
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































C'I 5 Pin Descriptions (Continued) 
::l.. 

Pin No. Label Description Pin No. Label 

9 SCRM Scrambler. Used alone to disable 16 HSKl 
scrambler and descrambler for 17 HSK2 
testing. Used with TEST, HSK1, 19 TEST 
HSK2 to selectively disable 
scrambler only, to transmit 
unscrambled binary 1 (mark) 
during Answer mode handshake 
sequence (Force Unscrambled 
Mark). Inactive = 1 (scramblerl 
descrambler enabled). 
See Table II. 

10 TXD XMIT Data. Serial data from host 18 DGND 
or UART. Disconnected when 
digitally looped, or in Dialer, 
Dotting, Calling Tone, Answer 

20 MOD2 
21 MODl 

Tone or Force Continuous Mark or (Note 2) 
Space or Unscrambled Mark 
modes. 

11 XTL2 Frequency control. 3.6864 MHz 
12 XTLl Pierce crystal oscillator. XTL2 can 

be driven by external 5V logic, with 22 SCT 

XTL 1 grounded. XTL2 can drive 
external logic through an AC· 
coupled buffer. 

13 SCR Serial Clock Receive. In SYNC 
mode, 600 Hz or 1200 Hz bit clock 
recovered from RCVD signal. May 
be pin·selected (MOD1, MOD2) as 
local transmit clock (SLAVE 23 TXSQ 

mode); provided on SCT pin if 
selected; undefined in ASYNC 24 CIA 
mode. RXD changes on negative (Note 2) 
edge, sampled on positive edge. 

14 RXD RCVD Data. Serial data to host. 
Internally clamped to mark (= 1) 25 TXO 
when modern is in local digital loop 
or EDET is inactive (= 1). 

15 RLST Remote Loop Status. Responding 
modem: RLST = 0 upon receipt of 26 AGND 
unscrambled binary 1 (mark) for 
154 ms-231 ms. Initiating modem: 27 Vss 

if in remote digitalloopback mode, 
asserts RLST= 0 upon receipt of 28 Voo 
scrambled mark for 
231 ms-308 ms. (See Table IV.) 

Note 1: Capacitors in signal paths should be 2:0.033 ,...F and have ...... zero voltage coefficient 

Note 2: In Dialer mode with TXSQ �~� 1, CIA, HS, MOD1 and MOD2 select the desired DTMF tone pair. 

Note 3: RC decoupling is recommended: (100-220 and 0.1I'F). 
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Description 

Test and handshake selection. 
When TEST = 1, HSK1, HSK2, and 
CIA select data mode or one of 
five other transmit conditions, for 
use when programming p,AV22 
connect and disconnect 
handshaking sequences. When 
TEST=O, HSKl and HSK2 select 
either one of four p,AV22 test 
conditions, or Dialer mode. (See 
Table II.) 

Digital Ground. 

Character length (ASYNC) or TX 
clock source (SYNC) select. In 
ASYNC mode, selects 8, 9, 10 or 
11 bit character length; in SYNC 
mode, selects internal, external or 
recovered RCV clock as XMTR 
data clock source. (See Table 11.) 

Serial Clock Transmit. 600 Hz or 
1200 Hz clock providing XMTR 
timing in SYNC mode. SCT source 
(INT., EXT., SLAVE) selected by 
MODl , MOD2 pins. TXD changes 
on negative edge, sampled on 
positive edge. Internal clock 
provided in ASYNC mode. 

Squelch XMTRS. 0 = XMTR off; 
1 =on. 

Callingl Answer Mode Select. 
Assigns channels to XMTRSI 
RCVRS. 1 = Calling mode, 
0= Answer mode. 

Transmit line signal from modem; 
usually to 2·wire/4·wire line hybrid 
input. AC coupling is 
recommended. (Note 1) 

Analog Ground. 

Negative power supply. 
VSS= -5V (Note 3) 

Positive power supply. Voo = + 5V 
(Note 3) 



Functional Description 
Figure 1 is a block diagram of the JJ-AV22. 

TRANSMITTER 

The transmitter consists of a QPSK modulator, a transmit 
buffer and scrambler, and a transmit filter and line driver. In 
the asynchronous mode, serial transmit data from the host 
enters the transmit buffer, which synchronizes the data to 
the internal 600 bps or 1200 bps clock. Data which is under­
speed relative to 600 bps or 1200 bps periodically has the 
last stop bit sampled twice, resulting in an added stop bit. 
Similarly, overspeed input data periodically has unsam­
pled-and therefore deleted-stop bits. The MODl and 
MOD2 pins choose 8, 9, 10 or 11 bit character lengths. In 
synchronous mode the transmit buffer is disabled. The 
transmitter clock may be internal, external or derived from 
the recovered received data. A scrambler preceeds the en­
coder to ensure that the line spectrum is sufficiently distrib­
uted to avoid interference with the in-band supervisory sin­
gle-frequency signaling system employed in most telephone 
system toll trunks. The randomized spectrum also facilitates 
timing recovery in the receiver. The scrambler is character­
ized by the following recursive equation: 

Yi = Xi EEl Yi-14 EEl Yi-1? 

where Xi is the scrambler input bit at time i, Yi is the scram­
bler output bit at time i. and EEl denotes the XOR operation. 

V.22-type modems achieve full-duplex 1200 bps operation 
by encoding transmitted data by bit-pairs (dibits). The digits 
(symbols) are transmitted at 600 Baud (symbols/sec), thus 
halving both the apparent line data rate and the required 
signal bandwidth. This allows both transmit and receive 
channels to coexist in the limited bandwidth telephone 
channel. The four unique dibits thus obtained are gray-cod­
ed and differentially phase modulate either a 1200 Hz (Call­
ing mode) or 2400 Hz (Answer mode) carrier. Each dibit is 
encoded as a phase change relative to the phase of the 
preceding signal dibit element: 

Dibit Phase Shift 
00 +90' 
01 0' 
11 

10 

-90' 

180' 

At the receiver, the dibits are decoded and the bits are reas­
sembled in the correct sequence. The left-hand digit of the 
dibit is the one occurring first in the data stream as it enters 
the modulator after the scrambler. In the 600 bps lowspeed 
mode, only the 00 and 11 dibits are utilized, representing 0 
and 1, respectively. Two programmable tone generators 
provide V.25 calling tone (1300 Hz), CCITT answer tone 
(2100 Hz), guard tones (550 Hz, 1800 Hz) and 16 DTMF 
tone pairs. The DTMF selection matrix is shown in Table III. 

The summed QPSK modulator and tone generator outputs 
drive a lowpass filter which both serves as a fixed compro­
mise amplitude and delay equalizer for the telephone line 
and reduces output harmonic energy. The filter output 
drives an output buffer amplifier with low output impedance. 
The buffer provides a nominal 0.7 Vrms output in data 
mode. In the dialer mode, nominal DTMF output levels are 
0.90 Vrms (low group) and 1.11 Vrms (high group). These 
levels are + 2 dB and + 4 dB with respect to data mode 
output level. 
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RECEIVER 

The received signal from the line-connection circuitry drives 
a lowpass filter which performs anti-aliasing, and compro­
mise amplitude and delay equalization of the incoming sig­
nal. Depending upon mode selection the following mixer ei­
ther passes (Answer mode) or down converts (Calling 
mode) the signal to the 1200 Hz bandpass filter. In Analog 
Loopback mode, the receiver calling and answer mode as­
signments are inverted, which forces the receiver to operate 
in the transmitter frequency band. In this self-test configura­
tion, a fraction of the transmit signal reflects to the RXIN pin 
due to the mismatch caused by the modem being on-hook 
(disconnected from the telephone line). 

In Data mode, the 1200 Hz bandpass filter passes the de­
sired received signal while attenuating the adjacent trans­
mitted signal component reflected from the line (talker 
echo). The chosen passband converts the spectrum of the 
received highspeed signal to a raised cosine shape to mini­
mize intersymbol interference in the recovered data. Follow­
ing the filter is a soft limiter and a signal energy detector. An 
external capacitor is required to eliminate the DC offset be­
tween the soft limiter output and the following limiter/com­
parator. 

The energy detector provides a digital indication that energy 
is present within the filter passband at a level above a pre­
set threshold. At least 2 dB of hysteresis is provided be­
tween on and off levels to stabilize the detector output. In 
Dialer mode, integration times are modified so that the de­
tector output follows the on/off envelope signature of call 
progress tones. 

The limiter output drives the QPSK demodulator and the 
carrier and clock recovery phase-locked loops; these form a 
digital coherent receiver. The demodulator outputs are in­
phase (I) and quadrature (Q) binary signals which together 
represent the recovered dibit stream. The dibit decoder cir­
cuit utilizes the recovered clock signal to convert this dibit 
stream to serial data at 600 bps or 1200 bps. 

The recovered bit stream is then descrambled, using the 
inverse of the transmit scrambler algorithm. In synchronous 
mode the descrambler output is identically the received 
data, while in asynchronous mode the descrambler output 
stream is selectively processed by the receive buffer. Un­
derspeed data presented to the transmitting modem passes 
essentially unchanged through the receive buffer. Over­
speed data, which had stop bits deleted at the transmitter, 
has those stop bits reinserted by the receive buffer. (Gener­
ally, stop bit lengths will be elastic.) The receive buffer out­
put is then presented to the receive data pin (RXD) at a 
nominal intracharacter rate of 1219.05 bps in both basic and 
extended signaling rate modes. 

MASTER CLOCK/OSCILLATOR/DIVIDER CHAIN 

The JJ-AV22 clock source may be either a quartz crystal op­
erating in parallel mode or an external signal source at 
3.6864 MHz. The crystal is connected between XTL 1 and 
XTL2, with 30 pF net capacitance from each pin to ground 
(see Figure 1). The external capacitors should be mica or 
high-Q ceramic. An external circuit may be driven from 
XTL2: AC coupling to a high impedance load should be 
used; total capacitance to ground from XTL2, including the 
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Functional Description (Continued) 

external circuit, should be 30 pF. Crystal requirements: 
Rs < 1500, CL = 18 pF, parallel mode, tolerance (accura­
cy, temperature, aging) less than ± 75 ppm. An external 5V 
drive may be applied to the XTL2 pin, with XTL 1 grounded. 
Internal circuits provide the timing signals required for the 
signal processing functions. Timing for line connect and dis­
connect sequences (handshaking) derives from the host 
controller, ensuring maximum applications flexibility. 

CONTROL CONSIDERATIONS 

The host controller, whether a dedicated micro-controller or 
a digital interface, controls the /JoAV22 as well as the line 
connect circuit and other IC's. /JoAV22 on-chip timing and 
logic circuitry has been specifically designed to simplify the 
development of control firmware. 

OPERATING AND TEST MODES 

Table II indicates the handshake, data and test mode 
groups directly accessed by the /JoAV22 control pins, in con­
junction with the host controller. 

The handshake mode group includes Dialer Mode, Calling 
Tone, Answer Tone, Force Unscrambled Mark, Force Con­
tinuous Mark, and Force Continuous Space. Calling Tone 
(1300 Hz) is utilized in conjunction with Dialer Mode for V.25 
Autodialing applications. Answer Tone (2100 Hz) and Force 
Unscrambled Mark are required for the Answer mode hand­
shake sequence. Force Continuous Mark is used in both 
Calling and Answer mode sequences. Force Continuous 
Space simplifies transmission of Break and Space Discon­
nect sequences. See CCITT Recommendation 11.22. 

The /JoAV22 supports local and remote digital loopback 
(V.54 Loop 1 and Loop 2) and analog loopback (V.54 Loop 
3). Analog loopback forces the receiver to the transmitter 
channel. The controller forces the line control circuit on­
hook but continues to monitor the ring indicator. This mode 
is available for 600 bps and 1200 bps synchronous and 
asynchronous operation. In local digital loop, the /JoAV22 
isolates the interface, slaves the transmit clock to SCR 
(high-speed mode), and loops received data back to the 
transmitter. In remote digital loop, local digital loop is initiat­
ed in the far-end modem by request of the near-end mo­
dem, if the far-end modem is so enabled. The /JoAV22 in­
cludes the handshake sequences required for this mode; 
the controller merely monitors RLST and controls remote 
loopback according to Table IV. Remote loop is available in 
both 600 bps and 1200 bps modes. 

Calling Tone If selected, and TXSQ = 1, /JoAV22 transmits 
1300 Hz calling tone, for use in V.25 auto­
matic dialing, during the Calling mode con­
nect sequence. 

AnswerTone If selected, and TXSQ=1, /JoAV22 transmits 
2100 Hz answer tone, during the Answer 
mode connect sequence. Receiver data rate 
is independently selected with the HS pin. 

Force Disconnects TXD pin from the transmitter 
Unscrambled and-if TXSQ=1-forces transmission of 
Mark an unscrambled mark (binary 1). Utilized 

during the Answer mode connect sequence. 
The descrambler remains enabled to allow 
reception of scrambled mark from the Call­
ing modem. 
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Force 
Continuous 
Mark 

Force 
Continuous 
Space 

Analog Loop 

Local 
Digital Loop 

Remote 
Digital Loop 

Dialer (ACU) 
Mode 

Disconnects TXD pin from the transmitter 
and-if TXSQ= 1-forces transmission of a 
scrambled mark (binary 1). Utilized during 
the Calling mode connect sequence. 

Disconnects TXD pin from the transmitter 
and-if TXSQ = 1-forces transmission of a 
space (binary 0). Utilized for transmitting 
Break and Space Disconnect sequences. 
Break transmission-whether forced by this 
mode or application of binary 0 to TXD in 
Data mod~utomatically obeys CCITT 
Recommendation 11.22, para. 4.2.1.3. 

Local test mode. The modem receiver is 
forced to the transmitter channel (selected 
by the CIA pin). With modem on-hook (dis­
connected from line), signal from TXO is re­
flected through the line hybrid to RXIN. 

Forces synchronous mode, and internally 
loops received data to transmitter and SCR 
to SCT. Transmit data (TXD) and external 
clock (ETC) are ignored. SCR and SCT are 
provided. RXD is forced to 1. 
Initiating modem. If ADL is initiated 
(TEST=O, HSK1 =1, HSK2=O), TXD is iso­
lated, RXD = 1, and unscrambled mark (bi­
nary 1) is transmitted. Upon detection of 
scrambled dotting pattern (alternating 1's 
and O's) from the remote modem, scrambled 
mark is transmitted. Upon subsequent re­
ceipt of scrambled mark, RLST is set to O. 
RDL is terminated by setting TXSQ=O for 
77 ms. 

Aespondlng modem. Upon receipt of un­
scrambled mark while in data mode 
(TEST= HSK1 = HSK2= 1), /JoAV22 sets 
RLST = O. The controller responds by set­
ting TEST = HSK2 = 0; /JoAV22 sets synchro­
nous mode, isolates TXD, clamps RXD to 1 
and transmits a scrambled dotting pattern. 
Then, upon receipt of scrambled mark (bina­
ry 1), /JoAV22 internally loops received data 
and clock to the XMTR, and resets RLST to 
1 (see Table IV). 

Dialer Mode (TEST = HSK1 = HSK2 = 0) se­
lects both DTMF transmission and Call 
Progress Tone Detection. 

DTMF generation. TXSQ= 1 enables the 
DTMF generator. 16 DTMF tone pairs can 
be selected by CIA, HS, MOD1, and MOD2. 
(See Table III.) 

Can Progress Tone Detection. Energy de­
tector response times are altered and re­
ceive filter frequency response is down­
scaled, to enable tracking the onloff enve­
lope of call progress tone pairs in the 350 Hz 
to 850 Hz band. When TXSQ=O, EDET pro­
vides this information to the controller to en­
able identification of dial tone, busy, ring­
back, and voice signals. 



