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PRODUCT ORDERING INFORMATION 

Part Identification 

XR 
Manufacturer's Prefix 

Grade 

XXXXX 
Basic Type 

Package Type 

M = Military N Ceramic Dual-in-Line 
N Prime Electrical 
P Prime Electrical 
C Commercial 

P Plastic Dual-in-Line 
MD Plastic SOIC 

(Surface Mount) 
Q Quad Package 

F 
V 
K 

4.75 V to 15 V Operating 
4.75 V to 6 V Voltage Ranges 
Kit 

Example 

~R.22l~ __ """1 

Manufacturer's Basic Grade Package 
Prefix Type Type 

ORDER ENTRY: 

EXAR Corporation 
750 Palomar Avenue 
P.O. Box 3575 
Sunnyvale, CA 94088-3575 

Phone: 408 732-7970 
TWX: 910-339-9233 (EXAR SUVL) 
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Definition of Symbols: • 

M = Military Grade Part, Ceramic Package Only. 

N 
P 

are guaranteed to operate over military tempera- I 

ture range. Consult factory for level of high rei 
screening. 
Prime Grade Part, Ceramic Package 
Prime Grade Part, Ceramic Package 

N, P, CN, and CP parts are electrically identical and 
operate over O°C to +70°C unless otherwise stated. In 
addition, Nand P parts generally have operating para­
meters more tightly controlled than the CN or CP parts. 

For details, consult EXAR Sales Headquarters or your 
Sales/Technical Representatives. 





Cross References & Ordering Information 

Data Communication Circuits 

Computer Peripheral Circuits 

Industrial Circuits 

Instrumentation Circuits 

Interface Circuits 

Special Function Circuits 

User Specific Linear ICs 

User Specific Digital ICs 

I Application Notes 

Quality Assurance & Reliability 

Packaging Information 

Authorized Sales Representatives & Distributors 

2 





Section 2 - Telecommunication Products 
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XR-T5650 

PCM Line Receiver & Clock Recovery Circuit 
GENERAL DESCRIPTION 

The XR-T5650 is a monolithic bipolar IC designed for PCM 
type line receiver applications operating at T1. T148C, T1C 
and 2 M bitls data rates. It provides all the active circuitry 
required to perform automatic line build out (ALBO)' 
threshold detection, positive and negative data and clock 
recovery. 

Clock recover using a crystal filter instead of an LC tank 
circuit is also available as XR-T5750. 

FEATURES 

On Chip Positive and Negative Data, Clock Recovery 
Less than 10 ns Sampling Pulse over the Operating Range 
Double Matched ALBO Ports 
Single 5.1 V Power Supply 

2 M Bitls CaP9bility 

APPLICATIONS 

T1 PCM Line Receiver 
T 14SC Line Receiver 
T1 C PCM Line Receiver (requires external amplifier) 
General Purpose Bipolar Line R.eceiver 
HDB3 Line Receiver 
BSZS Line Receiver 

ABSOLUTE MAXIMUM RATINGS 

Storage Temperature 
Operating Temperature 
Supply Voltage 
Supply Voltage Surge (10 ms) 
Input Voltage (except Pins 2,3,4,17) 
Input Voltage (Pins 2,3,4,17) 
Data Output Voltage (Pins 10,11 ) 

-65°C to +150°C 
_40° to +S5°C 
-0.5 to +10 V 

+25 V 
-0.5 to 7 V 

-0.5 to +0.5 V 
20V 

Voltage Surge (Pins 5,6,10,11) (10 msec only) 50 V 

ORDERING INFORMATION 

Part Number 
XR-T5650 

Package 
Ceramic 

Operating Temperature 
-40°C to +85°C 

FUNCTIONAL BLOCK DIAGRAM 

ALBO 
GND 

ALBO 
PORT 1 

ALBO 
PORT 2 

AMPLIFIER 
-VE INPUT 

AMPLIFIER 
+VE INPUT 

AMPLIFIER 
-VE OUTPUT 

AMPLIFIER 
• VE OUTPUT 

[)IGITAL 
C"OUND 

SUBSTRATE 
GND 

ALBO 
CONTROL 

CLOCK 
AMPLIFIER 
BIAS 

LC TANK 
INPUT 

VCC 

CLOCK 
OUTPUT 

PHASE SHIFTED 
CLOCK INPUT 

CLOCK 

+1 DRIVER 
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SYSTEM DESCRIPTION 

The XR-T5650 is designed for interfacing T1, T14SC and 
2 Mbitls PCM carrier lines on plastic or pulp insulated 
cables. It can also be used at T1C rate (3.152 M bit/s) with 
external gain. Since it outputs plus and minus ones on a 
bipolar pulse stream together with the clock, it can be used 
to interface systems having different line codes like AMI, 
AMI-B8ZS or AMI-HDB3. 

The XR-T5650 is a modified version of XR-T5620 PCM 
repeater IC. It contains all the active circuitry needed to 
build a PCM line receiver up to 6300 ft. cable length. The 
preamplifier, the clock amplifier, threshold detectors, 
data latches and output drivers are similar to the ones on 
X R-T5620. Clock extraction is done by means of an LC 
tank circuit. 

In addition to plus and minus one outputs, a synchronous 
clock signal is made available at Pin 11 by deleting one of 
the ALBO ports on XR-T5620 thus leaving two matched 
ALBO ports. All outputs have high current open collector 
transistors. 



XR-T5650 

ELECTRICAL CHARACTERISTICS 
Test Conditions: VCC = 5.1 V ± 5%, TA = 25°C, unless specified otherwise. 

SYMBOL PARAMETERS MIN. TYP. MAX. UNIT CONDITIONS 

Supply Current 26 34 mA ALBO Off 
Clock & Data Output 

Output Leakeage Current 0 100 J,lA Vpull-up = 15 V 
Amplifier Pin Voltages 2.4 2.9 3.4 V At DC Unity Gain 
Amplifier Output 

Offset Voltage -50 0 50 mV Rs = 8.2 kn II 
Voltage Swing 2.2 V Measured Differentially from 

Pin 7 to Pin 6 
Amplifier Input 

Bias Current 5 J,lA 
ALBO on Current 3 mA 
Drive Current 1 mA 

AC CHARACTERISTICS 

Pre Amplifier 
AC Gain @ 1 MHz 50 dB 

Input Impedance 20 kn 
Output Impedance 200 n 

Clock Amplifier 
AC Gain 32 dB 
-3 dB Bandwidth 10 MHz 
Delay 10 ns 
Output impedance 200 n 

ALBO 
Off Impedance 20 kn 
On Impedance 25 n 

CLOCK DATA OUTPUT BUFFERS RL = 130n, Vpull-up = 5.1 V ± 5% 

Rise Time 30 ns 
Fall Time 30 ns 
Output Pulse Width 244 ns 
Sample Pulse Width 10 ns 

VOL 0.7 V 

I L sink 35 mA 

THRESHOLDS 

ALBO 1.4 1.5 1.6 V 
Clock Drive Current Peak 1.0 rnA At Va = VALBO Threshold 

CLOCK THRESHOLD 

% of ALBO 63 m 75 % 

DATA THRESHOLD 

% of ALBO 40 46 52 % 
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XR-T5670 

B8ZS/ AMI Transcoder 
GENERAL DESCRIPTION 

The XR-T5670 is an lSI CMOS integrated circuit which 
performs the B8ZS or AMI transmission coding and re­
ceiving decoding functions with error detection. It is in­
tended for DS1 (1.544 Mbits/s) PCM transmission applica­
tions, but can operate at clock frequencies up to 161 MHzl. 
The device is packaged in a 16 Pin CERDIP package and the 
operating temperature is between -40°C to +85°C. 

FEATURES 

B8ZS Coding and Decoding for Data Rates 
up to 6 Mbits/s to AT&T Technical Advisory 69 

B8ZS/AMI Transmission Coding/Reception Decoding 
with Code Error Detection 

A" Transmitter and Receiver Inputs/Outputs are 
TTL Compatible 

Internal loop Test Cilpability 
Single 5 V ± 10% Supply Rail 

APPLICATIONS 

AMI Encoding/Decoding 
B8ZS Encoding/Decoding 

ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltage (VDD) 
Input Voltage Range (VIN) 
Input Protection Current (lD) 
Storage Temperature Range 
Operating Temperature Range 

Ceramic 
Plastic 

ORDERING INFORMATION 

Part Number 
XR-T5670CP 
XR-T5670CN 

Package 
Plastic 

Ceramic 

-0.3 to 7.0 V 
-0.3 to VDD + 0.3 V 

±10mA 
-55°C to 150°C 

_40° C to +85° C 
O°C to 70°C 

Operating Temperature 
OOC to 70°C 

-40°C to +85°C 
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FUNCTIONAL BLOCK DIAGRAM 

SYSTEM DESCRIPTION 

Coder 

Binary data in "NRZIN" is clocked into the coder by a 
synchronous transmission clock "TXClKIN" on the falling 
edge. The "+B8ZS" and "-B8ZS" output signals appear 8.5 
clock cycles later to allow for the insertion of extra pulses 
due to sequences of eight consecutive zeros. These two sig­
nals are full width data and will be mixed with the "TX 
ClKIN" at the input of an external line driver to produce 
bipolar B8ZS signals for transmission. 

Decoder 

Received half widt.h data on "+B8ZSIN" and "-B8ZSIN" 
are locked into the decoder on the rising edge of the re­
ceived clock "RXClKIN". The "NRZOUT" binary data 
output occurs on eight clock cycles later. Received signals 
not consistant with B8ZS coding rules are detected as 
errors. The error output "E R RO R" is active high during 
one "RXClKIN" clock period. 

AIS (Alarm Indication Signal) 

If the decoder inputs received a continuous of ones (all 
marks) over two consecutive periods of the external reset 
signal "RAIS", the "AISOUT" output will be set high and 
latched in that state until one or more zeros are received 
when the next reset signal "RAls" occurs. 

The number of received zeros required to reset "AISOUT" 
over two consectuive periods of "RAls" can be mask pro­
grammed to two or three. 



XR-T5670 

ELECTRICAL CHARACTERISTICS 
Test Conditions: T A - _40°C to +85

0
C. VDD ~ 4.5 to 5.5 V. unless specified otherwise. -

SYMBOL PARAMETERS MIN. TYP. MAX. 

DYNAMIC CHARACTERISTICS 

TXCLKIN Clock Input Frequency 6 

RXCLKIN Clock Input Frequency 6 

tsl Data Set-Up Time 55 

thl Data Hold Time 25 

tpdl Data Propagation Delay 
Time 65 

ts2 Data Set-Up Time 55 

th2 Data Hold Time 0 

tpd2 Data Propagation Delay 
Time 90 

tpd3 Clock Delay Time 50 

ts3 RAIS = 0 Set-Up Time 30 

th3 RAIS= 0 Hold Time 30 

STATIC CHARACTERISTICS, VDD = 5.0 V 

IDD Quiescent Device Current 100 

Operating Current 4 

VDD Supply Voltage 4.5 5 5.5 

VIN Input Voltage 0 0 5.0 

VIL Input Low Voltage O.S 

VIH Input High Voltage 2 

VOL Output Low Voltage 0.1 

VOH Output High Voltage 4.9 

IOL Output Low Current 1.6 

IOH Output High Current -1 

IlL Input Low Current -10 

IIH Input High Current 10 

Note 1: The encoded B8ZS OUT are delayed by 8Y, clock periods from NRZIN. 
Note 2: The decoded NRZOUT are delayed by 7Y, clock periods from B8ZS IN. 
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UNIT 

MHz 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

J.lA 

mA 

V 

V 

V 

V 

V 

V 

mA 

mA 

J.lA 

J.lA 

CONDITIONS 

NRZIN to TXCLKIN 
See Figure 6 

NRZIN to TXCLKIN • See Figure 6 

TXCLKIN to BSZS OUT 
See Figures 3 and 6, Note 1 

BSZSIN to RXCLKIN 
See Figure 7. Loop Test = 0 

BSZSIN to RXCLKIN 
See Figure 7, Loop Test = 0 

RXCLKIN to NRZOUT 
See Figures 4 and 7. Note 2 
Loop Test = 0 

RXCLKIN to RXCLKOUT 
See Figure 8, Loop Test = 0 

RAIS to RXCLKIN 
See Figure 7 

RAIS to RXCLKIN 

Input Clock Frequency = 2.0MHz 

IOL = 0 

IOH = 0 

VOL=0.4V 

VOH = 4.6 V 

VIL = 0 V 

VIH = 5 V 



XR-T5670 

TXCLKIN .. ... 
~ +88ZS OUT - TRANSMITTER 

NRZIN ... ENCODER ... 
~ -88ZS OUT 

-
88ZS/AMI ~~ 

LOOP-TEST 

t it " " " --
+88ZSIN • -- ... 
-88ZS IN ... RECEIVER 

NRZ OUT 

- DECODER 
RXCLK IN '" - RXCLK OP 

~ 

I I 
"" -- ERROR 

'" DETECT .- ERROR 

~ ... 
AIS ... .. DETECT ~ AIS OUT -

--
RAIS 

Figure 1. XR-T5670 Block Diagram 

Loop Test 

When the Loop Test control input is set high, a test mode is 
made in which the "+BalSOUT' and "-B8ZS0UT" are in­
ternally connected to the decoder inputs. The external 
8alS inputs and the "RXCLKIN" are disabled, and the 
"TXCLKIN" is used to control the decoder timing. The 
"NRlOUT" signals correspond to the "NRlIN" input, 
but delayed by approx imately 16 clock periods. 

B8ZS/AMI 

To operate the XR-T5670 in AMI mode,~the B8ZS/AMI 
control input is driven low. In this mode, two consecutive 
pulses of the same polarity at the decoder inputs will be 
detected and flagged as an error at the "ER ROR" output. 

Definition of B8ZS Code Used in XR-T5670 Transcoder 

With 8aZS coding, each block of eight consecutive zeros is 
removed and the B8ZS code is inserted. If the pulse pre­
ceding the inserted code is transmitted as a positive pulse 
(+), the inserted code is 000+-0-+. Bipolar violations 
occur in the fourth and seventh bit position of the inserted 
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code. If the pulse preceeding the inserted code is a negative 
pulse (-l. the inserted code is 000-+0+-. Bipolar vio­
lations again occur in the fourth and seventh bit positions 
as illustrated in Figure 2. 

Binary Signal 0 0 0 0 0 0 0 0 

BalS Signal +1 0 0 0 +1 -1 0 -1 +1 

or -1 0 0 0 -1 +1 0 +1 -1 

Bipolar Code 

or 

Figure 2. BaZS Code 



XR-T5670 

1 ....... 1----8% CLOCK PERIODS--.... .,~·I 

TXCLKIN 

NRZIN~~ ____________________ ~ 

+B8ZS0UT ________________________ ~r_1 _______ ~r_1~ _______ ~ 

-B8ZS0UT ______________________________________ ~~ 

Figure 3. Encoder Waveforms 

I~ 7% CLOCK PERIODS---1 

TXCLK IN 

Vt 
+B8ZSIN~~--------LJ~---------LJ 

-B8ZS IN 

NRZ OUT _______________________ r-1~ ____________________ ~r__L_ 

Figure 4. Decoder Waveforms 

RXCLKIN 

E V 
+B8ZSIN~--------------~---------------------

WITH ERROR V E 
-B8ZSIN-----------LJ~---------LJ~--------~~~-----------

ERROR _____________ r-1~ __________________________ ~r_l~ ____ __ 

Figure 5. B8ZS Error Output Waweforms 
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XR-T5670 

TXCLKIN 

NRZIN 

B8ZS OUT 

Figure 6. Encoder Timing Relationship 

RXCLK IN 

B8ZSIN 

NRZ OUT 

RAIS 

Figure 7. Decoder Timing Relationship 

RXCLK IN 

RXCLK OUT \ __ 1 
Figure 8. RXCLK IN to RXCLK OUT Relationship 
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Dual Line Driver 
GENERAL DESCRIPTION 

The XR-T5675 is a bipolar monolithic dual line driver 
designed to drive PCM lines up to a 10 Mbits/s rate. The 
device is powered from a single 5 V ± 5% source. Its current 
consumption is 14 mA typical and the output can be 
pulled up to 20 V dc. The XR-T5675 is packaged in a 
standard 8 pin DIL plastic or ceramic package. and its 
temperature of operation is between ci°c to +70°C. 

FEATURES 

50 mA Output Drive Current Capability 
Low Current Consumption (18 mA Max.) 
High Speed Switching 
Dual Matched Driver Outputs 
High Output Voltage 
TTL or DTL Compatible Inputs 

APPLICATIONS 

T1. T1 C. T2. 2048K and 8448K b/s PCM Line Driver 
LAN Line Driver 
Relay Driver 
LED/Lamp Driver 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (VCC) 
Input Voltage (Pin 1.2.6.7) 
Output Pull-up Voltages (Pin 3.5) 
Power Dissipation 
Ceramic 
Plastic 

Storage Temperature 

+7.0V 
-0.2 V to +VCC 

+35.0 V 

700mW 
600mW 

-65°C to 150°C 
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XR-T5675 

FUNCTIONAL BLOCK DIAGRAM 
Vee A2 B2 D2 

A1 B1 D1 GND 

ORDERING INFORMATION 

Part Number 
XR-T5675CP 
XR-T5675CN 

Package 
Plastic 

Ceramic 

SYSTEM DESCRIPTION 

Operating Temperature 
0°,: to +70°C 
O°C to +70°C 

Figure 1 contains the Functional Block Diagram of the XR­
T5675. The circuit consists of two AND logic gates with 
their outputs internally connected to the bases of the out­
put transistors. The low level outputs are clamped at 1 VBE 
to ground to insure non-saturating" operation for fast 
switching. 

A B OUTPUT (0) 

L L H (OFF) 

L H H (OFF) 

H L H (OFF) 

H H L (ON) 

Truth Table - XR·T5675 
H = H Level, L = Low Level 

• 



XR-T5675 

ELECTRICAL CHARACTERISTICS 
Test Conditions:Vcc = 5.0 V, TA = O°C to +70°C, unless specified otherwise. 

SYMBOL PARAMETERS PINS MIN TYP MAX UNIT CONDITIONS 

VCC Supply Voltage 8 4.75 5.0 5.25 V 

VIH High Level Input Voltage 1,2,6,7 2.2 V IOL = 50 mA VOL = 0.95 V 

VIL Low Level I nput Voltage 1,2,6,7 0.8 V 

IIH High Level Input Current 1,2,6,7 40 J.lA VIH = 2.7 V, Pins 3 & 5 Open 

IlL Low Level I nput Current 1,2,6,7 -1.2 mA VIL = 0.4 V, Pins 3 & 5 Open 

VOL Low Level Output Voltage 3,5 0.6 0.95 V VIH = 2.2 V, IOL = 50 mA 

IOL Low Level Output Current 3,5 50 mA VIH = 2.2 V, VOL = 0.95 V 

IOH High Level Leakage Current 3,5 100 J.lA Pins 3 & 5, Pull-up to +20 V 

IceH Supply Current Output High 8 3.0 mA Pins 3 & 5 Open 

IceL Supply Current Output Low 8 14.0 18.0 mA Pins 3 & 5 Open 

SWITCHING CHARACTERISTICS, VCC = 5.0 V ±5%, TA = +25°C 

tpLH Propagation Delay, 
Low to High 3,5 15 ns 

tpHL Propagation Delay, 
High to Low 3,5 15 ns 

See Figure 2 

trise Rise Time 3,5 15 24 ns 
I 

tfall Fall Time 3,5 10 24 ns 

Output Pulse Imbalance 2.5 ns At 50% Output Level 
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PULSE 
GENERATOR 

(Note 1) 

INPUT 

130n 

PIN 4 

OV 

XR-T5675 

CL = 15pF T {NOTE 21 

OUTPUT 

NOTE 1. PULSE GENERATGOR FREQUENCY = 2.0 MHz, ZOUT = 50Q 

NOTE 2. CL INCLUDED - PROBE AND JIG CAPACITANCE 

~---------250ns--------~ 

~5.0ns 

----- -- 3.0V 

INPUT 

--------OV 

__ ---- +5.0V 

OUTPUT 

FIGURE 2. AC TEST CIRCUITS AND SWITCHING WAVEFORMS 
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XR-T5675 

SAMPLING 
CLOCK 

D+i/p 

D-i/p 

BIPOLAR 
SIGNAL 

n n 

tr 

D-i/P 

SAMPLING 
CLOCK i/P 

SAMPLING 
CLOCK i/P 

D +i/P 

U 
n 

I 
N.A. 

n ----.. ----~-----l ~;~ELS n 

~ n 
U 

ALLOWABLE 
SAMPLING 
CLOCKS 

*RX IS INTENDED FOR MATCHING LINE 
IMPEDANCE, BUT ITS FINAL VALUE MAY 
BE DETERMINED BY THE OUTPUT 
SIGNAL AMPLITUDE REQUIRED. 

RX* 

RX* 

BIPOLAR 
SIGNAL TO LINE 

IN THE CASE WHERE D+ AND D- ARE HALF WIDTH SIGNALS, PIN 1 AND PIN 7 
SHOULD BE TIED TOGETHER AND RETURNED TO +5.0V VIA A 1K RESISTOR 

FIGURE 3. XR-T5675 PCM LINE DRIVER APPLICATION CIRCUIT 
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XR-T5680 

PCM Line Interface Chip 
GENERAL DESCRIPTION 

The XR-T5680 is a PCM line interface chip. It consists of 
both transmit and receive circuitry in a OIL 18 pin pack­
age. The maximum bit rate the chip can handle is 10 M 
Bits/s and the signal level to the receiver can be attenuated 
by -10 dB cable loss at half the bit rate. Total current 
consumption is between 27-46 mA at +5.0 V. 

FEATURES 

Single +5.0 V Supply 
Receiver Input Can Be Either Balanced or Unbalanced 
Up to 10 MBits/s Operation 
TTL Compatible Interface 

APPLICATIONS 

T1, T1C, T148C, T2, 2048 & 8448 KBits/s 
PCM Line Interface 
CPI 
OMI 

ABSOULTE MAXIMUM RATINGS 

Supply Voltage 
Storage Temperature 
Operating Temperature 

+20 V 
-65°C to +150°C 

O°C to 70°C 
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FUNCTIONAL BLOCK DIAGRAM 

ORDERING INFORMATION 

Part Number 
XR-T5680 

Package 
Ceramic 

SYSTEM DESCRIPTION 

r-----fl7lTX DATA + 'iP 

Operating Temperature 
O°C to 70°C 

The incoming bipolar PCM signal which is attenuated and 
distorted by the cable is applied to the threshold compara­
tor and the peak detector. The peak detector generates a 
DC reference for the threshold comparator for data and 
clock extraction. A tank circuit tuned to the appropriate 
frequency is added to the later operation. The clock signal, 
data + data - all go through a similar level shifter to be 
converted into TTL level to be compatible for digital 
processing. 

I n the transmit direction, the output drivers consist of two 
identical TTL inputs with open collector output stages. 
The maximum low level current these output stages can 
sink is 40.0 mAo With full width data applied to the inputs 
together with a synchronized clock. The output will gene­
rate a bipolar signal when driving a centre-tapped trans­
former. A typical circuit diagram to XR-T5680 is shown in 
Figure 1, and the DC characteristics are indicated in the 
Electrical Characteristics chart. 

• 



XR-T5680 

ELECTRICAL CHARACTERISTICS 
Test Conditions: +VCC = 5.0 V. TA = 0° - 70°C. unless specified otherwise. 

PARAMETERS MIN TYP MAX UNIT CONDITIONS 

DC Supply +4.75 +5.0 +5.25 V 

Supp Iy Current 35.0 46.0 mA Output Drivers Opens 

Tank Drive Current 1.5 2.0 2.5 mA Measured at Pin 4 

*C/ock Output/Low Level 0.4 0.8 V Measured at Pin 8. 
'OL = 1.0 mA 

*C/ock Output/High Level 3.0 3.6 V Measured at Pin 8 
IOH = -400pA 

*Data Output/Low Level 0.4 0.8 V Measured at Pins 10.11 
IOL = 1.0 mA 

*Data Output/High Level 3.0 3.6 V Measured at Pins 10.11 
10 H = -400pA 

Output Driver/Low Lev~.1 0.6 0.95 V Measured at Pins 13.15 
IOL = 40 mA 

Output Driver Current S!nk 40 mA Measured at Pins 13.15 
VOL = 0.95 V 

Output Driver Rise Time 20 25 ns Measured at Pins 13.15 
with 150n Pull-up to +5.0 V 
CL=15pF 

Output Driver Fall Time 20 25 ns Measured at Pins 13.15 
with 150n Pull-up to +5.0 V 
CL = 15 pF 

*These output terminals are LS-TTL compatible. 

Figure 2. A recommended Circuit Diagram 
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~ l:Xt(IR 
Preliminary Information 

PCM Transceiver Chip 
GENERAL DESCRIPTION 

The XR-T5681 is a PCM transceiver chip. It consists of 
both transmit and receive circuitry in a CERDIP 18 pin 
package. The transceiver is designed for short line applica­
tion «-10 dB) such as in digital multiplexed interfacing 
and digital PBX environments. The maximum frequency of 
operation is 3 MBits/s so it covers T1, T148C, and Eurupe's 
2.048 MBit/s PCM system. The device is designed to oper­
ate over the temperature range of O°C to +70°C. 

F~ATURES 

Single +5.0 V Supply 
Receiver Can Accept Either Balanced or Unbalanced Inputs 
TTL Compatible Interface 
Transmitter and Receiver in One Package 

APPLICATIONS 

T1, T148C, and 2.048 MBits/s PCM Line Interface 
CPI 
DMI 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Storage Temperature 
Operating Temperature 

+20V 
-65°C to +150°C 

O°C to 70°C 
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XR-T5681 

FUNCTIONAL BLOCK DIAGRAM 

ORDERING INFORMATION 

Part Number 
XR-T5681 

Package 
Ceramic 

SYSTEM DESCRIPTION 

Operating Temperature 
O°C to 70°C 

The functions of the circuit terminals are defined in the 
Functional Block Diagram. At the receive direction, the 
incoming bipolar signal which has been attentuated and dis­
torted by the cable is applied to the input of the peak de­
tector. The variable threshold voltage produced by the 
peak detector controls the data comparator for P and 
N rails signal extractions. Timing information is obtained 
by means of a full wave rectifier and an L-C resonant 
circuit tuned at the appropriate frequency. All data and 
clock outputs are LSTTL compatible. 

At the transmitter, the outputs have two identical non­
saturating open collector stages which can drive the out­
put line transformer directly with a maximum current of 
40 mA. Full width, TTL compatible, P and N rail signals 
at the inputs and a 50% duty cycle TTL clock are needed 
to form the bipolar line signal at the secondary of the 
transformer. The output signal conforms to CCITT G.703 
recommendation. A circuit diagram connected for 2048 K 
bits/s line interface application is shown in Figure 1. 

• 



XR-T5681 

ELECTRICAL CHARACTERISTICS 
Test Conditions: +VCC = 5.0 V. TA = OoC - +70

o
C. unless specified otherwise. 

PARAMETERS MIN TYP MAX UNIT CONDITIONS 

DC Supply +4.75 +5.0 +5.25 V 

Supply Current 35.0 46.0 mA TX Drivers Open 

Tank Drive Current 1.5 2.0 2.5 mA Measured at Pin 9. 

Clock O/P/Low Level 0.3 0.8 V Measured at Pin 13. IOL = 1.0 mA 

Clock O/P/High Level 3.0 4.3 V Measured at Pin 13. IOH = 400,uA 

Data O/P /Low Level 0.4 0.8 V Measured at Pins 10.12. IOL = 1.0 mA 

Data O/P/High Level 3.0 4.5 V Measured at Pin 10.12. IOH = 400,uA 

Transmitter O/P/Low Level 0.6 0.95 V Measured at Pin 13.15. IOL = 40 mA 

Transmitter O/P/Current Sink 40 mA Measured at Pin 13.15. VOL = 0.95V 

Transmitter O/P/Rise Time 20 30 ns Measured at Pin 13.15 with 150n 
Pull-up to +5.0 V. CL = 15 pF 

Transmitter O/P/Fall Time 20 30 ns Measured at Pin 13.15with 150n 
Pull-up to +5.0 V. CL = 15 pF 

+5.DV 
a.0CIt 

r---------==~::..-I_ RX 

r-------!~~-O/P 

D· 
TX.I/p_.::D~+ __________ --I 

CLOCK 

T1 .----o---+--~---------IrANK 

~~311 390 CO\ ~.'~f 

*Q OF rANK CIRCUIT = 80-100 

Tl· AlE input tr.nsformer part 0.315-0765 
link Coil- AlE pM1no. 416-0804 (only termin.I' &: 4 being ..cI1. 
MAX Input voltlge to T1 primary· 3 Vp or 6 Vp·p It 5.0 V supply. 
ADJUST l until min. cloc:k jitter is obtJined.t pin 13. 
T2·AIEportno.318~ 

Figure 2. Circuit Connection Diagram for 2048Kbits/s operating 
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XR-T5682 

Voltage Controlled Crystal Oscillator 
GENERAL DESCRIPTION 

The XR-T5682 is a bipolar monolithic voltage controlled 
crystal oscillator IC designed for general purpose crystal 
phase locked loop (Pll) and particularly in data rate con­
version, jitter reduction, and down multiplexing applica­
tions in PCM systems operating at 1.536, 1.544 and 2.048 
M/bits/s data rates. It is packaged in 18 pin CERDIP and 
can operate from 4.75 to 5.25 volts. 

