G(s)H(s)=1+ 10 =0 (7)
s(s + 10)
therefore
CE.=s(s+10)+ 10 (8)
CE.=s2+10s+10 ©)

which is a second order polynomial. Thus, for the given
G(s) H(s), we obtain a type | second order system.

‘RROR  NSTAM
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.

Oe(s) represents the phase error that exists in the phase
detector between the incoming reference signal 0i(s) and
the feedback 8o(s)/N. In evaluating a system, Be(s) must !
be examined in order to determine if the steady state apq ¢

transient characteristics are optimum and/or satisfacto,y_

The transient response is a function of loop stability and js

covered in the next section. The steady state evaluatiop

can be simplified with the use of the final value theorem

associated with Laplace. This theorem permits finding the

steady state system error fe(s) resulting from the input

0i(s) without transforming back to the time domain.3
Simply stated

Lim [8(1)] = Lim [s8e(s)] (10)
t - o0 S$=>0
Where

0 : ,l
e(s) = [+ GG HE) Bi(s) (11) 1
The input signal 8j(s) is characterized as follows: !
il

Step position: 0i(t)=Cp t=20 (12)

. Cp
Or,in Laplace notation: 6i(s) = " (13)

where Cp is the magnitude of the phase step in radians.
This corresponds to shifting the phase of the incoming -
reference sional by Cp radians:

Step velocity: 0i(t)=Cyt t =0 (14)
Cy

Or, in Laplace notation: 8j(s) = o (15) -
s

where Cy 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, Cy is the frequency difference
in radians per second seen at the phase detector. "

Bi(t)=Cat2 t =0 (16)

Step acceleration:

. . 2C,
Or,in Laplace notation: 6j(s) = oon (17)
s

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 1,
2,and 3 are: '

Type I G(s)H(s) = (18)

s(s + a-)



K(s +
Presser Clsplnep= === T oaeyy
Type 3 G(s) H(s) = lfﬁ_tig(s;b) (20)
s

The final value of the phase error for a type 1 system
h a step phase input is found by using Equations 11

|13.
e(s) = (——['(—) (f")
1+

s(s +a)

_ +a)Cp
(s2 +as +K)

sta
(t=eo)=Lim |s{ ——— | C| =0
4 s»o[ (s2+as+K) p]

Thus the final value of the phase error is zero when a
) position (phase) is applied.

Similarly applying the three inputs into type 1, 2 and
ystems and utilizing the final value theorem, the follow-
table can be constructed showing the respective steady
te phase errors.

21

(22)

ABLE | — Steady State Phase Errors for Various System Types

s” . ‘ ‘1!‘. ) -'...1-

Pasition - -] ;

sw .L_'._' ;f-,-,. " ._“..}- 'n;. P
Velocity = & fos TR ea b TN
Seep: = |
Acceleration ||«

A zero phase error identifies phase coherence between
two input signals at the phase detector.

A constant phase error identifies a phase differential
ween the two input signals at the phase detector. The
aitude of this differential phase erroris proportional to
loop gain and the magnitude of the input step.

A continually increasing phase error identifies a time
: change of phase. This is an unlocked condition for
phase loop.

Using Table I the system type can be determined for
cific inputs. For instance, if it is desired for a PLL to
*k a reference frequency (step velocity) with zero phase
r, a minimum of type 2 is required.

ABILITY

The root locus technique of determining the position of
tem poles and zeroes in the s-plane is often used to
phically visualize the system stability. The graph or plot
strates how the closed loop poles (roots of the character-

6-3

cequa__)varyv  loopg:  Forsta __yallpo...

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.2

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 =20). 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

Where #P (#Z) is the number of poles (zeroes).

mn=0,1,2,... (23)

Rule 4 - Theintersection of the asymptotes is positioned
at the center of gravity C. G.

g P-E2
7 (24)

Where ZP (Z£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 #P + #Z
to the right is odd.