Functional Description (Continued) 

GUARD TONE AND SIGNALING RATE SELECTION 2. Set HS, HSK1 and HSK2 according to Table I. 
In addition to the above handshake, data and test modes, • HS selects Basic or Extended Signaling Range. 
fJ-AV22 provides for transmission of 550 Hz or 1800 Hz • HSK1 selects 550 Hz or 1800 Hz Guard Tone. 
guard tones in the Answer mode only (CC/TT Recommen-

• HSK2 enables or disables Guard Tone. 
dation 11.22, para. 2.2), and selection of either the Basic or 

3. Toggle TEST from 1 to 0 to 1 to latch the selections. Extended signaling rate range in Character Asynchronous 
Mode (paras. 4.2.1.1, 4.2.1.2). If the Basic signaling rate Ensure that TEST = 0 for :0, 200 ns. 

range is selected, fJ-AV22 accepts 600 bps or 1200 bps TABLE I. Guard Tone and Signaling Rate Selection + 1 %, -2.5%. If the Extended signaling rate range is cho-
sen, fJ-AV22 accepts 600 bps or 1200 bps + 2.3%, -2.5%. 1 0 
fJ-AV22 powers up with 1800 Hz guard tone selected and 

HS Extended Range Basic Range enabled, and Basic signaling rate range selected. Other 
options are chosen following power-up, according to the fol- HSK1 550Hz 1800 Hz 
lowing sequence: 

HSK2 
1. Set SYNC = MOD1 = MOD2 = TXSQ = o. Tone Off Tone On 

TABLE II. Operating and Test Modes 

DOT HS SYNC MOD1 MOD2 TEST HSK1 HSK2 CIA SCRM Description SCT 

1 X X X X 0 0 0 X X Dialer Mode (See Table III) · 
1 - - - - 1 0 0 1 1 Calling Tone (1300 Hz) • 
1 - - - - 1 0 0 0 1 Answer Tone (2100 Hz) · 
1 - - - - 1 0 1 - 0 Force Unscrambled Mark · 
1 - - - - 1 0 1 - 1 Force Continuous Mark · 
1 - - - - 1 1 0 - 1 Force Continuous Space · 
1 - 1 0 0 1 1 1 - 1 ASYNC,8 Bit INT 
1 - 1 0 1 1 1 1 - 1 ASYNC,9 Bit INT 
1 - 1 1 1 1 1 1 - 1 ASYNC, 10 Bit INT 
1 - 1 1 0 1 1 1 - 1 ASYNC, 11 Bit INT 

1 - 0 1 1 1 1 1 - 1 SYNC, Internal INT 
1 - 0 1 0 1 1 1 - 1 SYNC, Slave SCR 
1 - 0 0 1 1 1 1 - 1 SYNC, External ETC 

- - - - - 0 0 1 - 1 Analog Loop · 
1 - X X X 0 1 1 - 1 Local Digital Loop SCR 
1 - - - - 0 1 0 - 1 Remote Digital Loop Initiate · 
1 - X X X 0 1 0 - 1 Response to far end RDL request SCR 
0 - X X X 1 X X - 1 Dotting Pattern (600 bps to 1200 bps) INT 

Key: 

X-Don't Care (except avoid liYiiiC ~ MODI ~ MOD2 ~ 0) 

- -Set as appropriate for desired operation condition. 

SCT column denoters source of transmitter timing at SCT pin: 
'-determined by liYiiiC, MODI, MOD2 
INT-intemaISOO Hz or 1200 Hz clock 
ETC-extemal SOO Hz or 1200 Hz clock 
SCR-slaved to recovered receive clock 
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Functional Description (Continued) 

TABLE III. DTMF Encoding 

TXSQ CIA HS MOD1 MOD2 DTMF Digit/Tones 

0 X X X X DTMFOff 

1 0 0 0 0 0 941/1336 
1 0 0 0 1 1 697/1209 
1 0 0 1 0 2 697/1336 
1 0 0 1 1 3 697/1477 

1 0 1 0 0 4 770/1209 
1 0 1 0 1 5 770/1336 
1 0 1 1 0 6 770/1477 
1 0 1 1 1 7 852/1209 

1 1 0 0 0 8 852/1336 
1 1 0 0 1 9 852/1477 
1 1 0 1 0 * 941/1209 
1 1 0 1 1 # 941/1477 

1 1 1 0 0 A 697/1633 
1 1 1 0 1 B 77011633 
1 1 1 1 0 C 852/1633 
1 1 1 1 1 D 941/1633 

TABLE IV. Remote Digital Loopback (RDL) Command Sequences 

,..AV22 Internal Sequences Sequence Labels 
Control Inputs 

TEST HSK1 HSK2 

Data Mode (Initial Conditions) 1 1 1 

Initial RDL: "INITIATE RDL" 0 1 0 
Disable scrambler 
Disconnect TXD 
Force 1 on RXD 
Transmit unscrambled mark (U.M.) 

Recognize Dotting for 231 ms-308 ms 
Enable scrambler 
Transmit scrambled mark (S.M.) 

Recognize S.M. for 231 ms-308 ms 
ConnectTXD 
Unclamp RXD 
"RDL ESTABLISHED" 

Response to far-end request 1 1 1 
U.M. recognized for 154 ms-231 ms 
"RDL REQUESTED" "RDL RESPONSE OK" 0 1 0 

Disconnect TXD 
Force 1 on RXD 
Force Sync Slave Mode 
Transmit Dotting 

S.M. recognized 
Internally loop Receiver to Transmitter 
"RDL ESTABLISHED" 0 1 0 

Terminate RDL: TXSQ = 0 for 80 ms 1 1 1 * 
Reset to Data Mode 1 1 1 

'TEST ~ HSK1 ~ HSK2 ~ 1 may be asserted at any time after ""RDL ESTABLISHED·· and before terminating. 
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Functional Description (Continued) 

TAS 1000 OR AEA SA3 .-------------------------------. 
NOISE SOURCE 

5 kHz BANDWIDTH 

LINE SIMULATOR 
WIDTH IMPAIRMENT 
AND ATTENUATOR 

TXD 

ETC 

PHOENIX 
5000 

MODEM 
TEST SET 

FIGURE 2. Two-Wire Bit Error Rate (BER) Test Setup 
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'?'A National 
~ Semiconductor 
,..,A212AT 1200/300 bps Full Duplex Modem 

General Description 
The /LA212AT single-chip modem IC performs all signal pro­
cessing functions required for a Bell 212A1103 compatible 
modem. Handshaking protocols, and mode control func­
tions are provided by a general purpose single-chip /LC. The 
/LA212AT and /LC, along with several components to handle 
the control and telephone line interfaces, provide a high 
performance, cost-effective solution for an intelligent Bell 
212A-compatible modem design. 

The modem chip performs the modulation, demodulation, 
filtering and certain control and self-test functions required 
for a Bell 212A-compatible modem, as well as additional 
functional enhancements. Switched capacitor filters provide 
channel isolation, spectral shaping and fixed compromise 
equalization for both high and low speed modes. 

A novel switched-capacitor modulator and a digital coherent 
demodulator provide 1200 bps QPSK operation while a sep­
arate digital FSK modulator and demodulator handle the 
0-300 bps requirement. The /LA212AT includes an integral 
DTMF tone generator on-Chip. The receive filter and energy 
detector may be configured for call progress tone detection 
(dialtone, busy, ringback, voice), providing the front end for 
a smart dialer. 

Connection Diagram 
28-LeadDIP 

"-...../ 
SUII- 1 28 ~VDD 
UII- 2 27 ~Vss 

RXIN- 3 26 ~AGND 

001- 4 25 ~TXO 

ETC-5 24 r-o(i.. 

SYNC- 6 23 r-TXSQ 

EDET- 7 22 r-SCT 

HS- 8 21 r-IiODl 

SCRII- 9 20 r-IIOD2 

TXD- 10 19 ~TEST 

XTL2- 11 18 ~DGND 

XTLl- 12 17 ~HSK2 

SCR- 13 16~HSKI 

RXD- 14 15 r-RlST 

Top View 

28-Lead PLCC 
(Pin numbers same as 28-lead DIp) 

TL/H/9430-1 

Order Number /LA212ATDC, /LA212ATQC 
See NS Package Number N28B 

"For moS1 current pacl<age information contact product marketing. 
For moS1 current order information, contact you local sales office. 

The /LA212AT is fabricated in an advanced Double-Poly Sili­
con-Gate CMOS process. 

Features 
• Functions as a 212A and 103 compatible modem 
• Performs all signal processing functions 
• Interfaces to single chip /LC which handles handshaking 

protocols and mode control functions 

• DTMF tone generation 
• Pin and firmware compatible with the /LA212A (without 

integral DTMF) for easy upgrade 
• Call progress tone detection for smart dialer applica-

tions 
• On chip oscillator uses standard 3.6864 MHz crystal 
• Few external components required 
• Operates from + 5V and - 5V supplies 
• Low operating power: 35 mW typical 
• 28-lead ceramic DIP, 28-lead plastic DIP, and 28-lead 

surface mount packages 
• /LA212AT designer's kit is available 

'Molded Dual-In-Llne Package 
Order Number /LA212ATQC 

See NS Package Number V28A 

'Ceramlc Dual-In-Llne Package 
Order Number /LA212ATDC 

See NS Package Number F28B 
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Absolute Maximum Ratings* 
If Military/Aerospace specified devices are required, 'Note: Stresses greater than those listed under ''Absolute 
contact the National Semiconductor Sales Office/ Maximum Ratings" may cause permanent damage to the 
Distributors for availability and specifications. device. This is a stress rating only and functional operation 

VDD to DGND or AGND +7.0V of the device at these or any other conditions above those 

Vss to DGND or AGND -7.0V 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi-

Voltage at Any Input VDD +0.3Vto tions for extended periods may affect device reliability. 
Vss -0.3V 

Voltage at Any Digital Output VDD +0.3Vto 
DGND -0.3V 

Voltage at Any Analog Output VDD +0.3Vto 
Vss -0.3V 

Operating Temperature Range O'Cto 70'C 

Storage Temperature Range -65'Cto + 150'C 

Lead Temperature (soldering, 10 seconds) 300'C 

Electrical Characteristics unless otherwise noted: VDD = 5.0V, Vss = -5.0V, DGND = AGND = OV, TA = 
25'C; all digital signals are referenced to DGND, all analog signals are referenced to AGND 

ENERGY DETECTOR 

Symbol Parameter Conditions Min Typ Max Units 

Data Mode 

Vlhon OFF/ON Threshold Voltage Level at RXIN 6.5 mVrms 
Vlhoff ON/OFF Threshold Pin In Data Mode 5.2 

ton Energy Detect Time At EDET Pin 105 155 205 ms 

toll Loss of Energy Detect Time 10 17 24 ms 

Dialer Mode 

Vlhon OFF/ON Threshold (Dialtone) Voltage Level at RXIN 10 mVrms 
Vlhon ON/OFF Threshold (Busy/Ringback) Pin In Dialer Mode 4.6 

ton Energy Detect in the Dialer Mode AtEDETPin 25 30 35 ms 
(Detecting Call Progress Tones) 

Ioff Energy Detect in the Dialer Mode 30 36 42 ms 
(Detecting Call Progress Tones) 

ANALOG LINE INTERFACE 

Symbol Parameter Conditions Min Typ Max Units 

Vline (Note 1) Output Level at TXO: Data Mode 0.66 0.71 0.76 Vrms 
V lonh (Note 1) Output Level at TXO: DTMF HIGH Group 1.02 1.1 1.18 Vrms 
Vlonl (Note 1) Output Level at TXO: DTMF LOW Group 0.84 0.9 0.97 Vrms 

VrXSQ Output Level at TXO: TXSQ Active 0.3 mVrms 
Pext Extraneous Frequency Output Relative to Any DTMF Digit 

-20 dB 
DTMFpower 

Voo Output Offset AtTXO 5.0 mV 

VRXIN Talker Echo and Received Signal At RXIN 1.56 VPEAK 
ZRXIN Input Impedance 100 kO 

Note 1: Output level at TXO will vary directly with VDD supply. 

CLOCK INTERFACE 

Symbol Parameter Conditions Min Typ Max Units 

Fclock Clock Frequency 3.6864 MHz 

Tclock Clock Frequency Tolerance -.01 +.01 % 

Vexth External Clock Input HIGH XTAL2 Driven and XTL 1 4.5 V 
Grounded 

Vextl External Clock Input LOW 0.5 V 
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Electrical Characteristics unless otherwise noted: VDD = 5.0V, Vss = -5.0V, DGND = AGND = OV, T A = 
25'C; all digital signals are referenced to DGND, all analog signals are referenced to AGND (Continued) 

DIGITAL INTERFACE 

Symbol Parameter Conditions Min Typ Max Units 

VIL Input Voltage LOW 0.6 V 

VIH Input Voltage HIGH 2.2 V 

VOL Output Voltage LOW IL = 1.6mA 0.6 V 

VOH Output Voltage HIGH IL = -2.0mA 3.0 V 

IlL Input Current LOW DGND ,;; VIN ,;; VIL, -100 /J-A 
All Digital Inputs 

IIH Input Current HIGH VIH ,;; VIN ,;; VDD +50 /J-A 

POWER INTERFACE 

Symbol Parameter Conditions Min Typ Max Units 

IDD Operating Current No Analog Signals 4.3 10 mA 

Iss Operating Current No Analog Signals -2.7 -5.0 mA 

TRANSMIT (ASYNC/SYNC) AND RECEIVE (SYNCI ASYNC) BUFFERS 

Symbol Parameter Conditions Min Typ Max Units 

M I nput Character Length Start Bit + Data 8 11 Bits 
Bits + Stop Bit 

Rtxchar Input Intracharacter Signaling Rate AtTXDPin 1170 1200 1212 bps 

Lbreak Input Break Sequence Length AtTXDPin M Bits 

LbrkseQ Transmitted Break Sequence Length AtTXOPin 2M + 3 Bits 

Ltxchar Output Intracharacter Signaling Rate At RXDPin 1219.05 bps 

CARRIER FREQUENCIES AND SIGNALING RATES 

Symbol Parameter Conditions Min Typ Max Units 

Fcxr(ORIG) HS Cxr Freq. (Orig. Mode) HS = 1,0/A = 1 1200 Hz 
Fcxr(ANS) HS Cxr Freq. (Ans. Mode) O/A= 0 2400 Hz 
Baud DibitRate 600 Baud 

Fmark (ORIG) Mark Frequency, Originate Mode (1270) HS = 0,0/ A = 1, TXD = 1 1269.42 Hz 
Fspace (ORIG) Space Frequency, Originate Mode (1070) TXD = 0 1066.67 Hz 

Fmark(ANS) Mark Frequency, Answer Mode (2225) HS = 0, 0/ A = 0, 
2226.09 Hz 

TXD = 1 

Fanstone Answer Tone (2225) TEST = 1, 
2226.09 Hz 

HSK1 = HSK2 = 0 
Fspace (ANS) Space Frequency, Answer Mode (2025) HS = O,O/A = 0, 

2021.05 Hz 
TXD = 0 

Ftonl DTMF Low Frequency Tone Group Dialer Mode 698.2 
TEST = HSK1 = HSK2 = 0 771.9 

Hz 
853.3 
942.3 

Ftonh DTMF High Frequency Tone Group Dialer Mode 1209.4 
TEST = HSK1 = HSK2 = 0 1335.7 

Hz 
1476.9 
1634.0 

Tol Tolerance of Above 
-0.01 +0.01 % 

Frequencies/Signaling Rates 

bps Data Rate Low-Speed Mode 0 300 bps 
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Electrical Characteristics unless othelWise noted: Voo = 5.0V, Vss = -5.0V, DGND = AGND = OV, TA = 
25°C; all digital signals are referenced to DGND, all analog signals are referenced to AGND (Continued) 

SYSTEM PERFORMANCE 

Symbol Parameter Conditions Min Typ Max Units 

BER Bit Error Rate: SNR required for Plina = -34dBm 10 dB 
(High- BER = 10-6 @ 1200 bps on a Plina -44dBm 11 dB 
Band 3002-CO line, with 5 kHz white noise 
Receive) referred to 3 kHz. Values shown are 

for originate mode. (Note: Plina values 
assume 4 dB net gain from line to 
RXIN. Net gain varies with OM type 
and design). (See Figures 2, 3) 

Telegraph Isochronous Distortion Back-to-Back, 300 bps 
10 % Peak (Low-Speed Mode) 

Fos Frequency offset: Incoming Carrier Zero Errors in 105 Bits, 
Frequency Offset Acquirable by Originatel Answer Modes, ±6 Hz 1200 bps Receiver Flat, CO and C2 Lines. 

Plina = -40 dBm 

Pin Descriptions 
Pin Pin 

Description 
Pin Pin 

Description 
No. Name No. Name 

1 SLIM Connect external capacitor between 8 HS Selects modem speed. 1 selects 
2 LIM pins 1 and 2 (Note 3). (Note 1) 1200 bps. 0 selects 300 bps. 

3 RXIN Line signal to modem; usually from 2- 9 SCRM Scrambler. "0" disables scrambler 
wire/4-wire hybrid. AC coupling is and descrambler for testing purposes. 
recommended. (Note 3) 10 TXD XMIT Data. Serial data from host or 

4 DOT Test pattern. In Data (TEST = 1) or UART. Disconnected when digitally 
Analog Loop modes, substitutes a looped, or in dialer, dotting answer 
dotting pattern for TXD and overrides tone or force continuous mark or 
SYNC, MOD1 and MOD2. If HS = 1, space modes. 
provides a 1200 bps dotting pattern 11 XTL2 Frequency control. 3.6864 MHz Pierce 
(600 Hz square wave), and places 

12 XTL1 crystal oscillator. XTL2 can be driven 
RCVR and XMTR in SYNC mode with by external5V logic, with XTL 1 
internal clock source. If HS = 0, grounded. XTL2 can drive external 
provides a 155 bps dotting pattern. 1 logic through AC coupled buffer. 
= normal transmit data path, 
0= dotting. 13 SCR Serial Clock Receive. In SYNC mode, 

5 ETC External Transmit Clock. 1200 Hz 
1200 Hz bit clock recovered from 
RCVD Signal. May be pin-selected 

extemal clock providing XMTR timing (MOD1, MOD2) as local transmit clock 
in SYNC mode, selected by MOD1, (SLAVE mode); provided on SCT pin if 
MOD2 pins. TXD changes on negative selected. RXD changes on negative 
edge, sampled on positive edge. edge, sampled on positive edge. 
Provided on SCT pin if selected. Undefined in ASYNC mode. 