FEATURES 

Single +5V Circuit 
Built-in Programmable Analog Divider 
TTL Compatible Clock Signal Output 
Adjustable Duty Cycle of the Output Clock Squarewave 
Uses Phase Lead/lag Capacitor and I nductor Instead 
of a Varactor Diode to Control Frequency 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Storage Temperature 
Operating Temperature 
lead Soldering (10 Seconds) 

+10V 
-65°C to 150°C 

O°C to 70°C 
300°C 

FUNCTIONAL BLOCK DIAGRAM 

PHASE 
SHIFT COUPLE 

CRYSTAL 
TERMINAL 2 

CRYSTAL 
TERMINAL 1 

TANK 

PHASE SHIFT 
liP 2 

PHASE SHIFT 
liP 1 

TIMING RES. 
VCO 

CONTROL 2 
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GND 
(OV) 

ORDERING INFORMATION 

Part Number 
XR-T5682 

Package 
Ceramic 

SYSTEM DESCRIPTION 

VCO 
CONTROL 1 

DUTY CYCLE 
SET RESISTOR 

Operating Temperature 
O°C to 70°C 

The XR-T5682 uses phase lead and lag components rather 
than a varactor diode to contro I the freq uency of osci Ila­
tions. A filter crystal, at least twice the desired frequency, 
is used in series oscillation mode. The generated signal 
is fed back through a phase shift control circuit to sustain 
and change the frequency of oscillations. An analog divide 
by N circuit which consists of an astable mutlivibrator 
is provided to obtain the desired clock rate. The frequency 
of oscillations of the astable multivibrator can be changed 
externally by means of a resistor and a capacitor to obtain 
the required number of divisions. An ECl to TTL conver­
tor circuit is designed to provide a TTL compatible clock 
signal, the duty cycle of which is adjustable with an exter­
nal resistor tied either to VCO or Ground. 

• 



XR-T5682 

ELECTRICAL CHARACTERISTICS 
Test Conditions: TA = 25°e at a supply voltage of Vee = 4.75 V to 5.25 Voe, unless otherwise specified. 

SYMBOL 

Vee 

ICC 

VREF 

VREF 

VREF 

VOH 

VOL 

ITANK 

ITIMING 

GC 

PARAMETERS MIN. TYP. MAX. UNIT CONDITIONS 

Supply Voltage 4.75 5.0 5.25 V 

Supply Current 20 35 45 mA 

Referene Voltage 2.5 2.7 2.9 V Pin 13 

Reference Voltage 2.5 2.7 2.9 V Pin 14 

Reference Voltage 2.5 2.7 2.9 V Pin 1 and 1a 

Output High Voltage 4 V Pin 8 

Output Low Voltage 0.8 V 

Tank Circuit Current 1.4 1.73 2.3 mA Pin 15 

1 3 mA Pin 7 

VCO Convertion Gain 350 650 1000 Hz/V 

Clock Duty Cycle 25 50 75 % Adjustable 

DUTY CYCLE 
+Roc SeT SETIING RESISTORS 

XR-T5682 

L------ol"l1.544MHz veo O/P 

6.1767MHz 

Figure 1. Typical 1.544 M/bits/s Application Circuit 
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1K~---"'4 

-liP 

liP 

XR-T5682 

5V 

SN74LS74 

4.7K 

Q Q 

TO FI L TEFl INPUT 

Q 6 

veo 
O/P 

Q 8 

13 

Figure 2. Recommended Phase Detector 

R, 
Q O--~""~-o----e--O TO PIN 11 

O/P 

Q o--....I\,fV\I--... -~--O TO PI N 12 

Figure 3. Phase Lag Filter 
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XR-T5750 

PCM Line Receiver & Clock Recovery Circuit 
GENERAL DESCRIPTION 

The XR-T5750 is a monolithic bipolar IC designed for PCM 
line receiver applications operating at Tl, Tl48C, Tl C and 
2 Mbitls data rates. It provides all the active circuitry re­
quired to perform automatic line build out (ALBa), thres­
hold detection, positive and negative data and clock recov­
ery using a crystal filter. 

Clock recovery using an LC tank circuit instead of a crys­
tal filter is also available as XR-T5650. 

fEATURES 

On Chip Positive and Negative Data, Clock Recovery 
Less than 10 ns Sampling Pulse Over the Operating Range 
Double Matched ALBO Ports 
Single 5.1 V Power Supply 
2 M Bitls Capability 
Clock Recovery using Crystal Filter 

APPLICATIONS 

T1 PCM Line Receiver 
:rl48C LIne Receiver 
T1C PCM Line Receiver (requires external amplifier) 
General Purpose Bipolar Line Receiver 
HDB3 Line Receiver 
B8ZS Line Receiver 

ABSOLUTE MAXIMUM RATINGS 

Storage Temperature 
Operating Temperature 
Supply Voltage 
Supply Voltage Surge (10 ms) 
Input Voltage (except Pins 2,3.4,17) 
Input Voltage (Pins 2,3.4,17) 
Data Output Voltage (Pins 10,11 ) 

-65°C to +150°C 
-40° C to +85° C 

-0.5 to +10 V 
+25 V 

-0.5 to 7 V 
-0.5 to +0.5 V 

20 V 

Voltage Surge (Pins 5,6,10,11) (10 msec only) 50V 

ORDERING INFORMATION 

Part Number 
XR-T5750 

Package 
Ceramic 

Operating Temperature 
-40°C to +85°C 

FUNCTIONAL BLOCK DIAGRAM 

ALBO 
(;ND 

SUBSTRATE 
GND 

ALBO 
PORT 1 

ALBO 
PORT 2 

CLOCK 
DRIVE 

ALBO 
CONTROL 

CLOCK 
AMPLIFIER 
INPUT 

PREAMPLIFIER 
·VE INPUT 

CLOCK 
AMPLIFIER 
INPUT 

PREAMPLIFIER 
.VE INPUT VCC 

PREAMPLIFIER 
·VE OUTPUT 

CLOCK 
OUTPUT 

PREAMPLIFIER 
·VE OUTPUT 

PHASE 
SHIFTED 
CLOCK 
INPUT 
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DIGITAL 
GROUND 

-1 DRIVER 

SYSTEM DESCRIPTION 

CLOCK 

The X R-T5750 is designed for interfacing Tl, T148C and 
2 Mbitls PCM carrier lines on plastic or pulp insulated 
cables. It can also be used at T1C rate (3.152 M bit/s) with 
external gain. Since it outputs plus and minus ones on a 
bipolar pulse stream together with the clock, it can be used 
to interface systems having different line codes like AMI, 
AMI-BaZS or AMI-HDB3. 

The XR-T5750 is a modified version of XR-T5720 PCM 
repeater IC. It contains all the active circuitry needed to 
build a PCM line receiver up to 6300 ft. cable length. The 
preamplifier, the clock amplifier, threshold detectors, 
data latches and output drivers are sim ilar to the ones on 
X R-T5720. Clock extraction is done by means of a crystal 
filter circuit. 

In addition to plus and minus one outputs, a synchronous 
clock signal is made available at Pin 11 by deleting one of 
the ALBO ports on XR-T5720 thus leaving two matched 
ALBO ports. All outputs have high current open collector 
transistors. 



XR-T5750 

ELECTRICAL CHARACTERISTICS 
Test Conditions: VCC = 5.1 V ± 5%, TA = 25°C, unless specified otherwise. 

SYMBOL PARAMETERS MIN. TYP. MAX. UNIT CONDITIONS 

Supp Iy Current 24 30 mA ALBO Off 
Clock & Data Output 

Output Leakeage Current 0 100 p.A Vpull-up = 15 V 
Amplifier Pin Voltages 2.4 2.9 3.4 V At DC Unity Gain 

Amplifier Output 
Offset Voltage -50 0 50 mV Rs = ~.2 kn • Voltage Swing 2.2 V Measured'Differentially from 

Pin 7 to Pin 6 
Ampl ifier Input 

Bias Current 5 p.A 
ALBO on Current 3 mA 
Drive Current 1 mA 

AC CHARACTERISTICS 

Pre Amplifier 
AC Gain @ 1 MHz 50 dB 

Input Impedance 20 kn 
Output Impedance 200 n 

Clock Amplifier 
AC Gain 32 dB 
-3 dB Bandwidth 10 MHz 
Delay 10 ns 
Output impedance 200 n 

ALBO 
Off Impedance 20 kn 
On Impedance 25 n 

CLOCK, DATA OUTPUT BUFFERS RL = 130n, Vpull-up = 5.1 V ± 5% 

Rise Time 30 ns 
Fall Time 30 ns 
Output Pulse Width 244 ns 
Sample Pulse Width 10 ns 

VOL 0.7 V 

IL sink 35 mA 

THRESHOLDS 

ALBO 1.4 1.5 1.6 V 
Clock Drive Current Peak 1.0 mA At Vo = VALBO Threshold 

CLOCK THRESHOLD 

% of ALBO 63 68 75 % 

DATA THRESHOLD 

%of ALBO 40 46 52 % 
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Section 2 - Telecommunication Products 
Repeaters ..................... . 

XR-C240 Monolithic PCM Repeater 
XR-C262 High Performance PCM Repeater . 
XR-C262Z High Performance PCM Repeater 
XR-C277 Low Voltage PCM Repeater .... 
XR-C587/C588 T1C PCM Repeater Chip Set . 
XR-T5600/T5620 T1, T148C & 2 Mbitls PCM Line Repeater 
XR-T5700IT5720 T1, T148C & 2 Mbitls PCM Line Repeater 
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XR-C240 

Monolithic PCM Repeater 
GENERAL DESCRIPTIDN 

The XR-C240 is a monolithic repeater circuit for Pulse­
Code Modulated (PCM) telephone systems. It is designed to 
operate as a regenerative repeater at 1.544 Megabits per 
second (Mbps) data rate on Tl-type PCM I ines_ 

The XR-C240 monolithic IC is packaged in a hermetic 16-
Pin DIP package, and is designed to operate over a temper­
ature range of -40°C to +85°C. It contains all the basic 
functional blocks of a regenerative repeater system including 
Automatic Line Bu ild-Out (A LBO) and equal ization, and is 
insensitive to reflections caused by cable discontinuities. 

Compared to conventional repeater designs using discrete 
components, the XR-C240 monolithic repeater IC offers 
greatly improved reliability and performance, along with 
significant savings in power consumption and system cost. 

FEATURES 

Contains all Active Components of PCM Repeater 
On-Chip ALBO Port 
High-Current Output Drivers 
Low-Power Consumption 
Increased Reliability over Discrete Designs 
2 Megabit Operation Capability 

APPLICATIONS 

PCM Repeater for Tl Systems 
PCM Repeater for 2 M Bit/s Systems 

ABSOLUTE MAXIMUM RATINGS 

Storage Temperature 
Operating Temperature 
Supply Voltage 
Input Voltage (Except Pin 1,16) 
Input Voltage (Pin 7,16) 
Data Output Voltage (Pin 8,9) 
Voltage Surge (Pin 2,3,8,9) (10 msec only) 

ORDERING INFORMATION 

-65°C to +150°C 
_40°C to +85°C 

-0.5 to 10 V 
-0.5 to +7 V 

-0.5 to +0.5 V 
+20 V 
50V 

Part Number 
XR-C240 

Package 
Ceramic 

Operating Temperature 
-40°C to +85°C 
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FUNCTIONAL BLOCK DIAGRAM 
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SYSTEM DESCRIPTION 

The XR-C240 contains all the active circuits required to 
build one side of a T1 or 2 M bit/s PCM repeater. Tl is the 
most widely used PCM transm ission system, operating at 
1.544 M bit/so It can operate on either pulp or plastic insu­
lated twisted pair cables. Although the cable gauge may 
vary, the total cable loss should not exceed 36 dB at 772 
kHz. For a 22 gauge pulp insulated cable and a bit error 
rate (BER) of less than 10-6, the max allowable repeater 
to repeater spacing is about 6300 feet. 

Bipolar PCM signal is attenuated and dispersed in time 
as it travels along a transmission cable. This signal, when 
received, is amplified and reconstructed by the preamp­
lifier automatic line build out (ABLOI. clock and data 
threshold detector circuits contained within the XR-C240. 
Amplitude equalization and frequency spectrum shaping is 
achieved through the variable impedance of the ALBO 
ports and its associated ALBO network. 

Incoming pulse stream is full wave rectified and timing 
information is extracted by the clock threshold detector. 
Clock recovery is then achieved by driving an injection 
locked oscillator tuned to 1.544 MHz. The oscillator'S 
sinusoidal waveform is amplified and phase shifted by 90 
degrees with the help of a capacitor between Pins 11 
and 12. 

Data is sampled and stored in the output data latches by 
an internally generated sampling pulse. Buffer drivers are 
then enabled to produce precisely timed output pulses 
whose width and time of occurence are controlled by the 
regenerated clock signal. 



XR-C240 

ELECTRICAL CHARACTERISTICS 
(Measured at 25°C with V++ = 8.2V, V+ = 4.3V, unless specified otherwise.) 

LIMITS 
PARAMETERS UNIT CONDITIONS 

MIN. MAX. 

Supply Voltage: 
V++ 7.79 8.61 V Measured at Pin 10 
V+ 4.085 4.515 V Measured at Pins 7 and 15 

Supply Current: 

IA 1.1 2.5 mA 

IS 6 11 mA Supply == 8.2V 
Total Current 7.9 13.5 mA 

Preamplifier 
Input Offset Voltage, VOS 15 mV 
Open Loop Differential Ga,in, AO 50 54 dB 

Input Sias Current, IS 4 fJ.A 
Input Offset Current, lOS 2 fJ.A 
Input Impedance, Rin 50 kn 

Comparator Thresholds 
Peak Detector (A LSO) Threshold ±1.3 ±1.6 V Measured Differentially Across Pins 4 and 5 
Full-Wave Rectifier Threshold ±0.9 ±1.15 V 
Data Threshold ±0.28 ±0.48 V 

Clock Extractor Section 
Tank Drive Impedance 50 kn At Pin 14 

Tank Drive Current 
"Zero" Signal Current 12 24 fJ.A 
"One" Signal Current 80 220 p.A 

Recommended Tank Q 100 
Phase Shifter Offset Voltage -18 +18 mV Voltage applied to Pins 7 and 14 to reduce 

differential voltage across Pins 11 and 12 to zero. 

Output Drive Section 
Voltage levels referenced to Pin 7 

Output Voltage Swing 3.0 V RL == 100n 
Low Output Voltage 0.65 0.95 V Referenced to Pin 7, IL = 30 mA 
Output Leakage Current 50 p.A 
Output Pulse 

Maximum Pulse Width Error ±30 ns 
Rise and Fall Times 80 ns 
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XR·C262 

High·Performance PCM Repeater 
GENERAL DESCRIPTION 

The XR-c262Is a high-performance monolithic repeater 
IC for pulse-code modulated (PCM) telephone lines. It is 
designed to operate as a regenerative repeater at 1.544 
Megabits per second (Mbps) data rates on T1-type PCM 
lines. 

The XR-C262 operates with a Single 6.8 volt power sup­
ply, and with a typical supply current of 13 rnA. It pro­
vides bipolar output drive with hlgh-current handling ca­
pability. The clock-extractor section of XR-C262 uses 
the resonant-tank circuit principle, rather than the 
Injection-locked oscillator technique used in earlier 
monolithic repeater designs. The bipolar output drivers 
are designed to go to their "off" state automatically. 
when there is no Input signal present. 

FEATURES 

Contains all Necessary Active Components 
of a PCM Repeater 

Uses L-C Tank for Clock Recovery 
Low-Voltage Operation (6.8 volts) 
Low-Current Drain (13 rnA, typical) 
High-Current Bipolar Output Drivers 
On-Chip ALBO Equalizer 
Automatic Zero-Input Shutdown 
Increased Reliability OVer Discrete Designs 
2 Megabit Operation Capability 

APPLICATIONS 

PCM Repeater for T1 Systems 
Repeater for 2 Megabit PCM Systems 

ABSOLUTE MAXIMUM RATINGS 

Storage Temperature 
Operating Temperature 

-65°C to + 1S0°C 
- 40°C to + 8SoC 

Supply Voltage -O.S to +10 V 
Input Voltage (Except Pin 6,7) -O.S to +7 V 
Input Voltage (Pin 6,7) -O.S to +O.S V 
Data Output Voltage (Pin 9,11) 
Voltage Surge (Pin 3,S,9, 11) (10 msec only) 

+20V 
SOV 

ORDERING INFORMATION 
Part Number 

XR-C262 

Package 

Ceramic 

Operating Temperature 

- 40°C to + 8S 0 C 
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FUNCTIONAL BLOCK DIAGRAM 
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SYSTEM DESCRIPTION 

The XR-C262 contains all the active functions required 
to build one side of a T1 or 2 M bitls PCM repeater. T1 is 
the most widely used PCM transmission system, oper­
ating at 1.544 M blt/s. It can operate on either pulp or 
plastic Insulated twisted pair cables. Although the ca­
ble gauge may vary, the total cable loss should not ex­
ceed 36 dB at 772 kHz. For a 22 gauge pulp Insulated 
cable and a bit error rate (BER) of less than 10-6, the 
max allowable repeater to repeater spacing Is about 
6300 feet. 

Bipolar PCM signal Is attenuated and dispersed in time 
as It travels along a transmission cable. This signal, 
when received, Is amplified and reconstructed by the 
peamplifier automatic line build out (ALBO), clock and 
data threshold detector circuits contained within the 
XR-C262. Amplitude equalization and frequency spec­
trum shaping is achieved through the variable Imped· 
ance of the ALBO port and Its associated ALBO net­
work. 

Incoming pulse stream Is full wave rectified and timing 
Information is extracted by the clock threshold detec· 
tor. Clock recovery is then achieved by pulsing a tank 
circuit tuned to 1.544 MHz. 

Data is sampled and stored In the output data latches. 
Buffer drivers are then enabled to produce precisely 
timed output pulses whose width and time of occur· 
rence are controlled by the regenerated clock signal. 



XR·C262 

ELECTRICAL CHARACTERISTICS 
Tast Conditions: + Vee = 6.8 V, TA = - 40°C to + 85°C. 

LIMITS 
PARAMETERS MlN TYP MAX UNITS CONDITIONS 

Supply Current 
Digital Current 7 10 13 rnA Measured at Pin 12 
Analog Current 2 3.5 5 rnA Measured at Pin 8 
Total Current 13 17 rnA 

Preamplifier 
Input Offset. Voltage -15 +15 mV Measured between • Pins 3 and 5 
DC Gain 60 69 74 dB 
Output High Level 4.3 V Measured at Pin 1 
Output Low Level 0.5 V Measured at Pin 1 

Clock Recovery Section 
Clock Drive Swing (High) 5.1 V Measured at Pin 13 
Clock Drive Swing (Low) 3.8 V Measured at Pin 13 
Clock Bias 3.8 4 4.2 V Measured at Pin 15 
Clock Source Input 
Current 0.5 4 p.A Measured at Pin 16 

Comparator Thresholds Measured at Pin 1 
relative to Pin 14 

ALBO Threshold 0.75 0.9 1.1 V 
Clock Threshold 0.323 0.4 0.517 V 
Data Threshold 0.323 0.4 0.517 V 

Internal Reference Voltages 
Reference Voltage 5.2 5.45 5.55 V Measured at Pin 2 
Divider Center Tap 2.6 2.78 2.85 V Measured at Pin 14 

ALBO Section 
Off Voltage 10 75 mV Measured at Pin 7 
On Voltage 1.2 1.7 V Measured at Pin 7 
On Impedance 15 0 Measured at Pin 7 
Filter Drive Current 0.7 1 1.5 rnA Drive current available 

at Pin 6 

Output Driver Section Measured at Pins 9 and 11 
Output High Swing 5.9 6.8 V AL = 4000 
Output Low Swing 0.6 0.7 0.9 V IL = 15mA 
Leakage Current 100 p.A Measured with output 

in off state 
Output Pulse Width 294 324 354 nsec 
Output Aise Time 100 nsec 
Output Fall Time 100 nsec 
Pulse Width Unbalance 15 nsec 

2-29 



XR-C262Z 

High-Performance PCM Repeater 
GENERAL DESCRIPTION 

The XR-C262Z is a high-performance monolithic repeater 
IC for pulse-code modulated (PCM) telephone systems. It is 
designed to operate as a regenerative repeater at 1.544 
Megabits per second (Mbps) data rate on T1-type PCM 
lines. 

The X R-C262Z operates with a single 6.8 volt power 
supply, and with a typical supply current of 13 mA. It 
provides bipolar output drive with high-current handlinq 
capability. The clock-extractor section of XR-C262Z uses 
the resonant-tank circu it principle, rather than the injec­
tion-locked oscillator technique used in earlier monolithic 
repeater designs. The bipolar output drivers are designed to 
go to their "off" state automatically, when there is no 
input signal present. 

FEATURES 

Contains all Necessary Active Components 
of a PCM Repeater 

Uses L-C Tank for Clock Recovery 
Low-Voltage Operation (6.8 voltsl 
Low-Current Drain (13 mA, typicall 
High-Current Bipolar Output Drivers 
On-Chip ALBO Port 
Automatic Zero-I nput Shutdown 
Increased Reliability Over Discrete Designs 
2 Megabit Operation Capability 
Pin-to-Pin Compatible with XR-C262 with Improved 

Switching Characteristics 

APPLICATIONS 

PCM Repeater for Tl Systems 
PCM Repeater for 2 M Bit/s Systems 

ABSOLUTE MAXIMUM RATINGS 

Storage Temperature 
Operating Temperature 
Supply Voltage 
Input Voltage (Except Pin 6.7) 
Input Voltage (Pin 6.7) 
Data Output Voltage (Pin 9,111 

-65°C to +150°C 
-40°C to +85°C 

-0.5 to +10 V 
-0.5 to +7 V 

-0.5 to +0.5 V 
+20 V 

Voltage Surge (Pin 3,5,9,11) (10 msec only) 50 V 

ORDERING INFORMATION 

Part Number 
XR-C262Z 

Package 
Ceramic 

Operating Temperature 
-40°C to +85°C 

FUNCTIONAL BLOCK DIAGRAM 
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SYSTEM DESCRIPTION 

The XR-C262Z contains all the active functions required to 
build one side of a T1 or 2 M bit/s PCM repeater. T1 is the 
most widely used rCM transmission system, operating at 
1.544 M bit/so It can operate on either pulp or plastic insu­
lated twisted pair cables. Although the cable gauge may 
vary, the total cable loss should not exceed 36 dB at 772 
kHz. For a 22 gauge pulp insulated cable and a bit error 
rate (BER) of less than 10-6, the max allowable repeater to 
repeater spacing is about 6300 feet. 

Bipolar PCM signal is attenuated and dispersed in time 
as it travels along a transmission cable. This signal, when 
received, is amplified and reconstructed by the preampli­
fier automatic line build out (ALBO). clock and data 
threshold detector circuits contained within the X R-C262Z. 
Amplitude equalization and frequency spectrum shaping is 
achieved through the variable impedance of the ALBO 
ports and its associated ALBO network. 

Incoming pulse stream is full wave rectified and timing 
information is extracted by the clock threshold detector. 
Clock recovery is then achieved by pulsing a tank circuit 
tuned to 1.544 MHz. 

Data is sampled and stored in the output data latches. Buf­
fer drivers are then enabled to produce precisely timed out­
put pulses whose width and time of occurence are control­
led by the regenerated clock signal. 



XR-C262Z 

ELECTRICAL CHARACTERISTICS 
Test Conditions: +VCC "" 6.8 V, TA "" -40°C to +85°C, unless specified otherwise. 

PARAMETERS MIN TYP MAX UNIT CONDITIONS 

SUPPLY CURRENT 

Digital Current 6 10 13 mA Measured at Pin 12 
Analog Current 1.5 3.5 5 mA Measured at Pin 8 
Total Current 13 15 mA 

PREAMPLIFIER • Input Offset Voltage -15 +15 mV Measured betweeQ Pins 3 & 5 
Open Loop Gain 58 69 76 dB 
Output High Level 4.3 V Measured at Pin 1 
Output Low Level 0.8 V Measured at Pin 1 

CLOCK RECOVERY SECTION 

Clock Drive Swing (High) 5.1 V Measuredat Pin 13 
Clock Drive Swing (Low) 4.0 V Measured at Pin 13 
Clock Bias 3.8 4 V Measured at Pin 15 
Clock Source I nput Cur~'ent 0.5 4 IlA Measured at Pin 16 

COMPARATOR THRESHOLDS 

A LBO Threshold 0.75 0.9 1.1 V Measured at Pin 1 relative to Pin 14 
Clock Threshold 0.323 0.4 0.517 V 
Data Threshold 0.323 0.4 0.517 V 

INTERNAL REFERENCE VOLTAGES 

Reference Voltage 5.0 5.45 5.65 V Measured at Pin 2 
Divider Center Tap 2.5 2.78 2.85 V Measured at Pin 14 

ALBO SECTION 

Off Voltage 10 75 mV Measured at Pin 7 
On Voltage 1.2 1.7 V Measured at Pin 7 
On Impedance 15 n Measured at Pin 7 
Filter Drive Current 0.7 1 3 mA Drive Current available at Pin 6 

OUTPUT DR IVER SECTION Measured at Pins 9 & 11 

Output High Swing 5.9 6.8 V RL"" 400n 
Output Low Swing 0.5 0.7 1.0 V IL"" 15 mA 
Leakage Current 100 IlA Measured with output in off state 
Output Pulse Width 298 324 350 nsec 
Output Rise Time 80 nsec 
Output Fall Time 80 nsec 
Pulse Width Unbalance 15 nsec 
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XR-C277 

Low-Voltage PCM Repeater 
GENERAL DESCRIPTION 

The XR-C277 is a monolithic repeater circuit for Pulse­
Code Modulated (PCM) telephone systems. It is designed to 
operate as a regenerative repeater at 1.544 Megabits per 
second (Mbps) data rate on T1-type PCM lines. It is pack­
aged in a hermetic 16-Pin CERDIP package and is designed 
to operate over a temperature range of -40°C to +85°C. It 
contains all the basic functional blocks of a regenerative 
repeater system, including Automatic Line Build-Out 
(ALBO) and equalization, and is insensitive to reflections 
caused by cable discontinuities. 

The key feature of the XR-C277 is its ability to operate 
with low supply voltage (6.3 volts and 4.3 volts) with a 
supply current of less than 13 mA. Compared to conven­
tional repeater designs using discrete components, the 
XR-C277 monolithic repeater IC offers greatly improved 
reliability and performance, along with significant savings 
in power consumption and system cost. 

The XR-C277-5F is an improved version of XR-C277 with 
an internal feedback that improved the phase gain margin 
which enables the system to be more stable and less sensi­
tive to PC board layouts. 

Other versions of the XR-C277-5F are XR-C277-F and XR­
C277-Fl. XR-C277-F is an AC tested device of XR-C277-
5F at 2Mbit while XR-C277-F L is the equivalen at 1.544 
Mbit. 

FEATURES 

Contains all the Active Components of a PCM Repeater 
Low-Voltage Operation (6.3 volts) 
Low-Power Dissipation (13 mAl 
On-Chip ALBO Port 
High-Current Outp ut Drivers 
Increased Reliability over Discrete Designs 
2 Megabit Operation Capability 
Pin-Compatible with XR-C240 

ABSOLUTE MAXIMUM RATINGS 

Storage Temperature 
Operating Temperature 
Supply Voltage 
Input Voltage (Except Pin 1,16) 
Input Voltage (Pin 1,16) 
Data Output Voltage (Pin 8,9) 
Voltage Surge (Pin 2,3,8,9) (10 msec only) 

SYSTEM DESCRIPTION 

-65°C to +150
o
C 

-40°C to +85°C 
-0.5 to +10 V 

-0.5 to +7 V 
-0.5 to +0.5 V 

20V 
50V 

The XR-C277 contains all the active circuits required to 
build one side of a T1 or 2 M bitls PCM repeater. T1 is the 
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FUNCTIONAL BLOCK DIAGRAM 
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most widely used PCM transm ission system, operating at 
1.544 M bit/s. It can operate on either pulp or plastic insu­
lated twisted pair cables. Although the cable gauge may 
vary the total cable loss should not exceed 36 dB at 772 
kHz. For a 22 gauge pulp insulated cable and a bit error 
rate (BER) of less than 10-6 the max allowable repeater to 
repeater spacing is about 6300 feet. 

Bipolar PCM signal is attenuated and dispersed in time as 
it travels along a transmission cable. This signal, when re­
ceived, is amplified and reconstructed by the preamplifier 
automatic line build out (ALBO), clock and data threshold 
detector circuits contained within the XR-C277. Amplitude 
equalization and frequency spectrum shaping is achieved 
through the variable impedance of the ALBO port and its 
associated ALBO network. 

Incoming pulse stream is full wave rectified and timing 
information is extracted by the clock threshold detector. 
Clock recovery is then achieved by pUlsing a tank circuit 
tuned to 1.544 MHz. Either injection locking or pulsed 
tank type clock extraction are possible with the XR-C277. 
By grounding Pin 13, the circuit works in the injection 
lock mode. Floating (open) Pin 13 switches the XR-C277 
to an pulse tank mode. The oscillator's sinusoidal waveform 
is amplified and phase shifted by 90 degrees with the help 
of a capacitor between Pins 11 and 12. 