Rule 6 - Breakaway points from negative real axis is
given by:

dK
_=0

ds {23)

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:

G(s) H(s) = (26)

s(s +4)

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:

forn=0
2n + 1

3
-

(27)

7":

~ forn=1

oY o




T 'osition ‘he inte tion ac ing to ule
4 is:
ZP-ZZ (4-0)-(0)
s b 4
#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.=14+G(s) H(s)= 0

=1+——=52+45+K=
:+3) s¢+4s+K=0 (29)
Now solving for K yields
K=-2-4s (30)

Taking the derivative with respect to s and setting it
equal to zero then determines the breakaway point.

dK d ;

= (=82 =4

% ds(s s) (31)

L 2s-4=0 3

ds e (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 form?2
$2+2¢ wps + w2y (34)

where the damping ratio { = Cos ¢ (0°< ¢ <90°) and wp,
is the natural frequency as shown in Figure 3.

Axk— jw

Asymptote = /2
_\ .

Center of gravity
K=0 [ o

.

-4 -2

Breakaway point

iy

Asymptote = -2-
¢ K - 00

FIGURE 3 — Type 1 Second Order Root Locus Contour

Tt sponse  this ty , secor  rder sy to
a step input is shown in Figure 4. These curves represeps |
the phase response to a step position (phase) input o,
various damping ratios. The output frequency responge
as a function of time to a step velocity (frequency) input j
also characterized by the same set of figures.
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FIGURE 4 — Type 1 Second Order Step Response

The overshoot and stability as a function of the damp-
ing ratio { is illustrated by the various plots. Each response
is plotted as a function of the normalized time wpt. For a
given ¢ and a lock-up time t, the wp required to achieve the
desired results can be determined. Example:

t=0.5
error < 10%
fort > 1 ms

Assume

From ¢ = 0.5 curve the error is less than 10% of final
value for all time greater than wpt = 4.5. The required
wp can then be found by:

O.Jnt =45 (35)

or

(36)



¢ 'pically :cted b en 0.5 Itoyi Hpti-
uMrouvershoot anu noise perrormance.

xample:
Another common loop transfer function takes the form
(sta)k
G(s) H(s) =~ (37)
§&

This is a type 2 second order system. A zero is added
) provide stability. (Without the zero the poles would
iove along the jew axis as a function of gain and the system
ould at all times be oscillatory in nature.) The root locus
iown in Figure 5 has two branches beginning at the origin
ith one asymptote located at 180 degrees. The center of
avity is s = a; however, with only one asymptote there is
o intersection at this point. The root locus lies on a circle
:tered at s = -a and continues on all portions of the nega-
ve real axis to left of the zero. The breakaway point
s =-2a.

K inc

FIGURE 5 — Type 2 Second Order Root Locus Contour

The respective phase or output frequency response of

is type 2 second order system to a step position (phase)
“velocity (frequency) input is shown in Figure 6. As
ustrated in the previous example the required wp can
tdetermined by the use of the graph when ¢ and the lock
) time are given.

ANDWIDTH
ie -3 dB bandwidth of the PLL is given by

A
w-3dB=wn(l-2§‘2+ 2-4§2+4§'4) (38)

ra type 1 second order4 system, and by

i
w-3 dB = wn (I +282+2 +4§2+4§4) (39)

ra type 2 second order! system.

1ASE-LOCKED LOOP DESIGN EXAMPLE

The design of a PLL typically involves determining the
pe of loop required, selecting the proper bandwidth, and
tablishing the desired stability. A fundamental approach

1.7F
's-._-“ :u
1.6 pved o
() B
1.5 poi
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O qafel
z N T
w N
2 1.3 A
3 Y R
= 1.2F ﬁ
w » 59
11 -
2 ; v,
1.0 +
5 08 :
o —1.0
[a] w L
w
N
-
g
2
o«
o]
z
z
o
-]
R Bk A R raied R SRR Y "--“4
Ao £ o e o, ':;-,* FR S e 4

g » A > el - L0 - A E AREA o
0 1.0 203.04.0 5.0 6.0 7.08.0 9.0 10 11 12 13 14
wnat

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 2.0 MHz to 3.0 MHz
Frequency steps 100 kHz
Phase coherent frequency

output -
Lock-up time between

channels I ms
Overshoot <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)=KpKfKo H(s)=Kp (40)
where Kn=1/N (41)

6-5
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Filter VvCM p
K¢ Ko e
Programmable
Counter K,

FIGURE 7 — Phase Locked Loop Circuit Parameters

The programmable counter divide ratio Ky, can be found
from Equation 3.

fomin=fomin _ 2MHz -0

Noin = = ] 42
min fi fstep 100 kHz ( )
fo max 3 MHz
N = = =73
. fstep 100 kHz 0 “3)
1 1
=50 to 30 (44)

A type 2 system is required to produce a phase coherent
output relative to the input (see Table ). 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.