6 SYNC Selects CHAR ASYNC or BIT SYNC 14 RXD RCVD Data. Serial data to host, 
mode. 1 = ASYNC mode: enables internally clamped to mark (= 1) when 
XMIT & RCV buffers, sets character modem is in digital loop or EDET in 
length according to MOD1, MOD2 inactive (= 1). 
pins. 0 = SYNC mode: disables 
buffers, selects TX clock source 
according to MOD1, MOD2 pins. 
Active only if HS = 1. 

7 EDET Energy Detect. In data mode, EDET = 
o if valid signal above threshold is 
presentfor 155 ms ± 50 ms, EDET = 
1 if signal below threshold for> 17 ms 
± 7 ms. In dialer mode, follows on/off 
variations of call-progress tones, when 
~=O. 
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Pin Descriptions (Continued) 

Pin Pin 
Description 

No. Name 

15 RLST Remote Loop Status, used in RDL 
mode. Responding modem: sets 
RLST = 0 upon receipt of 
unscrambled mark for 
154 ms-231 ms.lnitiating modem: 
asserts RLST = 0 upon receipt of 
scrambled mark for 231 ms-308 ms. 
(See Table III). 

16 HSK1 When the TEST pin is inactive (high), 
17 HSK2 HSK1 and HSK2 select oneof four 

19 TEST transmit conditions, for use when 
programming the Handshake 
sequences. (See Table I). When 
TEST is active (low), the HSK1 and 
HSK2 pins select one of three test 
conditions, or, alternatively, the dialer 
mode used for call progress tone 
detection and DTMF tone generation. 

18 DGND Digital Ground 

20 MOD2 Selects character length (ASYNC) or 
(Note 1) TX clock (SYNC). In ASYNC mode, 

21 MODl selects 8·, 9·, 10- or 11-bit character 

(Note 1) length; in SYNC mode, selects 
internal, external or recovered RCV 
clock as XMTR data clock source. 
Active only if HS = 1. (See Table I) 

22 SCT Serial Clock Transmit. 1200 Hz clock 
output providing XMTR timing in SYNC 
mode. SCT source (INT., EXT., 
SLAVE) selected by MODl , MOD2 
pins. TXD changes on negative edge, 
sampled on positive edge. Internal 
clock provided in ASYNC mode. 

23 TXSQ Squelch XMTRS in data mode. 0 = 
(Note 2) Both XMTRS off; 1 = turns on XMTR 

selected by HS pin. In dialer mode, 
o = DTMF generator OFF ICall 
progress detection. 1 = DTMF 
generator ON. 

24 O/A Origl Answer Mode Select. Assigns 
(Note 1) channels to XMTRS/RCVRS. 1 = 

Originate mode, 0 = Answer mode. 

25 TXO Transmit line signal from modem; 
usually to 2-wire/4-wire line hybrid 
input. AC coupling is recommended 
(Note 3). 

26 AGND Analog Ground 

27 VSS Negative power supply Vss = -5.0V 

28 VDD Positive power supply VDD = + 5.0V 

Note I: For f'A212AT in dialer mode with TXSQ ~ I. O/A. HS. MODI and 
MOD2 select the desired DTMF tone pair. 

Note 2: The f'A212AT is pin and function compatible with the f'A212A (with­
out integral DTMF): in upgrade applications, insure proper state of TXSQ as 
indicated. See Technical Bulletin M-1. 

Note 3: Capacitors in signal paths should be ~ 0.033 f'F and have - zero 
voltage coefficients. 
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Functional Description* 
Refer to Figure 1. 

TRANSMITTER 

The transmitter consists of high-speed and low-speed mod­
ulators, a transmit buffer and scrambler, and a transmit filter 
and line driver. In high-speed asynchronous mode, serial 
transmit data from the host or UART enters the transmit 
buffer, which synchronizes the data to the internal 1200 bps 
clock. Data which is underspeed relative to 1200 bps peri­
odically has the last stop bit sampled twice resulting in an 
added stop bit. Similarly, overspeed input data periodically 
has unsampled-and therefore deleted-stop bits. The 
MODl and MOD2 pins choose 8-, 9-, 10- or ll-bit character 
lengths. In synchronous mode the transmit buffer is dis­
abled. The transmitter clock source may be chosen by 
MODl and MOD2: internal, external or derived from the re­
covered received data. A scrambler precedes encoding to 
ensure that the line spectrum is sufficiently distributed to 
avoid interference with the in-band supervisory single-fre­
quency signaling system employed in most Bell System toll 
trunks. The randomized spectrum also facilitates timing re­
covery in the receiver. The scrambler is characterized by the 
following recursive equation: 

Yi = Xi Ell Yi - 14 Ell Yi - 17 

where Xi is the scrambler input bit at time i, Yi is the scram­
bler output bit at time i and Ell denotes the XOR operation. 

212A-type modems achieve full-duplex 1200 bps operation 
by encoding transmitted data by bit-pairs (dibits), thereby 
halving the apparent data rate. The resultant reduced spec­
tral width allows both frequency channels to coexist in a 
limited bandwidth telephone channel with practical levels of 
filtering. The four unique dibits thus obtained are gray-coded 
and differentially phase modulated onto a carrier at either 
1200 Hz (originate mode) or 2400 Hz (answer mode). Each 
dibit is encoded as a phase change relative to the phase of 
the preceding signal dibit element: 

Dibit 
00 
01 
11 
10 

Phase Shift (deg) 
+90 

o 
-90 
180 

At the receiver, the dibits are decoded and the bits are reas­
sembled in the correct sequence. The left-hand digit of the 
dibit is the one occurring first in the data stream as it enters 
the modulator after the scrambler. The lowspeed transmitter 
generates phase-coherent FSK using one of two program­
mable tone generators. Answer mode mark (2225 Hz) is 
also utilized as answer tone in both low- and high-speed 
operation. 

In Dialer mode, both tone generators are employed to gen­
erate DTMF tone pairs. The summed modulator outputs 
drive a lowpass filter which serves as a fixed compromise 
amplitude and delay equalizer for the phone line and reduc­
es output harmonic energy well below maximum specified 
levels. The filter output drives an output buffer amplifier with 
low output impedance. At the TXO pin, the buffer provides 
700 mVrms in data mode, for a nominal -9 dBm level at the 
line, assuming 2 dB loss in the data access arrangement. 

'For additional information ask for Applications Note ASP-I "Theory of Op­
eration-f'A212A" and Technical Bulletins Ml, M3 & M4. 



Functional Description* (Continued) 

DTMF TONE GENERATION 

The ",A212AT includes on-chip DTMF generation, using two 
programmable tone generators. Dialer mode must be se­
lected (TEST = HSK1 = HSK2 = 0) for DTMF dialing. The 
alA, HS, MOD1 and MOD2 pins are used to select the 
required digit according to the encoding scheme shown in 
Table II, and the tones are turned on and off by the logic 
level on TXSQ. The generated tones meet the applicable 
CCITT and EIA requirement for tone dialing. DTMF output 
levels are 0.9 Vrms (low group) and 1.1 Vrms (high group). 

RECEIVER 

The received signal from the line-connection circuitry pass­
es through a lowpass filter which performs anti-aliasing and 
compromise amplitude and delay equalization of the incom­
ing signal. Depending upon mode selection (originate/an­
swer) the following mixer either passes or down converts 
the signal to the 1200 Hz bandpass filter. In analog loop­
back mode, the receiver originate and answer mode assign­
ments are inverted, which forces the receiver to operate in 
the transmitter frequency band. The 1200 Hz bandpass filter 
passes the desired received signal while attenuating the ad­
jacent transmitted signal component reflected from the line 
(talker echo). The chosen passband shape converts the 
spectrum of the received high-speed signal to 100% raised 
cosine to minimize intersymbol interference in the recov­
ered data. Following the filter is a soft limiter and a signal 
energy detector. An external capacitor is used to eliminate 
offset between the soft limiter output and the following limit­
er. 

The energy detector provides a digital indication that energy 
is present within the filter passband at a level above a pre­
set threshold. At least 2 dB of hysteresis is provided be­
tween on and off levels to stabilize the detector output. In 
dialer mode, the detector output is used to provide logic 
level indication of the presence of call progress tones. 

The limiter output drives the QPSK demodulator and the 
carrier and clock recovery phase-locked loops. The low­
speed FSK demodulator shares part of the clock recovery 
loop. The QPSK demodulator and carrier loop form a digital 
coherent detector. This technique offers a 2 dB advantage 
in error performance compared to a differential demodula­
tor. The demodulator outputs are in-phase (I) and quadra­
ture (Q) binary signals which together represent the recov­
ered dibit stream. The dibit decoder cirucit utilizes the recov­
ered clock signal to convert this dibit stream to serial data at 
1200 bps. 

The recovered bit stream is then descrambled, using the 
inverse of the transmit scrambler algorithm. In synchronous 
mode the descrambler output is identically the received 
data, while in asynchronous mode the descrambler output 
stream is selectively processed by the receive buffer. Un-
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derspeed data presented to the transmitting modem passes 
essentially unchanged through the receive buffer. 

Overspeed data, which had stop bits deleted at the trans­
mitter, has those stop bits reinserted by the receive buffer. 
(Generally, stop bit lengths will be elastic). The receive buff­
er output is then presented to the receive data pin (RXD) at 
a nominal intracharacter rate of 1219.05 bps. 

MASTER CLOCK/OSCILLATOR/DIVIDER CHAIN 

The ",A212AT may be controlled by either a quartz crystal 
operating in parallel mode or by an external signal source at 
3.6864 MHz. The crystal should be connected between 
XTL 1 and XTL2 pins, with a mica or high-Q ceramic 30 pF 
capacitor from each pin to digital ground (See Figure 1 ). An 
external circuit may be driven from XTL2. In this case, AC 
coupling to a high impedance load should be used. Note 
that total capacitance to ground from XTL2, including such 
an external circuit, should be 30 pF. Crystal requirements; 
Rs < 1500, CL = 18 pF, parallel mode, tolerance (accura­
cy, temperature, aging) less than ± 75 ppm. An external 
TIL drive may be applied to the XTL2 pin, with XTL 1 
grounded. Internal divider chains provide the timing signals 
required for modulation, demodulation, filtering, buffering, 
encoding/decoding, energy detection and remote digital 
loopback. Timing for line connect and disconnect se­
quences (handshaking) derives from the host controller, en­
suring maximum applications flexibility. 

Control Considerations 
The host controller, whether a dedicated microcontroller or 
a digital interface, controls the ",A212AT as well as the line 
connect circuit and other IC's. On-chip timin9 and logic cir­
cuitry has been specifically designed to simplify the devel­
opment of control firmware. 

OPERATING AND TEST MODES 

Table I indicates the operating and test modes defined by 
eight control pins. The ",A212AT (together with the host 
controller) supports analog loopback, and local and remote 
digital loopback modes. Analog loopback forces the receiv­
er to the transmitter channel. The controller forces the line 
control circuit on-hook but continues to monitor the ring indi­
cator. This mode is available for low-speed, high-speed syn­
chronous and high-speed asynchronous operation. In local 
digital loop, the modem I.C. isolates the interface, slaves the 
transmit clock to SCR (high-speed mode), and loops re­
ceived data back to the transmitter. In remote digital loop, 
local digital loop is initiated in the far-end modem by request 
of the near-end modem, if the far-end modem is so enabled. 
The ",A212AT includes the handshake sequences required 
for this mode; the controller merely monitors RLST and con­
trols remote loopback according to Table III. Remote loop is 
only available in high-speed mode. 



Control Considerations (Continued) 

Answer Tone 

Force 
Continuous 
Mark 

Force 
Continuous 
Space 

Analog loop 

local Digital 
loop 

Remote 
Digital 
loop 

In this mode, 2225 Hz answer tone is 
transmitted provided TXSQ is inactive 
high (= 1). Receive data rate is selected 
as normal with the HS pin. This permits 
the data rate of the originating modem 
to be determined while answer tone is 
continuously transmitted. 

Disconnects TXD pin from the transmit­
ter and forces the signal internally to a 
mark (logic 1). 

Disconnects TXD pin from the transmit­
ter and forces the signal internally to a 
space (logic 0). 

Receiver is forced to the transmitter 
channel. With modem on-hook (discon­
nected from line) signal from TXO is re­
flected through hybrid to RXIN. 

Forces synchronous mode, and inter­
nally loops received data to transmitter 
and SCR to SCT. Transmitted data 
(TXD) and clock (ETC) are ignored. 
SCR and SCT are provided. RXD is 
forced to 1. 

Initiating modem: If RDl is initiated 
(TEST = 0, HSK1 = 1, HSK2 = 0), 
TXD is isolated, RXD is clamped to a 1 
and unscrambled mark is transmitted. 

Dialer Mode 
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When high speed scrambled dotting 
pattern is detected, scrambled mark is 
transmitted. Upon receipt of scrambled 
mark from responding modem, RlST is 
set to o. 
Responding modem: Upon receipt of 
unscrambled mark when in data mode 
(TEST = HSK1 = HSK2 = 1), RlST is 
set to O. Upon detecting this the control­
ler responds by setting TEST and HSK2 
to 0, and the ,...A212AT sets synchro­
nous mode, isolates TXD, clamps RXD 
to 1, and transmits a 1200 bps scram­
bled dotting pattern. Upon receipt of a 
scrambled mark signal, the ,...A212AT 
internally loops received data and clock 
to the transmitter and resets (See Table 
III). 

The ,...A212AT provides DTMF tone 
generation and energy indication at 
EDET pin to identify call progress tones, 
i.e. dial, busy and ringback. The DTMF 
digit is selected by the levels on O/A, 
HS, MOD1 and MOD2 according to Ta­
ble II. Tone generation is turned on and 
off by the level on fXSO. 1 = on, 0 = 
off. 
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TABLE I. Operating and Test Modes 

DOT HS SYNC MOD1 MOD2 TEST HSK1 HSK2 Description SCT 

0 - X X X 1 X X Dotting Pattern (155 or 1200 bps) INT 
1 - - - - 1 0 0 Answer Tone · 
1 - - - - 1 0 1 Force Continuous Mark · 
1 - - - - 1 1 0 Force Continuous Space · 
1 1 1 0 0 1 1 1 ASYNC, a-Bit INT 
1 1 1 0 1 1 1 1 ASYNC, 9-Bit INT 
1 1 1 1 1 1 1 1 ASYNC, 10-Bit INT 
1 1 1 1 0 1 1 1 ASYNC, 11-Bit INT 

1 1 0 1 1 1 1 1 SYNC, Internal INT 
1 1 0 1 0 1 1 1 SYNC, Slave SCR 
1 1 0 0 1 1 1 1 SYNC, External ETC 

- - - - - 0 0 1 Analog Loop · 
1 - X X X 0 1 1 Local Digital Loop SCR 
1 1 - - - 0 1 0 Remote Digital Loop Initiate · 
1 1 X X X 0 1 0 Respond to Far End Request for RDL SCR 

1 X X X X 0 0 0 Dialer Mode (See Table II) · 
1 0 X X X - - - Low-Speed Mode INT 

Key: 

SCT - TX Buffer and PSK Modulator Clock 

SCR-Receive Clock 

ETC-External Clock Input 

INT-lnternal1200 Hz Clock 

X-Don't Care (except avoid SYNC:: = MOD1 = MOD2 = 0) 

- -Set as appropriate for desired operating condition. 

"-As set by SYNC::, MOD1, MOD2. 

TABLE II. DTMF Encoding 
10-2 

O/A HS MOD1 MOD2 DTMFDlglt 5 .1" 
2 

-'\. I'\. Plln.~~ 0 0 0 0 0 10-3 
0 0 0 1 1 5 \.'\ 1\,\ 

0 0 1 0 2 2 
0 0 1 1 3 ~ 10-4 ~\ \. 