Data is sampled and stored in the output data latches by 
an internally generated sampling pulse. Buffer drivers are 
then enabled to produce precisely timed output pulses 
whose width and time of occurence are controlled by the 
regenerated clock signal. 



XR-C277 

ELECTRICAL CHARACTERISTICS 
Test Conditions: +25°C, V++ = 6.3V ±5%, V+ = 4.4V ±5%, unless specified otherwise. 

LIMITS 
PARAMETERS 

MIN. TYP. 

Supply Current 

IA 3.5 

IB 7.5 
Total Current 8 11 

Preamplifier 
Input Offset Voltage 1.5 
Input Bias Current 0.3 
Voltage Gain 44 48 

Prea!11P Output Swing 
High Swing 3.45 3.6 
Low Swing 1.25 1.4 

Output DC Level 2.47 2.55 

A LBO Section 
ALBO "Off" Voltage 10 

ALBO "On" Voltage 0.6 0.87 
ALBO "On Voltage 1.2 1.5 
ALBO Threshold 1.35 1.50 

Differential Threshold -75 

ALBO "On" Impedance 5 
ALBO "Off" Impedance 20 50 

Comparator Thresholds 
Clock Threshold 68 73 
Data Threshold 47 50 

Clock Extractor 
Oscillator Current 10 14 
Tank Drive Impedance 50 
Recommended OSC. 0 100 

linjection/IOSC. 6.0 7 

Output Driver 
Low Output Voltage 0.65 0.75 

Output "Off" Current 5 
Output Pulse 

Max. Pulse Width Error 
Rise'Time 

I Full Time 

APPLICATIONS 

PCM Repeater for Tl Systems 
PCM Repeater for 2 M Bit/s Systems 

MAX. 

13 

15 
4 

51 

3.75 
1.55 
2.72 

75 

1.1 
2.1 
1.65 

+75 

10 

78 
53 

20 

7.5 

0.95 

100 

±30 
80 
80 
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CONDITIONS 
UNITS 

mA Measured at Pin 10 
mA Measured at Pin 15 
mA (lc + IB) 

mV Measured at Pins 2 and 3 
fJA Measured at Pins 2 and 3 
dB Single-ended Gain 

Measured at Pins 4 and 5 
V Maximum Voltage Swing 
V Minimum Voltage Swing 
V 

mV Measured from Pin 1 and 16 to 
Ground 

V Measured at Pin 1 
V Measured at Pin 16 
V Measured Differentially 

Across Pins 4 and 5 
mV Threshold Difference for 

Polarity Reversal at Pins 4 and 5 
fl Measured at Pin 1 
kfl Measured at Pin 1 

% % of ALBO Threshold 
% % of ALBO Threshold 

fJA 
kfl 

Ratio of Current 01 B to 
Current in 01A 

V Measured at Pins 8 and 9 
IL=15mA 

fJA Vout = 20V 

n sec 
n sec 
n sec 

ORDERING INFORMATION 

Part Number 
XR-C277 
XR-C277-5F 
XR-C277-F 
XR-C277-FL 

Package 
Ceramic 
Ceramic 
Ceramic 
Ceramic 

Operating Temperature 
-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 
_40° C to +85° C 

• 



~R XR·C587 I C588 

T 1 C PCM Repeater Chip Set 
GENERAL DESCRIPTION 

The IC pair, XR-C587 and XR-C588, provides all the active 
circuitry needed to form one side of a Tl C PCM Repea­
ter (3.152 MBits/sec). Each chip is packaged in a 16-Pin 
CERDIP package, with an operating temperature range of 
- 40°C to +85°C. The supply voltage range is 6.0 to 6.8 
VDC' with a typical supply current for the pair of 16 mAo 

The XR-C587 contains an amplifier, three AlBO ports, and 
an npn transistor. The amplifier is a modified version of the 
amplifier in Exar's XR-C262 Tl repeater chip. This ampli­
fier has its own ground pin for isolation, as well as for elim­
inating the amplifier current drain if only the XR-C587 
AlBO diodes and/or the transistor are used. Each of the 
three ALBO ports has a separate ground and one common 
drive input. Any number, up to three, can be used while 
eliminating current in any not used. The npn transistor is 
provided for incidental uses. 

The XR-C588 contains a preamplifier, an AlBO drive 
output, a voltage reference, comparators, a clock recovery 
circuit, ECl latches and two output drivers. The XR-C588 
is a modified version of XR-C262 for T1C performance. 
The amplifiers in the XR-C587 and XR-C588 are the same. 
The clock driver output is modified to drive a crystal and 
has higher gain. Both inputs to the clock amplifier are 
available. The clock amplifier may be biased, both from the 
center tap voltage (Pin 14). and the clock bias voltage 
(Pin 7). 

Two options for the clock comparator threshold voltage 
are provided. Option 1 is 65% of AlBO threshold, and 
Option 2 is 50% (the same as C262). 

FEATURES 

Modified Preamplifier with Improved Phase Margin 
Separate Grounds for Preamplifier and AlBO Ports 
Crystal Drive Capability for Hioh Q Operation 
Optional Clock Comparator Threshold Levels (50% & 65%) 

ABSOLUTE MAXIMUM RATINGS 

Analog Supply Voltage 
Digital Supply Voltage 
Differential I nput Voltage 
Output Voltage 
Storage Temperature 
Operating Temperature 
lead Soldering (10 seconds) 

-0.5V to 10V 
-0.5V to 10V 

-5V to 5V 
-0.5V to 20V 

- 65°C to +150°C 
-40°C to +85°C 

300°C 
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FUNCTIONAL BLOCK DIAGRAMS 
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ORDERING INFORMATION 

Part Number 
XR-C587 
XR-C588 

Package 
Ceramic 
Ceramic 

Vcc 

a.6 
COLLECTOR 

0<6 
BASE 

0<& 
EMITTER 

ALBO 
PORT 3 

.. LIlO 
PORT 3 
OND 

ALBO 
PORT 2 

ALBO 
PORT 2 
GND 

-, 
CLOCK 
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--.J 
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OUTPUT 

VCD 
DIGITAL 
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OUTPUT 

DIGITAL 
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OUTPUT 

Operating Temperature 
_450 C to +85° C 
-45°C to +85°C 



XR·C587 I C588 

ELECTRICAL CHARACTERISTICS - XR·C587/C588 
Test Conditions: TA = -40°C to +85°C, at a supply voltage of VCC = 6.0V to 6.8V dc, Unless otherwise specified. 

PARAMETERS MIN. TYP. MAX. UNIT CONDITIONS 

SUPPLY 

Supply Voltage 6.0 6.4 6.8 V dc 
Supply Current 2.3 2.7 3.3 mA All ALBO Pins open VCC = 6.3V 
ALBO Bias Current 200 280 360 mA ALBO Grounds open 

ALBO drive pin at 3.5V (~ 5 VBE's) 

AMPLIFIER 

DC open-loop gain 54 60 68 dB 1 V p-p output level, RL = 4 kn 
AC gain at 1 MHz 34 dB returned to VCM = 2.7V 
Corner Frequency 110 kHz 
Input Offset Voltage -15 0 +15 mV RS = 10 kn to both inputs 
I nput Bias Current 1 4 J.LA 
Output Sink Current 300 400 500 J.LA 

ALBO 

One Common Drive Input, 
Three Ports, Each With Its 
Own Ground 

Max ALBO Current 2.5 4.5 6 mA Total current to Ground through 
all ALBO Ground Pins, Drive input 
returned to VCC = ~.OV through 
51 kn. 

ALBO Current Mismatch -5 0 +5 % Measured with 1 mA nominal level 
in each ALBO Ground Pin. 

ALBO Port Voltage 1.2V 1.45 1.7V V dc Two VBE above Ground, 
1 mA in each Port. 

ALBO OFF Impedance 10 kn Drive input and ALBO Ground Pins 
Grounded Frequency = 1.5 MHz 

SINGLE TRANSISTOR 

Beta (~) 75 150 400 VCE = 6.8V, IC = 100 mA 
Leakage 0.01 1 5 J.LA VCEO = 6.8V 
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ELECTRICAL CHARACTERISTICS - XR·C588 
Test Conditions: TA = -40°C to +85°C, at a supply voltage of VCC = VCA = VCD = 6.DV to 6.8V dc, 

Unless otherwise specified. 

PARAMETERS MIN. TYP. MAX. UNIT CONDITIONS 

SUPPL Y CURRENTS 

ICA' VCA Supply Current 1.8 3.5 5 mA VCA is Analog Supply Voltage 
VCD is Digital Supply Voltage 

lCD' VCD Supply Current 5 8 12 mA Outputs off, VAO = VCT 

ICCT' ICA + ICD 7 12.5 14.5 mA Outputs off, VAO = VCT 

AMPLIFIER 

Same specification as VAO = Amplifier Output 
amplifier in C587 Voltage 

VOLTAGE REFERENCES 

Vzref' Zener Voltage 5.0 5.4 5.65 Volts No external loading 

VCT' Center Tap Voltage 2.35 2.70 2.90 Volts No external loading 

VCB' Clock Bias 3.5 4.0 4.3 Volts No external loading 

THRESHOLD VOLTAGES 

A LBO Comparator 

VAPD+' ALBO + peak .75 .9 1.05 Volts V AO measured w/respect to 

detector voltage VCT, with IADO = 100 IJ.A 

VAPD-' ALBO - peak ·.75 -.9 -1.05 Volts 

detector voltage 

VAPD+ - VAPD- -50 0 50 mV 

Data Comparators 
VDT+, + data threshold 42 48 53 %of VAO varied, clock drive 

VAPD+ input = 3.152 MHz sine wave 
at .5V pp. Detect onslaught of 
output pulses at 3.152 MHz, 

measure VAO' 
VDT-' - data threshold 42 48 53 %of Same as for VDT+ 

VAPD-
VDT+- VDT- 30 0 30 mV 

Clock Comparator 

VCLK+' + clock threshold *57/42 62/48 67/53 % of VAO varied, detect 100 mV 

VAPD+ change in VCDO' 
VCLK-' - clock threshold *57/42 62/48 67/53 % of 

VAPD-
VCLK+ - VCLK- 35/30 0/0 35/30 mV 

• Upper limits are for Option 1, lower limits are for OPtion 2. 
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ELECTRICAL CHARACTERISTICS - XR-C588 (Continued) 

Test Conditions: TA = _40°C to +B5°C, at a supply voltage of VCC = VCA = VCD = 6.0V to 6.BV dc, 
Unless otherwise specified. 

PARAMETERS MIN. TYP. MAX. UNIT CONDITIONS 

CLOCK DRIVE OUTPUT VCDO 

ACD+, gain from -2.7 -3.0 -3.3 V!V VAO changed from VCLK+ to 

VAO to VCDO (VCLK+ + .5V) measure change 

in VCDO' 
ACD- 2.7 3.0 3.3 V!V VAO changed from VCLK- to 

(VCLK- - .5V) measure change 

in VCDO' 
ACD+/ACD- -1.1 -1.0 -.9 

VCDO High -l.B -1.5 -1.1 V VCDO measured w/respect to 

VCC. VAO=VCT 

VCDO+ Low -3.2 V VCDO measured w/respect to 

VCC' VAO = VCT +1.5 volts. 

VCDO- Low -3.2 V ,VCDO measured w/respect to 

VCC. VAO = VCT -l.&volts. 

CLOCK AMPLIFIER 

VCACM, Clock input 2.35 4.3 V VCT or VCB can be used as 
Common Mode Bias VCACM 
Voltage 
I nput Offset Va Itage -15 15 mV 
Input Bias Current 1 4 J.1.A 

ALBO DR IVE IADO 

IADO Max .7 1.5 3.0 mA VAO at VCT ± 1.5 volts 
IADO measured to Gnd. 

IADO Off 10 J.1.A VAO = VCT' IADO 
measured to Gnd. 

OUTPUT DRIVER 

10± Leak 100 J.1.A Output off and returned 

to 20 volts. 

VOL± .5 .B 1.0 Volts ILOAD = 15 mA 

VOL+- VOL- -80 0 +80 mV ILOAD = 15 mA 
T OPW±, output 143 159 175 nsec 50% Pts. RL = 350n 

pulse width 

TOpW+ - TOPW- -10 0 10 nsec 

TRT±' Rise time 40 nsec RL = 350n 
20% to BO% Pts. 

TFT±' Fall time 40 nsec RL = 350n 
20% to BO% Pts. 

NO SIGNAL PROTECTION With no clock signal, Output 
will be off. 
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PRINCIPLES OF OPERATION 

T1 C is a digital line system operating at 3.152 Mbits/sec, 
very similar, in principle, to the T1 line system. It provides 
48 digitally encoded and time division multiplexed voice 
channel repeaters containing 2 regenerators which have the 
approximate spacing of 6300 ft. Power is provided by a 
simplex arrangement with a line current of 120 mA. Two 
regenerators share a common power supply. Basic repeater 
functions, namely re~haping, retiming and regenerating, are 
performed for cable losses from 6 to 54 dB, as measured at 
1.576 MHz. 

The bipolar PCM signal, which is attenuated and distorted 
due to transmission medium, is applied to a preamplifier 
through a pulse-shaping network. This network, and the 
variolosser diodes, forms theALBO circuitry which pro­
vides attenuation and shaping to automatically adjust for 
varying cable characteristics. 

A feedback network is used around the preamplifier for 
gain equalization, as well as to reject out-of-band 
noise. The output of the preamplifier is controlled to swing 
between two established peak levels, and drives a set of data 
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XR·C587 I C588 

comparators which are internally biased from a voltage 
reference and precision voltage divider network. The pre­
amplifier output is sliced at various voltage levels to elimin­
ate the effects of baseline noise. This output is full wave 
rectified, and applied to a crystal time extraction circuit. 
The sinusoidal wave shape from the time extraction circuit 
is differentially coupled to a clock slicer block to produce 
the internal square wave clock signal. 

The regeneration of data is ach ieved through a pair of 
data comparators and ECL latches. The data slicing levels 
are set to ± 50% of the preamplifier output peak voltages 
ECL latch outputs and clock signal are then gated 
to produce two precisely timed output data signals. Tho 
positive and negative data paths are separate but identical in 
design. 

A zero input protection circuit is provided for the dual task 
of preventing the output switches from latching in an ON 
state, as WGII as reducing the likelihood of output pulses 
with no input signal. 

-7So 
PHASE OF C262 "",-
AMPLIFIER _1000 20 

I 
-12So ___ PHASE OF CS87 

CS88 AMPLIFIER 
-1S00 10 

10K 100K 1M 10M 
FREQ. (HZ) 

Figure 1: Bode Plot of C262 and C587/C588 Amplifiers. 
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BLOCK DIAGRAM OF CS87 AND CS88 INTERCONNECTED 

VCT FOR AMPLIFIER BIAS 

XR-CS87 

ALBa DRIVE 
CURRENT ALBa 

HIH--I DIODESI-..... !-.... ~ ........... I-I 

Figure 2: Block Diagram of C587/C588 Interconnected. 

ALBa 
FILTER 
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XR-T5600/T5620 

T1, T148C, & 2 M Bitls PCM Line Repeater 
GENERAL DESCRIPTION 

The XR-T5600/T5620 is a bipolar monolithic repeater IC 
designed for PCM carrier systems operating at 1.544 M bit/s 
(Tl),2 M bit/s, or 2.37 M bit/s (T148C). It provides all of 
the active circuits required for one side of a PCM repeater. 
A crystal filter clock extraction version of XR-T5600/ 

T5620 is available as XR-T5700/T5720. 

FEATURES 

Single 5.1 V Power Supply 

Less than JO ns Sampling Pulse over the Operating Range 
Triple Matched ALBO Ports 
2 M Bit/s Capability 

APPLICATIONS 

T1 PCM Repeater 
T148C PCM Repeater 
European 2 M Bit/s PCM Repeater 
T1C PCM Repeater (requires external preamplifier) 

ORDERING INFORMATION 

Part Number 
XR-T5600 
XR-T5620 

Package 
Plastic 

Plastic or Ceramic 

Operation Temperature 
_40° C to 85° C 
-40°C to 85°C 

ABSOLUTE MAXIMUM RATINGS 

Storage Temperature 
Operating Temperature 
Supply Voltage 
Supply Voltage Surge (10 ms) 
lilput Voltage (except Pin 2,3,4.17) 
Input Voltage (Pin 2,3,4,17) 
Data Output Voltage. (Pin 10. 11) 

-65°C to +150°C 
-40°C to +85°C 

-0.5 to +10 V 
+25 V 

-0.5 to 7 V 
-0.5 to +0.5 V 

20V 
Voltage Surge (Pin 5,6,10,11) (10 msec only) 50V 

FUNCTIONAL BLOCK DIAGRAM 

ALBO GROUND SUBSTRATE GROUND 
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ALBO ALBO 
PORT 1 CONTROL 

ALBO CLOCK 
AMPLIFIER PORT 2 BIAS 

ALBO 
PORT 3 LC TANK 

PREAMP 
-VE INPUT VCC 

PREAMP CLOCK 
+VE INPUT OUTPUT 

PREAMP PHASE SHIFTED 
-VE OUTPUT CLOCK INPUT 

PREAMP -VE DATA 
+VE OUTPUT OUTPUT 

DIGITAL +VE DATA 
GROUND OUTPUT 

SYSTEM DESCRIPTION 

The XR·T5600/T5620 performs most of the functions 
required for one side of a PCM repeater operating at 2 M 
bit/s or similar baud rate. The integrated circuit amplifies 
the received positive and negative pulses and feeds them 
into Automatic Line Build-out (ALBO), clock and data 
threshold detectors, see Figure 1. The ALBO threshold 
detector ensures that the received pulses at Pins 7 and 8 
have the correct ampl itude and shape. Th is is carried out by 
controlling the gain and frequency shaping of the ALBO 
network with three variable impedance ALBO ports. 

The clock threshold detector extrar.ts timing information 
from the pulses received at Pins 7 and 8 and passes it into 
the external tank coil at Pin 15. The sinusoidal-type wave­
form is amplified into a square wave at Pin 13, and forward­
ed through an external phase shift network into Pin 12. 
This waveform provides the data sampling pulse which 
opens latches into which the dat) from the data thr8shold 
detectors is passed. The resulting pulses are stored for half 
a bit period (normally 488 ns) in the latches. They appear 
as half-width output pulses at Pins 10 and 11. 



XR-T5600 

ELECTRICAL CHARACTERISTICS 
Test Conditions: TA = 25°C, VCC = 5.1 V ± 5%, unless specified otherwise (see Figure 1). 

PARAMETERS PINS MIN. TYP. MAX. UNIT CONDITIONS 

Supply Current 14 22 30 mA 
Data Output Leakage Current 10,11 0 100 jJ.A Vpull-up = 15 V, Vcc = 5.35 V 
ALBO Port Off Voltage 2,3.4 0 0.1 V 
Amplifier Pin Voltage 5,6),8 2.4 2.9 3.4 V 

DYNAMIC CHARACTERISTICS AMPLIFIER • Output Offset Voltage -50 0 50 mV Rs = 8.2 kn 
ACGin@lMHz 47 50 53 dB 
I nput Impedance 20 kn 
Output Impedance 200 n 

ALBO 

A LBO Off Impedance 20 25 kn 
ALBO On Imepdance 25 n 

THRESHOLDS 

ALBO Threshold 1.4 1.5 1.6 V 
Clock Threshold as % of ALBO Threshold 68 80 % 
DATA Threshold as % of ALBO Threshold 42 49 % 
Clock Drive Current 0.7 1.4 mA At Vo = VALBO Threshold 

OUTPUT STAGES R L = 130n, Vpull-up = 5.1 ± 5% 

Output Pulse Rise Time 40 ns 
Output Pulse Fall Time 40 ns 
Output Pulse Width 224 244 264 ns 
Output Pulse Width Differential -10 +10 ns 
Buffer Gate Voltage (Low) 0.65 0.95 V 
Buffer Gate Voltage Differential -0.15 0.15 V 
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ELECTRICAL CHARACTERISTJCS 
Test Conditions: Unless otherwise stated, all characteristics shall apply over the operating temperature range of -40°C to +85°C 
with Vcc = 5.1 V ± 5%, all voltages referred to ground = 0 V. 

SYMBOL PARAMETERS PINS MIN TYP MAX UNIT CONDITIONS 

GENERAL (Ref. Figure 2) 

IS Supply Current 14 22 30 mA 

ILD Data Output 
Leakage Current 10,11 6 100 p.A From Vs (See Note 1) 
Amplifier Pin Voltages 5,6,7,8 2.4 2.9 3.4 V 
ALBO Ports Off Voltage 2,3.4 0 0.1 V 

Note: 1. Vs = 15 V, VCC = 5.35 V 

AMPLIFIER (Ref. Figure 2, Only Pins 1,9,10 ... 18 connected) 

Input Offset Voltage 5&6 -10 +10 mV RS = 8.2 kn 
(See Note 1) 

Input Bias Current 5&6 0 5 p.A RS = 8.2 kn 
(See Note 1) 

I nput Offset Current 5&6 -1 1 p.A RS = 8.2 kn 
(See Note 1) 

Output Offset Voltage 7&8 -50 0 50 mV RS - 8.2 kn 
(See Note 1) 

Common Mode 
Rejection Ratio 7&8 30 dB Vcc ±10% 

Output Voltage Swing 7&8 2.2 V 

Note: 1. RS = Source Resistance 

CLOCK AMPLIFIER (Ref. Figure 2, Disconnect Pin 15 from Pin 16) 

Input Offset Voltage 15 & 16 0.5 6 mV RS = 10 kn 
(See Note 1) 

Input Bias Current 15 & 16 10 p.A T = 25°C 

Max. Output Voltage 13 0.7 V 
Min. Output Voltage 13 0.7 V 
Max./Min. Output 

Voltage Difference - 0.7 50 mV 

Notes: 1. RS = Source resistance, Pin 15 positive with respect to Pin 16 
2. Pin 15 = Pin 16 = 3.6 V 
3. Pin15=2.6V,Pin16=3.6V 
4. Pin 15 = 4.6 V, Pin 16 = 3.6 V 
5. Calculation only 
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SYMBOL I PARAMETERS PINS MIN TYP MAX UNIT 

ALBO (Ref. Figure 2) 

On Current 1 3 mA 
Drive Current 17 0.4 1.4 mA 
Resistance Pin 17 to Ground 35 50 70 kn 

DYNAMIC CHARACTERISTICS 

AMPLIFIER (Ref. Figure 3) 

Ao AC Gain @ 1 MHz 5 to S 47 50 53 dB 

Zin Input Impedance 5 20 kn 

Zout Output Impedance 7,S 200 n 

Notes: 1. At 1 MHz, AC ground Pins 7 and S, disconnect 51 n resistor, allow for in-circuit R,C 
2. At 1 MHz, use Figure 2 

CLOCK AMPLI FIER (Ref. Figure 3) 

Ao AC Gain 15,16to13 32 dB 
BW -3 dB Bandwidth 15,16 to 13 10 mHz 

td Delay 15 to 13 8 12 ns 

Zout Output Impedance 13 200 n 

Notes: 1. Remove dc offset, at 2.04S MHz, Pin 13 = 1 V pk-pk sine wave 
2. Remove dc offset, Pin 13 = 1 V pk-pk sine wave 

CONDITIONS 

VS-V7 = ± 1.75 V 
VS-V7 = ± 1.75 V 
Not Powered 

(See Note 1) 
(See Note 2) 

(See Note 1) 
(See Note 2) 
(See Note 3) 
(See Note 4) 

3. Remove dc offset, Pin 15 = 2 V pk-pk sine wave; delay from Pin 15 negative-going zero crossover to Pin 13 positive 
edge 

4. Remove dc offset, at 2.04S MHz 

ALBO (Ref. Figure 2) 

Off Impedance 2,3,4 20 kn (See Note 1) 
l!1termediate Impedance 
Difference 2,3,4 5 % (See Note 2) 

On Impedance 2,3,4 25 n (See Note 3) 
Transconductance 7/S to 1 0.03 dB (See Note 4) 

Notes: 1. At 1 MHz, allow for in-circuit R,C 
2. At 1 MHz, VS-V7 adjusted for current at Pin 1 = 100 pA 
3. At 1 MHz, VS-V7 adjusted for ± 1.75 V 
4. At 1 MHz, change in VS-V7 for current at Pin 1 = 10 pA to 100 pA 
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SYMBOLI PARAMETERS PINS MIN TYP MAX UNIT CONDITIONS 

THRESHOLD VOLTAGES (Ref. Figure 3) 

ALBO Threshold +ve 8-7 1.4 1.5 1.6 V (See Notes 1 & 2) 
ALBO Threshold -ve 7-8 1.4 1.5 1.6 V (See Notes 1 & 2) 

ALBO Threshold Difference - -5 0 5 % (See Note 3) 

Clock Drive on Current 
(peak) +ve 18 1.0 1.4 mA (See Note 4) 

Clock Drive on Current 
(peak) -ve 18 1.0 1.3 mA (See Note 5) 

Clock Drive on Current 
Difference - -5 0 5 % (See Note 3) 

Clock Threshold +ve 87 68 80 % (See Notes 1, 6, 8) 
Clock Threshold -ve 7-8 68 80 % (See Notes 1, 7, 8) 
Clock Threshold Difference - -5 0 5 % (See Note 3) 
Data Threshold +ve 8-7 44 46 48 % (See Notes 1,8,9,11) 
Data Threshold -ve 7-8 44 46 48 % (See Notes 1,8,10,11 ) 
Data Threshold Difference - -3 0 3 % (See Note 3) 

Notes: 1. Pk/pk voltage at Pins 7 and 8 of a 1 MHz sine wave derived through amplifier and measured differentially 
2. Pk/pk voltage at Pins 7 and 8 adjusted for current at Pin 1 = 3 mA 
3. Calculation only 

percentage difference calculated from ( 
higher value 
lower value 

4. V8-V7 adjusted to ALBO threshold +ve voltage, ref. Pin 16 = 3.6 V 
5. V7-V8 adjusted to ALBO threshold -ve voltage, ref. Pin 16 = 3.6 V 

-1) x 100 

6. V8-V7 adjusted to peak current at Pin 18 = % (clock drive on current peak +ve) 
7. V7-V8 adjusted to peak current at Pin 18 = % (clock drive on current peak -vel 
8. Figure taken as a percentage of lower A LBO tl,reshold 
9. V8-V7 increased until 1 MHz PRF on counter at Pin 10 

10. V7-V8 increased until 1 MHz PRF on counter at Pin 11 

% 

11 With 2048 MHz 2 V pk-pk sine wave to Pin 15 with 180pH in parallel with 36 [2to Pin 16 = 36 V 
OUTPUT STAGES (Ref. Figure 3. Use 180 pH inductor between Pins 15 and 16. Apply 2.048 MHz 2V pk/pk to Pin 15.) 

tr Output Pulse Rise 
Time +ve 10 40 ns 10% - 90% 

tr Output Pulse Rise 
Time -ve 11 40 ns 10% - 90% 

tf Output Pulse Fall 
Time +ve 10 40 ns 10% - 90% 

tf Output Pulse Fall 
Time -ve 11 40 ns 10%- 90% 

tw Output Pulse Width +ve 10 224 244 264 ns at 50% 
Output Pulse Width -ve 11 224 244 264 ns at 50% 

~tw Output Pulse Width 
Difference - -10 10 ns 

VOL Buffer Gate Voltage 
(low) +ve 10 0.65 0.95 V 

VOL Buffer Gate Voltage 
(low) -ve 11 0.65 0.95 V 

~VOL Buffer Gate Voltage 
Difference - -0.15 0.15 V 
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Figure 2. D.C. Parameter Test Circuit 

o 1,F 

AMPLIFIER INPUT ~ 

151 

Vee 

3.3k 

Figure 3. A.C. Parameter Test Circuit 
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XR-T5620 

SYMBOL I PARAMETERS I PINS I MIN I Typi MAX I UNIT I CONDITIONS 

SAMPLE PULSE WIDTH (Ref. Figure 4, Cy = 27 pF) 

Notes: 1. 

2. 

3. 

4. 

5. 

I Sample Pulse Width l I I 10 I I 
ns I(see Notes 1 ... 5) 

The sample pulse width is the period during which the output latches are opened to accept a signal above the data 
hold at Pin 7 or 8 and cause a half-width output pulse at Pin 11 or 10 respectively. 

Sample pulse width is specified with a 2.048 MHz TTL waveform at clock input (Pin 15) and a 2,400 MHz Schottky 
TTL waveform at amplifier input in the circuit of Figure 4. Figure 7 shows the relevant IC waveforms. 
Monitor the frequency of coincident output pulses at Pins 10 and 11 either directly or through ouput circuit to fre­
quency counter. 
Sample pulse width = X ns + (0,1 x measured frequency in kHz) ns where X is the mean rise/fall times of the waveform 
at Pin 8 between 25% and 75%. 
X to be within the range of 10 nx < X < 12 ns. THis requires H F layout techniques with the amplifier operated closed 
loop. 

SAMPLE PULSE GENERATOR INPUT WAVEFORM (pin 12 - Ref. Figure 4, Cy = 40 pF) 

lou,pu, Pulse Frequency 1'0"'1',024 1,024 1.024 MHz (See Note 1) 
-100 ppm f+l00ppm 

Note: 1. With 2.048 MHz ±100 ppm TTLwaveform at clock input. With half of above waveform frequency at amplifier input. 