55 T T T
Ve = 5.0 Vde b [
5.0 +128°C -55°C

+26°C

4.0

125°C

3.0 +26°C

2.0

Vin. INPUT VOLTAGE (VOLTS)

1.0

0 1.0 2.0 3.0 4.0 5.0 6.0

fout. OUTPUT FREQUENCY (MHz)

FIGURE 8 — MC4324 Input Voltage versus Output
Frequency (100 pF Feedback Capacitor)
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The transfer function of the VCM is given by

s (45)

Where Ky is the sensitivity in radians per second per
volt. From the curve in Figure 8, Ky is found by taking the
reciprocal of the slope.

_4MHz - 1.5 MHz

Ve TSV _36V 2m rad/s/V
Ky =11.2 X 106 rad/s/V (46)
Thus
11.2X 106
= ——— 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 3

_ DF High - UF Low 2.3v4).9v_0” Virad (48
P 2(27) = 0.111V/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, Ky leaving only Kf as the variable for
design. Writing the loop transfer function and relating
it to Equation 19

Kp Ky Kn Kf  K(s +
G(s) H(s) = p vS n 8f _ (73) (49)
S‘-
Thus Kf must take the form
sta
f=— (50)

S

in order to provide all the necessary poles and zeroes for



sreqt G(s)H Thecir showni gure9: s
; desired results.

Kf is expressed by

_RCs+1
R|Cs

for large A (51)

ere A is voltage gain of the amplifier.

R1, R2, and C are then the variables used to establish
» overall loop characteristics. '

The MC4044/4344 provides the active circuitry required
configure the filter Kf. An additional low current high
wffering device or FET can be used to boost the input
pedance thus minimizing the leakage current from the
pacitor C between sample updates. As a result longer
nple periods are achievable.

Since the gain of the active filter circuitry in the
(4044/4344 is not infinite, a gain correction factor K¢
sst be applied to Kf in order to properly characterize the
nction. K¢ is found experimentally to be K¢ = 0.5.

R)Cs + l)

(52)

Kfe =K =0.5
fc = Kf K¢ ( R Cs

( For large gain, Equation 51 applies. )

The PLL circuit diagram is shown in Figure 10 and its
place representation in Figure 11.
The loop transfer function is

G(s) H(s) = Kp Kfc Ko Kn (53)

R2Cs+1)[Ky 1
G(s) H(s) = Kp (0.5) R1Cs Y N (54)

The characteristic equation takes the form

C.E.=1+G(s) H(s) = 0

% 0.5 Kp K\r R2 4 0.5 Kp Kv

=2
* RN °  R|CN

(55)

telating Equation 55 to the standard form given by
ation 34

2 +
* RIN __ ° “RICN

= S2 +2 " wps + b)nz (56)
.quating like coefficients yields

05KpKy

2 57
RjCN wn (57)

FIGURE 9 — Active Filter Design

RN =28 @n (58)

With the use of an active filter whose open loop gain (A)
is large (K¢ = 1), Equations 57 and 58 become

Kp Ky

= wnl
RjCN _ “n (59)
Kp Ky R
pRvR2
RN 28 wp (60)

The percent overshoot and settling time are now used
to determine wp. 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.

_0s).111) (112X 106)
(4500)2 (30)

R1C =0.00102

(Maximum overshoot occurs at Npax which is minimum
loop gain)

Let C=0.5uF

Then R 0.00102 Shders
en T — =

: 05X 106
Use R)=2kQ



*Denotes parts external to the MC4344.