I~ \., lIo 
0 1 0 0 4 '" 

5 

0 1 0 1 5 iii! 2 
'" 10-5 \. "" 0 1 1 0 6 t: 5 II. \. 
'" 0 1 1 1 7 

2 
1 0 0 0 a 10-6 .\. \ 

1 0 0 1 9 5 LINE TYPE - C2 C2 CO CO 

1 0 1 0 . - CHANNEL - LB HB LB HB-

1 0 1 1 # 

1 1 0 0 A 2 4 6 8 10 12 14 

1 1 0 1 B SIGNAL TO NOISE RATIO (SNR) -dB 

1 1 1 0 C TL/H/9430-3 

1 1 1 1 D FIGURE 2. Bit Error Rate vs Signal-to-Noise Ratio 
Note: BER measured in synchronous mode, using an AEA S3A channel 

Note: fEST, HSK1 and HSK2 must be = 0 for DTMF to operate. simulator. 
(See Table I.) 
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TABLE III. Remote Digital Loopback (ROLl Command Sequences 

Modem Action Controller Action TEST HSK1 HSK2 RLST 

Data Mode 1 1 1 1 

Initiate RDL: "INITIATE RDL" 0 1 0 1 
Disable scrambler 
Disconnect TXD 
Force 1 on RXD 
Transmit unscrambled mark (U.M.) 

Recognize Dotting for 231-308 ms 
Enable scrambler 
Transmit scrambled mark (S.M.) 

Recognize S.M. for 231-308 ms 
ConnectTXD 
Unclamp RXD 
"RDL ESTABLISHED" 0 1 0 0 

Response to far end request: 1 1 1 0 
U.M. recognized for 154-231 ms 
"RDL REQUESTED" "RDL RESPONSE OK" 0 1 0 0 

Disconnect TXD 
Force 1 on RXD 
Force Sync Slave Mode 
Transmit Dotting 

S.M. recognized 
Internally loop Receiver to Transmitter 
"RDL ESTABLISHED" 0 1 0 1 

Terminate RDL: TXSQ active 80 ms 1 1 l' 0 
Reset to Data Mode 1 1 1 1 

'TEST ~ HSK1 ~ HSK2 ~ 1 may be asserted at any time after "RDL ESTABLISHED" and before terminating. 

AEA SA3 -------------------------------. I 300 TO 3300 Hz L TRUE RMS 
DIGITAL I NOISE SOURCE I J l-- FLAT FILTER I "I VOLTMETER ATIENUATOR 

5 kHz BANDWIDTH I I 

TXO 

0 REF 
LINE SIMULATOR 

MODEM 
WIDTH IMPAIRMENTS AGe + J.lA212AT 

AND ATIENUATOR 
~ 

._------------------------------ RXIN 

TXD 
PHOENIX 

RXD I 5000 
ETC MODEM SCR 

TEST SET 

TL/H/9430-4 

FIGURE 3. 2-Wlre Bit Error Test Setup 

5-36 



DAA: A Hybrid Design 
Program for the p-A212AI 
AT and p-A V22 

The attached listing is for an interactive program (DAA) 
which performs calculations related to the design of an ac­
tive line hybrid (2-wire/4-wire converter) with minimized talk­
er echo (reflected transmit energy) for modems utilizing the 
J.'A212A, J.'A212AT and J.'AV22 single-chip modem IC's. 
Two design examples are included. The program is written 
in IBM Basic and will run on the IBM PC and PC-compati­
bles; a printer is normally required. This version supplants 
previous versions and includes provision for primary surge 
resistors and insufficient transmitter drive, and a different 
set of line termination impedances over which to optimize 
performance. 

The program employs a simple "T" model for the line cou­
pling transformer and presumes a near-unity coupling coeffi­
cient for the transformer windings; distributed capacitances 
are not considered. The model and its terminations are 
shown in Figure 1. Required keyboard inputs are primary 
and secondary DC resistance (Rpri, Rsec), secondary self­
inductance, turns ratio (N), "surge" (external primary) resist­
ance (Rsurge), desired nominal modem input impedance 
(Rnom) and the frequency at which this impedance is to be 
initially provided (Fnom). "Primary" refers to the line side 
and "secondary" to the modem side of the transformer. 
Turns ratio is from secondary to primary; if not provided, it 
can be measured as either the open-circuit voltage transfer 
ratio or the square root of the ratio of the open-circuit pri­
mary and secondary winding (self-) inductances. Winding 
inductances are usually not provided and should be mea­
sured on a bridge. Surge resistance includes resistors add­
ed to meet requirements for minimum input DC resistance 
(e.g. 100n for Canada) or the on-resistance of a solid-state 
relay; the entered value is subsequently lumped with the 
primary resistance as Rpri'. AC input impedance is unspeci­
fied in FCC Part 68, but is specified as 1600nl ± 20% by EIA 
RS-496, and is specified by other countries. Fnom is nor­
mally chosen in the center of the band of interest (Le. 
1800 Hz for a 212A), but can be offset, for example, to 
compensate for the low frequency roll off of a small trans­
former. 

DAA displays the secondary termination (RO, CO) providing 
the specified Rnom at Fnom, a frequency sweep of input 
impedance, and values for Insertion Loss: Voltage Gain (dB) 
and Transducers Gain (dB). Voltage Gain is the signal gain 
or loss in the receive path; Transducer Gain is insertion 
(power) gain or loss in the transmit path; they are not equiv­
alent. The user is then offered the choice of specifying RO 
and CO, which can be used to shape the input impedance or 
to enter a standard value for CO. If this option is selected, 
the new impedance sweep is accompanied by a relative 
insertion loss sweep. 

DAA then calculates the effect of the transformer (and CO in 
shunt) on a set of 14 values of loop input impedance 
(Rline + jXline), over which talker echo is to be minimized. 
These values were selected from scatter plots of data from 
the AT&T 1977 Loop Surveyl, using the following ratio-

1 L.M. Manhire, Physical and Transmission Characteristics of Customer Loop 
Plant, BSTJ, Vol. 57, No.1, Jan. 1978, pp. 35-59. 

National Semiconductor 
Application Note 515 
Gary Shapiro 

nale. Most of the presented data were taken at 1 kHz and 
3 kHz, but 3 kHz is out-of-band for 212AIV.22 modems; 3 
kHz scatter data were therefore discarded in favor of me­
dian data points at 2000 Hz and 2500 Hz, which are in-band 
for answer mode. Also, originate (calling) mode perform­
ance is demonstrably more critical than answer mode for 
fixed-equalized 212AIV.22 modems; the 1 kHz data are 
therefore favored by being 10 of the 14 values. The 1 kHz 
data also favor non-loaded loops, which are both a majority 
(-80%) and statistically more tightly grouped than loaded 
loops. Note that all chosen points are capacitive, that 600 
+ jOn is not included, and that the user can indulge his own 
rationale by altering program lines 1500-1520. 

DAA next calculates and displays the relative transmit path 
gain (Kt) providing minimum mean gain (meanGd8) from 
transmit output to receive input (talker echo) for the above 
set of 14 line impedances, as well as the talker echo (Gd8) 
for each point. The equivalent circuit is shown in Figure 2. 
The RC compensator in the transmit path has a -3 dB 
corner (Fc) at 1 MHz; thus, the initial calculation is essential­
ly uncompensated and serves as a reference. One performs 
subsequent iterations by choosing new values of Fc-usual­
Iy between 5 kHz and 10 kHz-and noting both meanGdB 
and the spread of GdB. Note that talker echo is cancelled 
by subtraction and that these calculations employ simple 
models for both transformer and line. Therefore, calculated 
values of GdB are essentially not resolvable below 
- -20 dB. Varying Fc will yield broad, non-critical minima 
for meanGdb and GdB. 

Finally, DM proceeds to the hybrid design, asking for trans­
mit drive level at the TXO pin (Vt) in rmslV, output power to 
a 600n load (dBm), and net receive path gain (dB). Vt is 
0.71 Vrms for the J.'A212AT/J.'AV22 and net receive gain of 
+ 4 dB will provide nominal threshold levels. Corrections to 
GdB and meanGdB which include receive path gain provide 
absolute talker echo figures. The specification of output 
power should consider tolerances: e.g. the Part 68 specifi­
cation for Permissive mode is not to exceed - 9 dBm. High 
turns ratio and/or high output power (e.g. 0 dBm) may re­
quire a drive level in excess of VI: DAA will state the re­
quired level, which can be provided with the second half of a 
dual op-amp. 

Figure 3 shows the completed hybrid corresponding to the 
equivalent circuit of Figure 2. Ra and Rb from RO. R should 
be large enough not to affect Ra, Rb. R4 and R5 form R': 
the group R4, R5, C1 may be scaled, if desired. 

Two design examples are included with the program listing. 
The first utilizes a Tamura TTC-143 coupling transformer 
and is similar to the design used in the J.'A212K/TK and 
J.'AV22K Designer's Kits-demonstration and evaluation 
modem boards for the J.'A212A1 AT and J.'AV22. The sec­
ond uses a passive hybrid transformer with N = 1.5 and 
demonstrates the inclusion of surge resistance and provi­
sion for insufficient drive. 
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Rpr!' = Rpr! + Rsurge 

FIGURE 1. Transformer Model and Terminations 
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FIGURE 2. Hybrid Functional Equivalent Circuit 

,....--4~-... RXIN 

I 

110-
I 
I 

FIGURE 3. Complete Une Hybrid 
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10 REM •••••••••••••••••••••••••••••••••••••••••••• 
20 REM • CONVERTED FOR IBM-PC BASIC 8/23/86 • 
30 REM • CORRECTED AND MODIFIED 8/05/87 • 
40 REM •••••••••••••••••••••••••••••••••••••••••••• 
50 REM • • 
60 REM • MODIFIED DOUBLE PRECISION VERSION • 
70 REM • • 
80 REM • • 
90 REM • FOR A COMPLETE STATEMENT OF THE • 
100 REM • RESTRICTIONS IMPOSED ON YOU UNDER THE • 
110 REM • COPYRIGHT LAWS OF THE UNITED STATES OF • 
120 REM • AMERICA SEE TITLE 17, UNITED STATES • 
130 REM • CODE. • 
140 REM • • 
150 REM • ALL RIGHTS RESERVED • 
160 REM • • 
170 REM • FSC 1986,1987 • 
180 REM • 
190 REM •••••••••••••••••••••••••••••••••••••••••••• 
200 DEF FNLOG10#(X)=LOG(X) •• 43429448# 'LOG base 10 function 
210 DEF FNATND#(X)=ATN(X).(180/PI#) 'ATN function in DEGREES instead of 

220 PI#=3.141592654# 
230 DIM AS[50J, RE1#(14),IM1#(14),R#(14),X#(14),GLINE#(14),BLINE#(14) 
240 DIM REAL#(14),IMAG#(14),GAIN#(14),GAINDB#(14) 
250 E=O 
260 VTO#=l 
270 INPUT "ENTER TRANSFORMER 1. D. :", AS 
280 LPRINT SPC(5) "uA212AT/uAV22 ACTIVE HYBRID DESIGN USING "AS 
290 LPRINT 
300 LPRINT "TRANSFORMER MODEM-SIDE TERMINATION. Zi n (FROM LINE SIDE)" 
310 LPRINT 

RADIANS 

320 PRINT "ENTER TRANSFORMER PARAMETERS: Rpri,Rsec (ohms),Secondary Self-L(Hyl.N 
(Sec/Pri)" 

330 INPUT RP#,RS#,L#,NO# ' NO IS TURNS RATIO (SEC TO PRI) 
340 PRINT "ENTER Rsurge (ohms),Rnom (nominal Zin, ohms).Fnom (freq for Rnom. Hz) 
" 
350 INPUT RP1#, RNOM#, FO# 
360 RP#=RP#+RP1# 
370 PRINT 
380 PRINT "TOTAL primary resistance Rpri'=Rpri+Rsurge." 
390 PRINT 
400 B1#=1/2/PI#/FO#/L# 
410 GN#=1/NO#~2/(RNOM#-RP#) 
420 GOSUB 1210 ' calculate BO,GO 
430 LPRINT "TOTAL primary resistance Rpri'=Rpri+Rsurge." 
440 LPRINT 
450 PRINT Rpri' Rsec L(Hyl N Rnom Fnom RO CO 
(uF)" 
460 LPRINT Rpr i' Rsec l(Hy) N Rnom 
O(uF)" 
470 LPRINT 
480 PRINT 
490 PRINT USING" #### #### #.### #.## #### #### #### 
,L#,NO#.RNOM#,FO#,RO#,CO#.1000000! 
500 LPRINT USING" #### #### #.### #.## #### #### #### 
#,L#,NO#,RNOM#,FO#,RO#,CO#.1000000! 
510 LPRINT 
520 PRINT" Freq Rin Xin Mag Angle" 
530 LPRINT " Freq Rin Xin Mag Angle" 
540 LPRINT 
550 FOR F=300 TO 3000 STEP 300 
560 GOSUB 1290 'CALCULATE Z 
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570 NEXT F 
580 LPRINT 
590 PRINT 
600 PRINT "INSERTION LOSS" 
610 LPRINT "INSERTION LOSS" 
620 LPRINT 
630 PRINT 
640 LPRINT 
650 PRINT 
660 LPRINT 
670 LPRINT 
680 E=l 

"Freq 
"Freq 

Voltage 
Voltage 

Gain(dB) 
Gain(dB) 

Transducer" 
Transducer" 

Gain(dB)" 
Gain(dB)" 

690 F=1800 
700 VGRII=O 
710 ILRII=O 
720 GOSUB 830 
730 VGRII=VGII 
740 ILRII=ILII 
750 IF 0 <> 1 
760 PRINT 

'INITIALIZE VOLTAGE GAIN (dB) 
'INITIALIZE INSERTION LOSS (dB) 

770 LPRINT 

'VG(dB) AT 1800 HZ 
'IL(dB) AT 1800 Hz 

THEN 1060 

780 GOSUB 2090 'PAUSE SUBROUTINE 
790 FOR F=300 TO 3000 STEP 300 
800 GOSUB 830 
810 NEXT F 
820 GOTO 1060 
830 BOII=2*PIII*F*COII 
840 Bll1=1/2/PIII/F/LII 
850 AII=RSII/NOIl/600+NOII*(1+RPII/600) 
860 BII=NOII*Bll1*RSII*(1+RPII/600) 
870 MII=AII*(1+ROII/RSII)+BII*Bll1*ROII-NOII*(1+RPII/600)*ROII/RSII 
880 NII=AII*Bll1*ROII-BII*(l+ROII/RSII) 
890 ILII=10*FNLOG101l(ROIl/150/(MII A 2+NII A 2» 
900 GTRANSPRII=ROIl/150/(MII A 2+NIIA2) 
910 REALII=RPII+RSII/NOIIA2 
920 IMAGII=RSII*RPII*Bl11 
930 Y2111=1/NOII/SQR(REALIIA2+IMAGIIA2) 
940 MAG111=SQR(1/NOIIA4+(RPII*Bll1)A2) 
950 ANGLE111=-ATN(NOIIA2*RPII*Bll1) 
960 MAG211=SQR«RSII/NOIIA2+RPII)A2+(Bll1*RSII*RPII)A2) 
970 ANGLE211=-ATN(Bll1*RSII*RPII/(RSII/NOIIA2+RPII» 
980 REALII=(MAG111/MAG211)*COS(ANGLE111-ANGLE211)+GOII 
990 IMAGII=(MAG111/MAG211)*SIN(ANGLE111-ANGLE211)+BOII 
1000 YII=SQR(REALIIA2+IMAGIIA2) 
1010 VGII=20*FNLOG101l(Y21#/Y#) 
1020 RATI02PR#=Y21#/Y# 
1030 PRINT USING "#11## 
1040 LPRINT USING "#### 
1050 RETURN 
1060 LPRINT 
1070 PRINT 
1080 E=O 