36 

CLOCK. 
INPUT 

10 '"F 

Vee 

130 130 

33k 

Figure 4. Sampling Pulse Test Circuit 
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TYPICAL AT 5.1 V AND AT 2SoC 

180 

120 
GAIN (dB) 

PHASE (DEGREES) 
20 -

60 

10 -

-10 -

-60 

2 3 4 6 8 10 2 3 4 6 8100 2 3 4 6 B 1000 

FREQUENCY (MHz) 

Figure 5. Typical and Limiting Values of Gain and Phase 

INPUT WAVEFORMS 

CLOCK lIP 2.048 MHz 

AMPLIFIER lIP 2.400 MHz 

IC WAVEFORMS 

SAMPLE PULSE (INTERNAL) 

PIN 8 

PIN 10 

PIN 11 

NOTE 

COINCIDENT OUTPUT PULSES 

+2.4V 

+O.4V 

+2.4V 

+O.4V 

r----- +5.1V 
+0.7V TYP. 

+5.1V 

+0.7V TYP. 

Figure 6. Ie Waveforms for Measuring Sampling Pulse Width 
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EX4R XR-T5700/T5720 

T 1, T 148C, & 2 M Bitls PCM Line Repeater 

GENERAL DESCRIPTION 

The XR-T5700/T5720 is a bipolar monolithic repeater IC 
that provides all the active circuits required for one side of 
a PCM repeater. The IC is designed for clock extraction by 
using a crystal filter. 

The primary applications of XR-T5700 are T1 (1.544 M 
bit/sl. T148C (2.37 M bit/sl. and European 2 M bit/s PCM 
repeater. 

A tank circuit clock extraction version of XR-T5700-T5720 
is available as XR-T5600/T5620. 

FEATURES 

Crystal Clock Extraction 
Single 5.1 V Power Supply 
Less than 10 ns Sampling Pulse over the Operating Range 
Triple Matched ALBO Ports 

APPLICATIONS 

T1 PCM Repeater 
T148C PCM Repeater 
T1C PCM Repeater (requires external preamplifier) 
European 2 M Bit/s PCM Repeater 

ABSOLUTE MAXIMUM RATINGS 

Storage Temperature 
Operating Temperature 
Supply Voltage 
Supply Voltage Surge (10 ms) 
Input Voltage(except Pins 2,3,4,17) 
Input Voltage (Pins 2,3,4,17) 
Data Output Voltage (Pins 10, 11) 

-65°C to +150°C 
_40° C to +85° C 

-0.5 to +10 V 
+25V 

-0.5 to 7 V 
-0.5 to +0.5 V 

20V 
Voltage Surge (Pins 5,6,10,11) (10 msec only) 50V 

ORDERING INFORMATION 

Part Number Package 
XR-T5700/T5720 Ceramic 

Operating Temperature 
-40°C to +85°C 

FUNCTIONAL BLOCK DIAGRAM 

ALBO GROUND 
ANALOG GROUND 

SUBSTRATE GROUND 
CLOCK 
DRIVE 

2-50 

ALBO 
PORT 1 

ALBO 
PORT 2 

ALBO 
PORT 3 

AMPLIFIER 
-VE INPUT 

AMPLIFIER 
+VE INPUT 

AMPLIFIER 
-VE OUTPUT 

AMPLIFIER 
+VE OUTPUT 

GROUND 

-.....,nl~n 

SYSTEM DESCRIPTION 

ALBO 
CONTROL 

CLOCK 
AMPLIFIER 

CLOCK 
AMPLIFIER 
INPUT 

VCC 

CLOCK 
___ I _ -. OUTPUT 

PHASE SHIFTED 
CLOCK INPUT 

-VE DATA 
OUTPUT 

·VE DATA 
OUTPUT 

The X R-T5700/T5720 performs most of the functions 
required for one side of a PCM repeater operating at 2 M 
bit/s or similar baud rate. The integrated circuit amplifies 
the received positive and negative pulses and feeds them 
into Automatic Line Build-out (ALBOl. clock and data 
threshold detectors, see Figure 1. The ALBO threshold 
detector ensures that the received pulses at Pins 7 and 8 
have the correct amplitude and shape. This is carried out by 
controlling the gain and frequency shaping of the ALBO 
network with three variable impedance ALBO ports. 

The clock threshold detector extracts timing information 
from the pulses received at Pins 7 and 8 and passes it into 
open collector Pin 18. A crystal filter is connected from 
Pin 18 to clock amplifier input Pins 16 and 15. The sin­
usoidal-type waveform is amplified into a square wave at 
Pin 13, and forwarded through an external phase shift 
network into Pin 12. This waveform provides the data 
sampling pulse which opens latches into which the data 
from the data threshold detectors is passed. The resulting 
pulses are stored for half a bit period (normally 488 ns 
for 2 M bit/s) in the latches. They appear as half-width 
output pu Ises at Pins 10 and 11. 
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ELECTRICAL CHARACTERISTICS 
Test Conditions: TA = 25°C, VCC = 5.1 V ± 5%, unless specified otherwise (see Figure 1). 

PARAMETERS PINS MIN. TYP. MAX. UNIT CONDITIONS 

Supply Current 14 22 30 mA 
Data Output Leakage Current 10,11 0 100 pA Vpull-up = 15 V, Vcc = 5.35 V 
ALBO Port Off Voltage 2,3,4 0 0.1 V 
Amplifier Pin Voltage 5,6,7,8 2.4 2.9 3.4 V 

DYNAMIC CHARACTERISTICS AMPLIFIER • Output Offset Voltage -50 0 50 mV Rs = 8.2 kn 
ACGin@ 1 MHz 47 50 53 dB 
I nput Impedance 20 kn 
Output Impedance 200 n 

ALBO 

ALBO Off Impedance 20 25 kn 
ALBO On Imepdance 25 n 

THRESHOLDS 

ALBO Threshold 1.4 1.5 1.6 V 
Clock Threshold as % of ALBO Threshold 68 80 % 
DATA Threshold as % of ALBO Threshold 42 49 % 
Clock Drive Current 0.7 1.4 mA At Vo = VALBO Threshold 

()UTPUT STAGES RL = 130n, Vpull-up = 5.1 ± 5% 

Output Pulse Rise Time 40 ns 
Output Pulse Fall Time 40 ns 
Output Pulse Width 224 244 264 ns 
Output Pulse Width Differential -10 +10 ns 
Buffer Gate Voltage (Low) 0.65 0.95 V 
Buffer Gate Voltage Differential -0.15 0.15 V 
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ELECTRICAL CHARACTERISTICS 
Test Conditions; Unless otherwise stated, ail characteristics shall apply over the operating temperature range of -40°C to +85°C 
with Vce = 5.1 V ± 5%, all voltages referred to ground = 0 V. 

SYMBOL PARAMETERS PINS MIN TYP MAX UNIT CONDITIONS 

GENERAL CHARACTERISTICS (Ref. Figure 2) 

IS Supply Current 14 22 30 mA 

ILD Data Output Leakage 
Current 10.11 100 p.A from Vs (See Note 1) 

Amplifier Pin Voltages 5,6,7,8 2.4 2.9 3.4 V 
ALBO Ports Off Voltage 2,3,4 0 0.1 V 

Note 1: Vs = 15V, VCC = 5.35 V 

AMPLIFIER (Ref. Figure 2, Only Pins 1,9,10 ... 18 Connected) 

I nput Offset Voltage 5&6 -10 +10 mV RS = 8, 2 kn 
(See Note 1) 

Input Bias Current 5&6 0 5 IlA RS = 8, 2 kn 
(See Note 1) 

I nput Offset Current 5&6 -1 1 RS = 8,2 kn 
(See Note 1) 

Output Offset Voltage 7&8 -50 0 -50 mV RS = 8, 2 kn 
(See Note 1) 

Common Mode 
Rejection Ratio 7&8 30 dB Vcm ± 0,3 V 

Power Supply 
Rejection Ratio 7&8 30 dB Vcc ± 10 

Output Voltage Swing 7&8 2.2 V 

Note 1: RS = Source Resistance 

CLOCK AMPLIFIER (Ref. Figure 2 Disconnect Pin 15 from Pin 16) 

Input Offset Voltage 15 & 16 0.5 6 mV RS = kn (See Note 1) 
Input Bias Current 15 & 16 10 IlA T = 25°C 
Max. Output Voltage 13 0.7 V 
Min. Output Voltage 13 0.7 V 
Max./Min. Output 

Voltage Difference - 50 mV 

Notes: 1. RS = Source resistance, Pin 15 positive with respect to Pin 16. 
2. Pin 15 = Pin 16 = 3.6 V 
3. Pin 15 = 2.6 V, Pin 16 = 3.6 V 
4. Pin 15=4.6V,Pin 16=3.6V 
5. Calculation only 
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SYMBOL PARAMETERS I PINS MIN TVP MAX UNIT 

AlBa (Ref. Figure 2) 

On Current 1 3 mA 
Drive Current 17 0.4 1.4 mA 
Resistance Pin 17 to GN 35 50 70 kn 

DYNAMIC CHARACTERISTICS 

AMPLIFIER (Ref. Figure 3) 

All AC Gain @ 1 mHz 5toa 47 50 53 
Zin Input Impedance 5 20 kn 
Zout Output Impedance 7,a 200 n 

Notes: 1. At 2 MHz, AC ground Pins 7 and a, disconnect 51 n resistor. Allow for in-circuit R, C. 
2. At 1 MHz, use Figure 2. 

CLOCK AMPLIFIER (Ref. Figure 3) 

Ao AC Gain 15,16to 13 32 dB 
BW -3 dB Bandwidth 15, 16to 13 10 MHz 

Delay 15, 16 to 13 a 12 ns 
Output Impedance 13 200 n 

Notes: 1. Remove dc offset, at 2.048 MHz, Pin 13 = 1 V plc-pk sine wave 
2. Remove dc offset, Pin 13 = 1 V pk-pk sine wave 

CONDITIONS 

VS,V7 = ±1.75 V 
VS,V7 = ±1.75 V 
Not Powered 

(See Note 1) 
(See Note 2) 

(See Note 1) 

(See Note 2) 

(See Note 3) 

(See Note 4) 

3. Remove dc offset, Pin 15 = 2 V pk-pk sine wave. Delay from Pin 15 negative-going zero crossover to Pin 13 positive 
edge. 

4. Remove dc offset, at 2.048 MHz 

ALBa (Ref. Figure 2) 

Off Impedance 2,3,4 20 kn (See Note 1) 
I ntermediate Impedance 

Difference 2,3,4, 5 (See Note 2) 
On Impedance 2,3,4 25 M (See Note 3) 
[Transconductance 7,'a to 1 0.03 dB (See Note 4) 

Notes: 1. At 1 MHz, allow for in-curcuit R,C 
2. At 1 MHz, VaN7 adjusted for current at Pin 1 = l00pA 
3. At 1 MHz, Va-V7 adjusted for ± 1.75 V 
4. At 1 MHz, change in Va-V7 for current at Pin 1 = 10pA to l00pA 
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SYMBOL I PARAMETERS PINS MIN TYP MAX UNIT I CONDITIONS 

THRESHOLD VOLTAGES (Ref. Figure 3) 

ALBO Threshold +ve 8-7 1.4 1.5 1.6 V (See Notes 1 & 2) 
ALBO Threshold -ve 7-8 1.4 1.5 1.6 V (See Notes 1 & 2) 
ALBO Threshold Difference - -5 0 5 (See Note 3) 
Clock Drive on Current 

(Peak) +ve 18 0.65 1.0 1.4 mA (See Note 4) 

Clock Drive on Current 
(Peak) -ve 18 0.65 1.0 1.3 mA (See Note 5) 

Clock Drive on Current 
Difference - -5 0 5 (See Note 3) 

Clock Threshold +ve 8-7 68 80 (See Notes 1,6, 8) 

Clock Threshold -ve 7-8 68 SO % (See Notes 1,7,8) 
Clock Threshold Difference - -5 0 5 % (See Note 3) 

Data Threshold +ve 8-7 44 46 48 % (See Notes 1, 8, 9, 11) 
Data Threshold -ve 7-8 44 46 48 % (See Notes 1, 8, 10, 11) 

Data Threshold Difference - -3 0 3 % (See Note 3) 

Notes: 1. Pk/pk voltage at Pins 7 and 8 of a 1 MHz sine wave derived through amplifier and measured differentially 
2. Pk/pk voltage at Pins 7 and 8 adjusted for current at Pin 1 = 3 mA 

3. Calculation only. rr{ higher value 
percentage difference calculated fro I I -i' x 100 % 

ower va ue ~ 

4. V8-V7 adjusted to ALBO threshold +ve voltage (ref. Pin 16 = 3.6 V) 
5. V7-V8 adjusted to ALBO threshold -ve voltage (ref. Pin 16 = 3.6 V) 
6. V8-V7 adjusted to peak current at Pin 18 = % (clock drive on current peak +ve) 
7. V7-V8 adjusted to peak current at Pin 18 = % (clock drive on current peak -vel 
8. Figure taken as a percentage of lower ALBO threshold 
9. V8-V7 increased until 1 MHz PRF on counter at Pin 10 
10. V7-VS increased until 1 MHz PRF on counter at Pin 11 
11. With 2.048 MHz 2 V pk-pk sine wave to Pin 15 with 180 pH in parallel with 36 n to Pin 16 = 3.6 V 

OUTPUT STAGES (Ref. Figure 3. Use 180 pH inductor between Pins 15 and 16. Apply 2.048 MHz 2V pk/pk to Pin 15.) 

tr Output Pulse Rise 
Time +ve 10 40 ns 10% - 90% 

tr Output Pulse Rise 
Time -ve 11 40 nx 10% - 90% 

tf Output Pulse Fall 
Time +ve 10 40 ns 10% - 90% 

tf Output Pulse Fall 
Time -ve 11 40 ns 10%- 90% 

tw Output Pulse Width +ve 10 244 244 264 ns at 50% 

tw Output Pulse Width -ve 11 244 244 264 ns at 50% 

Ytw Output Pulse Width Difference - -10 10 ns 

VOL Buffer Gate Voltage 
(low) +ve 10 0.65 0.95 V 

VOL Buffer Gate Voltage 
(low) -ve 11 0.65 0.95 V 

bVOL Buffer Gate Voltage 
Difference - -0.15 0.15 V 
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Figure 2. DC Parameter Test Circuit 

ClOCK 
INPUT 

0.1,.1' 

AMPLIFIERT INPUT 

51 

Figure 3. AC Parameter Test Circuit 
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SYMBOL I PARAMETERS PINS MIN TYP MAX UNIT CONDITIONS 

SAMPLE PULSE WIDTH (Ref. Figure 4. Cy - 27 pF) 

Sample Pulse Width - 10 20 ns (See Notes 1 ... 5) 

Notes: 1. The sample pulse width is the period during which the output latches are opened to accept a signal above the data thres-
hold at Pin 7 or 8 and cause a hlaf-width output pulse at Pin 11 or 10 respectively. 

2. Sample pulse width is specified with a 2.048 MHz TTL waveform at clock input (Pin 15) and a 2.400 MHz Schottky TL 
waveform at amplifier input in the circuit of Figure 5. Figure 7 shows the relevant IC waveforms. 

3. Monitor the frequency of coincident output pulses at Pins 10 and 11 either directly or through output circuit to fre-
quency counter. 

4. Sample pulse width = Xns + (0,1 x measured frequency in kHz ns where x is the mean rise/fall times of the waveform 
at Pin 8 between 25% and 75%. 

5. X to be within the range 10 ns < X < 12 ns. This requires HF layout techniques with the amplifier operated closed 
loop. 

SAMPLE PULSE GENERATOR INPUT WAVEFORM (Pin 12 Ref. Figure 4, Cy = 40 pF) 

Output Pulse Frequency 10,11 1,024 1,024 1,024 MHz (See Note 1) 
-100 ppm +100 ppm 

Note: 1. Width 2,048 MHz ± 100 ppm TTL waveform at clock input with half of above waveform frequence at amplifier input. 

Vs 

Figure 4. Sampling Pulse Test Circuit 
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TYPICAL AT 5.1 V AND AT 25°C 
60 

53 

50 
47 

180 

40 

30 120 
GAIN (dB) 

PHASE (DEGREES) 
20 

60 

10 

0 o 

-10 

-60 

-20 

-30 -120 

2 3 4 6 8 10 2 3 4 6 8100 2 3 4 6 81000 

Figure 5. Typical and Limiting Values of Gain and Phase 

INPUT WAVEFORMS 

CLOCK liP 2.048 MHz 

AMPLIFIER liP 2.400 MHz 

IC WAVEFORMS 

SAMPLE PULSE (INTERNAL) 

PIN 8 

PIN 10 

PIN 11 

!::!.QJ! 

COINCIDENT OUTPUT PULSES 

FREQUENCY (MHz) 

+2.4V 

+O.4V 

+2.4V 

+O.4V 

+5.1V 

+0.7V TYP. 

+5.1V 

+0.7V TYP. 

Figure 6. Ie Waveforms for Measuring Sampling Pulse Width 
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Speakerphone Audio Circuit 
GENERAL DESCRIPTION 

The XR-T6420-1 is a monolithic integrated circuit for use 
in high performance speakerphone systems. It is designed to 
be used with the XR-T6421 Speakerphone Control Circuit. 

The XR-T6420-1 contains the audio paths comprising the 
following: Two variable gain cells, a microphone amplifier, 
a transmitting amplifier, a receive amplifier, and a speaker 
amplifier. 

FEATURES 

Two Matched Variable GaiA Cells 
Internal Microphone Amplifier 
Independent Control of Transmitting and Receiving Levels 
External Control of Gains and Freq·uency Response 

APPLICATIONS 

Speakerphones 
Intercoms 
Voltage Controlled Amplifiers 

ABSOLUTE MAXIMUM RATINGSI 

Power Supply (VCC - VEE) 
Power Dissipation 

Derate Above +25°C 
Operating Temperature 
Any Input Voltage 
Storage Temperature 

+20 V 
lW 

7 mWtC 
aOc to 70°C 

VCC - 0.5 V to VEE + 0.5 V 
-55°C to +150

o
C 
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FUNCTIONAL BLOCK DIAGRAM 

XR-T6420-1 
SPI 

SPC 

SPO LiLJ~---

VEE 

GND 

VCC 

TXO 

TXI 

TXC 

TVO 

ORDERING INFORMATION 

Part Number 
XR-T6420-1CN 
XR-T6420-1CP 

Package 
Ceramic 
Plastic 

SYSTEM DESCRIPTION 

RVO 

RXC 

__ --'-,YI RVI 

RVO 

RX+ 

RX-

~VV~-------fl~MC+ 

MC-

MCO 

Operating Temperature 
O°C to 70°C 
O°C to 70°C 

The speakerphone concept essentially requires that only 
one direcction of sound transmission be permitted at any 
time. This restraint is brought about by the large gains re­
quired to provide loudspeaker volume and high micro­
phone sensitivity. Owing to the inevitable acoustic 
coupling between loudspeaker and microphone, plus 
imperfections in the hybrid 2 to 4 wire conversion, it is 
necessary to lower the gain in either the transmitting or 
receiving path at anyone time to avoid regeneration. 

The XR-T6420-1 and XA-T6421 chip set enables the sys­
tem designer to make a highly adaptive, high performance 
speakerphone. The XA-T6421 provides for all sensing and 
control functions, while the XA-T6420-1 contains all audio 
paths needed to switch the gain in either path and provide 
interfacing between the system and line. 
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ELECTRICAL CHARACTERISTICS 
Test Conditions: TA = 25°C. VCC = +6 V. VEE = -6 V. unless specified otherwise. 

PARAMETERS MIN TYP MAX UNIT CONDITIONS 

VCC Minimum +4.5 V 
VEE Minimum -6 V 
ICC 15 :lL 30 mA 
IGND -1 -.1 1 mA 

MICROPHONE AMPLIFIER II 
VIN 1.7 2 2.25 V Referenced to VEE 
VOFFSET 2 5 mV 
Ibias 1 5 Jl.A 
AOL 40 50 dB 
RIN 10 kn Typical Input Impedance to GND 

SPEAKER AMPLIFIER 

VOFFSET 4 10 mV 
Ibias -3 -10 Jl.A 
AOL 60 70 dB 
Swing -4.9 4.8 

TRANSMIT AMPLIFIER 

Vpin 8 .8 1.3 1.5 V Referenced to VEE 
Isource (Pin 7) "I rnA 
Isink (Pin 7) -1 mA 

RECEIVE AMPLIFIER 

Differential Mode Gain -4 -1 0 dB 
Common Mode Gain -30 -28 dB 
VOUT (Pin 17) -2.7 V 

TRANSMIT VCA 

VOUT (Pin 10) -2.1 -1.9 -1.5 VOC 
Gain Maximum 6 8 13 dB 
VOUT Maximum 1 Vp-p 

RECEIVE VCA 

VOUT (Pin 20) 1.2 1.5 1.7 VDC 
Gain Maximum 2 4 7 dB 
VOUT Maximum 1 Vp-p 
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PRINCIPLES OF OPERATION 

Power Supply - Normal operation is with two supplies. 
VCC is the highest potential and VEE is the lowest. with 
the ground pin in between. The circuit can be operated 
from a single supply if the ground pin is connected to a low 
impedance source of approximately half the supply voltage. 

Microphone Amplifier - The microphone amplifier is an 
operational amplifier with the noninverting input inter­
nally biased to approximately VEE + 2 Volts. The non­
inverting input impedance is nominally 10.3 Kohms. Gain 
and frequency response can be set by external components 
using the non inverting configuration for the op amp. The 
amplifier has an emitter follower output. therefore. needs 
an external pull down resistor to VEE. This resistor is 
selected low in value in order to prevent slewing of the 
output waveform due to capacitance. 

Transmit VCA - This VCA provides a voltage dependent 
gain. given in Figure 2. The input. referred to VEE. has a 
nominal impedance of 14:8 Kohms. The output is also 
referred to VEE and is buffered by an emitter follower. 

Transmit Amplifier - This amplifier is a Darlington Com­
mon Emitter Amplifier with a Class A output stage. Pin 8 
is approximately 1.1 Volt above VEE. Gain is set by the in­
put and feedback resistor. To increase the output swing. 
the output DC level is determined using a resistor from Pin 
8 to VEE. 

Receive Amplifier - This amplifier has a high impedance 
differential input and a fixed gain of one. The inputs must 
be referred to a voltage greater than VEE + 1.5 V. The 
output is at a fixed DC level with a Class A output stage. 

Receive VCA - This VCA provides a voltage dependent 
gain. given in Figure 3. The input is referenced to VEE 
and has a nominal impedance of 14Kohms. The output 
is referred to ground and is buffered by an emitter follower. 

Speaker Amplifier - This is an operational amplifier with 
the non inverting input referred to ground through a 1.8 
Kohm resistor. The gain is externally set using the input 
and feedback resistor. The amplifier can be compensated 
by a capacitor from the output to Pin 2 or from Pin 2 to 
ground. The output is capable of sourcing or sinking 4 mA. 

CIRCUIT DESCRIPTION 

Pin 1 • SPI - Inverting input to speaker amplifier. 

Pin 2 • SPC - Speaker amplifier compensation 
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Pin 3 - spa - Speaker amplifier output. 

Pin 4 - VEE - Negative DC supply pin (usually -5 to -10 V). 

Pin 5 - GND - Ground pin reference for circuit. Can be 
used with ( VCC - VEE )/2 external reference. 

Pin. 6 - VCC - Positive DC supply voltage. usually +5 to 
+10V. 

Pin 7 - TXO - Output of transmit amplifier. 

Pin 8 - TXI - Input of transmit amplifier. 

Pin 9 - TXC - Control voltage of transmit VCA. Transfer 
function of VCA is: 

TVO = 2 (1 +exp (TXD - Vpin 5/VT))-1 

TVI 

KT ° 
whereVT= - 2:!26mVat+25 C 

q, 

Pin 10 - TVO - Output of transmit VCA. Output is an 
emitter follower. 

Pin 11 - TVI - Input of transmit VCA. Input impedance is 
nominally 14.9 Kohms. 

Pin 12 - MCO - Output of microphone amplifier. 

Pin 13 - MC· - Inverting input of microphone amplifier. 

Pin 14 - MC+ - Noninverting input of microphone ampli­
fier. Input impedance is nominally 10.3 K ohms. 

Pin 15 • RX- - Inverting input to receive amplifier. Input 
is high impedance. 

Pin 16 - RX+ - Noninverting input to receive amplifier. 
Input is high impedance. 

Pin 17 • RXO - Output of receive amplifier. Output DC 
level is nominally 0 volts. 

Pin 18- RVI - Input to receive VCA. Input impedance is 
nominally 14 K ohms. 

Pin 19 • RXC - Control voltage of receive VCA. Transfer 
function of VCA is: 

RVO = (1 + exp (( Vpin Q _ RXC)/VT))-1 

RVI 

where VT = ~ 2:! 26 mV at 25°C 
q. 

Pin 20 • RVO - Output of receive VCA. Output is an 
emitter follower. 
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Figure 1. Typical Application Schematic 
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Speakerphone Audio Circuit 
GENERAL DESCRIPTION 

The XR-T6420-2 is a monolithic integrated circuit for use 
in high performance speakerphone systems. It is designed to 
be used with the XR-T6421 Speakerphone Control Circuit. 

The XR-T6420-2 contains the audio paths comprising the 
following: Two variable gain cells, a microphone amplifier, 
a transmitting amplifier, a receive amplifier, and a speaker 
amplifier. Mute and enable control logic of the variable 
gains cells is provided internally. 

FEATURES 

Two Matched Variable Gain Cells 
Internal Microphone Amplifier 
Independent Control of Transmitting and Receiving Levels 
External Control of Gains and Frequency Response 
Enable and Mute Logic Pins 

APPLICATIONS 

Speakerphones 
Intercoms 
Voltage Controlled Amplifiers 

ABSOLUTE MAXIMUM RATINGS 

Power Supply (VCC - VEE) 
Power Dissipation 

Derate Above +25°C 
Operating Temperature 
Any Input Voltage 
Storage Temperature 

+30 V 
lW 

7 mWtC 
O°Cto 70°C 

VCC - 0.5 V to VEE + 0.5 V 
-55°C to +150°C 
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FUNCTIONAL BLOCK DIAGRAM 

VEE 

MCP 

MCN 

MCO 

TVI 

TCH 

TCl 

GND 

EN 

MUT 

TXN 

TXO 

ORDERING INFORMATION 

Part Number 
XFI-T6420-2CN 
XR-T6420·2CP 

Package 
Ceramic 
Plastic 

SYSTEM DESCRIPTION 

r_-----....., 
SPo 

vcc 

SPc 

SPN 

RVO 

RVI 

RCH 

RCl 

RXO 

RXG 

RXN 

RXP 

Operating Temperature 
O°C to 70°C 
O°C to 70°C 

The speakerphone concept essentially requires that only 
one direction of sound transmission be permitted at any 
time. This restraint is brought about by the large gains re­
quired to provide loudspeaker volume and high micro­
phone sensitivity. Owing to the inevitable acoustic coupling 
between loudspeaker and microphone, plus imperfections 
in the hybrid 2 to 4 wire conversion, it is necessary to lower 
the gain in either the transmitting or receiving path at any 
one time to avoid regeneration. 

The XR-T6420·2 and XR-T6421 chip set enables the sys­
tem designer to make a highly adaptive, high performance 
speakerphone. The XR-T6421 provides for all sensing and 
control functions, while the XR-T6420-2 contains all audio 
paths needed to switch the gain in either path and provide 
interfacing between the system and line. 
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ELECTRICAL CHARACTERISTICS 
Test Conditions: TA = 25°C. VCC = +5 V. VEE = -5 V. unless specified otherwise. 

PARAMETERS MIN. TYP. MAX. UNIT CONDITIONS 

VCC 3 V 
VEE 3 V 
ICC 4.9 8 mA 

~ 

Pin 23 

MICROPHONE AMPLIFIER 

Y,N 5 25 mV Pin 2 • RIN 20 kQ Pin 2 

VOFFSET 5 mV 
IBIAS -.2 -0.5 IlA 
Open Loop Gain 80 dB 

SPEAKER AMPLIFIER 

RIN 10 kQ Pin 20 

VOFFSET 5 mV 
IBIAS -.2 -0.5 /lA 
Open Loop Gain 80 dB 

'SOURCE.'S'NK 100 mA RLOAD = 10Q 
VOUT High VCC V 

-1.6 RLOAD = 5kQ 
VOUT Low VEE V 

+.8 RLOAD = 5kQ 

TRANSMIT AMPLIFIER 

IBIAS -.2 -0.5 /lA 
Open Loop Gain 90 dB 

RECEIVE AMPLIFIER 

'BIAS 1.2 2 /lA Pin 13. Pin 14 
Differential Mode Gain -3 -1 dB Pins 15 and 16 Shorted 
Common Mode Gain -40 -60 dB Pins 15 and 16 Shorted 
IBIAS -.2 -.5 /lA Pin 15 
Open Loop Gain 90 dB 

VCAs TRANSMIT AND RECEIVE 

VOUT DC .3 V Pins 11 and 20 
Maximum Gain -2 +2 dB f = 1kHz. Pins 5 and 19 
IBIAS Control .5 IlA Pins 6. 7. 17 and 18 

MUTE AND ENABLE LOGIC 

'SOURCE -10 -20 IlA 
Trip Voltage VCC VCC V 

-2.8 -2.1 
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PRINCIPLES OF OPERATION 

Power Supply 

Normal operation is with two supplies. Vec is the highest 
potential and VEE is the lowest. The circuit can be ope­
rated from a single supply if the ground pin is connected 
to a low impedance source of approximately one half the 
supply voltage. 