Vee Vce

C =100 pF

Bk o

1

-
A oy
R

QO +

PO P1 P2 pP3

O O O
PO P1 P2 P3

<w

FIGURE 10 — Circuit Diagram of Type 2 Phase Locked Loop

FIGURE 11 — Laplace Representation of Diagram in Figure 10
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lected er thar Q.
Solving for R2 in Equation 58

f typical

\-«l\-

2 \—.-. >:‘\r“l had@"\ -

_ 2(0.8)
(0.5 X 1076)(4.5k)

=711 Q
e Ry = 680 Q

All circuit parameters have now been determined and
PLL can be properly configured.

Since the loop gain is a function of the divide ratio
, the closed loop poles will vary is position as Ky
ies. The root locus shown in Figure 12 illustrates the
sed loop pole variation.

The loop was designed for the programmable counter
= 30. The system response for N = 20 exhibits a wider
dwidth and larger damping factor, thus reducing both
<-up time and percent overshoot (see Figure 14).

N = 30
Wp =4.61 k rad/s
N = 20 : ¢=0.785
Wp = 5.64 k rad/s =T TG
t=0.961 Sy
/ \
/ \
| \
- - —————— —-O-
\ -2.94 k /
\ /
\ V4
\ ,
s
\___//

FIGURE 12 — Root Locus Variation

NOTE: The type 2 second order loop was illustrated
. design example because it provides excellent perform-
e for both type 1 and 2 applications. Even in systems
t do not require phase coherency a type 2 loop still
:rs an optimum design.

PERIMENTAL RESULTS

“igure 13 shows the theoretical transient frequency
onse of the previously designed system. The curve
30 illustrates the frequency response when the program-
rle counter is stepped from 29 to 30 thus producing a
nge in the output frequency from 2.9 MHz to 3.0 MHz.
overshoot of 18% is obtained and the output frequency
rthin 5 kHz of the final value one millisecond after the
lied step. The curve N = 20 illustrates the output fre-

que changy
from 21 to 20.

Since the output frequency is proportional to the VCM
controlvoltage, the PLL frequency 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 27, i.e. there is no cycle slippage at
the phase detector.

the pr _ mmablc  inter i pped
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>

Q

z

w

2

o

w
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w

'_

>

o b

5 ;

o 20 - = hio

- - 2 | “:‘_-'
.- i
% o & <
i o 4
) 0.5 1.0 1.5 2.0
TIME (ms)

FIGURE 13 — Frequency-Time Response

. V=0.05V/em
H = 0.5 ms/cm

FIGURE 14 — VCM Control Voltage (Frequency) Transient
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. _C2= 08
* N3-N4=21-20 :
F2(F6) = 100000 (100000) :

P E 'M-'ﬂr c i A TR e
§ e
. 2 Cad
bl e % o
* ™ ¥ L ¥
3
. .

Ep TR e, F U0 - PLOTOF FUNGCTIONS ¥
B R O SN tnoTe: 'rm ISPLOTTED '+’  Z(T)I8 ‘", “AND ‘8" 1S COMMON)

FORT: = TOP =8 BOTTOM=0.8815 INCREMENT = 6.00085
FOR FCTS: LEFT =@  RIGHT =8.12  INCREMENT = 0.082

TIME (ms)

FIGURE 15 — VCM Control Signal Transient
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Figure 15 is a theoretical plot of the VCM control volt-
ge transient as calculated by a computer program. The
omputer program is written with the parameters of Equa-
ions 58 and 59 (type 2) as the input variables and is valid
or all damping ratios of { < 1.0. The program prints or
lots the control voltage transient versus time for desired
ettings of the programmable counter. The lock-up time
an then be readily determined as the various parameters
re varied. (If stepping from a higher divide ratio to a lower
ne the transient will be negative.) Figures 14 and 15 also
xhibit a close correlation between the experimental and
nalytical results.

UMMARY

This application note describes the basic control system
echniques required for phase-locked loop design. Criteria
or the selection of the optimum type of loop and methods
or establishing the desired performance characteristics are
resented. A design example is illustrated in a step-by-

step approach along with the comparison of the experimen--
tal and analytical results.
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