+11#.## 
+11#.1111 

'VOLTAGE GAIN (dB) 
'VOLTAGE GAIN 

+##.IIII";F, VG#-VGRII, IL#-ILRII 
+#II.#II";F, VG#-VGRII, IL#-ILRII 

1090 INPUT "CONTINUE [0], SET RO,CO [1], OR END [2]";0 
1100 PRINT 
1110 IF 0=0 THEN 1480 'APPARENT Zline ROUTINE 
1120 IF 0=2 THEN 1200 
1130 INPUT "INPUT RO (Ohms), CO (uF)";RO#,CO# 
1140 PRINT 
1150 GO#=l/RO# 
1160 COII=COII*.OOOOOl11 
1170 PRINT "Zin FROM LINE SIDE. ARBITRARY RO, CO" 
1180 LPRINT "Zin FROM LINE SIDE, ARBITRARY RO, CO" 
1190 GOTO 440 
1200 END 
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1210 'GO,BO SUBROUTINE 
1220 R1#=GN#/(GN#A2+B1#A2)-RS# 
1230 X1#=B1#/(GN#A2+B1#A2) 
1240 GO#=R1#/(R1#A2+X1#A2) 
1250 BO#=X1#/(R1#A2+X1#A2) 
1260 CO#=BO#/2/PI#/FO# 
1270 RO#=l/GO# 
1280 RETURN 
1290 'Z SUBROUTINE (LINE SIDE) 
1300 BO#=2*PI#*F*CO# 
1310 B1#=1/2/PI#/F/L# 
1320 MAG#=I/SQR(GO#A2+BO#A2) 
1330 ANGLE#=-ATN(BO#/GO#) 
1340 REAL#=MAG#*COS(ANGLE#l+RS# 
1350 IMAG#=MAG#*SIN(ANGLE#) 
1360 MAG#=I/SQR(REAL#A2+IMAG#A2) 
1370 ANGLE#=-ATN(IMAG#/REAL#) 
1380 REAL#=MAG#*COS(ANGLE#) 
1390 IMAG#=MAG#*SIN(ANGLE#)-Bl# 
1400 MAG#=1/SQR(REAL#A2+IMAG#A2) 
1410 ANGLE#=-ATN(IMAG#/REAL#) 
1420 REAL#=RP#+MAG#*COS(ANGLE#)/NO#A2 
1430 IMAG#=MAG#*SIN(ANGLE#)/NO#A2 
1440 IF E=1 THEN 1470 
1450 PRINT USING "##### ####.# ####.# ####.# +##.#";F,REAL#,IMAG#,SQR(REAL#A 
2+IMAG#A2),FNATND#(IMAG#/REAL#) 
1460 LPRINT USING "##### ####.# ####.# ####.# +##.#";F,REAL#,IMAG#,SQR(REAL# 
A2+IMAG#A2),FNATND#(IMAG#/REAL#) 
1470 RETURN 
1480 LPRINT 'Z (MODEM SIDE) 
1490 PRINT 
1500 DATA 1000,400,-550,450,-500,450,-700,650,-600,650,-750,850,-500,850,-700,10 
50,-300,1050,-600,1100,-400 
1510 DATA 2000,400,-525,450,-500 
1520 DATA 2500,300,-500,350,-450 
1530 LPRINT"EFFECT OF TRANSFORMER AND CO ON APPARENT Zline" 
1540 PRINT "EFFECT OF TRANSFORMER AND CO ON APPARENT Zline" 
1550 LPRINT 
1560 PRINT 
1570 PRINT" # Freq Rl ine Xl ine Rin Xin" 
1580 LPRINT "# Freq Rl ine Xl ine Rin Xin" 
1590 PRINT 
1600 LPRINT 
1610 FOR M=O TO 2 
1620 READ F1# 
1630 IF M=O THEN 1730 
1640 IF M=1 THEN 1690 
1650 FOR N=13 TO 14 
1660 GOSUB 1800 
1670 NEXT N 
1680 GOTO 1760 
1690 FOR N=11 TO 12 
1700 GOSUB 1800 
1710 NEXT N 
1720 GOTO 1760 
1730 FOR N=1 TO 10 
1740 GOSUB 1800 
1750 NEXT N 
1760 NEXT M 
1770 RESTORE 
1780 GOSUB 2090 'PAUSE SUBROUTINE 
1790 GOTO 2170 
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i 1800 READ Rll,Xll 

1810 REIICN)=Rll 
1820 IMIICN)=Xll 
1830 BMI=1/2/PII/FII/LI 
1840 BOI=2*PII*Fll*COI 
1850 REALI=Rll+RPI 

'Zload SUBROUTINE 

1860 MAGI=I/NOIA2/SQRCREALIA 2+XIIA 2) 
1870 ANGLEI=-ATN(XII/REALI) 
1880 REALI=MAGI*COSCANGLEI) 
1890 IMAGI=MAGI*SINCANGLEI)-BMI 
1900 MAGI=I/SQR(REALIA2+IMAGIA2) 
1910 ANGLEI=-ATNCIMAGI/REALI) 
1920 REALI=MAGI.COSCANGLEI)+RSI 
1930 IMAGI=MAGI.SINCANGLEI) 
1940 MAGI=I/SQRCREALIA2+1MAG#A2) 
1950 ANGLEI=-ATNCIMAGI/REALI) 
1960 REALI=MAGI*COSCANGLEI) 
1970 IMAGI=MAGI.SINCANGLEI)+BOI 
1980 MAGI=I/SQRCREALIA 2+1MAGIA 2) 
1990 ANGLEI=-ATNCIMAGI/REALI) 
2000 REALI=MAGI*COSCANGLEI) 
2010 IMAGI=MAGI*SINCANGLEI) 
2020 IF N=1 THEN PRINT "NONLOADED LINES, 2W 8. 4W TERMINATIONS" ELSE IF N=11 THEN 

PRINT "MEDIAN LOADED 8. NONLOADED LINES" ELSE 2040 
2030 IF N=1 THEN LPRINT "NONLOADED LINES, 2W 8. 4W TERMINATIONS" ELSE IF N=11 THE 
N LPRINT "MEDIAN LOADED 8. NONLOADED LINES" ELSE 2040 
2040 PRINT USING "II lUI IIII +1111 IIII +111#";N,Fll,RU.Xll,REALI 
,IMAGI 
2050 LPRINT USING "II IIII IIII 
I,IMAGI 

+1111 IIII +111#";N,Fll,Rll,Xll.REAL 

2060 RICN)=REALI 
2070 XICN)=IMAGI 
2080 RETURN 
2090 DUMMV"'1 
2100 PRINT 
2110 WHILE DUMMY 
2120 INPUT "HIT 'ENTER' TO CONTlNUE,",DUMMY 
2130 WEND 
2140 PRINT 
2150 RETURN 
2160 END 
2170 Z=O , SET FLAG: PRINT Gain VS Zload 
2180 FCI=1000000! 
2190 RW=O 
2200 LPRINT 
2210 LPRINT "NORMALIZED GAIN FROM TKO TO RUN, dB" 
2220 LPRINT 
2230 LPRINT "Kt CTKO to RUN) and Kr Csecondary to RXIN) are relatille gains," 
2240 LPRINT "meanGdb is the allerage 0' Gdb 'or the 14 line terminations," 
2250 FOR 1=1 TO 14 ' CONVERT LINE IMPEDANCE TO LINE ADMITTANCE 
2260 GLINEI(I)=RICI)/(RICI)A2+XICI)A2) 
2270 BLINEICI)=-XI(I)/CRICI)A2+XICI)A2) 
2280 NEXT I 
2290 GOTO 2460 
2300 LPRINT 
2310 PRINT Fe Kt Kr meanGdb" • PRINT Fe,KICKt).Kr,RXG 
AIN 
2320 
2330 
2340 
2350 
2360 

LPRINT 
LPRINT 

Fc Kt 

PRINT USING "111111111 1,111 
LPRINT USING "111111111 1,111 

LPRINT 

Kr 

1 
1 
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2370 PRINT 
2380 PRINT 
2390 LPRINT 
2400 LPRINT 
2410 MEANSG#=O 
2420 GAIN#(O)=O 
2430 Kl=KMIN# 
2440 Z=O 
2450 GOSUB 2770 
2460 F#=FC# 

" # 
" # 

2470 IF RW=O THEN 3550 

Rline 
Rline 

Xli ne 
Xli ne 

GdB" 
GdB" 

• INITIAL CONDITION 

• SET FLAG: PRINT Gain VS Zload 

2480 INPUT "INPUT NEW VALUE FOR Fe. INPUT 0 TO CONTlNUE":FC# • UPDATE Fe 
2490 IF FC#=O THEN 3040 • ESCAPE 
2500 GOSUB 2590 
2510 RW=1 
2520 K2=KMIN#-.11 
2530 K3=KMIN#+.11 
2540 K4=.01 
2550 GOSUB 2640 
2560 GOTO 2300 
2570 END 
2580 REM 
2590 Z=1 
2600 MIN#=O 
2610 K2=0 
2620 K3=1 
2630 K4=.1 
2640 FOR Kl=K2 TO K3 STEP K4 
2650 MEANSG#=O 
2660 GAIN#(O)=O 
2670 GOSUB 2770 

• Kl SCAN SUBROUTINE 
• Kl IS XMIT SIDE GAIN. WITH 

• Kr=1 AND NO LOSS FROM TXO 

• INITIAL CONDITION 

2680 MEANDB#(Kl)=10*FNLOG10#(MEANSG#/14) 
2690 LOCATE 1 
2700 PRINT USING '~eanGdb(#.##)=+##.## 

":Kl.MEANDB#(Kl) 
2710 IF MEANDB#(Kl) >= MIN# THEN 2740 
2720 MIN#=MEANDB#(Kl) 
2730 KMIN#=Kl 
2740 NEXT Kl 
2750 RETURN 
2760 END 
2770 REM GAIN CALCULATION SUBROUTINE 
2780 F#=1000 
2790 FOR 1=1 TO 10 
2800 GOSUB 2910 
2810 NEXT I 
2820 F#=2000 
2830 FOR 1=11 TO 12 
2840 GOSUB 2910 
2850 NEXT 1 
2860 F#=2500 
2870 FOR 1=13 TO 14 
2880 GOSUB 2910 
2890 NEXT I 
2900 RETURN 
2910 Dl#=(I+RO#*GLINE#(I»A2+RO#A2*(BLINE#(I»A2' DENOMINATORS 
2920 D2#=I+(F#/FC#)A2 
2930 REAL#(I)=(I+RO#*GLINE#(I»/D1#-Kl/D2# 
2940 IMAG#(I)=Kl*F#/FC#/D2#-RO#*BLINE#(I)/D1# 
2950 GAIN#(I)=(REAL#(I»A2+(IMAG#(I»A2 
2960 MEANSG#=MEANSG#+(GAIN#(I» 
2970 IF Z=1 THEN 3030 
2980 GAINDB#(1)=10*FNLOG10#(GAIN#(I» 
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2990 IF 1=1 THEN PRINT "NONLOADED LINES, 2W 8. 4W TERMINATIONS @ 1 KHz" ELSE IF 1 
=11 THEN PRINT "MEDIAN LOADED 8. NONLOADED LINES @ 2 KHz" ELSE IF 1=13 THEN PRINT 

"MEDIAN LOADED 8. NONLOADED LINES @ 2.5 KHz" ELSE 3010 
3000 IF 1=1 THEN LPRINT "NONLOADED LINES, 2W 8. 4W TERMINATIONS @ 1KHz" ELSE IF 1 
=11 THEN LPRINT "MEDIAN LOADED 8. NONLOADED LINES @ 2 KHz" ELSE IF 1=13 THEN LPRI 
NT "MEDIAN LOADED AND NONLOADED LINES @2.5 KHZ" ELSE 3010 
3010 PRINT USING" ## ###11 +#111111 +1I11.1I";I,RE111(I) ,IM111(l) ,GAINDB 
II( 1> 
3020 LPRINT USING" 1111 #111111 +11111111 +1I11.1I";I.RE111(1l ,IMl#(l) ,GAINDB 
#(1) 
3030 RETURN 
3040 REM CALCULATE HYBRID COMPONENT VALUES 
3050 PRINT 
3060 LPRINT 
3070 PRINT "HYBRID DESIGN VALUES" 
3080 LPRINT "HYBRID DESIGN VALUES" 
3090 Cll1=IE-08 
3100 PRINT "INPUT TXO LEVEL (Vrms), OUTPUT POWER (dBm), NET RECEIVE PATH GAl 
N (dB)" 
3110 INPUT VT#,POUTDBMII,GNETII 
3120 POUTII=10A(POUTDBMIl/10-3) 
3130 KPRII=2/VT#+SQR(POUTII*ROII/GTRANSPRII) 
3140 IF KPR#)1 THEN 3750 'INSUFFICIENT DRIVE 
3150 RAII=ROII/KPRII ' TXO/LOAD DIVIDER 
3160 RBII=RAII*ROII/(RAII-ROII) 
3170 KRII=10A (GNETII/20) IRATI02PRII 'RX PATH GAIN. RATI02PRII=RX GAIN 
3180 BCII=2*PIII*FhCI# 
3190 R4#=(I+KR#)/KRII/BCII/KPRII/KMINII ' TX/RX DIVIDER 
3200 R511=R4#/(BCII*R411-1) 
3210 GDBMII=20*FNLOG101l(VTII*KPRII*KRII)+2.2185 
3220 PRINT 
3230 LPRINT 
3240 PRINT USING "Output levels: 11.111111 Vrms at Ra and R4,+III1.1I11 dBm to 600 0 
hm load.";VT#,POUTDBMII 
3250 LPRINT USING "Output levels: 1.11#11 Vrms at Ra and R4,+#II.1I11 dBm to 600 
ohm load.";VT#,POUTDBMII 
3260 PRINT 
3270 PRINT USING "Net receive path gain: #.II#dB";GNETII 
3280 LPRINT USING "Net receive path gain: +1I.lIl1dB";GNETII 
3290 LPRINT 
3300 PRINT 
3310 PRINT Ra Rb CO(uF) Kr R4 R5 

Cl(uF)" 
3320 LPRINT Ra Rb CO(uF) Kr R4 R5 

Cl(uF)" 
3330 LPRINT 
3340 PRINT USING "1I1.III1AAAA 1I11.#IIAAAA #.11#11 11.#1111 1I11.#IIAAAA ##.IIIAAAA 

11.111111"; RA#, RBII, CO#*1000000 , ,KRII,R411,R511,Clh1000000! 
3350 LPRINT USING "1I11.II#AAAA 1I11.IIIAAAA 11.111111 1.#1111 1I11.#IIAAAA 1I#.III1AAAA 

1I.1I1111";RAII,RBII,COII*1000000!,KRII,R4I1,R511.CII1*1000000' 
3360 LPRINT 
3370 PRINT 
3380 IF VTO#=1 THEN 3430 
3390 PRINT USING "NOTE: INSERT 11#.1111 dB GAIN BETWEEN TXO AND Ra,R4";20*FNLOGIOII( 
VTII/VTOII) 
3400 LPRINT USING "NOTE: INSERT 111.1111 dB GAIN BETWEEN TXO AND Ra,R4";20+FNLOG1011 
(VTII/VTO#) 
3410 PRINT 
3420 LPRINT 
3430 PRINT USING "For absolute TX eCho level (dBm) at RXlN, add +11.1111 dB to G 
db figures.";GDBM# 
3440 LPRINT USING "For absolute TX eCho level (dBm) at RXIN, add +#.11# dB to 
Gdb figures.";GDBMI 
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LPRINT 
PRINT 

3450 
3460 
3470 
N# 
3480 
IN# 

PRINT USING "Mean TX echo for 14 impedance values is +##.#dBm.";GDBM#+MI 

LPRINT USING "Mean TX echo for 14 impedance values is +##.#dBm.";GDBM#+M 

3490 LPRINT 
3500 PRINT 
3510 INPUT "RUN HVBRID DESIGN VALUES AGAIN? 0= NO.";H 
3520 IF H()O THEN 3040 
3530 END 
3540 END 
3550 CLS 
3560 PRINT"Fc IS THE 3 dB CUTOFF FREQ. OF A SIMPLE FIRST-ORDER COMPENSATOR." 
3570 PRINT 
3580 PRINT"Fc IS INITIALLV SET TO 1 MHz (ESSENTIALLV OUT OF THE CIRCUIT). " 
3590 PRINT 
3600 PRINT "TRV SEVERAL VALUES OF Fc TO MINIMIZE TALKER ECHO (MeanGdB)." 
3610 PRINT 
3620 PRINT "THE PROGRAM WILL DETERMINE THE OPTIMUM RELATIVE TX-PATH GAIN (O(K 
t(l)," 
3630 PRINT 
3640 PRINT"FOR THE SET OF 8 TERMINATION IMPEDANCES (4 EACH AT 1 AND 3 KHz)." 
3650 PRINT 
3660 PRINT"THE LAST VALUE ENTERED FOR Fc WILL BE USED TO CALCULATE 
3670 PRINT 
3680 PRINT "THE COMPONENT VALUES OF THE HVBRID. Fc WILL USUALLY BE " 
3690 PRINT 
3700 PRINT "FROM 5 KHz TO 10 KHz AND IS NOT CRITICAL." 
3710 PRINT 
3720 INPUT"HIT 'ENTER' TO CONTINUE ••• ",DUMMV 
3730 CLS 
3740 GOTO 2500 
3750 PRINT 'INSUFFICIENT DRIVE 
3760 LPRINT 
3770 PRINT USING "NOTE: +##.## dBm OUTPUT UNATTAINABLE FOR Vt=II.### Vrms"; POUTD 
BM#,VT# 
3780 LPRINT USING "NOTE: +##.## dBm OUTPUT UNATTAINABLE FOR Vt=#.### Vrms"; POUT 
DBM#,vn 
3790 POUTMAX#=30+10*FNLOG10#(GTRANSPR#*VT#A2/4/RO#) 
3800 VTMIN#=2*SQR(POUT#*RO#IGTRANSPR#) 
3810 PRINT USING "ENTER EITHER REDUCED Pout=(+##.## dBm OR NEW Vt=>#.### Vrms."; 
POUTMAX#,VTMIN# 
3820 VTo#=vn 
3830 PRINT 
3840 GOTO 3090 
3850 END 
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uA212AT/uAV22 ACTIVE HYBRID DESIGN USING TTC-143 

TRANSFORMER MODEM-SIDE TERMINATION. Zin (FROM LINE SIDE) 

TOTAL primary resistance Rpri'=Rpri+Rsurge. 