Microphone Amplifier 

The microphone amplifier is an operational amplifier with 
the positive input internally connected to the ground pin 
through a 20 K ohm nominal resistance. Gain and frequency 
responses are set using external components. 

Transmit Voltage Controlled Amplifier (TX VCAI 

The output of the microphone amplifier is normally capa­
citively coupled into the TX VCA. The input impedance is 
nominally 10 K ohm. The gain of the TX VCA is dependent 
upon the voltage difference between the TCH and TCl in­
puts on pins 6 and 7. The output is internally connected to 
the transmit amplifier. 

Transmit Amplifier 

This is an operational amplifier with a class AS output 
stage. Gain and frequency response are set with external 
components. This amplifier is used to drive the hybrid 
interface network. 

Receive Amplifier 

The input on pins 13 and 14 is a high input impedance 
differencing amplifier. The output is internally referenced 
to the ground pin and connected to the positive input of an 
operational amplifier. The gain and frequency response of 
the amplifier can be adjusted using external components on 
pins 15 and 16. This amplifier is normally connected to the 
hybrid interface network to detect the receive signal while 
rejecting the transm it signal. 

Receive Voltage Controlled Attenuator (RX VCAI 

The output of the receive amplifier is capacitively coupled 
to the RX VCA input on pin 19. The RX VCA's input im­
pedance is a nominal 10 KI ohm. The gain of the RX VCA 
is dependent upon the voltage difference between the RCH 
and RCl inputs on pins 17 and 18. The output of the RX 
VCA is internally referenced to the ground pin through a 
10 KI ohm resistance and connected to the positive input of 
the speaker amplifier on pin 20. 
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Speaker Amplifier 

This is an operational amplifier with a class AS power out­
put stage. Gain and frequency response are set using exter­
nal components. Depend ing on the load driven, compensa­
tion may be necessary using pin 22. 

PIN DESCRIPTIONS 

Pin 1 . VEE - Negative DC supply. 

Pin 2 . MCP - Microphone amplifier non inverting input. 
Internally connected to ground with a 20 K ohm resistance. 

Pin 3· MCN - Microphone amplifier inverting input. 

Pin 4· MCO - Microphone amplifier output. 

Pin 5 . TVI - Transmit voltage controlled amplifier input. 
Input impedance is 10 K ohm. 

Pin 6 . TCH - Transmit VCA gain control pin; high refer­
ence. Used with pin 7 to control VCA gain according to 
Figure 1. 

Pin 7 . TCl - Transmit VCA gain control pin; low refer­
ence. Used with pin 6 to control VeA gain. 

Pin 8· GND -Ground reference pin for circuit. 

Pin 9 . ENABLE - Active high; internally pulled high. 
When pulled low, causes an internal 200 mV difference be­
tween the gain control pins for both yeAs effectively 
causing minimum gain in both. 

Pin 10· MUTE - Internally pulled high. When pulled low, 
causes only the transmit VeA to be minimum gain. 

Pin 11 . TXN - Transm it ampl ifier inverting input. 

Pin 12· TXO - Transmit amplifier output. 

Pin 13 . RXP - Receive amplifier positive input. High 
input impedance, must be De referenced externally. 

Pin 14· RXN - Receive amplifier negative input. Must be 
De referenced to same source as pin 13. 

Pin 15· RXG - Receive amplifier inverting input. 

Pin 16· RXO - Receive amplifier op amp output. 
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Pin 11.. - RCL - Receive VCA gain control pin low refer­
enced used with pin 18 to control VCA gain according to 
Figure 1. 

Pin 18 - RCH - Receive VCA gain control pin; high refer­
ence used with pin 17 to control gain of VCA. 

Pin 19 - RVI - Receive VCA input. Input impedance is 
10 K ohm. 

Pin 20 - RVO 
Kohm to ground. 

Receive VCA output. Impedance is 10 

Pin 21 - SPN - Speaker amplifier inverting input. 

Pin 22 - SPC - Speaker amplifier compensation. ·160 ·120 -«l 

dB 

-40 

-60 
40 

VCONTROl (mVI 

80 120 

VCONTROL:; pin 7-pin 6 
or pin 17-pin 18 

160 200 

Pin 23 - VCC - Positive DC supply. Figure 1. VCA Gain Characteristics 

Pin 24 - SPO - Speaker amplifier output. r--------. 

TRANSMIT 
SIGNAL 

Figure 2. Typical Application Schematic 
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Speakerphone Control IC 
GENERAL DESCRIPTION 

The XR-T6421 is a monolithic integrated circuit for use in 
high performance speakerphone systems. It is designed to 
provide all control functions for the XR-T6420-1 or XR-T 
6420-2 speakerphone audio circuit. 

The XR-T6421 contains the level sensors and logic neces­
sary to change the attenuation in 'the transmitting or 
receiving path in order to avoid acoustic feedback. 

Circuitry is included to detect bacground noise level and 
provide a preset amount of attenuation in each path when 
no voice is present. 

FEATURES 

Low Current 
Background Noise Detection and Suppression 
External Control of Attach and Decay Time Constants 
I ndependent Control of Gain and Frequency Response 
Provides Three Level Control of Transmit & Receive Paths 

APPLICATIONS 

Speakerphones 
Intercoms 
Voice Operated Switches 

ABSOLUTE MAXIMUM RATINGS 

Power Supply 
Power Dissipation 

Derate Above +25°C 
Operating Temperature 
Any Input Voltage 
Storage Temperature 

20V 
lW 

7 mWfC 
O°C to 70°C 

VCC +0.5 V to VEE -0.5 V 
-55°C to 150°C 

FUNCTIONAL BLOCK DIAGRAM 

VCON TXA·IN 

VOL TXA·OUT 

MCR-IN CMPB-

MCA·OUT THB 
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NOISE 

SIGNAL 

CMPA+ 

THA 

A·OUT 

ORDERING INFORMATION 

Part Number 
XR-T6421CN 
XR-T6421CP 

Package 
Ceramic 
Plastic 

SYSTEM DESCRIPTION 

CMPB+ 

VAEF 

AXA·OUT 

AXA·IN 

HPF·OUT 

HPF·IN 

A·IN 

Operating Temperature 
O°C to 70°C 
O°C to 70°C 

The speakerphone concept essentially requ i res that on Iy 
one direction of sound transmission be permitted at any 
time. This restraint is brought about by the large gains re­
quired to provide loudspeaker volume and high microphone 
sensitivity. Owing to the inevitable acoustic coupling be­
tween loudspeaker and microphone. plus imperfections in 
the hybrid 2 to 4 wire conversion. it is necessary to lower 
the gain in either the transmitting or receiving path at any 
one time to avoid regeneration. 

The XR-T6420-1 and XR-T6421 chip set enables the sys­
tem designer to make a highly adaptive. high performance 
speakerphone. The XR-T6421 provides for all sensing and 
control functions. while the XR-T6420-1 contains all audio 
paths needed to switch the gain in either path and provide 
interfacing between the system and line. 
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ELECTRICAL CHARACTERISTICS 
Test Conditions: TA = 25°C, VCC = 1 OV, unless specified otherwise. 

PARAMETER MIN TYP MAX UNIT CONDITIONS 

Supply Voltage Range 5 20 V 
Supply Current 1.4 3 mA VCC = 10 V 

VREF 1.85 2.1 2.25 V 

RECTIFIERS • VOUT 1.9 2.1 2.27 V VAC= 0 
VOUT (High Level) 5.0 V 

VOFFSET 1 -5 5 mV Vpin 4 - Vpin 12 

VOFFSET 2 -5 5 mV Vpin 17 - Vpin 23 

AOL 45 dB 

Ibias 0.2 /1A 

HPF 

VOUT DC 2.3 2.6 2.9 V 
Maximum Isource (Pin 15) 1.0 mA 
Maximum Isink (Pin 15) 1.0 mA 

AoL 32 dB 

Ibias 0.25 /1A 
.. 

VOICE CIRCUITRY 

Noise Amplifier Offset V6 - V5 -3 12 mV VIN = 
Signal Offset V8 - V18 15 mV VIN = 
Signal Gain .8 1 1.2 Vpin8-Vpin 18 

Vpin 5 - Vpin 6 

CONTROL OUTPUT 

VCON High VCC-·9 VCC-·5 V 
VCON Idle 4.~ 5 0.1 V 20 kn to 5 V 
VCON Low Minimum 95 V 
VCON,VOL Offset 50 250 mV 

COMPARATORS 

Ibias 1 /1A 
Offset 5 17 mV VPOS-VNEG 
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PRINCIPLES OF OPERATION 

Rectifiers - All four rectifiers are operational amplifiers 
with the noninverting input connected to VREF. The cir­
cuit contains the diodes internally to provide the func­
tion of a negative peak detector. Using the typical appli­
cation schematic of Figure 1, the "gain" of the rectifier is 
R2/R 1. The output is then filtered using another RC net­
work. The attack time is given by R3.C and the decay time 
by (R2 + R3).C. 

High Pass Filter - This is a simple gain stage with a class 
AS output stage. Pin 14 is about 2.6 V above V'. This 
amplifier is normally used as a high pass filter to reduce line 
induced hum from the detection circuitry. 

Noise Control Circuitry - This function provides a signal 
on Pin 8 related to the difference between Pins 5 and 6. 
Pin 5 is usually connected to the filter network of the 
microphone rectifier. This signal represents the speech plus 
noise from the microphone. Pin 6 has an external RC net· 
work and functions as a detector for the noise level. The 
output on Pin 8 is the difference between Pins 5 and 6, 
referenced to VREF. 

Comparators - 80th comparators have internally generated 
offset of -lOmVolts nominally. With no difference between 
the inputs, the output will be in the low state. The amount 
of offset can be increased by connecting a -resistor between 
the threshold adjust pin and V-. 

Control Logic - The purpose of the logic is to derive the 
three speakerphone states, depending on Comparators 
A and B. The three states are: 

1) Transmit + Pin 1 = V+ -O.7V 
2) Receive + Pin 1 ~ Pin 2 + O.lV 
3) Idle + Pin 1 is High Impedance. 

The truth table for the logic is: 

Comj:arator State 
A 8 

0 0 Idle 
0 1 Receive 
1 0 Transmit 
1 1 Idle 
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CIRCUIT DESCRIPTION 

Pin 1 • VCON - Provides three voltage states depending on 
input conditions. The first is a low impedance voltage about 
equal to V+ ·.7 Volt. The second state is a low impedance 
voltage equal to voltage on Pin 2. The third state is a high 
impedance state. 

Pin 2 • VOL - A high impedance input used to modify the 
control voltage (Pin 1) when in the low state. 

Pin 3, 4 . MCR - Negative peak detector usually connected 
to microphone amplifier output. Gain, attack, and delay 
times are externally set. 

Pin 5 . NOISE - High impedance input used to buffer 
speech plus noise input from microphone rectifier. 

Pin 6 . TC - External RC network determines response 
to background noise level. RC network determines rise 
time, internal circuitry will discharge network if Pin 6 
>Pin 5. 

Pin 8 • SIGNAL - Provides voltage proportional to Pin 5, 
Pin 6 output impedance is nominally 36 K ohms. 

Pin 9, 11 . CMP A - Used to compare signal level to level 
of speaker signal. 

.pin 10 . TH A - Used 'to increase offset of comparator A. 
With TH A open, offset is approximately -10 mV. 

Pin 12, 13 . R - Negative peak detector normally connect­
ed to speaker amplifier. Gain, attack, and decay times are 
externally set. 

Pin 14, 15· HPF - Inverting amplifier, normally connected 
as a high pass filter to reject low frequencies from received 
signals into the control circuitry. 

Pin 16, 17 . RXR - Negative peak detector normally can· 
nected after line receive amplifier. Gain, attack, and decay 
times are externally set. 

Pin 18· VREF - Internal 2 Volt reference. 

Pin 20, 22 . CMP B - Used to compare transmitted and re­
ceived signal levels. 

Pin 21 . TH B - Used to increase offset of comparator B 
with TH B open, offset is approximately -lO mV. 

Pin 23, 24 . TXR - Negative peak detector normally con­
nected to transmit amplifier. Gain, attack, and decay 
times are externally set. 
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v+ 

XR-T6421 

CONTROL 
LOGIC 

Figure 1. Typical Application Schematic 
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Speakerphone Ie 
GENERAL DESCRIPTION 

The XR-T6425 speakerphone IC is a low cost solution for 
the implementation of a hands-free telephone. It is a con­
venient way of carrying on conversation without using the 
handset. while the user is talking into a microphone and 
listening from a loudspeaker located on the desk. It is ideal 
for hands-free conference calls. 

The XR-T6425 contains most of the circuits to eliminate 
singing and excessive background noise in a single chip 
solution. 

FEATURES 

Low Operating Voltage (4.5 V) 
Single Chip Speakerphone 
No External Adjustments 
Smooth T/R Switching 
Background Noise Detection and Suppression 
On-chip Hybrid Circuit 

APPLICATIONS 

Speakerphones 
Intercoms 
Voice Operated Switches 

ABSOlUTE MAXIMUM RATINGS 

Power Supply 
Power Dissipation 
Operating Temperature 
Storage Temperature 

16V 
700 mW 

O°C to 70°C 
-55°C to 150°C 
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FUNCTIONAL BLOCK DIAGRAM 

GND 

BIAS 

Vee 

TXTJ 

ORDERING INFORMATION 

Part Number 
XR-T6425CN 
XR-T6425CP 

Package 
Ceramic 
Plastic 

SYSTEM DESCRIPTION 

RXT J 

TXM OUT 

TxLOUT 

Tx GNF 

TXG OUT 

TXS IN 

DTMFIN 

VOL 

Tx eOMP 

Vo NET 

TXT 4 

Operating Temperature 
O°C to 70°C 
O°C to 70°C 

The XR-T6425 single chip speakerphone IC is designed to 
operate from the phone line and allows hands-free opera­
tion. The chip contains most of the necessary circuits to 
reduce external component count and performs half­
duplex operation. The internal circuits consist of a trans­
mitter. receiver and control logic. DTMF input is provided 
for Touch Tone operation. An adjustable threshold circuit 
is provided to separate voice from ambient noise. 
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ELECTRICAL CHARACTERISTICS 
Test Conditions: TA = 25°C, VCC = 5 V, f = 1 kHz, unless otherwise specified. 

SYMBOL PARAMETERS 

VCC Operating Voltage 

IC Operating Current 

RXS Receiving Sensibility 

TXS Transm itting Sensibi lity 

GVRX Receiving Gain 

GVTX Transmitting Gain 

VINLIM Mic Input Level 

AttRX Receving Loss 

AttTx Transm itting Loss 

TYPICAL VALUE UNIT 

4.5 - 6.5 V 

8.0 mA 

-64 dBm 

-74 dBm 

-22.5 dB 

44 dB 

-55 dBm 

-50 dB 

-50 dB 

Figure 1. Circuit Board Layout 

2-73 

CONDITIONS 

No I nput of T fR Signal • 
Receivin!=J Mode 

Transmitting Mode 

THD = 1% 

Receiving 
Transmitting Relative Value 

Transmitting 
Receiving Relative Value 



PIN DESCRIPTIONS 

Pin 

2 

3 

4 

5 

6) 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Symbol 

RX COMP 

T 

GND 

BIAS 

VCC 

VONE 

VIN NET 

TX COMP 

VOL 

DTMFIN 

TXSIN 

TXG OUT 

TXG NF 

TXLOUT 

Description 

Transmitter stabilization 
time constant. 

Receiver stabilization time 
constant. 

Receiver output. 

T /R comparator input for 
receiver. 

Receive buffer output. 

Receive buffer inputs. 

Transmitter holding time 
constant. 

Receiver holding time 
constant. 

T /R switching time constant 

Ground 

Mid-point of the supply 

voltage (VCCf2). 

Most positive voltage. 

Voice rectifier time 
constant. 

Ambient noise and voice 
discriminator time constant. 

Hybrid network output. 

Hybrid network input. 

T fR comparator input for 
transmitter. 

Transmit signal output. 

DTMF input terminal. 

Voice detector output. 

Transmit amplifier output. 

Transmit amplifier input. 

Transmit limiter amplifier 

XR-T6425 

26 TXMOUT Transmit buffer output. 

27 Transmit buffer input. 

28 Receiver stabilizer. 

FUNCTION DESCRIPTIONS 

Transmitting Sections 

The transmit path is .divided into five sections: buffer, 
limiter, bandpass filter and amplifier, current control 
attenuator and mixer. 

Buffer 

The buffer is used to do impedance matching and gives 9 
dB gain to signal. 

Limiter 

The output of the buffer is fed to limiting amplifier to 
increase the signal level. The gain can be set with 
two external resistors R4, R5 to obtain proper signal level. 

Bandpass Filter and Amplifier 

Filtering is performed in this section to eliminate un­
wanted signals. Gain of 20 dB is set for this section and 
output of this amplfier is capacitor coupled to control 
Igoic to eliminate DC components for decision making. 

Current Control Attenuator 

The current control attenuator is used to do smooth 
switching between transmitter and receiver to perform 
half-duplex operation. 

Mixer 

Additional input is provided for DIMF signaling and driving 
transmitting signals to telephone line throuqh impedance 
matched resistance R 14 (680Q), and simu Itaneously 
inputs to the hybrid network for cancelling signals to 
receiving circuit. 

Receiving Section 

output. Incoming signals are amplified by AMP H and AMP F 
after passing through hybrid network. The result is 

Transmit limiter amplifier fed to current control attenuator to control output 
input. 2-74 level. 



XR-T6425 

Ambient Noise and Voice Discrimination Section Hybrid Network 

This section d iscrim inates voice signals from ambient 
noises of input signals from microphone at transmtting 
mode and gives the instruction signals to keep transmitting 
mode or changes the mode to T/R signal attenuator circuit 
through timer circuit. 

Hybrid network is used to attenuate transmit signal 
going to the receive path. Equivalent circuit is shown 
below. 

Controller Section 

This section compares transmit signal level (pin 18) with 
receive signal level (pin 4) according to the time settled 
by C31. R30. C30. R29. the result is applied to the timer 
circuit which is triggered with the resistor value of R3 
connected from Pin 28 to Ground. 

Timer Section 
Figure 2. Equivalent Circuit 

This section generates the signals to T /R signal attenuator 
circuit and provides the time constant for T/R switching. 

TIMING CALCULATIONS 

4.7 IlF. T= 47 ms 
Transmit time constant is set by pin 8. receive time con­
stant is set by pin 9. and T/R switching time constant is 
determined by pin 10. Pin 10 outputs 2.5V at transmit 
mode and +1.2V at receive mode. 

Transmit Rise Time = C22 x 104 

Transmit Hold Time = C22 x R22 

Receive Rise Time = C21 x 103 

Receive Hold Time = C21 x R21 

4.7 IlF. 470K. T = 2.2S 

.47 IlF. T = .47 ms 

.47 IlF. 470K. T = .22S 

DESCRIPTION OF AMPLIFIERS 

Application 

A TX amplifier 

B TX amplifier 

C TX amplifier 

D TX amplfier 

E TX amplifier 

F RX amplifier 

G RX amplifier 

H RX amplifier 

Gain 

o dB 

R5/R4 

20 dB 

TX: 20 dB 
ST: -5 dB 

RX: -23 dB 

R11/R10 

R25/R26 

TX:-23dB 
ST: -5 dB 
RX: 20 dB 

7.5 dB 
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Remarks 

For the impedance conversion (emitter­
follower microphone) (Zin = 20 kil) 

Negative input limiter amplifier. clamping 

LYE 
at..r-;- of Pin 24 output. (VO = 700 

mVrms) 

Fixed gain amplifier. 

Gain varies with transmitting (TX). re­
ceiving (RX) and standby (ST). 

Output gain - the signal applied as a nega­
tive input when DTMF is used. 

Differential input amplifier. Its output is 
connected to C.C.A. (amp G) through 
pin 5 and ATT. 

Gain varies with transmitting (TX). 
receiving (RX) and standby (ST). 

For the network loss correction of re­
ceving (RX) side. 

• 



TYPICAL CHARACTERISTICS 
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XR·T642S RECEIVING FREQUENCY CHARACTERISTICS 
Vee = S.6V. APPLYING 12V BETWEEN l1 AND L2 
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XR·T642S MICROPHONE AMPLIFIER LIMITER CHARACTERISTICS 
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Figure 4. Simplified Application Schematic 
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Section 2 - Telecommunication Products 

Telephone Set Circuits .............. . 
XR-T5990 Single Chip Pulse/Tone Dialer 
XR-T5992 Pulse Dialer 
XR-T5995 Speech Network 
XR-T8205 Tone Ringer 
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XR-T5990 

Single Chip Pulse/Tone Dialer 
GENERAL DESCRIPTION 

The XR-T5990 Single Chip PulselTone Dialer is a silicon 
gate CMOS technology circuit which performs both pulse 
and tone functions. 

It is designed to operate directly from the telephone line 
or on a separate small power supply. A 17 digit buffer is 
provided for red ial feature. 

FEATURES 

Pin Selectable PulselTone Dialing 
Low Standby Current 
17 Digit Redial Buffer 
Uses TV Crystal Standard 3.58 MHz or Ceramic Resonato~ 
to Provide High Accuracy and Stability 

3.5 Second Pause Timer 
Regulated Tone Amplitude 
Pin Selectable Dialing Rate (10 pps/20 pps) 
Pin Selectable Break- Ratio (63%/66%) 
I nterface Directly to a Standard Telephone Push Button 
or Calcu lator Type X-Y Keyboard 

Generates 12 Standard Tone Pairs 
Single Tone and Dual Tone Capability 

APPLICATIONS 

Electronic Telephones 
Smart Auto Dialers (modems) 
Electronic Banking 
Security Controller 
Radio Communications 

ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltage VDD 
Operating Temperature 
Input Voltage 
Maximum Power Dissipation 

6V 
O°C to 70°C 

-.3 ~ VIN ~ VDD +.3 
500mW 
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FUNCTIONAL BLOCK DIAGRAM 

ORDERING INFORMATION 

Part Number 
XR-T5990CP 
XR-T5990CN 

Package 
Plastic 

Ceramic 

SYSTEM DESCRIPTION 

Operating Temperature 
O°C to 70°C 
O°C to 70°C 

The XR-T5990 Pulse/Tone Dialer is a CMOS integrated cir­
cuit that can provide recall of previously entered numbers 
as well as perform the normal dialing function. Dialing is 
interchangeable from pulse to tone or vice versa, capable 
of inserting 3.5 second pause between digits for PABX 
dialing. 

The XR-T5990 dialer is capable of dialing * and # func­
tions in tone mode and ignore in pulse mode. Selectable 
dialing rate is provided for rapid dialing. 
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ELECTRICAL CHARACTERISTICS 
Test Conditions: 

SYMBOL PARAMETERS MIN TYP 

DC CHARACTERISTICS 0 °c ~ T ~ 70°C, VOO = 3.5 V 

VOO DC Operating Voltage 2.5 

VREF Magnitude of (VOO-VREF) 1.5 2.5 

VM Memory Retention Voltage 1.5 

lOp DC Operating Current 

IS DC Standby Current 

IML Mute Sink Current 

Ip Pulse Sink Current 

KL Keyboard "0" Logic Level VSS 

KH Keyboard" 1" Logic Level 80% of 
VOO 

KpU Keyboard Pu II-up Resistance 100 

KpO Keyboard Pull-down Resistance 4 

HSRU Hookswitch Pull-up Resistance 100 

Cfosc Oscillator Stability 

SF Keyboard Scanning Frequency 932 

dBCR Ration of Column to Row Tone 2 

%OIS Distortion 6 

VOR Single Tone 
Row Frequency Alnplitude 212 

VOC Single Tone 
Column Frequency Amplitude 311 

TOB Keyboard Oebound Time 11.8 

KT Keydown 40 

RT Tone Load Resistor 120 
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MAX UNIT CONDITIONS 

6 V 

3.5 V 

V II 
4.2 mA VOO = 3.5 V, Outputs Unloaded 

1.5 IlA VOO = 3.5 V, Outputs Unloaded 
500 nA VOO = 2.5 V, Outputs Unloaded 
10 mA VOO = 3.5 V, VOUT =.5 V 

20 mA VOO = 3.5 V, VOUT = .5 V 

20% of V 

VOO 

VOO V 

Kf2 

Kf2 

Kf2 

.05 % VOO 2.5 to 3.5 V 

Hz 

3 dB 

7 % 

mVRms RL = 330f2 

mVRms RL = 330f2 

ms 

ms 

400 n 



PIN AND FUNCTION DESCRIPTIONS 

Pin Number 

Supplies VDD, VSS 1,13 

Power Supply Inputs - The device is designated to operate 
from 2.5 to 6 volts. 

2 

The VREF output provides a negative reference voltage 
relative to VDD, which defines minimum operating vol­
tage. In a typical application, this pin is simply tied to VSS. 

Keyboard Inputs 

C1, C2, C3 
R1, R2, R3, R4, R5 

4,5,6 
24,23,22,21,20 

These inputs are open when the keyboard is inactive. When 
a key is pushed, an appropriate row to column input must 
go to VSS or connect with each other. 

Oscillator 

OSCIN,OSCOUT 11,12 

These pins are provided to connect external crystal or cera­
mic resonator. The device contains the necessary parasitic 
capacitances and feedback resistor on chip so that is is only 
necessary to connect a standard 3.58 MHz TV crystal. 

Dialing Rate 9 

DRS 

Dialing Rate is programmable by connecting this pin to 
VDD or VSS· The rate is 20 pps when connected to VDD 
and 10 pps when connected to VSS. 

Mark/Space 19 

MIS 

Mark/Space ratio may be selected by connecting the pin 
to VDD or VSS. 

MIS Pin (19) MARK SPACE 

VSS 37% 63% 
VDD 34% 66% 

Mute 10 

This N-channel open drain output is designed to driveexter­
nal bipolar transistor to mute the receiver during dialing. 

XR-T5990 

Dial Pulse Out 16 

An output drive is provided to turn on a transistor at the 
dial pulse rate. The normal output will be "low" during 
"space", and "high" otherwise. 

Mode Select 17 

State of this pin selects the proper dialing mode. Tone dial­
ing is selected by connecting this pin to VSS. 

Hookswitch 18 

HS 

This input detects the state of the hookswitch contact. 
The XR-T5990 will accept key inputs when this pin is at 
low state (off hook). 

Single Tone Inhibit 8 

Single tone output can be inhibited when this pin is con­
nected to VSS. 

Tone Out 3 

This N-channel open drain output is designed to drive ex­
ternal transistor. 

Pacifier Tone Output 7 

PT 

The XR-T5990 provides a pacifier tone output to provide 
audio feedback to the user that a key has been depressed. 
The output is a 1800 Hz tone that can be capacitvely 
coupled into the telephone receiver. 

This option is provided in dial pulse mode only. 
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FUNCTIONAL DESCRIPTION 

Keyboard 

The XR-T5990 employs a scanning technique to determine 
a key closure. This permits interface to DPCT keyboard 
with common connected to VSS or SPST switch matrix 
connecting row to column. 

A logic interface is also possible as shown in Figure 1. 

1. 
COL __ 0----- ROW 

SPST SWITCH 

DPCT KEYBOARD 

Figure 1. , 

Hookswitch 

vss-c1-COL 

O---ROW 

2 OF 7 MATRIX KEYBOARD WITH NEGATIVE COMMON 

-{:>o-COL 

-{:>o-ROW 

LOGIC INTERFACE 

The XR-T5990 will enter in off hook mode when hook­
sNitch is pulled low. This state enables the device to accept 
a valid key and enable the oscillator. 

Mute Output 

The mute output turns on (pulls to !he VSS supply) at the 
beginning of the mark, and turns off (goes to an open 
circuit) following the last interdigit pause. A small delay is 
provided to overlap mute output from the end of the last 
interdigit pause. 

Redial 

The last number dialed is retained in the memory, and 
therefore can be redialed out by !=!oing off hook and press­
ing the redial key. 

Dialing will start when the key is depressed and finish after 
the entire number is dialed out unless an access pause is 
detected. If this is the case, the dialing will stop, and re­
sume again after 3.5 seconds. During redial mode, tone will 
be on for 70 ms and off for 70 ms. 

Normal Dialing 

Normal dialing can start after gain!=! off hook, since the de­
vice is designed in a FIFO arrangement, digitascan be 
entered at a rate.considerably faster than the output rate. 
Digits can be entered approximately once every 65 ms. 
Pauses may be entered when required in the dial sequences 
by pressing pause key which provides access pause for fu­
ture redial. 

During normal tone dialing, tone will go out at 70 ms 
burst. Continuance sinale tone can be qenerated by de­
pressing two diqit keys in the appropriate row or appro­
priate column. 
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CIRCUIT DESCRIPTION 

The XR-T5990 is capable of Qeneratin!=! 12 standard tones 
in the tone mode. Low group frequencies consist of 697, 
770, 852, 941 Hz and the high group consists of three fre­
quencies 1209, 1336, and 1477 Hz 

A keyboard arranged in a row, column format is used for 
number entry. When a push button corresponding to a digit 
is pushed, one appropriate row frequency, and one appro­
priate column frequency are selected. The appropriate row 
and column frequencies in the keyboard arrangement are 
shown below. 

Active Specified 
Input Frequency 

R1 697 
R2 770 
R3 852 
R4 941 
C1 1209 
C2 1336 
C3 1477 

Table 1. 

1 2 3 

4 5 6 

7 8 9 

* 0 # 

Table 2. 