Rpri' Rsec UHy) N Rnom Fnom 

75 100 0.300 1.04 600 1800 

Freq Rin Xin Mag Angle 

300 343.8 264.0 433.5 +37.5 
600 514.4 197.1 550.9 +21.0 
900 570.9 125.0 584.4 +12.4 

1200 591.6 72.3 596.0 +7.0 
1500 599.0 32.2 599.8 +3.1 
1800 600.0 0.0 600.0 +0.0 
2100 597.5 -27.0 598.1 -2.6 
2400 592.7 -50.2 594.8 -4.8 
2700 586.4 -70.6 590.6 -6.9 
3000 578.9 -88.7 585.6 -8.7 

INSERTION LOSS 

Freq Vo I tage Transducer 
Gain(dB) Gain(dB) 

1800 -2.50 -1.43 

Zin FROM LINE SIDE, ARBITRARY RO, CO 

Rpr i' Rsec UHy) N Rnom Fnom 

75 100 0.300 1.04 

Freq Rin 

300 344.0 
600 516.6 
900 574.1 

1200 595.2 
1500 602.5 
1800 603.3 
2100 600.5 
2400 595.3 
2700 588.6 
3000 580.7 

INSERTION LOSS 

Freq Vol tage 
Gain(dB) 

1800 -2.48 

Xin Mag 

265.7 434.7 
198.9 553.6 
125.8 587.7 
72.0 599.5 
31.1 603.3 
-1.8 603.3 

-29.3 601.2 
-53.1 597.7 
-73.9 593.2 
-92.3 587.9 

Transducer 
Gain(dB) 

5-46 

600 1800 

Angle 

+37.7 
+21.1 
+12.4 

+6.9 
+3.0 
-0.2 
-2.8 
-5.1 
-7.2 
-9.0 

RO CO(uF) 

471 0.0383 

RO CO(uF) 

475 0.0390 
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300 -0.05 -0.68 
600 -0.00 -0.16 
900 +0.01 -0.06 

1200 +0.01 -0.03 
1500 +0.00 -0.01 
1800 +0.00 +0.00 
2100 -0.00 +0.01 
2400 -0.01 +0.01 
2700 -0.02 +0.01 
3000 -0.02 +0.01 

EFFECT OF TRANSFORMER AND CO ON APPARENT Zline 

II Freq Rline X line Rin Xin 

NONLOADED LINES. 2W & 4W TERMINATIONS 
1 1000 400 -550 792 -620 
2 1000 450 -500 839 -527 
3 1000 450 -700 946 -819 
4 1000 650 -600 1167 -543 
5 1000 650 -750 1282 -750 
6 1000 850 -500 1334 -275 
7 1000 850 -700 1503 -506 
8 1000 1050 -300 1383 +69 
9 1000 1050 -600 1628 -210 

10 1000 1100 -400 1502 +19 
MEDIAN LOADED & NONLOADED LINES 
11 2000 400 -525 448 -575 
12 2000 450 -500 494 -567 
13 2500 300 -500 315 -505 
14 2500 350 -450 361 -485 

NORMALIZED GAIN FROM TXO TO RXIN. dB 

Kt (TXO to RXIN) and Kr (secondary to RXIN) are relative gains. 
meanGdb is the average of Gdb for the 14 line terminations. 

Fc Kt 

1000000 0.700 

II Rline 

Kr meanGdb 

Xline 

-15.66 

GdB 

NONLOADED LINES. 2W & 4W TERMINATIONS @ 1KHz 
1 400 -550 -16.6 
2 450 -500 -18.1 
3 450 -700 -16.4 
4 650 -600 -20.5 
5 650 -750 -18.4 
6 850 -500 -24.8 
7 850 -700 -20.6 
8 1050 -300 -26.8 
9 1050 -600 -22.0 

10 1100 -400 -24.5 
MEDIAN LOADED & NONLOADED LINES @ 2 KHz 

11 400 -525 -12.4 
12 450 -500 -13.1 

MEDIAN LOADED AND NONLOADED LINES @2.5 KHZ 
13 300 -500 -10.5 
14 350 -450 -11.2 
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Fc Kt Kr meanGdb 

7000 0.730 -22.69 

II Rline Xline GdB 

NONLOADED LINES. 2W & 4W TERMINATIONS Q 1KHz 
I 400 -550 -26.2 
2 450 -500 -2901 
3 450 -700 -25.3 
4 650 -600 -30.9 
5 650 -750 -25.0 
6 850 -500 -23.2 
7 850 -700 -22.6 
8 1050 -300 -18.8 
9 1050 -600 -20.0 

10 1100 -400 -18.9 
MEDIAN LOADED & NONLOADED LINES @ 2 KHz 
II 400 -525 -24.5 
12 450 -500 -26.9 

MEDIAN LOADED AND NONLOADED LINES Q2.5 KHZ 
13 300 -500 -21.4 
14 350 -450 -22.6 

HYBRID DESIGN VALUES 

Output levels: 0.710 Vrms at Ra and R4. -9.50 dBm to 600 ohm load. 
Net receive path gain: +4.00dB 

Ra Rb CO(uF) Kr R4 R5 CI (uF) 

6.210+02 2.020+03 0.039 2.114 6.000+03 3.660+03 0.010 

For absolute TX echo level (dBm) at RXIN. add +3.42 dB to Gdb figures. 

Mean TX echo for 14 impedance values is -19.3dBm. 
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uA212AT/uAV22 ACTIVE HYBRID DESIGN USING PASSIVE HYBRID 

TRANSFORMER MODEM-SIDE TERMINATION. Zin (FROM LINE SIDE) 

TOTAL primary resistance Rpri'=Rpri+Rsurge. 

Rpr i' Rsec UHy) N Rnom Fnom RO CO(uF) 

104 192 0.600 1.50 600 1800 930 0.0190 

Freq Rin Xin Mag Angle 

300 362.3 249.2 439.8 +34.5 
600 521.4 184.0 552.9 +19.4 
900 573.3 116.2 585.0 +11.5 

1200 592.3 67.1 596.1 +6.5 
1500 599.0 29.9 599.8 +2.9 
1800 600.0 -0.0 600.0 -0.0 
2100 597.7 -25.0 598.3 -2.4 
2400 593.4 -46.6 595.2 -4.5 
2700 587.6 -65.6 591.3 -6.4 
3000 580.8 -82.6 586.7 -8.1 

INSERTION LOSS 

Freq Voltage Transducer 
Gain(dB) Gain(clB) 

1800 +0.23 -1.66 

Zin FROM LINE SIDE. ARBITRARY RO. CO 

Rpri' Rsec UHy) N Rnom Fnom RO CO(uF) 

104 192 0.600 1.50 600 1800 910 0.0180 

Freq Rin Xin Mag Angle 

300 361.7 244.5 436.6 +34.1 
600 515.3 179.3 545.6 +19.2 
900 564.8 114.3 576.3 +11.4 

1200 583.1 67.7 587.1 +6.6 
1500 589.9 32.7 590.8 +3.2 
1800 591.3 4.6 591.3 +0.5 
2100 589.8 -18.8 590.1 -1.8 
2400 586.4 -39.1 587.7 -3.8 
2700 581.6 -57.0 584.4 -5.6 
3000 575.9 -73.0 580.5 -7.2 

INSERTION LOSS 

Freq Voltage Transducer 
Gain(dB) Gain(dB) 

1800 +0.17 -1.69 
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i 300 
600 
900 

1200 
1500 
1800 
2100 
2400 
2100 
3000 

-0.11 
-0.01 
+0.00 
+0.00 
+0.00 
+0.00 
-0.00 
-0.01 
-0.02 
-0.02 

-0.66 
-0.16 
-0.06 
-0.02 
-0.01 
+0.00 
+0.01 
+0.01 
+0.01 
+0.01 

EFFECT OF TRANSFORMER AND CO ON APPARENT Zline 

• Freq Rline Xl1ne Rin Xin 

NONLOADED LINES, 2W & 4W TERMINATIONS 
1 1000 400 -550 1183 -1239 
2 1000 450 -500 1861 -1032 
3 1000 450 -100 2148 -1639 
4 1000 650 -600 2568 -1006 
5 1000 650 -150 2858 -1421 
6 1000 850 -500 2863 -408 
1 1000 850 -100 3269 -852 
8 1000 1050 -300 2891 +311 
9 1000 1050 -600 3456 -204 

10 1000 1100 -400 3144 +234 
MEDIAN LOADED & NONLOADED LINES 
11 2000 400 -525 1005 -1212 
12 2000 450 -500 1103 -1192 
13 2500 300 -500 110 -1013 
14 2500 350 -450 808 -1028 

NORMALIZED GAIN FROM TXO TO RXIN, dB 

Kt <TXO to RXIN) and Kr (secondary to RXIN) are relative gains. 
meanGdb 1s the average ot Gdb tor the 14 line terminations. 

Fc Kt 

1000000 0.130 

• Rline 

Kr meanGdb 

Xline 

-16.46 

GdS 

NONLOADED LINES. 2W & 4W TERMINATIONS 91KHz 
I 400 -550 -11.9 
2 450 -500 -19.4 
3 450 -100 -11.8 
4 650 -600 -22.5 
5 650 -150 -20.1 
6 850 -500 -21.9 
1 850 -100 -22.6 
8 1050 -300 -28.4 
9 1050 -600 -2401 

10 1100 -400 -26.3 
MEDIAN LOADED & NONLOADED LINES 92KHz 

11 400 -525 -13.0 
12 450 -500 -13.1 

MEDIAN LOADED AND NONLOADED LINES 92.5 KHZ 
13 300 -500 -10.9 
14 350 -450 -11.1 
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Fc Kt Kr meanGdb 

7500 0.750 -22.87 

II Rline Xli ne GdB 

NONLOADED LINES. 2W & 4W TERMINATIONS Q 1KHz 
1 400 -550 -29.4 
2 450 -500 -31.6 
3 450 -700 -27.7 
4 650 -600 -28.9 
5 650 -750 -25.2 
6 850 -500 -22.3 
7 850 -700 -22.2 
8 1050 -300 -18.4 
9 1050 -600 -19.6 

10 1100 -400 -18.6 
MEDIAN LOADED & NONLOADED LINES Q 2 KHz 

11 400 -525 -26.3 
12 450 -500 -28.7 

MEDIAN LOADED AND NONLOADED LINES Q2.5 KHZ 
13 300 -500 -22.7 
14 350 -450 -23.7 

HYBRID DESIGN VALUES 

NOTE: -9.50 dBm OUTPUT UNATTAINABLE FOR Vt=0.710 Vrms 

Output levels: 0.775 Vrms at Ra and R4. -9.50 dBm to 600 ohm load. 
Net receive path gain: +4.00dB 

Ra Rb CO(uF) Kr R4 R5 C I (uF) 

9.100+02 4.460+07 0.018 1.558 4.650+03 3.910+03 0.010 

NOTE: INSERT 0.76 dB GAIN BETWEEN TXO AND Ra.R4 

For absolute TX echo level (dBm) at RXIN. add +3.85 dB to Gdb figures. 

Mean TX echo for 14 impedance values is -19.0dBm. 

5-51 

» 
Z 
I 

U1 ... 
U1 

TL/H/9442-1S 

• 





Section 6 
Transmission Line 
Drivers & Receivers 

NOTE: For complete specifications on 
datasheets in this section please see 
the Interface databook. 
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~National 
~ Semiconductor 

Transmission Line Drivers/Receivers 

The common purpose of transmission line drivers and re­
ceivers is to transmit data quickly and reliably through a 
variety of environments over electrically long distances. 
This task is complicated by the fact that externally intro­
duced noise and ground shifts can severely degrade the 
data. 

The connection between two elements in a system should 
be considered a transmission line if the transmitted signal 
takes longer than twice its rise or fall time to travel from the 
driver to the receiver. 

Single-Ended Data Transmission 
In data processing systems today there are two basic 
means of communicating between components. One meth­
od is single-ended, which uses only one signal line for data 
transmission, and the other is differential, which uses two 
signal lines. 

The Electronics Industry Association (EIA) has developed 
several standards to simplify the interface in data communi­
cations systems. 

R5-232 

The first of these, RS-232, was introduced in 1962 and has 
been widely used throughout the industry. RS-232 was de­
veloped for single-ended data transmission at relatively 
slow data rates (20 kBaud) over short distances (up to 
50 ft.). 

RS-423 

With the need to transmit data faster and over longer dis­
tances, RS-423, a newer standard for single-ended applica­
tions, was established. RS-423 extends the maximum data 
rate to 100 kBaud (up to 30 ft.) and the maximum distance 

to 4000 feet (up to 1 kBaud). RS-423 also requires high 
impedance driver outputs with power off so as not to load 
the transmission line. 

Differential Data Transmission 
When transmitting at very high data rates, over long dis­
tances and through noisy environments, single-ended trans­
mission is often inadequate. In these applications, differen­
tial data transmission offers superior performance. Differen­
tial transmission nullifies the effects of ground shifts and 
noise signals which appear as common mode voltages on 
the transmission line. 

RS-422 

RS-422 was defined by the EIA for this purpose and allows 
data rates up to 10 MBaud (up to 40 ft.) and line lengths up 
to 4000 feet (up to 100 kBaud). 
Drivers designed to meet this standard are well suited for 
party-line type applications where only one driver is con­
nected to, and transmits on, a bus and up to 10 receivers 
can receive the data. While a party-line type of application 
has many uses, RS-422 devices cannot be used to con­
struct a truly multipoint bus. A multipoint bus consists of 
multiple drivers and receivers connected to a single bus, 
and anyone of them can transmit or receive data. 

RS-485 

To meet the need for truly multipoint communications, the 
EIA established RS-485 in 1983. RS-485 meets all the re­
quirements of RS-422, but in addition, this new standard 
allows up to 32 drivers and 32 receivers to be connected to 
a single bus-thus allowing a truly multipoint bus to be con­
structed. 

RS-232C Application 

DATA 
IN 

DATA 
IN 

EIA RS-423 Application 

_ ..... --+~>------v, -+f>---l 
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Differential Data Transmission (Continued) 

EIA RS·422 Application r- RS422 -=:1 INTERFACE 

r--.... ~> >~ > DATA 0- .m~.~~ DATA 
IN OUT 

» » 
- - TL/OO/2901-3 

The key features of RS-485: • Drivers can withstand bus contention and bus faults 
• Implements a truly multipoint bus consisting of up to 32 National Semiconductor produces a variety of drivers, re-

drivers and 32 receivers ceivers, and transceivers for these four very popular trans-
• An extended common-mode range for both drivers and mission standards and numerous other data transmission 

receivers in TRI-STATE and with power off (-7V to requirements. 
+ 12V) Shown below is a table that highlights key aspects of the 

EIA Standards. More detailed comparisons can be found in 
the various application notes in Section 1. 

RS·485 Application 

A)';~ ~ A \\{ \Ij 
" i " 

RT ~ // "" ~ RT 120 120 
OHMS " " OHMS 

"" IL\ I()\ "" I 
O-Driver 

T \;j R - Receiver 

T - Transceiver V 
TL/OO/2901-4 

Specification RS·232C RS·423 RS·422 RS·485 

Mode of Operation Single-Ended Single-Ended Differential Differential 

Number of Drivers and Receivers 1 Driver, 1 Driver, 1 Driver, 32 Drivers, 
Allowed on One Line 1 Receiver 10 Receivers 10 Receivers 32 Receivers 

Maximum Cable Length 50 feet 4000 feet 4000 feet 4000 feet 

Maximum Data Rate 20 kb/s 100 kb/s 10 Mb/s 10 Mb/s 

Driver Output Maximum Voltage ±25V ±6V -0.25Vto +6V -7Vto +12V 

Driver Output Signal Level I Loaded ±5V ±3.6V ±2V ±1.5V 

J Unloaded ±15V ±6V ±5V ±5V 

Driver Load Impedance 3 k.fl to 7 k.fl 450.fl min 100.fl 54.fl 

Maximum Driver Output Current I Power On ---- ---- ---- ±100,...A 
(High Impedance State) I Power Off VMAX/3OO.fl ±100 ,...A ± 100,...A ±100 ,...A 

Slew Rate 30V/,...smax Controls Provided ---- ----
Receiver Input Voltage Range ±15V ±12V -7Vto +7V -7Vto +12V 

Receiver Input Sensitivity ±3V ±200mV ±200mV ±200mV 

Receiver Input Resistance 3 k.fl to 7 k.fl 4 k.fl min 4 k.fl min 12 k.fl min 
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~National 
~ Semiconductor 
OS 1488 Quad Line Driver 

General Description 
The DS1488 is a quad line driver which converts standard 
TTL input logic levels through one stage of inversion to out­
put levels which meet EIA Standard No. RS-232C and 
CCITT Recommendation V.24. 