H,~~ ____________________________ _ 

MODE 

____ ~rurn~ ________________ __ 
LJLJ: : 

~:900nlSI~ 

TONE -----------------~ -170m.,-

Figure 2. XR-T5990 Timing Diagram 
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XR-T5990 

OPERATING DESCRIPTION 

Normal Dialing Tone or Dial Pulse Output 

Off Hook, @}] ,~ , ...... ~ ........... @Eil 

Normal Oialinq using Pause Function 

Off Hook, [QlJ ~ [Ql] . ...... ~ [QD [Q1] IQ1l . . . . . . . . . . . . .. ~ 
Redial 

On Hook, Off Hook, I]QJ 

Dialing will halt for 3.5 seconds when a pause is detected. 

Redial and Normal Oialina Combination 

[[D[@~ .... 

@] 13.5 sec\ (@ . 

.... IoN] 

.. .. @ill 

On Hook, Off Hook, ~ , 10181 ' 10191, 102ol.@B] @2] ... 10171 (0181 ............... ~ 

1 2 

4 5 

7 8 

* 0 

PA 
'--

3.5V 

,~ 

1 

Voo 
4 -

Cl Hs 
18 ~ 

5 

6 

I 
3 

24 

6 
23 

9 
22 

# 
21 

RD 
20 

~ 

~ 
3.58MHz 0 
~ 

.....,.. 

-
C; ~ 17 

MODE ~ 
- -C3 

_ ..,!r-
MIS 

19 
"" 

Rl 

R; DRS 
9 ~ 

"V'" 

R; .sr-XR·T5990 STI 
8 

"V'" -R.; >1 
~ 750K~ ~750K 

PULSE 
16 0( <C 

OSCI MUTE 
10 

PT 
7 

OSCo 

TONE 
3 

<' 
13 ~390n 

<Ij 

--
Figure 3. XR·T5990 Test Circuit 
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XR-T5990 

13 

~,o------. 

~z 0--+-----' 

+5 

5K 

T 1 

2T 2 

XR·2240 

9 

-= 

4T 3 

BT 4 

16T 5 
RESET +5 

Al eeOKII 
A2 l4KlI 
A3 470KII 
Ae 33011 
AS l20KII 

+5 

+5 16 

15 A 

14 B 

74C42 

+5 

C 
15 A R 

C 

14 B 

74C42 
13 

C 

12 11 
D 

30K 

Figure 4. Typical Application Circuit for Auto Dialer Modem 

AS' 3KII 
Al0' l00KII 
An • 20KII 

01 2N540l 
02 2N5650 
03 2N5550 
05 2N540l 

01 lN4004 
02 ·1N4004 
03 lN4004 
04·1N4004 
DR' ~EO 

Cl 6S"F 
S 1 HOOK SWITCH 
S2 HOOK SWITCH 

R; 

Zl l20V 1 WATT ZENER 

Figura 6. Typical Tone Dialing Application Circuit 
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4 C, 
5 C; 
6-

C3 

24 
~ 

23 R; 
22 R; 
21 R; 

+5 

HS lB 

XR·T5990 

MIS 19 

DRS 9 

Sii B 

MODE 17 
13 

11 OSC l 

~~~D 12 
OSCo 

TONE 

3 

600n 
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RESET 

+5 

20 
74LS240 

Do 

0 , 

02 

03 

04 

Os 

Os 

07 

10 

1.19 

-= 
CS, 

Rl ~ 56OK1I 
R2 ' 14KlI 
R3 - 470KlI 
R4 33011 

18 

16 

c;-

C2 

14 6 -
C3 

12 24 R1 

23 iii 

22 R3 

21 R4 

20 AS 

XR-T5990 

R7 ~ lDDKlI 
RS ~ 3KlI 
Rg ~ 3KlI 
R10 ~ lDDKlI 
Rl1 ~ 20KlI 

MIS 19 

DRS 9 

V .. 13 

0, 2N5401 
02 2NSS50 
03 2NSSSO 
04 2NS401 
05 2N540~ 

Ci = lN4004 
02 ~ lN4004 
03 lN4004 
04 - lN4004 
06 LED 
07 - lN4004 

R. 

r~Tn+-__ +-~~~~~ 
I 
I 
I I 
1---L __________ .J 

Cl "6S.F 
S 1 ~ HOOK SWITCH 
S2 :. HOOK ."WITCH 
Z, ~ 120V 1 WATT ZENER 

TYPICAL "500" TYPE 
SPEECH NEtwORK 

Figure 6. Typical Pulse Dialing Application Circuit 

+5 

18 

HS VOO 

STI +5 

50K 

17 o PULSE 
MODE 

10K 

PULSE 
16 

~ONE 

TONE 
I.F 

OSC, 11 

oseo 

DRS 
DIALING LOOK UP TABLE 

-= DECIMALS HEX 

19 
(1) (09) 

MIS (2) (OA) 
(3) (OC) 
(4) (11) 

VREF VSS (5) (12) 
13 (6) (14) 

(7) (21) 
(8) (22) 
(9) (24) 
(0) (42) 
(0) (41) 

-= (II) (44) 

Figure 7. Typical Microprocessor Interface Circuit 
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~ EXlIR 
A D V A r~ C E D Ir~ FOR MAT I 0 rJ 

Pulse Dialer 
GENERAL DESCRIPTION 

The XR-T5992 pulse dialer is a silicon gate CMOS inte­
grated.circuit which converts push·button inputs into pulses 
to simulate a rotary telephone dial. 

It is designed to operate directly from the telephone line 
and to meet telephone specifications. A 17 digit buffer 
is provided for redialing feature. The XR-T5992 is available 
in a 18 pin package. 

FEATURES 

Direct Telephone Line Operation 
Redial with Either a * or #.Input 
Pin Selectable Mark/Space and Dialing Rate 
Inexpensive RC Oscillator 
Interface Directly to a.Standard Tel'ephone 
Push-button or Calcu lator Type X-Y Keyboard 

Mute Driver on Chip 
Pin-to-pin Compatible with MK50992 

APPLICATIONS 

Electronic Telephones 
Smart Modems (Auto Dialer) 
Security Controller 

ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltage V+ 
Operating Temperature 
Input Voltage 
Maximum Power Dissipation 

6.2 Volts 
OOC to 70°C 

-.3 < VIN < VDD +.3 
500mW 
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XR-T5992 

FUNCTIONAL BLOCK DIAGRAM 

ORDERING INFORMATION 

Part Number 
XR-T5992CP 
XR-T5992CN 

Package 
Plastic 

Ceramic 

SYSTEM DESCRIPTION 

Operating Temperature 
O°C to 70°C 
O°C to 70°C 

The XR-T5992 Pulse Dialer is a CMOS integrated circuit 
that can provide recall of previously entered numbers as 
well as perform the normal dialing function. It is capable 
of receiving keys faster. than dialing rate. XR-T5992 is in­
tended as a replacement for the mechanical telephone 
dial and can operate directly from the telephone line. 
Selectable dialing rate is provided for rapid dialing. 

II 



XR-T5992 

ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETERS MIN. TYP. MAX. UNIT CONDITIONS 

DC CHARACTER ISTICS: OoC ~ T ~ 70°C 

VOO DC Operating Voltage 2.5 6.0 V 

VREF Magnitude of (VOO-VREF) 1.5 2.5 3.5 V I Supply = 150 J.l.A 

lOp DC Operating Current 100 150 J.l.A 

IMR Memory Retention Current .7 2.5 J.l.A 

IML Mute Sink Current .5 2.0 mA VOO = 2.5 V, Vo =.5 V 

IMH Mute Source Current .5 2.0 mA VOO = 2.5 V, Vo = 2. a V 

Ip Pulse Sink Current 1.0 4.0 mA VOO = 2.5 V, Vo =.5 V 

KL Keyboard "a" Logic Level VSS 20% of V 
VOO 

KH Keyboard ''1'' Logic Level 80% of VOO V 
VOO 

KRU Keyboard Pull-up Resistance 100 Kn 

KRO Keyboard PUll-down Resistance 4.0 Kn 

HSRU Hookswitch Pull-up Resistance 100 Kn 

fOSC Oscillator Frequency 4.0 KHz 

t.fOSC Oscillator Stability ±4 % VOO = 2.5 to 3.5 V 

TOS Keyboard Oebounce Time 10 ms 

TMO Mute Overlap Pulse 5 ms 

SF Keyboard Scanning Frequency 500 Hz 
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PIN AND FUNCTION DESCRIPTIONS 

Pin Number 

Supplies VDD, VSS 1,6 

Power Supply Inputs - The device is designed to operate 
from 2.5 to 6 volts. 

2 

The VR E F output provides a negative reference voltage 
relative to VOD, which defines minimum operating voltage. 
I n a typical application this pin is simply tied to VSS. 

Keyboard Inputs 
C1, C2, C3 
R1, R2, R3, R4 

3,4,5 
16,15,14,13 

These inputs are open when the keyboard is inactive. When 
a key is pushed, an appropriate row and column input 
must go to VSS or connect with each other. 

A logic interface is also possible as shown in Figure 2. 

Oscillator and keyboard scanning starts when a key is 
pressed. 

Oscillator 
Rf, CO, RO 7,8,9 

These pins are provided to connect external resistors 
and capacitor to form an R-C oscillator. 

Oialing Rate Select 
ORS 10 

Dialing rate is programmable by connecting this pin to 
VDD or VSS. The rate is .20 pps when connected to VOD, 
and 10 pps when connected to VSS. 

Mark/Space Select 
M/S 11 

Mark/Space ratio may be selected by connecting the pin 
to VOO or VSS. 

M/S Pin (11) Mark Space 

VDD 34% 66% 

VSS 40% 60% 

Mute 12 

This N-channel open drain output is designed to drive an 
external bipolar transistor to mute the receiver during 
dialing. 
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XR-T5992 

Dial Pulse Out 18 

Output drive is provided to turn on a transistor at the dial 
pulse rate. The normal output will be "low" during 
"space", and "high" otherwise. 

Hookswitch/Test 17 

This input detects the state of the hookswitch contact. 
The XR-T5992 will accept key inputs when this pin is at 
low state (off hook). 

FUNCTIONAL DESCRIPTION 

The VREF output provides a reference voltage that tracks 
internal parameters of the XR-T5992. VREF provides a 
negative voltage reference to the VOD supply. Its magni­
tude will be approximately 0.6 volt greater than the mini­
mum operating voltage of each particular XR-T5992. For 
normal use this pin is connected to VSS. 

7.0 

6.0 

5.0 

IREF 4.0 
MA 

3.0 

2.0 

1.0 

1.0 2.0 
(V + )-VREF 

3.0 4.0 5.0 
VOLTS 

Figure 1. VREF Typical I-V Characteristics 
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XR-T5992 

Keylioard 

The XR-T5992 employs a scanning technique to determine 
'a key closure. This permits interface to a DPCT keyboard 
with common connected to VSS or SPST switch matrix 
connecting rows to columns. 

COL~ L--ROW 

V_liL-cm 
~ L..- ROW FORM A TYPE KEYBOARD 

2·0F·7 MATRIX KEYBOARD ,I ,-co, ~~~co, 
~ROW v+---, r--ROW 

v- L...J 

2·0F·7 MATRIX KEYBOARD ELECTRONIC INPUT 

Figure 2. Keyboard Configurations 

Oscillator 

The device contains an oscillator circuit that requires threE 
external components: two resistors and one capacitor. All 
internal timing is derived from this master timebase. For a 
dialing rate of 10 pps, the oscillator should be adjusted to 
4000 Hz. Typical values of external components are Rf = 
2Mil, Ro = 220 Kil, Co = 390 pF. 

The oscillator frequency can be determined by the follow­
ing equation: 

T=RC T 1.386 +(3.5KCS)/C -2(2K/(K+1))LN (K/1.5K+.5))] 

where Cs is the pad capacitance on pin 7 optimum stability 
occurs with the ration K = R F/RO equals 10. 

DISABLE 

RO 

Figure 3. Oscillator Circuit 
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On Hook/Test 

The hookswitch input of XR-T5992 has a 100 Kn pull-up 
to the positive supply. A positive input or allowing the pin 
to float sets the circuit in its on hook, or test mode. Switch­
ing the XR-T5992 to on hook while it.is outpulsing causes 
the remaining digits to be outpulsed at 100x the normal 
rate. This feature provides a means of rapidly testing the 
device. 

Off Hook 

The XR-T5992 will enter in off hook mode when hook­
switch is pulled low. This state enables the device to accept 
a valid key and to turn the oscillator on. 

Mute Output 

The mute output turns on (pulls to the VSS supply) at the 
beginning of the interdigit pause, and turns off (goes to an 
open circuit) following the last break. A small delay is pro­
vided to overlap mute output from the end of last break. 

Pulse Output 

The pulse output is an open drain N-channel transistor 
designed to drive an external bipolar transistor. These 
transistors would normally be used to pulse the telephone 
line by disconnecting and connecting the network. 

The XR-T5992 pulse out is an open circuit during mark and 
pulls to the VSS during break. 

Redial 

The last number dialed is retained in the memory and there­
fore can be redialed by going off hook and pressing the' * 
or # key. Dial pulsing will start when the key is depressed 
and finish after the entire number is dialed. 
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POWER 
SUPPLY 

+ 

FROM { 
KEYBOARD 

2M 

2 

3 

6 

220KQ 9 

XR-T5992 
750KQ OFF 

VOO PULSE: 18 HOOK 

VAEF HS 17 

16 
R1 

VSS 

RF 
MUTE~~--------------+---r-~ 

60% BREAK Co 11 
M/S~--------~y 

RO tDP 

10ppS 0----_ 

Figure 4. Test Configuration 

DIGIT DIGIT REDIAL 

750KV 

1 3 • OR" 
KEY INPUT~ L..j'r----------

COLUMN SCAN ~_-~O.£.':!!~~L~~N-S~~N-~- ____ ---~ 

ROWSCAN'-.h.n..n.nn..J ___ ~...!i!.~~'§"C.6.N __ ~ _______ ..ruu----
HOOKSWITCHINPUT--i !~ j~ i 

o II 

MUTE OUTPUT 1 : : I I 
PULSE OUTPUT I : : (~ , I 

: :: J J J ; ; . ; : 

o::~'::::rr::~]~~~~-+nr-~~~!;:K---r[ 
TEST 

TYPICAL TIMING VALUES MODE 
TpDP BOOms T'DP BOOms TMo 5mg 

Figure 5. Timing Characteristics 
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Vss 

R7 = l00l<Q 01 2N5401 01 lN4004 
AS = 3k<.1 02 2N5550 02 lN4004 
R9 = 3kQ 03 2N5550 03 lN4004 
R10 = l00kQ 04 2N5401 04 lN4004 
Rl1 = 20MQ OS 2N5401 D6 LED 

07 lN4004 

Figure 6. Typical ApPlication Schematic 
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Speech Network 
GENERAL DESCRIPTION 

The XR-T5995 Speech Network is a monolithic integrated 
circuit specifically designed for implementing a low cost 
telephone set circuit. It is designed to use a electrodynamic 
microphone and electromagnetic receiver to replace a car­
bon microphone and telephone network hybrid. 

FEATURES 

Interfaces with Inexpensive'Condenser Electret 
Microphone, Electromagnetic Receiver 

Low Voltage CMOS Process to Operate from 20 mA 
to 100 mA Loop Current 

Minimum External Component Counts 
Uses I nexpensive and Non-critical External Components 
A DTMF Input for Tone Dialing 
External Mute Capability 

APPLICATIONS 

Low Cost Telephone Set 
Trimline Phone 
Line Monitor 

ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltage VDD 
Operating Temperature 
Power Dissipation 
Storage Temperature 

15 V 
OOC to 70°C 

1100mW 
-55°C to 125°C 
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XR-T5995 

FUNCTIONAL BLOCK DIAGRAM 

ORDERING INFORMATION 

Part Number 
XR-T5995CP 
XR-T5995CN 

Package 
Plastic 

Ceramic 

SYSTEM DESCRIPTION 

Operating Temperature 
OOC to 70°C 
OOC to 70°C 

The XR-T5995 Speech Network contains all the necessary 
circuits to perform hybrid operation. (On board micro­
phone, receiver amplifier and driver, external muting for 
tone dialing or pulse dialing.) A DTMF is provided to inter­
face to Touch Tone dialing. 

• 



XR-T5995 

ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETERS MIN. TYP. MAX. UNIT CONDITIONS 

VL Operating Voltage 2.7 9 V 1=20-100 mA 

IL Operating Current 15 100 mA 

GT Transmitter Gain 39.5 43.5 47.5 dB VIN = 3 mY, I = 1 KHz 

DT Transmit Distortion 2.5 6 % VL::: 1.2 Vp/p,1 = 1 KHz 

NT Transmit Noise Level -76 dB VM=O 

OT Transmit Output 2.3 Vp/p 

GR Receiver Gain -14.8 -10.8 -6.8 dB VL = 100 mV,I= 1 KHz 

DR Receive Distortion 2.7 6 % VR = .3 Vp/p, f = 1 KHz 

NR Receive Noise Level -78 dB VL= OV 

OR Receiver Output Level .6 Vp/p 

ZNET Network Impedance 350 750 n VL = .5 Vp/p, f = 1 KHz 

ST Side Tone 5 8 dB 

GDT DTMF Gain 10 14 18 dB VDT = .03 V, f = 1 KHz 

GAT Audible Tone Gain -7 -3 +1 dB 

ZT Transmit Input Impedance 12 Kn 

ZR Receive Input Impedance 100 n 
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PIN AND FUNCTION DESCRIPTIONS 

Pin Number 

GND 

Most negative supply terminal. 

2,3 

Current sense input, allows loop loos compensation for re­
ceiving or transmitting amplifiers. 

LINE IN 4 

To hold DC current and AC input impedance matching seen 
on the phone line. 

AGC 5 

Automatic gain control unit to set transmit and receive 
ar1plifier gain and attenuation on different line loop 
currents. 

VDD 6 

Most positive regulated supply terminal. 

OUT (-1). OUT (+) 

Differential output driver, used to drive a speaker or an 
electromagnetic receiver. 

2-95 

XR-T5995 

TONE IN 9 

External pacifier tone input, to provide audio feedback 
to the user that a key has been depressed in dial pulse 
mode. 

RC .. RIN 10,11 

Input, output of receiving amplifJOr. 

MUTE 12 

External mute input is provided to mute the line receive 
amp and to insert the tone to the receiver. 

DTMF IN 13 

This input is used with a Touch Tone dialer to insert the 
DTMF signal to the line. 

14,15 

Microphone input, output to transmitting amplifier. 

ST 16 

Sidetone compensation input. 

• 
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Tone Ringer 
GENERAL DESCRIPTION 

The XR-TB205 Tone Ringer is primarily intended as a re­
placement for the mechanical telephone bell. The device 
can be powered directly from telephone AC ringing voltage 
or from a separate DC supply. An adjustable trigger level 
is provided with an external resistor. 

The XR-TB205 is designed for nominal 15 volt operation 
and is available in an 8 pin D I L package. 

FEATURES 

Low Supply Current 
Operates Directly From Telephone Line 
Provides Single or Dual Tone Frequencies to Simulate 
Mechanical Bell 

Operates from 15 to 30 Volts 
Pin-to-Pin Compatible with MITEL ML8205 

APPLICATIONS 

Electronic Telephones 
Alarm or Other Alerting Devices 
Power Line Indicator 
Toys 

ABSOLUTE MAXIMUM RATINGS 

Storage Temperature 
Operating Temperature 
Supply Voltage 
Input Voltage 

-65°C to +150°C 
DoC to 70°C 

30V 
-.3 V <; V,N <; VDD +.3 V 
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XR-T8205 

FUNCTIONAL BLOCK DIAGRAM 

ORDERING INFORMATION 

Part Number 
XR-T8205CP 
XR-T8205P 

Package 
Plastic 
Plastic 

SYSTEM DESCRIPTION 

Operating Temperature 
DoC to 70°C 
DoC to 70°C 

The XR-T8205 Tone Ringer consists of two oscillator cir­
cuits, a dial reject filter and an amplifier to drive high impe­
dance audio transformer or plezo·eleetric transducers. 

The power supply control circuit provides the hysteresis re­
quired to ensure positive triggering of the device and to pre­
vent transient triggering due to dial pulsing. 

As the power supply voltage to the XR-T8205 is increased 
up to the supply initiation voltage (VSll. oscillation begins. 
The low frequency oscillator oscillates at a rate of FL con­
trolled by an external resistor and capacitor, connected 
between Pins 3 and 4. The output of F L is internally con­
nected to the switching threshold cicuitry of the high fre­
quencyoscillator. 

• 



XR-T8205 

ELECTRICAL CHARACTERISTICS 
Test Conditions: VOO = 17 V TA = 25°C, unless specified otherwise. 

SYMBOL PARAMETERS MIN. TYP. MAX. UNIT CONDITIONS 

VOO Operating Supply Voltage 15 17 30 V 

10 Operating Current .7 1.2 rnA No Load 

IS Supply Initiation Current 1.4 2.5 4.2 rnA No Load, RT = 6.8 kll 

IT Trigger Current 10 20 1000 p.A 

Vo Output Voltage 17 19 21 V No Load, VOO = 21 V 

t.fo Oscillator Frequency 
Tolerance 10 % 

4.5 

4.0 

3.5 

3.0 

~ 
2.5 

S 
!!J 2.0 

1.5 

1.0 

5 

0 2 4 6 8 10 12 14 16 18 K~l 

RT(KQI 

Figure 1. SupplV Initiation Current (IS) VS RT 
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PIN AND FUNCTION DESCRIPTION 

Pin Number 

Supplies 

VDD, GND 1,5 

Power supply inputs - the device is designed to operate 
from 15 to 30 volts. 

Trigger In 2 

This pin is provided to adjust power supply initiation 
current. 

Rate Oscillator 3,4 

Rl, Cl low frequency oscillator external components. 
Oscillation rate is determined using the relation FL == 

1/( 1.234 R l Cll where R is the value of the resistor con­
nected between Pin 3 and 4, and C is the value of the 
capacitor connected between Pin 3 to Ground. 

VDD 

RATE OSC 

RING OSC 

XR-T8205 

Ringing Oscillator 6, 7 

CH, RH High frequency oscillator external components. 
When the output of the rate oscillator is high, the high 
frequency oscillator oscillates at its normal rate, descri­
bes by the relation FH == 1/(1.515 RHCHI where R is the 
value of the resistor connected between Pins 6 and 7, and 
C is the value of the capacitor connected between Pin 6 to 
Ground. When the output of rate oscillator is low, 
high frequency oscillator oscillation changes to FH = 

1.25 FL. 

Output 8 

The output amplifier of the XR-T8205 is capable of driving 
a wide range of load impedances, when driven from a low 
source impedance power supply. 

Figure 2. Ring and Rate Oscillator Relationship 
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Figure 3. Typical Line Powered Tone Ringer Circuit 
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Modem Basics 

GENERAL INFORMATION 

The modem or modulator/demodulator serves as the inter­
connecting link for digital equipment to communicate 
over telephone or other wire media. As shown in Figure 
1 the modem encodes (modulates) incoming binary da­
ta into signals suited for transmission over the available 
media. 

Conversely on the opposite end, the other modem de­
codes (demodulates) the received signals from the line. 
In this figure, Rxd2 (received data) would be identical to 
that of Txd1 and Rxd1 equal to Txd2' That is a properly 
operating modem receiving an encoded signal would 
reproduce at its output exactly what the transmitting 
modem had at its Txd input. The modem initiating the 
"conversation" is termed the originate and the receive 
modem the answer. Figure 1 illustrates modems which 
have the ability to communicate both directions, which 
when able to do simultaneously is known as full-duplex 
operation. This same communication in both directions 
but only one direction at a time is half-duplex operation. 
Communication in only one direction is simplex opera­
tion. These modes of operation can be likened to a tele­
vision for simplex, a CB which has to be keyed to talk for 
half duplex and a telephone for full duplex where both 
parties can talk at once. 

Modem speeds of transmitting and receiving are speci­
fied in BPS (bits per second). This term describes the 
number of binary data bits that can be transmitted per 
second. For low speed modems, baud rate is inter­
changeably used in place of BPS. Low speed modems 
are usually those with 0 to 1200 BPS, medium speed for 
2400 to 9600 BPS, and those above 9600 BPS high 
speed. Most modems are generally classified accord­
ing to which Bell (US) or CCITT (European) standard they 
conform to. This standard indicates the modem speed, 
operation and encoding technique used. Figure 2 
shows the most popular low and medium speed stan­
dards used. 

MODULATION TECHNIQUES 

Many types of encoding formats are used in modems, 
with the speed of the modem and type of media usually 
the determining factors. here the two most popular will 
be discussed, FSK and PSK. 

FSK or frequency shift keying, illustrated in Figure 2, en­
codes binary data into two discrete frequencies. 

ENCODING 
STANDARD SPEED OPERATION TECHNIQUE 

103 0-300 BPS Full-Duplex FSK 
201 1200 BPS Half-Duplex PSK 
202 1200 BPS Half-Duplex FSK 
212A 0-300 Full-Duplex FSK 

1200 PSK 

(A) 

V.21 0-300 BPS Full-Duplex FSK 
V.22 1200 BPS Full-Duplex PSK 
V.23 1200 BPS Half-Duplex FSK 

75 BPS 
V.26 2400 BPS Half-Duplex PSK 

(B) 

Figure 2_ Popular Bell (A) and CCITT (B) Standards 

Figure 3_ FSK Encoding 
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Figure 1_ Modem System Block Diagram 
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The pair of frequencies used in the FSK scheme are 
chosen to be within the bandwidth of the media used. 
For example; the telephone line has a bandpass char­
acteristic with the low frequency cutoff of about 300 Hz 
and a high frequency cutoff of about 3 kHz. For the tele­
phone line the FSK frequencies would have to both fall 
within its 300 Hz to 3 kHz frequency restriction. With 
the FSK scheme the higher frequency is known as the 
Mark frequency and the lower the Space. The placing of 
the frequencies, as mentioned, strongly depends on 
the media bandwidth, however, the spacing between 
the mark and space frequencies also depends on the 
demodulation techniques used. For PLL (Phase-Locked 
Loop), demodulation, described in subsequent sec· 
tions, the following relationships must be met: 

A. For wide mark-space deviations (close to 2 to 1) 
fmark-fspace = ~f ~ baud rate (BPS) X .83 

B. For narrow spacing 
fmark - fspace = ~f ~ baud rate (BPS) X .67 

In full-duplex systems two mark/space frequency pairs 
must be used, one for answer mode and another for 
originate. This is necessary because of the simulta­
neous two way communication for full-duplex opera­
tion. The phase of the frequencies, one relative to the 
next, of mark to space or space to mark transitions can 
be either coherent or noncoherent. Coherent indicating 
that the phase is continuous on frequency transitions or 
the phase of the "new" frequency takes over where the 
"old" left off. Noncoherent indicating the phase of the 
new frequency has no relationship to that of the old. 
Here again the demodulation technique used being the 
determining factor of the necessity of phase coherency. 
PLL demodulation is one popular scheme requiring 
phase coherent FSK signals. 

The other popular encoding scheme used is PSK or 
phase shift keying. Here a constant carrier frequency is 
used with the relative phase of it indicating the "value" 
of the binary data bit. Because the relative and not ab­
solute phase of the carrier is important, most PSK 
schemes are DPSK or dibit PSK. DPSK measures the 
phase of the carrier in two successive bit frames in or­
der to determine the phase change. Figure 4 illustrates 
PSK encoding, with Figure 5 listing the phase shifts and 
dibit values of two popular PSK modems. 

PSK operates in either SYNC (synchronous) or ASYN 
(asynchronous) formats. Sync systems use a transmit 
clock from the digital equipment to clock data out and 
maintain synchronization. In this format the data 
stream itself has no synchronizing information. In 
ASYNC systems, there is no timing signal from the digi­
tal equipment to the modem. Here synchronization and 
timing information is derived from start and stop bits 
placed in the data stream bracketing each character. 
Timing is maintained by the modem inserting or remov­
ing stop bits. Figure 6 illustrates a terminal connected 
to a SYNC system in (A) and ASYNC system in (B). Dif­
ferent character lengths are used, with Bell 212A hav­
ing options for 9 or 10 bit lengths, or 7 or 8 data bits 
each with one start and one stop bit. 
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Figure 4. PSK Encoding 

STANDARD BELL 212A/V.22 BelL 201lV.26 

Phase Shift 00 + 90 0 
- 90 0 + 1800 450 1350 225 0 3150 

Dibit Value 01 00 11 10 00 01 11 10 

Figure 5. Popular Phase Shifts and Dibit Values 
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Figure 6. SYNC and ASYNC Formats 

nT:"I~>---<>". DATA 

L_-.J~>---.> ~""II" onlCT 

Figure 7 



DEMODULATION TECHNIQUES 

Once data has been encoded onto a carrier, Txcar, by 
the modulator in either FSK or PSK formats, the receiv­
ing modem (answer mode) must decode or demodulate 
this received carrier, Rxcar. For FSK encoding, analog 
and digital techniques are used for demodulation. Popu­
lar analog schemes often employ PLL type demodula­
tion. Using this method, illustrated in Figure 7, a PLL 
locks to the incoming FSK frequencies and produces 
two different DC error voltages at the phase detector 
output. These voltages are compared to a reference to 
indicate whether the incoming frequencies lie above or 
below a reference frequency, or whether they are mark 
(high) or space (low) frequencies. 

A second phase detector (quadrature) is often added 
whose output, when filtered and sliced, produces a car­
rier detector (CD) output. This output is active only when 
the PLL is in lock, allowing an indication when valid da­
ta is present at Rx data. 

PSK demodulators typically employ one of two popular 
schemes, differential digital or coherent demodulation 
techniques. The differential scheme examines zero 
crossings to determine carrier phase. With coherent 
demodulators internal PLL's are used to lock and to de­
termine the phase of the incoming carrier. Coherent 
schemes usually provide better overall performance, 
but at the sacrifice of higher circuit complexity and 
cost. 

The demodulator affects and determines several key 
parameters of the modem. The demodulation process 
adds several degradations to the other originally trans­
mitted data. One, Bias distortion, illustrated in Figure 8, is 
easiest seen in an alternating 0,1,0,1 ... data pattern. 
This pattern should have equal times for each bit, high 
(1) and low (0) (T 1 t == Tot). 
TRANSMITTED 
DATA ----, r----
TXOATA '----"-_....J~ Tnx + TOTX j 

RECIEVEO 
DATA ___ --, 

AX DATA 

Figure 8. Bias Distortion 

Bias distortion describes how far from equal the re­
ceived data, RXdata, high and low times are: 

Bias distortion == [(.5) T1 p;1 R~ORX] 100 
(%) + 

Output jitter is another parameter describing the quality 
of the demodulation process. Illustrated in Figure 9 
again with an alternating 0,1,0,1 ... data pattern. 

T X DATA }, ~:AME ~ 
II '----~ 

..... TL--
11------, 

AX DATA 

Figure 9 
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The output jitter is usually specified in percent, indicat­
ing what percentage of the bit frame the peak to peak 
jitter is. 

. [Tmaximum - Tminimum] 
Jitter == T 100 

(%) b 

FILTER REQUIREMENTS 

Filters in modems serve two functions; to filter the mod­
ulator output for band limiting and filtering of the re­
ceived carrier (Rxcar) before the demodulator. Figure 
10 illustrates these filter functions. 

RECEI\j'EOCAP""(A ... ,fJ04i1WO'SE CLi"'''' 

."0 LOCAL OS(; CCJlIoIfOONENlS ~!~~II~~O 

Figure 10_ Transmit/Receive Filtering 
The transmit filter is typically a lowpass or bandpass 
structure. As this filter is used to bandlimit the modulat­
ed carrier, it is usually of low order (lOW number of poles 
to zeros). The complexity is defined by the frequency 
spectrum generated by the modulator and how well this 
has to be confined on the media. For example; tele­
phone lines have restrictions as to the amplitude of fre­
quency even above its narrow 3 kHz band width (see 
FCC requirements). 

The receive filter serves two functions: remove noise 
from the received signal and more importantly remove 
any local modulator signal which gets mixed with the 
receiver carrier. Figure 11 illustrates the function of the 
receive filter. 

An additional block (duplexer) must be considered 
when specifying the receive filter. The duplexer acts to 
channel the received carrier from the media to the de­
modulator, A, and channel the transmit carrier to the 
media, B (four to two wire conversion). Imperfections in 
the duplexer allow some of the Txcar to get into the Rx­
car, C. Therefore, to maintain a good SIN (signal to 
noise) ratio at the demodulator input, Rxcar, the receive 
filter must remove this unwanted local Txcar. An exam­
ple illustrates the consideration in terminating the com­
plexity of the receive filter. In this case, an FSK, Bell 
103 Type, modem is examined, as shown in Figure 11, 
with the following requirements: 

Demodulator: fmark == 2225 Hz; fspace == 2025 Hz, 
2225 Hz - 2025 Hz 

Modulator: 

fc == == 2125 Hz 
2 

Rxcar dynamic range :::: - 10 dBm to 
-48 dBm 

sIn at Rxcar == 15 dB 

fmark == 1270 Hz, fspace == 1070 Hz, 
fc == 1170 Hz 

Txcar (B) == - 9 dBm 



ft. OAT" 

'.OAt .. 

Figure 11. Modem Signal Paths 

Because of line impedance variations, 600n ± 1 DOn or 
more (telephone lines), the duplexer may only be able to 
maintain 10 dB of Txcar ejection to the receive filter in­
put. Rxcar wi" contain more than -19 dBm of Txcar and 
at a minimum, Rxcar = 54 dB [Path (A) has a 6 dB loss 
due to termination]. If the receive filter has 0 dB pass­
band gain, to achieve a 15 dB sIn ratio at Rxcar the Tx­
car "bleed through" (Path C) attenuation is calculated 
as follows: 

at Rxcar: Signal = 54 dBm 

Txcar (C) = -54 dBm -15 dBm = -69 dBm 

Attenuation = -10 dBm - (-69 dBm) = 
50 dB 

The filter requirements are illustrated in Figure 12. 

Other requirements to consider are filter bandwidth, 
which optimally is set close to the FSK baud rate, or 
here 300 Hz (sma" bandwidths can alter the transmit­
ted carrier's spectrum). The phase response or specifi­
cally group delay within the passband can degrade the 
quality of the Rx data in terms of jitter. The group delay 
(GO) is a measure of the difference in time it takes for a 
mark or space frequency to pass through the filter. It is 
calculated by taking the first derivative of phase, with 
respect to frequency: 

dO 
GD =­

df 

Figure 12. 103 FSK Receive Filter 

Typical differential group delay values for the 103 exam­
ple are 50 - 300 us over the pass band. 

For full or half·duplex modems the receive filter can be 
used for transmit filtering of the opposite band, shown 
in Figure 13 (mode switching). 

An additional filtering requirement for many modems 
must be considered. This is the second harmonic con-
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Figure 13. Mode Switching 

tent of the transmitted local carrier. An example of prob 
lems caused by the term are seen in the FSK 103 type 
modem. If the local modulator is transmitting 1070 Hz, 
the second harmonic content (2140 Hz) falls right in the 
receive filter's passband. Therefore, the transmit filter 
must attenuate this harmonic content to an acceptable 
level. 

PHONE LINE INTERFACING 

The phone line interfacing has to couple the Txcar onto 
the line while removing the Rxcar and channeling it to 
the receiver. Figure 14 shows a simple acoustical con· 
nection which uses the telephone's internal carbon mi· 
crophone and speaker. 

A.car 

T.cat 

Figure 14. Acoustical Coupling 

In this connection the telephone headset itself acts as 
the duplexer or 2 to 4 wire converter. Attenuation of Tx· 
car to Rxcar should be infinite, but mechanical trans· 
mission or bleed through may occur and should be con· 
sidered. 

Typica"y acoustical coupling is only used for FSK type 
modems with low data rates, 1200 BPS and down. This 
is because of the poor quality carbon microphones 
found in most telephones. 

The other coupling configuration is the direct connect, 
typically design OAA (Direct Access Arrangements). The 
DM, shown in Figure 15, serves to: 

1. Provide DC isolation between modem and telephone 
line-T1· 

Figure 15 

• 



2. Provide a ring detect to control the on/off hook 
switch-may be manual. 

3. Provide a DC current path during off-hook to 
"hold" the Line-L 1. This current is monitored by 
the telephone company to indicate when someone 
is connected to the line. 

4. Provide transient protection-R1/Z1. 

A hybrid transformer is often used in place of the differ­
entially connected op amp to perform the duplexer 
function, shown in Figure 16. 

The hybrid transformer, T 1, provides better Txcar bleed­
through attenuation (typically 20 dB) but at additional 
expense over the op amp duplexer. 

Figure 16 

COMPLETE MODEM SPECIFICATIONS 

Line signals received by the modem are often greatly 
changed by the media from the originally transmitted 
signal at the originating modem. With telephone com­
munications Bell specifies five different lines which ap­
pear in standard dial-up lines as shown in Figure 17. 
Since which line will appear is totally unknown, the 
worst case line (Bell 3002) is generally used for modem 
evaluation. 

From Figure 17 it can be seen that severe amplitude 
variations can occur on received line signals. Typically 
modems should function with received line signals from 
a to -45 dBm (2.2V to 12.3 mVp-p). 

Group delay also can experience large changes. Figure 
18 shows the general shape of the group delay charac­
teristics as a function of frequency. Medium to high 
speed modems (PSK encoding) generally use some 
kind of equalization to compensate for group delay vari-

BEll SCHEDULE 3002 Cl 
Attenuation Characteristic 300 to 3000 Hz 300 to 2700 Hz 
(referenced to 1000 Hz) -3 to +12 dB -2 to +6 dB 

Envelope Delay Distortion 800 to 2600 Hz 1000 to 2400 Hz 
(max. ~sec) 1750 ~sec 1000 "sec 

800 to 2600 Hz 
1750 "sec 

Figure 17. Bell Dial-up Line Characterlst/cs 

3-6 

ations. The dotted line in Figure 18 illustrates a compro­
mise line equalization to flatten the effective group de­
lay variation. 

Direct connect/on to the telephone line requires FCC approval 
as specified in Part 68 of the FCC regulations. One of 
the main requirements of this FCC regulation is the 
maximum in-band power levels over frequency bands 
not only within the 300 to 3000 Hz line bandwidth, but 
also above it be restricted to given levels. Figure 19 
shows the maximum power levels to be put on the line. 

Because modems communicate over vast distances of­
ten automatically operated, test facilities are often add­
ed. These test facilities are used to test the local mo­
dem as well as the distant one. Figure 20 illustrates 
these functions. 

I ,.,110 COWRDMISI! IOUALlnll 

/'-t- ...... J 
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I I \ 
I I 

I 
I 
I 
I 
I.t 
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Figure 18. Group Delay Characteristics 

Frequency 
(KHz) 3.995 to 4.005 4 to 10 10 to 25 25 to 40 Above 50 

Maximum - 18 - 16 - 24 - 36 - 50 
Power Level 
(dBm) 

Figure 19. FCC Phone Line Restrictions 
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Figure 20. Test Facilities 

C2 C4 DCS-S# 
300 to 3000 Hz 300 to 3200 Hz 300 to 3000 Hz 
-2 to +6 dB -2 to +6 dB -1 to +3 dB 

1000 to 2600 Hz 1000 to 2600 Hz 1000 to 2600 Hz 
500 ~sec 300 ~sec 100 "sec 

600 to 2600 Hz 800 to 2800 Hz 600 to 2600 Hz 
1500 "sec 500 "sec 300 "sec 

500 to 2800 Hz 600 to 3000 Hz 500 to 2800 Hz 
3000 "sec 1500 "sec 600 ~sec 

500 to 3000 Hz 
3000 "sec 



EXAR CROSS REFERENCE TO MODEM TYPE 

STANDARD 

XR PART NUMBER FUNCTION BELL CCITT 

XR-210 FSK Mod or Demod 103, 212A (FSK), 202, NS V.21, V.23, NS 
XR-2211 FSK Demod 103, 212A (FSK), 202, NS V.21, V.23, NS 
XR-2206 FSK Mod 103, 212A (FSK), NS V.21, V.23, NS 
XR-2207 FSK Mod 103, 212A (FSK), NS V.21, V.23, NS 
XR-14412 FSK ModlDemod 103 V.21 
XR-2103 FSK Filter 103 
XR-2120 PSK/FSK Filter 212A, 103 V.22 (needs 1800 Hz notch) 
XR-2121 PSKIFSK Modulator 212A V.22 (no guard tone generator) 
XR-2122 PSK/FSK Demodulator 212A V.22 
XR-2123 PSK Mod/Demod 212A (PSK), 201 V.22, V.26, NS 
XR-2125 Data Buffer 212A 

NS = Non Standard 

EXAR MODEM SUPPORT CIRCUITS 

XR PART NUMBER FUNCTION 

LINE INTERFACE 
XR-1488 Quad Line Driver 
XR-1489 Quad Line Receiver 

OPERATIONAL AMPLIFIERS 
XR-082/083 Dual Bipolar JFET Operational Amplifier 
XR-084 Quad Bipolar JFET Operational Amplifier 
XR-094 Quad Programmable Bipolar JFET Operational Amplifier 
XR-095 Quad Programmable Bipolar JFET Operational Amplifier 
XR-096 Quad Programmable Bipolar JFET Operational Amplifier 
XR-146/246/346 Programmable Quad Operational Amplifier 
XR-1458/4558 Dual Operational Amplifier 
XR-3403/3503 Quad Operational Amplifier 
XR-4136 Quad Operational Amplifier 
XR-4202 Programmable Quad Operational Amplifier 
XR-4212 Quad Operational Amplifier 
XR-4739 Dual Low-Noise Operational Amplifier 
XR-4741 Quad Operational Amplifier 

TONE DECODERS 
XR-567/567A Monolithic Tone Decoder 
XR-L567 Micropower Tone Decoder 
XR-2567 Dual Monolithic Tone Decoder 
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XR-2121 

Bell 2 12A Type Modulator 
GENERAL DESCRIPTION 

The, XR-2121 is designed to provide the complete modu­
lator function for a Bell 212A type modem. The circuit 
accepts a synchronous serial data stream and generates 
either a 300 BPS frequency shift keyed (FSK) or a 1200 
BPS differential phase shift keyed (DPSK) carrier signal. 
An on-board digital-to-analog converter provides a synthe­
sized sine wave output. Also provided on the transmitted 
carrier output is an inverting amplifier with external feed­
back resistor to provide a carrier amplitude adjust. 

The XR-2121 contains an internal 17 bit scrambler. This 
scrambler which is used during DPSK operation has a dis­
able input for sending non-scrambled carriers. 

A 1200 Hz transmit clock output is provided for 1200 BPS 
operation, although the XR-2121 will also accept an ex­
ternal transmit clock. For test or other purposes, a 600 Hz 
baud clock output is also supplied. 

The XR-2121 is constructed using silicon gate CMOS tech­
nology. The main clock frequency input is 1.8432 MHz, 
The XR-2121, available in a 22 Pin (0.4 inch wide) package, 
is designed to operate from +5 volt and -5 volt power 
supplies, 

FEATURES 

Bell 212A Compatible 
1200 BPS DPSK 
300 BPS FSK 
Digital Modulation Techniques for DPSK 
External Transmit Clock Input 
600 Hz Dibit Clock Output 
Complete Scrambler Function with Disable Input 
Transmit Carrier Level Adjust 
1.8432 MHz Clock 
±5 Volt Operation 

APPLICATIONS 

Bell 212A Type Modulator 
Bell 103 Type Modulator 

ABSOLUTE MAXIMUM RATINGS 

Power Supply 

VDD 
VSS 

Input Voltage 
DC Input Current 
Power Dissipation 

Derate Above 25° C 
Storage Temperature Range 

-0.3 to +7V 
+0.3 to -7V 

VSS -0,3V to VDD +0.3V 
±1O mA 

1.0 W 
5mWtC 

-65°C to +125°C 
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FUNCTIONAL BLOCK DIAGRAM 

ORDERING INFORMATION 

Part Number 
XR-2121CN 
XR-2121CP 

Package 
Ceramic 
Plastic 

SYSTEM DESCRIPTION 

DGNO 

TXClKEXT 

NC 

ClK IN 

DIB ClK 

NC 

MODE 

'TXD 

NC 

SCR EN 

NC 

Operating Temperature 
O°C to 70°C 
O°C to 70°C 

The XR-2121 basically has two types of operation, 1200 
BPS DPSK or 300 BPS FSK. For 1200 DPSK the XR-2121 
generates carrier frequencies of 1200 Hz or 2400 Hz, de­
pending on mode selection (originate or answer). The 
carrier frequencies are imposed with phase shifts to carry 
the data to be transmitted (TXD) over the telephone net­
work. The phase sh ifts correspond to the incoming data 
grouped in pairs (dibits) and are one of four values -
0°,90°, -90°, 180°, 

During 300 BPS FSK operation, the XR-2121 generates 
one of two pairs of frequencies to represent the TXD, 
These pairs are either 1070 Hz/1270 Hz or 2025 Hz/2225 
Hz depending on mode selection. 



XR-2121 

ELECTRICAL CHARACTERISTICS 
Test Conditions: VDD:: 5 V ±5%. VSS:: -5 V ±5%. CLK IN = 1.8432 MHz ±0.01%. TA = 0°_70°C unless otherwise specified. 

SYMBOL PARAMETERS MIN. TYP. MAX. UNIT CONDITIONS 

IDO Positive Supply Current 2.5 4 mA 

ISS Negative Supply Current -1.5 -2.5 mA 

DIGITAL INPUTS/OUTPUTS 

VOH Output High Voltage 2.4 V 10= 1 mA 

VOL Output Low Voltage 0.4 0.8 V lo=-1.5mA 

VIH Input High Voltage 2.4 V • VIL Input Low Voltage 0.8 V 

10H Output Drive Current 0.5 1.5 mA VOH:: 3.5 V 

IOL Output Drive Current 2.0 4.0 mA VOL = 0.5 V 

liN Input Current 10 J1A 

ANALOG SECTION 

VTXC Transmit Carrier Amplitude -4 dBM REXT = 10k 