Schematic and Connection Diagrams 

01 
INPUT 

INPUT 

1/4 Circuit 

r-----~~------~~~~---ov+ 

R1 R2 

09 

RB .---+--+-'I/II1o--<l OUTPUT 
07 

DB 

R5 R6 R7 

~~~----~--~~~--~v­

TLIF/5776-1 

Typical Applications 

Features 
• Current limited output ±10 mA typ 
• Power-off source impedance 300n min 
• Simple slew rate control with external capacitor 
• Flexible operating supply range 
• Inputs are TTLILS compatible 

Dual-In-Line Package 
v+ 

v-

Top View 

GND 

TL/F/5776-2 

Order Number DS1488J, DS1488M or DS1488N 
See NS Package Number J14A, M14A or N14A 

RS-232C Data Transmission 

TIll OTl 1/4 OS14BB 
--~- ... 
--oi kl----'1.._" 

1/4 DS148B/ 
TIl/OTl OS14B8A ,-.,.. ... ----'t ~-­... _r--

INTERFACE DATA 
TERMINAL EOUIPMENT 

INTERCONNECTING 
CABLE 

SIGNAL GROUND 

"'Optional for noise filtering 
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~National 
~ Semiconductor 
DS14C88/DS14C89A Quad CMOS Line Driver/Receiver 

.... 
~ General Description 

The DS14C88 and DS14C89A, pin-for-pin replacements for 
the DS1488/MC1488 and the DS1489/MC1489, are line 
drivers/receivers designed to interface data terminal equip­
ment (DTE) with data communications equipment (DC E). 
These devices translate standard TTL or CMOS logic levels 
to/from levels conforming to RS-232-C and CCITT V.24 
standards. 

Both devices are fabricated in low threshold CMOS metal 
gate technology. They provide very low power consumption 
in comparison to their bipolar equivalents; 900 ,...A versus 
26 mA for the receiver and 500 ,...A versus 25 mA for the 
driver. 

The DS14C88/DS14C89A simplify designs by eliminating 
the need for external capacitors. For the DS14C88, slew 
rate control in accordance with RS-232-C is provided on 
chip, eliminating the output capacitors. For the DS14C89A, 
noise pulse rejection circuitry eliminates the need for re­
sponse control filter capacitors. When replacing the 
DS1489 with DS14C89A, the response control filter pins 
can be tied high,low or not connected. 

Connection Diagrams 
DS14C88 Dual·ln·Line Package 

V' 

14 

GND 
TL/F/S50S-9 

Order Number DS14C88J, DS14C88N and DS14C88M 
See NS Package Number J14A, M14A or N14A 
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Features 
• Meets EIA RS-232-C and CCITT V.24 standard 
• Low power consumption 
• Pin-for-pin equivalent to DS1488/MC1488 and 

DS1489/MC1489 

• Low Delay Slew 
• DS14C88 Driver 

- Power-off source impedance 300n min. 
- Wide operating voltage range: 4.5V -12.6V 
- TTL/LSTTL compatible 

• DS14C89A 
- Internal noise filter 
-Inputs withstand ±30V 
- Fail-safe operating mode 
- Internal input threshold with hysteresis 

DS14C89A Dual·ln·Llne Package 

INPUl 
o 

OUTPUl INPUT OUlPUT 
Vee 

INPUT 
A 

Ne 0 C Ne c 

12 11 10 

Ne OUTPUT INPUT 
A • 

TLiF/S50S-2 

Order Number DS14C89AJ, DS14C89AM or DS14C89AN 
See NS Package Number J14A, M14A or N14A 
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~ Semiconductor 
OS 1489/0S 1489A Quad Line Receiver 

General Description Features 
The DS1489/DS1489A are quad line receivers designed to 
interface data terminal equipment with data communica­
tions equipment. They are constructed on a single monolith­
ic silicon chip. These devices satisfy the specifications of 
EIA Standard RS-232C. The DS1489/DS1489A meet and 
exceed the specifications of MC1489/MC1489A and are 
pin-for-pin replacements. 

• Four totally separate receivers per package 
• Programmable threshold 
• Built-in input threshold hysteresis 
• "Fail safe" operating mode 
• Inputs withstand ±30V 

Schematic and Connection Diagrams 
Dual-In-Llne Package 

V" 

(% of unit shown) Ok Ok 2k 

" OUTPUT 

~~s;~:~~ O--------.... --+..J\I...,.,. ..... 

Ok 

INPUT O---'IIVY--..... --+---I 

'---+---... --............ - ............ --<l GNO 

OS1489: RF ~ 10k 

OS1489A: RF ~ 2k 

TL/F/5777-1 

V" 

14 

RESPONSE RESPONSE 
INPUT CONTROL OUTPUT INPUT CONTROL 

0 0 0 c c 

13 12 11 10 

OUTPUT 
c 

INPUT RESPONSE OUTPUT INPUT RESPONSE OUTPUT GND 
A CONTROL A B CONTROL B 

A B 

TL/F/5777-2 
Top View 

Order Number DS1489J, DS1489AJ, 
DS1489M, DS1489AM, DS1489N or DS1489AN 
See NS Package Number J14A, M14A or N14A 

AC Test Circuit and Voltage Waveforms 
RESPONSE CONTROL 

- OPEN OUTPUT Vee 

15pF 
INCLUDING 

'::' 

J JIG AND PROBE 

TL/F/5777-3 

r~ 
,. 

INPUT ---J ov 

~"r 

J-W OUTPUT J~ ~- t L~, TLlF/5777-4 
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~National 
~ Semiconductor 
DS26LS31 C/DS26LS31 M Quad High 
Speed Differential Line Driver 

General Description Features 
• Output skew-2.0 ns typical 
• Input to output delay-10 ns 
• Operation from single 5V supply 
• 16-pin hermetic and molded DIP package 
• Outputs won't load line when Vee = OV 

The DS26LS31 is a quad differential line driver designed for 
digital data transmission over balanced lines. The 
DS26LS31 meets all the requirements of EIA Standard 
RS-422 and Federal Standard 1020. It is designed to pro­
vide unipolar differential drive to twisted-pair or parallel-wire 
transmission lines. 

The circuit provides an enable and disable function common 
to all four drivers. The DS26LS31 features TRI-STATE® 
outputs and logically ANDed complementary outputs. The 
inputs are all LS compatible and are all one unit load. 

• Four line drivers in one package for maximum package 
density 

• Output short-circuit protection 
• Complementary outputs 

The DS26LS31 features a power up/down protection circuit 
which keeps the output in a high impedance state (TRI­
STATE) during power up or down preventing erroneous 
glitches on the transmission lines. 

• Meets the requirements of EIA Standard RS-422 
• Pin compatible with AM26LS31 
• Available in military and commercial temperature range 
• Glitch free power up/down 

Logic and Connection Diagrams 

ENABLE ENABLE 

GND Vee 

INPUT 0 INPUT e INPUT B INPUT A 

OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 
~ m ~ ~ ~ M ~ M 

Dual-In-Line Package 

Top View 
Order Number DS26LS31CJ, DS26LS31CM, 

DS26LS31CN or DS26LS31MJ 
See NS Package Number J16A, M16A or N16A 
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~National 
~ Semiconductor 

PRELIMINARY ~ 

DS26C31 C CMOS Quad TRI-STATE ® 

Differential Line Driver 

General Description 
The DS26C31 is a quad differential line driver designed for 
digital data transmission over balanced lines. The DS26C31 
meets all the requirements of EIA standard RS-422 while 
retaining the low power characteristics of CMOS. This en­
ables the construction of serial and terminal interfaces while 
maintaining minimal power consumption. 

The DS26C31 accepts TTL or CMOS input levels and trans­
lates these to RS-422 output levels. This part uses special 
output circuitry that enables the individual drivers to power 
down without loading down the bus. The DS26C31 also in­
cludes special power up and down circuitry which will TRI­
STATE the outputs during power up or down, preventing 
spurious glitches on its outputs. This device has enable and 

Logic and Connection Diagrams 
ENABLE ENABLE INPUT 0 INPUTe INPUT B 

disable circuitry common to all four drivers. The DS26C31 is 
pin compatible to the AM26LS31 and the DS26LS31. 

All inputs are protected against damage due to electrostatic 
discharge by diodes to Vee and ground. 

Features 
• TTL input compatible 
• Typical propagation delays: 8 ns 
• Typical output skew: O.S ns 
• Outputs won't load line when Vee = OV 
• Meets the requirements of EIA standard RS-422 
• Operation from single SV supply 
• TRI-STATE outputs for connection to system buses 
• Low quiescent current 

Dual-In-Llne Package 
INPUT A 

INPUT A 1 16 5V 

CHANNELA\ 
OUTPUTS 3 

ENABLE 

GNO VCC OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 
CHANNELS\ 

OUTPUTS 6 

~ ~ a ~ ~ ~ ~ M 

Truth Table 
Active High Active Low 

Enable Enable 

L H 

All other 
combinations of 

enable inputs 

L = Low logic state 

H ~ High logiC state 

X = Irrelevant 

In ut Non-Inverting 
p Output 

x z 
L L 

H H 

Z ~ TRI-STATE (high impedance) 

Inverting 
Output 

z 
H 

L 

TL/F/8574-2 INPUT B 

GNO IMPUTe 

TL/F/8574-1 

Top View 
Order Number DS26C31CJ, 
DS26C31CM or DS26C31CN 

See NS Package Number J 16A, 
M16AorN16A 

For complete specifications see the Interface Databook. 
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~National 
~ Semiconductor 

DS26LS32C/DS26LS32M/DS26LS32AC/DS26LS33CI 
DS26LS33M/DS26LS33AC Quad Differential Line 
Receivers 

General Description 
The DS26LS32 and DS26LS32A are quad differential line 
receivers designed to meet the RS-422, RS-423 and Feder­
al Standards 1020 and 1030 for balanced and unbalanced 
digital data transmission. 

The DS26LS32 and DS26LS32A have an input sensitivity of 
200 mV over the input voltage range of ± 7V and the 
DS26LS33 and DS26LS33A have an input sensitivity of 
500 mV over the input voltage range of ± 15% V. 

Both the DS26LS32A and DS26LS33A differ in function 
from the popular DS26LS32 and DS26LS33 in that input 
fail-safe circuitry is provided for each receiver, which causes 
the outputs to go to a logic "1" state when the inputs are 
open. 

Each version provides an enable and disable function com­
mon to all four receivers and features TRI-STATE® outputs 
with 8 mA sink capability. Constructed using low power 
Schottky processing, these devices are available over the 
full military and commerical operating temperature ranges. 

Logic Diagram 

Features 
• High differentilil or common-mode input voltage ranges 

of ± 7V on the DS26LS32 and DS26LS32A and ± 15V 
on the DS26LS33 and DS26LS33A 

• ± 0.2V sensitivity over the input voltage range on the 
DS26LS32 and DS26LS32A, ± 0.5V sensitivity on the 
DS26LS33 and DS26LS33A 

• Input fail-safe circuitry on the DS26LS32A and 
DS26LS33A 

• DS26LS32 and DS26LS32A meet all requirements of 
RS-422 and RS-423 

• 6k minimum input impedance 
• 100 mV input hysteresis on the 

DS26LS32A, 200 mV on the 
DS26LS33A 

• Operation from a single 5V supply 

DS26LS32 and 
DS26LS33 and 

• TRI-STA TE drive, with choice of complementary output 
enables for receiving directly onto a data bus 

• Pin replacement for Advanced Micro Devices 
AM26LS32 

~~¥¥'¥'¥ 
GND Vee OUTPUT 0 OUTPUT C OUTPUT B OUTPUT A 

Connection Diagram 
Dual-In-Line Package 

r..!.tJ~.J f1!.v 
l":' . POll I.PUYSA{t - ~1&" 

OUTPUT A..! f!!.J INPUTS a 

ENABLE.! Ir:::r> f!- OUTPUT I 

OUTPUT t"! 'R I.=:::...t"t---- j.!!. rum 

["" ~fll'IITI'IIT' III.UTSI\.2 - ~l l'IPmo 
ONb...! - i!-J 

Top View 
TLlF/5255-2 

TL/F/5255-1 

Truth Table 
ENABLE I ENABLE Input Output 

1 I 1 X Hi-Z 

See 
VIO ;" VTH (Max) 1 

Note Below VIO s VTH (Min) 0 

Open 1 * 

HI-Z ~ TAI·STATE 

'OS26LS32A and OS26LS33A only 

Note: Input conditions may be any combination not defined for ENABLE 
and ENABLE. 
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Order Number DS26LS32MJ, DS26LS32CJ, 
DS26LS32CM, DS26LS32CN, DS26LS32ACJ, 

DS26LS32ACN, DS26LS32ACM, DS26LS33MJ, 
DS26LS33CJ,DS26LS33CN,DS26LS33ACJ 

or DS26LS33ACN 
See NS Package Number J16A, M16A or N16A 



~National 
~ Semiconductor 

PRELIMINARY 

DS26C32C Quad Differential Line Receiver 

General Description 
The DS26C32 is a quad differential line receiver designed to 
meet the RS-422, RS-423, and Federal Standards 1020 and 
1030 for balanced and unbalanced digital data transmis­
sion, while retaining the low power characteristics of CMOS. 

The DS26C32 has an input sensitivity of 200 mV over the 
common mode input voltage range of ± 7V. Each receiver is 
also equipped with input fail-safe circuitry, which causes the 
output to go to a logic "1" state when the inputs are open. 

The DS26C32 provides an enable and disable function 
common to all four receivers, and features TRI-STATE® 
outputs with 6 mA source and sink capability. This product is 
pin compatible with the DS26LS32A and the AM26LS32. 

Logic Diagram 

Features 
• Low power CMOS design 
• ± 0.2V sensitivity over the entire common mode range 
• Typical propagation delays: 20 ns 
• Typical input hysteresis: 50 mV 
• Input fail-safe circuitry 
• Inputs won't load line when Vee = OV 
• Meets the requirements of EIA standard RS-422 
• TRI-STATE outputs for connection to system buses 

£"fJ"liRU ENABLE IN 02 IN 01 IN C2 IN el IN B2 IN Bl IN A2 IN AI 

GNO Vee DUTPUT D DUTPUT C DUTPUT B DUTPUT A 

Connection Diagram 
Dual-In-Line Package 

Vee 

DUTPUT A ....;;.f-----J 

ENABLE '---il- DUTPUT B 

DUTPUT e ...!~=::::;;tL---l~ ENAm 

,---ti- DUTPUT 0 

TLlF/B764-2 

TOp View 

Order Number DS26C32CJ, DS26C32CM, 
DS26C32CN, DS26C32MJ or DS26C32MN 

See NS Package J16A, M16A or N16A 
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TLlF/B764-1 

Truth Table 
ENABLE I ENABLE Input Output 

0 J 1 X Hi-Z 

See VIO " VTH (Max) 1 

Note Below VIO ,;; VTH (Min) 0 

Open 1 

Hi-Z ~ TRI-STATE 

Note: Input conditions may be any combination not defined for ENABLE and 
ENABLE. 

For complete specifications 
see the Interface Databook. 
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~National 
~ Semiconductor 
OS3486 Quad RS-422, RS-423 Line Receiver 

General Description 
National's quad RS-422, RS-423 receiver features four in­
dependent receiver chains which comply with EIA Stan­
dards for the electrical characteristics of balanced/unbal­
anced voltage digital interface circuits. Receiver outputs are 
74LS compatible, TRI-STATE® structures which are forced 
to a high impedance state when the appropriate output con­
trol pin reaches a logiC zero condition. A PNP device buffers 
each output control pin to assure minimum loading for either 
logiC one or logic zero inputs. In addition, each receiver 
chain has internal hysteresis circuitry to improve noise mar­
gin and discourage output instability for slowly changing in­
put waveforms. 

Block and Connection Diagrams 
DIFFERENTIAL 

INPUTS . 

Features 
• Four independent receiver chains 
• TRI-STATE outputs 
• High impedance output control inputs (PIA compatible) 
• Internal hysteresis -140 mV (typ) 
• Fast propagation times -18 ns (typ) 

• TTL compatible 
• Single 5V supply voltage 
• Pin compatible and interchangeable with MC3486 

OUTPUT 

TL/F/S779-1 

Dual·ln·Llne Package 

OUTPUT A ---t---' 

TRI.STATE 4 
CONTROL AIC 

OUTPUT C """"it---, 

GND 

Top View 

Vee 

12 TRI·STATE 
CONTROL BID 

Order Number DS3486J, DS3486M or DS3486N 
See NS Package Number J16A, M16A or N16A 
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~National PRELIMINARY 

~ Semiconductor 
DS34C86 Quad CMOS Differential Line Receiver 

General Description Features 
• Low power CMOS design The DS34C86 is a quad differential line receiver designed to 

meet the RS-422, RS-423, and Federal Standards 1020 and 
1030 for balanced and unbalanced digital data transmis­
sion, while retaining the low power characteristics of CMOS. 

• ± 0.2V sensitivity over the entire common mode range 
• Typical propagation delays: 20 ns 
• Typical input hysteresis: 50 mV 