VTXC2H Transmit Carrier Amplitude 
2nd Harmonic Content -40 dB RL ~ 10k 
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XR-2121 

PRINCIPLES OF OPERATION 

The X R-2121 is desiqned to perform all the necessary func­
tions for the modulator section of a Bell 212A type 
modem. It has been specifically designed to operate with 
the XR-2120 filter, XR-2122 demodulator, and XR-2125 
data buffer to form the complete Bell 212A type modem 
signal processor. This data sheet will cover just the XR-
2121 and its functions with Application Note AN-28 
covering the complete system. 

The X R-2121 has two basic types of operation; that of a 
1200 BPS differential phase shift keyed (DPSK) or 300 
BPS frequency shift keyed (FSK) modulator. 

The 1200 BPS section of the X R-2121 converts a serial 
synchronous data stream (TXD) into a DPSK encoded car­
rier suited for transmission over a standard telephone 
switched network. The incoming data, TXD, is clock­
ed into the X R-2121 by either an internally generated 
transmit clock, Tx elK, or an externally applied clock, Tx 
elK EXT The internal TX elK is derived from the main 
1.8432 MHz clock, and is precisely 1200 Hz. If an external 
transmit clock is applied to the TX elK EXT input. Tx 
elK will become phase locked to Tx elK EXT. Figure 1 
shows the relationship between TXD and Tx elK (lA) and 
TX elK and TX elK EXT (1 B). 

I ! 

TX [) 

i--__ --,I-- 1 811 --j 

I I 

A) T;;') AND ~K RELATIONSHIPS 

Figure 1. Transmit Data & Clock Relationships 

As seen in Figure 1, data is clocked into the XR-2121 on 
the falling edge of Tx elK. 

1200 BPS data entering the XR-2121 is passed through a 
scrambler circuit, as shown in Figure 2. 
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T XD SCH 

17 BIT SHIFT REGISTER 

Figure 2. 17 Bit Psuedo Random Scrambler 

The output of the scrambler produces a psuedo-random 
output which can be described by the following equation: 

TXD SeR = TXDI9TXD -149TXD -17 
(1) = exclusive - or operation 

The main purpose of the scrambler is to assure that the 
transmitted carrier will not have extended periods of 0° 
phase shifts. This condition would cause the receiving 
modem's demodulator to loose lock and be unable to 
extract clock information from the received carrier. This 
condition is discussed further within the XR-2122 data 
sheet. 

The scrambled data is fed into the actual modulator section 
of the X R-2121. Th is section phase encodes a constant 
frequency carrier to represent the incoming serial data, 
TXD. * This type of phase encoding phase shift the carrier 
every two data bits. Figure 3 shows the relationship be­
tween the transmitted data, its clock, and the resultant 
phase encoded carrier. As seen in this figure, although the 
data rate is 1200 BPS, the baud rate is only 600. This is 
because phase changes only occur every two data bits or 
dibits. Table 1 gives the phase changes for the four possible 
dibit values. 

*The transmit carrier frequencies for 1200 BPS operation 
are either 1200 Hz for originate mode or 2400 Hz for 
answer mode. 

Figure 3. TX ClKITXC Timing 
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DIBIT 

o 0 
o 1 
1 0 
1 1 

PHASE CHANGE 

Table 1. Carrier Phase Change vs Dibit Value 

It should be noted that the phase changes are relative 
values. That is, each phase change as shown in Table 1 is 
relative to the previous carrier phase. 

Figure 3 shows the TXC being phase shifted, however, 
the XR-2121 does not introduce abrupt changes as shown 
there. This figure was drawn in this fashion for clarity. 
The XR-2121 uses digital echo modulation techniques. This 
technique allows incremental or·.slowly changing phase 
changes. Using this method also allows precise shaping of 
the frequency spectrum. The spectrum analyzer photograph 
in Figure 4 shows the carrier spectrum for each carrier 
frequency. It can be seen from the photo that separation of 
about 40 dB between the two spectrums is possible even 
before bandpass filtering. The frequency spectrums are 
designed for square root raised cosine shaping. 

Figure 4. Transmit Carrier Spectrum 

For 300 BPS operation frequency shift keying, FSK, en­
coding techniques are used. For this operation bit asyn­
chronous serial data is fed into the X R-2121 data input. 
Being asynchronous, no transmit clock is used. The scramb­
ler is bypassed for 300 BPS operation. 

FSK encoding uses pairs of frequencies to represent input 
data changes. Figure 4 shows the incoming data, TXO, 
and carrier output relationships. 

r",~ 

r~ r\NVVv'JV\J\./'~,--

Figure 5. FSK Data Carrier Relationships 

XR-2121 

The pairs of frequencies used for the two different modes 
are shown in Table 2. The higher frequency in each pair 
is known as the mark frequency with lower the space. 

MODE CARRIER FREQUENCIES (MARK/SPACE) 

Answer 2225 Hz/2025 Hz 

Originate 1270 Hz/l070 Hz 

Table 2. FSK Carrier Frequencies 

Unlike 1200 BPS operation, for 300 BPS, the baud rate is 
the same as the data rate, 300. This is of cour~ because 
every input data change causes a carrier frequency sh ift. 

The outputs of both 1200 BPS and 300 BPS sections are 
fed into a multiplexer which routes the proper one to the 
output section depending on speed selection. The output 
circuitry consists of a seven bit digital-to-analog converter 
(DAC) and an output operational amplifier. The op amp is 
configured as an inverting amplifier with the OAC feeding 
an input resistor and the feedback resistor placed external­
ly. This allows TXC amplitude adjustment at this point. 
Pin 5, TXC EN, can be used to disable transmission if 
desired. 
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DESCRIPTION OF INPUTS AND OUTPUTS 

Pin 

2 

3 

4 

6 

7 

9 

Name 

AGNO 

Vss 

Description 

This is analog or signal ground. It 
should not carry logic or heavy 
currents. 

Power input for the negative power 
supply which is typically -5.0 volts. 

TXCAOJ This is the inverting input of the 
output op amp. A resistor (REXT) 
from this pin to pin 4 (TXc) sets 
the output amplitude of the TXC 
(see Figure 6). 

TXC This is the transmit carrier output. 

1200/300 Speed select input to set either 
1200 BPS OPSK or 300 BPS FSK 
operation. 

VOO Power input for the positive power 
supply which is typically +5.0 volts. 

TXCLK The transmit clock is output 
on this pin. It is internally gene­
rated from the main clock input 
(pin 19) and is used internally to 
clock TXO into the XR-2121. 
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13 

15 

16 

18 

19 

SCR EN 

TXD 

MODE 

DIB CLK 

CLKIN 

The data scrambler can be en­
abled or disabled by this pin during 
1200 BPS operation. 

This is the serial data input. 

Answer or originate modes are 
selected by this pin. 

The 600 Hz dibit clock is output 
on this pin. It may be used during 
system testing such as digital loop­
back to provide an alternating 
1 OlD ... data pattern. 

This is the main clock input and 
should be 1.8432 MHz ±0.01%. 

21 TXCLK EXT An external transmit clock may be 

22 

applied to this input during 1200 
BPS operation +0.01%. 

This is the ground for the logic 
circuitry of the XR-2121. 

CONTROL INPUTS 

Table 3 gives logic conditions for the various control inputs 
of the XR-2121. 

FUNCTION 
PIN NAME LOGIC HIGH LOGIC LOW 

5 TXC EN Carrier Enabled Carrier Disabled 

6 1200/300 1200 BPS Operation 300 BPS Operation 

13 SCR EN Scrambler Enabled Scrambler Disabled 

16 MODE Answer Originate 

Table 3. Control Input Conditions 

APPLICATIONS 

A typical connection of the XR-2121 is shown in Figure 6. 

GND 

TxC 

TXCLK O-------Ej 

TXC' 20 LOG (.63/1REXT, 
10K 

TX: -4 dBM for REX'" 10K 

TXClKEXT 

1.B432MHZ±O.01% 

600HZDIBCLK 

MODE 

T xc DATA INPUT 

SCREN 

... > SINGLE POINT GROUND 
C1 "). 2.2~F 
C2 ->O.D1,101F 

Figure 6. XR-2121 Typical Connection 
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The synchronous data stream is fed into TXD with the 
TXC output being either a DPSK or FSK encoded carrieL 
In a complete system the TXC would go to the transmit 
filter input. Application Note AN-28 shows the XR-2121 
in a complete modem signal processor. 

Several output waveforms have been included to help 
understand the XR-2121 operation. Figure 6 shows fre­
quency spectrums for FSK for both answer and originate 
modes. It can be seen to consist of two 300 Hz wide 
spectrums centered around 1170 Hz and 2125 Hz. Figure 
7 and 8 show the higher harmonic contents of the FSK 
spectrums. These figures show the second harmonic con­
tent to be more than 50 dB down from the fundamental. 
This is very desirable in the originate mode as second 
harmonics not attenuated by the transmit filter will pass 
unattenuated through the receive and cause degraded pel­
formance. • 



Figure 9 and 10 show the carrier being enabled and dis­
abled using the TXC EN pin (pin 5) for PSK and FSK 
respectively. It shows about 10 ms necessary for the car­
rier to be either fully enabled and settled, or disabled. 
These photos were taken with a transmit filter similar 
to the XR-2120 at the output of the XR-2121 to produce a 
clearer picture. 

For further application information on the XR-2121, 
Application Note AN-28 shows a complete modem signal 
processor utilizing the XR-2121 with the XR-2120 filter, 
X R-2122 demodulator, and X R-2125 data buffer. 

~ 
0155 

t---'l 890S--+i 

""033S~ 

~ 
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Bell 212A Handshake 

The Bell 212A modem specifications require auto speed 
selection on auto answer modems. Auto speed selection 
requires detection and decoding of the Bell 212A hand­
shake protocol. This detection and decoding is automatical­
ly performed by the X R-2122, Bell 212A type demodu­
lator. Some additional logic I circuitry is required to per­
form the handshake properly. This logic / circuitry may 
be digital, analog, or microprocessor-based. 

Figure 12A and 12B illustrates the timing requirements 
for the Bell 212A handshake. 

Figure 11. 

I 

~ 

2S~1S~0714S--+i 

~132S---.f 

~ 

Figure 12A. Figure 12B. V.22 Handshake (with V.25 Auto Answer) 
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5JKlI 

v.o--_+----...... >----' 
F, 550 H, 
F, 1800H, 
R, 180 Klll% 
R, 56K(ll% 
C 001.F 

lOKOt% 

lOKlll% 
TXCOUT 12120) 

62KlIl% 

V. 

~AA~J5 F, s-2~:1~ 

r---------+-----~ 0 F, 

20KIl 

V. - t5V 
V. - ·5V 

Figure 13. Guard Tone Generation v. 

V.22 Guard Tone Generation 

Figure 13 illustrates implementation of the V.22 guard tone 
generation. V.22 specifies use of the 1800 Hz guard tone 
in conjunction with the Originate carrier. The 550 Hz guard 
tone is a national option. Specifications for guard tone 
generation require the amplitude of the Quard tone to be 
6 ±1 dBM lower than' the transmitted carrier which is 
typically 9 dBM. The circuit of Figure 13 allows choice of 
implementation of either Quard tone via TTL logic levels: 
5 V giving 1800 Hz and 0 V producing 550 Hz. The 20 
kn resistor to pin 3 sets the voltage at pin 2 to 1.2 V 
peak. This voltage is then summed and attenuated at the 
line driver (X R-1458) to give the -16 dBM output required. 

Transmit Output Amplifier 

To ensure transmit amplitude accuracy for the XR-2121, an 
external amplifier is recommended. The input to this 
amplifier should be from pin 3, TXC ADJ. Figure 14 shows 
a typical implementation of this transmit amplifier. 

PIN 3 
(XR-2121) 

10K (1%) 

Figure 14. Transmit Carrier Output Amplifier 
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Bell 212A Type Demodulator 
GENERAL DESCRIPTION 

The XR-2122 is designed to perform the complete Bell 
212A type modem demodulator function. Both 1200 BPS 
differential phase shift keyed (DPSK) and 300 BPS fre­
quency sh ift keyed carrier demodu lation is performed by 
the XR-2122. The 1200 BPS portion utilizes coherent 
demodulation. while the 300 BPS uses phase-locked loop 
techniques. For 1200 BPS operation. an internal 17 bit 
descrambler provides the descrambled output with the non­
descrambled output also available. 

Automatic speed selection is performed by a handshake 
circuit. Carrier detect outputs are supplied for FSK data. 
PSK data. and conventional energy detection. 

A non-committed operational amplifier is supplied to pro­
vide receive carrier sensitivity tailoring. An automatic 
gain control circuit (AGC) assures wide dynamic input 
carr ier range. 

The XR-2122 is constructed using silicon gate CMOS tech­
nology. The X R-2122 is designed to operate off of a 1.8432 
MHz clock input. Available in a 28 Pin package. the 
XR-2122 is designed for +5 volt and -5 volt power 
suppl ies. 

FEATURES 

Bell 212A Compatible 
1200 BPS DPSK Coherent Demodulation 
300 BPS FSK Demodulation 
Eye Diagram Output 
Internal 17 Bit Descrambler 
Non-descrambled Demodulation Output Available 
FSK. PSK and Energy-type Carrier Detect Outputs 
Automatic Speed Selection 
Non-committed Op Amp for Input AGC Amplifier 
AGC Input Circuit for Wide Dynamic Range 

APPLICATIONS 

Bell 212A Type Demodulator 
Bell 103 Type Demodulator 

ABSOLUTE MAXIMUM RATINGS 

Power Supply 

VDD 
VSS 

Input Voltage 
DC Input Voltage 
Power Dissipation 

Derate Above 25
D
C 

Storage Temperature Range 

-0.3 to 7 V 
0.3to-7V 

VSS -0.3V to VDO +o.3V 
±1OmA 
750mW 

5mWtC 
-65

D
C to +150

D
C 
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FUNCTIONAL BLOCK DIAGRAM 

ANI VDD 

iI'NV FADJ 

AOUT CSIH 

DEMOO IN AT 

RCV OUi CT 

CO IN CT 

AGND EYE OUT 

NC OGND 

(;1 KIN AXD NS 

1/(JO :;00 AXD 

MODE Ax eLK 

HS coour 

CDELAY PSK CD 
HANDSHAKE 

CONTROL 

VSS 

ORDERING INFORMATION 

Part Number 
XR-2122CN 
XR-2122CP 

Package 
Ceramic 
Plastic 

SYSTEM DESCRIPTION 

FSK CO 

Operating Temperature 
ODC to 70DC 
ODC to 70D C 

The X R-2122 provides two basic types of operation; de­
modulation for either 1200 BPS DPSK or 300 BPS FSK 
encoded incoming carriers. For either speed. the incoming 
carrier is passed through a gain stage (uncommitted op 
amp) and an AGC circuit to condition the signal. For 1200 
BPS. the signal is processed using coherent demodulation 
techniques (Costas Loop). 

For 300 BPS. a digital phase-locked loop type of demodu­
lator is used providing low bias and jitter distortion without 
adjustments. 
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ELECTRICAL CHARACTERISTICS 
Test Conditions:VDD = 5 V ± 5%, VSS = -5 V ± 5%, TA = 0-70

o
C, ClK IN = 1.8432 MHz ± .01%, unless specified otherwise. 

SYMBOL PARAMETERS MIN. TYP. MAX. UNIT CONDITIONS 

DC CHARACTERISTICS 

100 Quiescent Positive 
Supply Current 8 12 mA Normal Operation 

ISS Quiescent Negative 
Supply Current -8 -12 mA Normal Operation 

I 

DIGITAL CHARACTERISTICS 

liN I nput Current 10 pA VIN = VDD or GND II 
I 

VIH Input High Voltage 2.4 V 

VIL Input low Voltage 0.8 V 

VOH Output High Voltage 2.4 V 10H = -400 pA 

VOL Output Loss Voltage 0.4 0.8 10L = 2 mA 

ANALOG CHARACTE R ISTICS (Circuit Configuration of Figure 11) 

AVG Amplifier Open Loop Gain 60 dB 

VDEMOD Typical Input Voltage 
IN to DEMOD IN -6 dBM 

ZDEMOD DEMOD IN Input 
IN Impedance 15 Kn 

ZCOIN CD IN Input Impedance 50 Kn 

COON CD On Level -32 -30.5 dBM 

CD OFF CD Off Level -35.5 -34 dBM 

Td CD CD Off/On Delay Time 10 17 24 ms 

Tdlh FSK FSK CD Off/On Delay Time 105 150 205 ms 

Tdhl FSK FSK CD On/Off Delay Time 10 17 24 ms 

Tdlh PSK PSK CD Off/On Delay Time 200 270 350 ms C Delay = 0.47 pF 

Tdhl PSK PSK CD On/Off Delay Time 10 17 24 ms 

fVCO VCO Frequency 
Answer Mode 4.8 KHz 
Originate Mode 9.6 Khz 
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ANI~+ 
AINV 2 -

AOUT 3 

DEMOD IN 4 1---..---..... --1 

Voo(ill­

VSS@-­

RCV OUT [II 

1200/300 E£}--

ClKIN 91--+--fg~~~~ATOR 

QPSK DEMODULATOR 

HS 12~--~---------------------------4---------------, 

FSK DEMODULATOR 

XR-2122 

SAMPLING 
MEMORY 
DECODER 

DE· 
SCRAMBLER 

--@EYEOUT 

~RT 

---§] CT 

--§lCT 

~CS/H 

--0 FAOJ 

CARRIER 
DETECTOR HANDSHAKEAND~----~ 

PSKCD 

FSKCD 

AGNO~ 

DGNO~ 

CONTROL LOGIC 

EQUIVALENT SCHEMATIC DIAGRAM 
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RXD 

RXDNS 

RXCLK 

MODE 
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PRINCIPLES OF OPERATION 

The XR-2122 is designed to perform the complete demodu­
lafor function in a Bell 212A type modem system. It has 
been specifically designed to complement the XR-2120 
filter, XR-2121 modulator, and XR-2125 data buffer to 
form a four chip Bell 212A type modem signal processor. 
This four chip set is known as the XR-212AS and is covered 
in depth in Application Note AN-28. This data sheet will 
deal specifically with the XR-2122 and its functions. 

The X R-2122 performs two different types of demodula­
tion; 300 BPS frequency shift keyed (FSK) and 1200 BPS 
differential phase shift keyed (DPSK) encoded carriers. 

First consider the 1200 BPS type of demodulation. For 
this demodulator operation, the XR-2122 accepts a DPSK 
encoded carrier (RXc) typically from the telephone 
switched network, and demodulates it to produce a serial 
received data output. Th is serial data stream is synchro­
nous, that is a clock, RX ClK, is used for synchronization 
purposes. 

The DSPK encoded receive carrier, RX(' is first applied to 
an automatic gain control circuit, AGe. This circuit, shown 
in Figure 1, provides a constant voltage output for a wide 
dynamic range input signal. 

Figure 1. AGC Circuit 

Operation of the AGC is as follows. Vo is internally set to 
about 1.5 volt peak-to-peak. The ~ain (non-inverting) of Al 
is set by R2 and Rl, and is R2/Rl for R2» Rl. With the 
gain of Al set and a constant Vo, the input voltage to Al 's 
non-inverting input will be a constant voltage: VNI = 

(Vo)';-(R2/Rl). FET Ql acts as a variable resistor to form a 
voltage divider with R3 for the input signal. Ql's resistance 
is controlled by the feedback path from Al 's output, 
through C2, the full-wave rectifier and filter network 
R4-R5-Cl. The feedback will control the resistance of Ql 
in such a way that the voltage divider action it produces 
with R3 will produce the precise voltage at VNI of Al, 
which, when multiplied by Al 's gain, will produce the 
correct Vo. Values are given in the applications section for a 
typical circuit which will accept an input dynamic range of 
-40 dBM to 0 dBM. 
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The output of the AGC, which is really a constant ampli­
tude RXC, is fed to two different circuits. One is for carrier 
recovery and one tor clock recovery. The carrier recovery 
circuit is a Costas loop. The error voltage outputs of 
the Costas loop are fed to a sampling memory decoder 
which will produce dibits, or pairs of bits, which are ex­
tracted from each RXC phase change. Figures A, B, and C 
show the eye diagram at the output of the Costas loop 
with the receive clock, RX ClK. The eye diagram is the 
prime indicator of demodulation quality in a cohert type 
demodulator. The RX ClK sets the point where the eye is 
sampled, which should be at the point of zero intersymbol 
interference, or, in other words, at the eye's maximum 
opening. The three photographs were taken at Pin 22, 
eye out, with a complete modem signal processor utiliz­
ing the XR-2121 modulator, XR-2120 filter, and XR-2125 
data buffer. The eye opening, or quality of demodulation, 
changes with different line (telephone) quality. The three 
photos show the eye and RX C l K for: 

A) Back-to-back operation, or two modems directly tied 
together, A 1 is originate and A2 is answer mode. 

B) A 3002, C2 conditioned phone line. B1 is originate and 
B2 is answer mode. 

C) A 3002 CO unconditioned phone line. Cl is originate 
and C2 is answer mode. 

Figure. A1 

Figure. A2 

II 
I 



Figure. 81 

Figure. B2 

Figure. C1 
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Figure. C2 

More information is given on this subject in Application 
Note AN·28. DPSK encoding introduces a phase shift to a 
constant frequency carrier every two data bits, or dibits 
(see XR·2121 modulator data sheet). Table 1 shows the 
four possible dibits for phase changes of RXe. The XR· 
2122 conversely produces two data bits for each phase 
change. The two carrier frequencies are 1200 Hz and 
2400 Hz; Table 2 shows the Mode/Frequency convention. 

RX CAR PHASE SHIFT OUTPUT D I B IT 

o 0 
o 1 
1 0 
1 1 

Table 1. Dibit Values for RXC Phase Changes 

MODE 

Answer 

Originate 

RECEIVE 
CARRIER FREQUENCY 

1200 Hz 

2400 Hz 

Table 2. Carrier Frequency Assignments 

;-he mode is controlled by a logic level on pin 10. The 
d ibits are returned to serial form by a parallel to serial 
converter. Next, the serial data stream is descrarnbled; 
the circuitry for this function is shown in Figure 2. 

RXOi 

RXO~ 
OEseR ~~---< 

Figure 2. 17 Bit Psuedo Random Descrambler 
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The descrambler is n.ecessary· as all Bell 212A type modems 
use a scrambled data format for the 1200 BPS speed. This 
is used to insure that certain data patterns which would 
cause few, or no phase changes, ever exist. The output of 
the descrambler can be described by: 

RXD DESCR = RXDI (1 Ell RXD -14 Ell RXD -17) 

For tim ing purposes during 1200 BPS operation, a clock 
must be extracted from the received carrier, RXC- This 
clock represents a baud period and is 600 Hz. It is used in­
ternally for sampling and multiplied by two, 1200 Hz, and 
output on pin 18, RX ClK. The timing relationship be­
tween RX ClK and output data, RXD, is shown in Figure 
3. 

RXClK 

Figure 3_ RXD/RX CLK Relationships 

As seen in Figure 3, RXD changes on the falling edge of 

RX ClK· 

Rxe 0--.------4 

------------------~ 
CARRIER DRIVE I 

Figure 4. Timing Recovery Circuit 

Clock recovery is accomplished from both the received car­
rier, RXc. and data drive timing. Initially, the clock is re­
covered from RXC for quick response and then assisted by 
the Costas loop for data drive. A digital phase-locked loop, 
Pll, locks the two types of RX ClK'S together for a more 
stable clock. This clock is used internally for sampling 
and timing, and outputted on pin 18, RX ClK, for sam­
pling use externally. 

The demodulation for the 300 BPS operation accepts an 
FSK encoded carrier and produces an asynchronous serial 
data output. Since it is asynchronous, no RX ClK is used. 
The RXC from the AGC output is fed to a digital phase­
locked loop, PlL. The error voltage of the Pll is low pass 
filtered using switched capacitor filter techniques and com­
pared against a reference voltage to produce the demodu­
lated output. 
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The output of the two demodulators, FSK and DPSK, are 
fed into a handshake and control logic section. The primary 
purpose of this section is to decide whether the incoming 
carrier, RXC, is FSK or DPSK encoded, or, in other words, 
which speed the carrier modulation is: 300 BPS or 1200 
BPS. This produces an auto speed control circuit. During 
the initial handshake routine, the XR-2122 will first look 
for an FSK RXC- It does this by an FSK mark sensor which 
looks for five consecutive errors. If this condition occurs, 
operation will automatically be switched to 1200 BPS 
DPSK. The handshake circuit produces three carrier detect, 
CD, outputs; an FSK CD (pin 15). PSK CD (pin 16), 
and an energy level type CD (pin 17) which will respond 
to all in-band signals. 

DESCRIPTION OF INPUTS AND OUTPUTS 

Pin 

2 

3 

4 

5 

6 

7 

9 

10 

11 

12 

13 

Name 

ANI 

AINV 

AOUT 

DEMOD 

RCV OUT 

COIN 

AGND 

ClKIN 

1200/300 

MODE 

HS 

CDElAY 

Description 

Th is is the input op amp non-invert­
ing input. This op amp is typically 
used in the AGC circuit. 

The inverting input of the input 
op amp. 

The output of the input op amp. 

The input to both 300 BPS and 1200 
BPS demodulators. Also the AGC 
output. 

This pin is used to drive the gate of 
an external FET used in the AGC 
circu it. 

The input to the carrier detect 
circuitry. 

Analog ground for the linear cir­
cuitry of the XR-2122. This ground 
should not carry logic current to 
avoid ground noise. 

The master clock input, typically 
1.8432 MHz ±0.01%. 

Speed select input for selecting 
1200 BPS DPSK or 300 BPS FSK 
operation. 

Mode selection for answer or origi­
nate mode. 

Handshake enable/disable input. The 
handshake is primarily an auto speed 
selection circuit with a full descrip­
tion with the text section. 

Provides carrier detect turn-off and 
turn-on timinq programming. 

• 
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C, FILTERED 

r------~>------------__i 1-1--------0 RECEIVE 

1.8432 MHz IN O-----------""'""'"i 

TO CH/CI OF RS-232-C n-------------f 

Vss 

IC4 

1200/300 

MODE 

HS 

COELAY 

Vss 

Voo CARRIER 

TYPICAL COMPONENT VALUES 
R, = 33KO Cl = 1/.lF 
R2 = 1 KO C2 = 0.01/.lF 
R3 = 100KO C3 = 0.0033pF 
R4 = 220KO C4 = 0.47 pF 
Rs = 33KO Cs = 1/.lF 
Rs = 390KO Cs = 1/.lF 
R7 = 10KO POT C7 = O.0033/.lF 
Rs = 220K 
Rg = 1K 

TO CF OF RS-232-C (')...-----------------------1 
TO DATA BUFFER { 

(SYNC-TO-ASYNC) n----------------------.......I R,O = 43KO 

14 VSS 

15 FSK CD 

16 PSK CD 

17 CD 

18 RX ClK 

19 RXD 

20 RXD NS 

FIGURE 11. TYPICAL CONNECTION DIAGRAM 

Power supply input for the negative 
power supply. This supply is -5.0 ± 
0.25 volts and should be well by­
passed with decoupling capacitors. 

This is the FSK CD output. 

Provides the DPSK CD output. 

The energy-type CD output. 

Receive clock output which is a 
1200 Hz square wave derived from 
the incoming DPSK encoded carrier, 
RX ClK. Used for external timing of 

RXD· 

Serial receive data output for either 
1200 BPS DPSK or 300 BPS FSK. 

This provides a receive data output 
before the internal descrambler. 

21 

22 

23/24 

25 

26 

27 

28 
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DGND 

EYE 

CT 

RT 

CS/H 

VDD 

The ground for the digital logic 
of the XR-2122. This pin should 
be connected to AGND at the power 
supply - single point ground. 

The Costas loop eye diagram out­
put is available at this pin. 

The Costas loop voltage controlled 
oscillator, VCO, timing capacitor is 
connected between these pins. 

The Costas loop VCO timing resistor. 

Sample and hold capacitor is con­
nected between this pin and analog 
ground, AGND. 

Costas Loop VCO fine tuning input. 

Power supply input for the posi­
tive supply. This supply is +5.0 ± 
0.25 volts and should be well bypa­
sed with decoupling capacitors. 
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CONTROL INPUTS 

Table 3 gives logic conditions for the various control inputs 
of the XR-2122. 

FUNCTION 
PIN NAME LOGIC HIGH LOGIC LOW 

10 1200/300 1200 BPS DPSK 300 BPS FSK 
Operation Operation 

11 MODE Answer Originate Originate 

12 HS Handshake 
F u nction/Enab Ie 

Handshake 
Function/Disabled 

Table 3. Control Input Conditions 

APPLICATIONS 

The XR-2122 is shown in a typical connection in Figure 11. 

In a complete modem system the received carrier, RXe. 
would come from the receive filter such as the X R-2120. 
For the XR-2122 it would be either a FSK or DPSK en­
coded carrier typically from the telephone network. The 
data output, RXD, would be either a 300 BPS serial bit 
asynchronous or 1200 BPS serial synchronous data stream. 
In a full application (AN-28), the RXD output would go 
through the XR-2125 data buffer. For the 1200 BPS 
operation, the data buffer will convert the X R-2122 syn­
chronous data into a character asynchronous format with 
a character length of 9 or 10 bits. 

The input signal range of the RXC is -40 dBM to 0 dBM 
for the AGC values given. 

Figure 13 shows R8 and Rg replaced by potentiometer 

Pl· 

Potentiometer Pl adjusts an internal DC offset in the 
Costas Loop, or 1200 BPS section of the XR-2122. For 
optimum system performance, it should be adjusted for 
maximum eye opening at pin 22, EYE OUT (see Figure 
12). Figure 13 shows the test set-up for observing the eye 
output of 1200 BPS and determining the demodulation 
quality. 

MAXIMUM EYE OPENING 

Figure 12. Eve Diagram Characteristics 

Further, more complete applications information on the 
XR-2122 is given in Application Note AN-28 which covers 
the device used in a complete system. 
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BeJl212A Handshake Protocol 

The X R-2122 performs the sensing for the Bell 212A hand­
shake protocol. With the handshake pin, pin 12, pulled 
high (+5 V). the XR-2122 will perform energy and sensing 
and indication, and auto speed adjust. These functions 
can be utilized to complete the Bell 212A handshake. 
Timing parameters are illustrated in Figure 14A and 14B. 

Since the XR-2122 will change speeds internally, over­
riding the speed selection pin (pin 10). the designer must 
provide a means for selecting the required handshake proto­
col carrier from the modulator, the XR-2121. This selection 
can be achieved irl hardware or software. 

Addendum: 

Handshake: 

The handshake pin (HS), pin 12, must be low when 
the device is first powered up. The reason for this is 
that at power up, the digital portions of the XR-2122 
will reset to an initial state. The HS pin being high 
will prevent this from occurring. It is best to have 
the HS pin low for 2 seconds to allow the reset to 
completely finish. 

AGe: 

The requirements for the AGe Field Effect Transistor 
that is tied to pin 1 (ANI) is as follows: 

VGS (gate-source cut-off voltage) == 

-0.8 V minimum, -4.0 V maximum 
VOS(on) (drain-source on voltage = 

0.5 Vat '0 = 5 mA maximum 
rds(on) (drain-source on resistance) = 

60 ohms maximum 
BVGSS (gate-source breakdown voltage = 

-30 V minimum 

The 2N4681 meets these requirements and Is used for 
all demonstrations in EXAA's labs. 
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Figure 13. Set·up for Eye Diagram Output 
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XR-2122 

ORIGINATING STATION 

RECEIVE CARRIER 

TRANSMIT CARRIER 

FSK CD 

PSK CD 

ANSWERING STATION 

RECEIVE CARRIER 

TRANSMIT CARRIER 

FSK CD 

PSK CD 

ORIGINATING STATION 

~ANSWERTONE~ 
______ ~~r----------------DA-T~A-----------------

1270Hz~ _____________________ ~r------------D-AT~A----------------

I-l 
0.15 S 

____________________ ~~~l--________ ~D~A~TA~ ____________ __ 

______ ~~~ ______________ D_A_T_A ______________ __ 

1--. 0.890 S-.j 

1-0.33S.j 

f-J 
0.15S 

Figure 14A. 212A Handshake 300 BPS 

RECEIVE CARRIER 

!-ANSWERTONE . I- 2400HzMARK-I;.-_____ . _________ _ 
______ ~~~ ______ D_A_T_A _______________ _ 

TRANSMIT CARRIER 

FSK CD 

PSK CD 

ANSWERING STATION 

RECEIVE CARRIER 

TRANSMIT CARRIER 

FSK CD 

PSK CD 

,. 1200HzMARK~-:-:_~-~,~-------------
___________ ~~ _______ D_A_T_A _____ __ 

1-1 
0.15 S 

I---l 
0.27 S 

2 s----,-*I •• -----1 S -------•• +-1." ---0. 774 s-f 
I .... 1I----------1.32·S-----------t-~1 
J-l 

0.275 

Figure 14B. 212A Handshake 1200 BPS 
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XR-2123/2123A 

PSK Modulator IDemodulator 
GENERAL DESCRIPTION 

This series of devices provide the modulator and demodu­
lator for phase-shifted keyed modulated signals. The de­
vices have an on-chip digital-to-analog converter, allowing 
digital external programming of Bell 212A, CCITT V.22 or 
V.26 functions. 

The XR-2123 provides the modulator and demodulator 
functions. It is adequate for Bell 212A (1200 BPS only) 
and Bell 201 standards. The XR-2123 requires a synchron­
ous-to-asynchronous converter and scrambler-descrambler 
for the digital portion of the modem for 212A applications. 
Level shifters and filtering is required for the analog 
portion. 

The X R-2123A provides the ±7 Hz carrier capture range 
needed for V.22 and V.26. It is externally identical to the 
XR-2123. 

The XR-2123 and XR-2123A utilize CMOS technology for 
power operation while providing single 5 volt operation. 
Both devices come in a 28 pin DI L pin package in either 
plastic or ceramic. 

FEATURES 

Single +5 Volt Operation 
Low Power Consumption (typ. 10 mw) 
1200 BPS Full Duplex 
2400 BPS Half Duplex 
Programmable for US or European Standards (CCITT) 
Dibit PSK (DPSK) Operation 
Cyrstal Controlled 
Synthesized Sine Wave Modulator Output 
Adjustable Modulator Output Amplitude 
I nput Protection 

APPLICATIONS 

Bell Standard 201 or 212A Modems 
CCITT Standard V.22 or V.26 Modems 

ABSOLUTE MAXIMUM RATINGS 

Power Supply 
Power Dissipation 

5.5V 
1.0W 

5 mW/oC 
O°C to 7aoC 

-65°C to 150°C 

Derate Above 25°C 
Operating Temperature 
Storage Temperature 
All Input Voltage -0.5 V to (VDD to 0.5 V) 
DC Current Into Any Input ±mA 
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FUNCTIONAL BLOCK DIAGRAMS 

VDD 

C22 

RXS 
PSK 

DEMODULATOR 

RBA 

RXD " ~ r 
QUA , ~ 

V 
MDC 

CONTROL 
LOGIC 

CCL 

TRM 

TXS 

TLV 

/) 

)~ 
V 

RLD 
PSK 

MODULATOR 

4CR 

vss 

ORDERING INFORMATION 

Part Number 
XR·2123CN 
XR-2123CP 
XR-2123ACN 
XR-2123ACP 

Package 
Ceramic 
Plastic 

Ceramic 
Plastic 

Operating Temperature 
O°C to +70°C 
O°C to +70°C 
aOc to +70°C 
aOc to +70°C 

SYSTEM DESCRIPTION 

The XR-2123 and XR-2123A provide the complete modu­
lation and demodulation of DPSK modem systems. The 
modulator transmits a sampled sine wave in dibit phase­
shifted keyed format (DPSK). The phase shifts and carrier 
frequencies are controlled with logic inputs. With these 
controls, a Bell 212A/CCITT V.22 or a Bell 2a1/CCITT 
V.26 can be created. 

The XR-2123 and XR-2123A require a separate scrambler/ 
descrambler and synchronous-to-asynchronous converter. 



XR-2123/2123A 

ELECTRICAL CHARACTERISTICS 
Test Conditions: VDD = +5V, VSS = OV, Tj = O°C to 70°C 

Digital Inputs: RXS, MOC, CCl, RTS, ANS, TDA, RTE, COD V22, TXC, BAC, SYN, NSY,LSD 

Digital Outputs: C22, RBA, RXD, QUA, TBA, 4CR, TTG, RBY, RXC 

SYMBOL 

VOL 

VOH 

Vil 

VIH 

III 

IDO 

CI 

tR 

tF 

VTXS 

PARAMETERS MIN. TYP. MAX. 

Output low Voltage 0.4 

Output High Voltage 4.6 

Input low Voltage -0.5 11 

Input High Voltage 3.5 5 

Input leakage Current 

Power Supply Current 2.5 4 

Input Capacitance 

low to High Logic 20 
Transition Time 

High to Low Logic 20 
Transition Time 

T ransm itted Carrier -9 
Signal Level 

XR·2123A FUNCTIONAL BLOCK OIAGRAM 
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UNIT CONDITIONS 

V IOl = 1.6 MA 

V IOH = 1.0 MA 

V 

V 

pA 

MA 

nS CL = 10 pF 

nS CL oolOpF 

dBm VPIN 11 = 1 V 



THEORY OF OPERATION 

A system using a XR-2123 or XR-2123A would require 
both additional analog and digital circuitry. The digital 
circuitry required for the XR-2123, XR-2123A is a scram­
bler/descrambler which is a pseudo-random pattern gene­
rator. Figure 1 showns a hardware approach of doing 
the scrambler/descrambler. If the modem is intended to be 
operated asynchronously, a synchronous-to-asynchronous 
converter is needed. With the XR-2123 or XR·2123A the 
XR-2125 can be used. If additional features are desired, a 
microprocessor can be used to implement both the scram­
bler/descrambler and the synchronous·to·asynchronous 
converter. 

A counter circuit is needed to provide the baud clock 
(SAC)' which needs to be synchronized with the 4.608 
MHz master clock (MOC)' 

The analog portion of the modem circuit consists of two 
parts, the bit carrier recovery and the baud carrier recovery. 
The bit carrier occurs at either 1200 or 2400 Hz. A modem 
filter, such as the XR-2120, can be used to remove out-of­
band signals. The signal is passed through an automatic gain 
control (AGCl. and then through a level shifter. The signal 
from the level shifter is applied to Pin 3 of the XR-2123 
or XR-2123A (RXSI. 

SCRAMBLED OUTPUT 

XR-2123/2123A 

The baud carrier recovery is similar. After the AGe, the 
signal is applied to a precision full wave rectifier. The baud 
rate is always 600 Hz for Bell 212A (1200 BPS) or V.22. 
Sy rectifying the signal, the 600 Hz carrier appears as an 
amplitude modulation. After the rectifier, the signal is ap­
plied to a 600 Hz bandpass filter with an approximate Q of 
20. The phase shift through this portion is very important. 
It must be -180° of phase shift from input to output. This 
is to place the baud clock in the correct reference with the 
recovered bit carrier. This signal is then level-shifted and 
applied to Pin 26, SYN. Figure 2 shows the signals after the 
XR-2120 after the full wave precision rectifier, after the 
600 Hz bandpass filter, and after the level-shifter. 

Bell 201/CCITT standard V.26 implementation with the 
XR-2123A requires an additonal filter and a mixer stage in 
the analog portion. V.26/201 is a synchronous data trans­
mission and does not require a synchronous-to-asynchro­
nous converter. A scrambler/descrambler is also not re­
quired, making the digital portion of the modem circuit 
very simple. A counter circuit to divide down the 4.608 
MHz clock (MOC) for the baud clock (SAC) is the only 
digital circuit needed. 

DO DO DO DO DO DO DO DO DO DO DO DO DO DO DO DO DO 

c c c c c c c c c c c c c c c c c 

~~-----IN-P-U-T-D-M-A----------------------------~~~--------------------~ 
~--------------_. TRANSMIT DATA CLOCK 

...----oC SCRAMBLED RECEIVED DATA 

DO DO DO DO DO DO 

c c c c c c c 

DESCRAMBLED OUTPUT 

~---------------411. RECEIVED DATA CLOCK 

Figure 1A. Scrambler 

DO DO DO 

c c 

Figure 18. Descrambler 
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DO DO DO 

c c c c 



XR-2123/2123A 

The receive portion of the analog circuit will be discussed 
first. The received signal is filtered through an 1800 Hz 
bandpass filter with -3 dB points at 760 and 2860 Hz. This 
can be constructed with discrete components or with a pro­
grammable filter. After the filter, the signal is passed 
through an automatic gain control (AGel. A mixer is then 
used to bring the 1800 Hz received signal up to 9 kHz. This 
signal is filered through a 9 kHz bandpass filter. This filter 
should have a Q of approximately 9. The signal is limited 
and applied to Pin 3, RXS. 

The baud carrier can be seen as a amplitude modulation on 
the 9 kHz signal. This is filtered off using a 1200 Hz band­
pass filter. The Q of this filter should be approximately 2. 
The phase shift through this filter is very important. At 
1200 Hz, the phase of the output referenced to the input 
should be _90°. After the 1200 Hz bandpass filter, the 
signal is applied to a level shifter and applied to Pin 26, 
SYN. 

Figure 3 shows the signal after the mixer, after the 9000 
Hz filter and after the 1200 Hz filter. Figure 4 shows one 
method of utilizing the XR-2123A for aV.26/201 modem. 
To create the optional 75 baud reverse direction, the 
XR-2206 and XR-2211 can be used. 

The transmit output, Pin 10. of the XR-2123A or XR-2124 
requires a low pass filter with a -3 dB point of 3500 Hz. 
Either the X R-lO08 low pass filter or a discrete component 
filter can be used. 
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Figure 2. Showing received signal after the XA-2120, after 
full wave precision recitifier, after the 600 Hz bandpass 
filter and after the level shifter_ 

Figure 3. Showing the output of the mixer, the output of 
the 9000 Hz filter, and the output of the 1200 Hz band­
pass filter (baud clock recovery). 
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