• Inputs won't load line when Vee = OV The DS34C86 has an input sensitivity of 200 mV over the 

common mode input voltage range of ± 7V. Hysteresis is 
provided to improve noise margin and discourage output 
instability for slowly changing input waveforms. 

• Meets the requirements of EIA standard RS-422 
• TRI-STATE outputs for connection to system buses 

Separate enable pins allow independent control of receiver 
pairs. The TRI-STATE® outputs have 6 mA source and sink 
capability. The DS34C86 is pin compatible with the DS3486. 

Logic Diagram 

IN A2 IN A 1 IN C2 IN C1 ENABLE ENABLE IN B2 IN B1 

GND Vee OUTPUT A OUTPUT C OUTPUT B 

Connection Diagram 
Dual-In-Line Package 

16 Vee 

INPUTS A ( - 15 
2 

} INPUTS B 
14 

OUTPUT A 
13 

TRI-STATE 4 OUTPUT B 

CONTROL A/c 
12 TRI-STATE 

OUTPUT D 
TL/F/8699-1 

OUTPUT C 
CONTROL BID 

6 + 
11 

OUTPUT D 

INPUTS C ( + 10 
7 

9 } INPUTS D 

8 
GND 

Top View 

Order Number DS34C86J, DS34C86M, and DS34C86N 
See NS Package Number J16A, M16A and N16A 

For complete specifications see the Interface Databook. 
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! ~National 
~ ~ Semiconductor 
co 
II) 

~ OS3587/0S3487 Quad TRI-STATE® Line Driver 

General Description 
National's quad RS-422 driver features four independent 
driver chains which comply with EIA Standards for the elec­
trical characteristics of balanced voltage digital interface cir­
cuits. The outputs are TRI-STA TE structures which are 
forced to a high impedance state when the appropriate out­
put control pin reaches a logic zero condition. All input pins 
are PNP buffered to minimize input loading for either logic 
one or logic zero inputs. In addition, internal circuitry as­
sures a high impedance output state during the transition 
between power up and power down. 

Block and Connection Diagrams 

INPUT 

OUTPUT 
CONTROL 

Truth Table 

)00--0 NON·INVERTING 

... - ..... OUTPUTS 

)00-4-0 INVERTING 

Input 

H 
L 
X 

l ~ low logic stale 

H ~ High logic state 

X = Irrelevant 

TLiF/S780-t 

Control 
Input 

H 
H 
L 

Z ~ TRI·STATE (high impedance) 

Features 
• Four independent driver chains 

• TRI-STATE outputs 
• PNP high impedance inputs (PIA compatible) 
• Power up/down protection 
• Fast propagation times (typ IOns) 

• TTL compatible 
• Single 5V supply voltage 
• Output rise and fall times less than 20 ns (typ IOns) 
• Pin compatible with DS8924 and MC3487 
• Output skew-2 ns typ 

Dual-In-Line Package 

INPUT A 
16 

OUTPUTS A I..;.,t---..... 
AlB CONTROL 

OUTPUTS B 1 

INPUT B 

GND 

Top View 

Order Number DS3587J, DS3487J, 
DS3487M or DS3487N 

TLiF/S780-2 

See NS Package Number JI6A, M16A or N16A 

Non-Inverter Inverter 
Output Output 

H L 
L H 
Z Z 
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~National 
~ Semiconductor 

PRELIMINARY 

DS34C87 CMOS Quad TRI-STATE® 
Differential Line Driver 

General Description 
The DS34C87 is a quad differential line driver designed for 
digital data transmission over balanced lines. The DS34C87 
meets all the requirements of EIA standard RS-422 while 
retaining the low power characteristics of CMOS. This en­
ables the construction of serial and terminal interfaces while 
maintaining minimal power consumption. 

The DS34C87 accepts TTL or CMOS input levels and trans­
lates these to RS-422 output levels. This part uses special 
output circuitry that enables the individual drivers to power 
down without loading down the bus. The DS34C87 also in­
cludes special power up and down circuitry which will TRI­
STATE the outputs during power up or down, preventing 
spurious glitches on its outputs. This device has separate 
enable circuitry for each pair of the four drivers. The 
DS34C87 is pin compatible to the DS3487. 

Connection and Logic Diagrams 

Dual-In-Line Package 

INPUT A 

OUTPUTS A I...;;.+--.J 
AI B CONTROL 

OUTPUTS B 1 

INPUT B 

GND 

Top View 

Order Number DS34C87J, 
DS34C87N or DS34C87M 
See NS Package Number 

J16A, M16A or N16A 

TL/F/8576-1 

All inputs are protected against damage due to electrostatic 
discharge by diodes to Vee and ground. 

Features 
• TTL input compatible 
• Typical propagation delays: 8 ns 
• Typical output skew: 0.5 ns 
• Outputs won't load line when Vee = OV 
• Meets the requirements of EIA standard RS-422 
• Operation from single 5V supply 
• TRI-STATE outputs for connection to system buses 

• Low quiescent current 

INPUT 

OUTPUT 
CONTROL 

Truth Table 

Input 
Control 

Input 

H 

L 
X 

L = Low logic state 

H ~ High logic state 

H 

H 
L 

)0--0 NON-INVERTING 

... - ...... OUTPUTS 

)0-1-0 INVERTING 

TLlF/8576-2 

Non-Inverting Inverting 
Output Output 

H L 

L H 

Z Z 

x = Irrelevant 

Z ~ TRI-STATE (high impedance) 

For complete specifications 
see the Interface Databook. 
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~National 
~ Semiconductor 
DS1691A/DS3691 (RS-422/RS-423) Line Drivers 
with TRI-STATE® Outputs 

General Description 
The DS1691A1DS3691 are low power Schottky TIL line 
drivers designed to meet the requirements of EIA standards 
RS-422 and RS-423. They feature 4 buffered outputs with 
high source and sink current capability with internal short 
circuit protection. A mode control input provides a choice of 
operation either as 4 independent line drivers or 2 differen­
tial line drivers. A rise time control pin allows the use of an 
external capacitor to reduce rise time for suppression of 
near end crosstalk to other receivers in the cable. 

With the mode select pin low, the DS1691A1DS3691 are 
dual-differential line drivers with TRI-STATE outputs. They 
feature ± 10V output common-mode range in TRI-STATE 
mode and OV output unbalance when operated with ± 5V 
supply. 

Connection Diagram 

vce 

INPUT A 

INPUT a/DISABLE 

MODE SElECT 

GND 

INPUT C/DISABlE 

INPUT 0 

VEE 

With Mode Select LOW 
(RS-422 Connection) 

16 

15 

14 

13 

1Z 

11 

10 

Top View 

Truth Table 

RISE TIME CONTROL A 

OUTPUT A 

OUTPUT B 

RISE TIME CONTROL B 

RISE TIME CONTROL C 

OUTPUT C 

OUTPUT 0 

RISE TIME CONTROL D 

TL/F/5783-1 

Operation 
Inputs 

Features 
• Dual RS-422 line driver with mode pin low, or quad RS-

423 line driver with mode pin high 

• TRI-STATE control for individual outputs 
• Short circuit protection for both source and sink outputs 
• Outputs will not clamp line with power off or in TRI-

STATE 

• Individual rise mode time control for each output 

• 1000. transmission line drive capability 
• Low Icc and lEE power consumption 

RS-422 35 mW/driver typ 
RS-423 26 mW/driver typ 

• Low current PNP inputs compatible with TTL, MOS and 
CMOS 

• Pin compatible with AM26LS30 

With Mode Select HIGH 
(RS-423 Connection) 

Vee RISE TIME CONTROL A 

INPUT A OUTPUT A 

INPUT B/DISABlE >---t-- OUTPUT B 

MODE SElECT '---+;' RISE TIME CONTROL B 

GND RISE TIME CONTROL C 

INPUT C/OISABlE OUTPUT C 

INPUT D >---+;.;.. OUTPUT 0 

VEE '---"1""- RISE TIME CONTROL D 

TL/F/5783-2 
Top View 

Outputs 

Mode A (D) B(C) A (D) B(C) 

RS-422 0 0 0 0 1 
0 0 1 TRI-STATE TRI-STATE 
0 1 0 1 0 

0 1 1 TRI-STATE TRI-STATE 

RS-423 1 0 0 0 0 
1 0 1 0 1 
1 1 0 1 0 
1 1 1 1 1 

Order Number oS1691AJ, oS3691J, oS3691M or oS3691N 
See NS Package Number J16A, M16A or N16A 
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~National 
~ Semiconductor 
DS1692/DS3692 TRI-STATE® Differential Line Drivers 

General Description 
The DS1692/DS3692 are low power Schottky TTL line driv­
ers electrically similar to the DS1691A/DS3691 but tested 
to meet the requirements of MIL-STD-1 88-114 (see Applica­
tion Note AN-216). They feature 4 buffered outputs with 
high source and sink current capability with internal short 
circuit protection. A mode control input provides a choice of 
operation either as 4 independent line drivers or 2 differen­
tial line drivers. A rise time control pin allows the use of an 
external capacitor to reduce rise lime for suppression of 
near end cross-talk to other receivers in the cable. 

With the mode select pin low, the DS1692/DS3692 are dual 
differential line drivers with TRI-STATE outputs. They fea­
ture ± 10V output common-mode range in TRI-STATE and 
OV output unbalance when operated with ± 5V supply. 

Logic Diagram (% Circuit Shown) 

Features 
• Dual differential line driver or quad single-ended line 

driver 
• TRI-STATE differential drivers meet MIL-STD-188-114 
• Short circuit protection for both source and sink outputs 
• Individual rise time control for each output 
• 1000 transmission line drive capability 
• Low Icc and lEE power consumption 

Differential mode 35 mW I driver typ 
Single-ended mode 26 mW/drivertyp 

• Low current PNP inputs compatible with TIL, MOS and 
CMOS 

INPUT A (o)O--------t ~o--J_----------t 

,.---0 CEXT, A (D) 

,><:>---0 DUTPUT A (0) 

INPUT B (C) 
TRI·STATE'"o-_t---------+----r~ 

DISABLE )0----.... 

SE~~~~o--4~----f .;>O .... ---L.-.J 

Connection Diagram 

VCC 16 RISE TIME CONTROL A 

15 
INPUT A OUTPUT A 

INPUT BIOISABLE 
14 

OUTPUT B 

13 
RISE TIME CONTROL B MODE SELECT 

12 
GNO RISE TIME CONTROL C 

11 
OUTPUT C INPUT CIOISABLE 

10 
OUTPUT 0 INPUT 0 

RISE TIME CONTROL 0 

TL/F/57B4-2 

Top View 

Order Number DS1692J, DS3692J or DS3692N 
See NS Package Number J16A or N16A 

Truth Table 

Inputs 

Mode A(D) 

0 0 
0 0 
0 
0 

0 
0 
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,><:>---0 OUTPUT B IC) 

'----0 CEXT, B (C) 

TL/F/57B4-1 

Outputs 

B(C) A (D) B (C) 

0 0 1 
1 TRI-STATE TRI-STATE 
0 0 
1 TRI-STATE TRI-STATE 
0 0 0 

0 1 
0 0 
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~National 
~ Semiconductor 
DS3695/DS3695T/DS3696/DS3696T/DS3697/DS3698 
Multipoint RS485/RS422 Transceivers/Repeaters 

General Description 
The OS3695, OS3696, OS3697 and OS3698 are high speed 
differential TRI-STATE® bus/line transceivers/repeaters 
designed to meet the requirements of EIA standard RS485 
with extended common mode range (+ 12V to - 7V), for 
multipoint data transmission. In addition they meet the re­
quirements of RS422. 

The driver and receiver outputs feature TRI-ST ATE capabili­
ty. The driver outputs remain in TRI-STATE over the entire 
common mode range of + 12V to -7V. Bus faults that 
cause excessive power dissipation within the device trigger 
a thermal shutdown circuit, which forces the driver outputs 
into the high impedance state. The OS3696 and OS3698 
provide an output pin which reports the occurrence of a line 
fault causing thermal shutdown of the device. This is an 
"open collector" pin with an internal 10 kO pull-up resistor. 
This allows the line fault outputs of several devices to be 
wire OR-ed. 

The receiver incorporates a fail safe feature which guaran­
tees a high output state when the inputs are left open. 

Both AC and OC specifications are guaranteed over the 0 to 
70'C temperature and 4.75V to 5.25V supply voltage range. 

Connection and Logic Diagrams 

AD Vee 

iiE..!.J----l 

DE oolRI 

DI--'!J..-r--, GNO 

TLlF/5272-1 

Top View 

Vee I 

ff"'...J:>--¥- : }BUSIN 

ri---t 
RDIDI 

GAD 

Top View 

!Ill }BUSDUT 
DO 

TL/F/5272-3 

Features 
• Meets EIA standard RS485 for multipoint bus transmis-

sion and RS422 
• 15 ns driver propagation delays with 2 ns skew (typical) 

• Single + 5V supply 
• - 7V to + 12V bus common mode range permits ± 7V 

ground difference between devices on the bus 
• Thermal shutdown protection 
• Power-up/down glitch-free driver outputs permit live in­

sertion or removal of transceivers 
• High impedance to bus with driver in TRI-STATE or 

with power off, over the entire common mode range al­
lows the unused devices on the bus to be powered 
down 

• Combined impedance of a driver output and receiver in­
put is less than one RS485 unit load, allowing up to 32 
transceivers on the bus 

• 70 mV typical receiver hysteresis 

AD Vee 

liD/iii 
}BUS 

DOIRI 

iiElDE--'i----t 

01 GNO 

TL/F/5272-2 

TOp View 

AI 

}BUSIN 
Rf 

iiii 
} BUS OUT 

00 

TL/F/5272-4 

Top View 

Molded Dual-In-Line Package (N) 
Order Number DS3695J, DS3696J, DS3697J, DS3698J, DS3695M, DS3696M, DS3695N, 

DS3696N, DS3697N, DS3698N, DS3695TN, DS3696TN, DS3695T J or DS3696T J 
See NS Package Number J08A, M08A or N08E 
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~National 
~ Semiconductor 
DS75150 Dual Line Driver 

General Description 
The OS75150 is a dual monolithic line driver designed to 
satisfy the requirements of the standard interface between 
data terminal equipment and data communication equip­
ment as defined by EIA Standard RS-232-C. A rate of 
20,000 bits per second can be transmitted with a full 2500 
pF load. Other applications are in data-transmission sys­
tems using relatively short single lines, in level translators, 
and for driving MaS devices. The logic input is compatible 
with most TTL and LS families. Operation is from -12V and 
+ 12V power supplies. 

Schematic and Connection Diagrams 

Features 
• Withstands sustained output short-circuit to any low im­

pedance voltage between -25V and +25V 
• 2 P.s max transition time through the -3V to +3V tran-

sition region under full 2500 pF load 
• Inputs compatible with most TTL and LS families 
• Common strobe input 
• Inverting output 
• Slew rate can be controlled with an external capacitor 

at the output 
• Standard supply voltages ± 12V 
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Dual-In-Llne Package 

tVee lY 2Y -Vee 

STROBE INPUT INPUT GND 
S lA 2A 

Top View 
Positive Logic C ~ AS 

TLlF/5794-2 

Order Number DS75150J-8, 
DS75150M or DS75150N 
See NS Package Number 

J08A, M08A or N08E 
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~ ~Nat1onal 
c ~ Semiconductor 

DS75154 Quad Line Receiver 

General Description 
The OS75154 is a quad monolithic line receiver designed to 
satisfy the requirements of the standard interface between 
data terminal equipment and data communication equip­
ment as defined by EIA Standard RS-232C. Other applica­
tions are in relatively short, single-line, point-to-point data 
transmission systems and for level translators. Operation is 
normally from a single 5V supply; however, a built-in option 
allows operation from a 12V supply without the use of addi­
tional components. The output is compatible with most TTL 
and LS circuits when either supply voltage is used. 

In normal operation, the threshold-control terminals are 
connected to the VCC1 terminal, pin 15, even if power is 
being supplied via the alternate VCC2 terminal, pin 16. This 
provides a wide hysteresis loop which is the difference be­
tween the positive-going and negative-going threshold volt­
ages. In this mode, if the input voltage goes to zero, the 
output voltage will remain at the low or high level as deter­
mined by the previous input. 

For fail-safe operation, the threshold-control terminals are 
open. This reduces the hysteresis loop by causing the nega-

Schematic Diagram 
COMMON TO 4 CIRCUITS 

tive-going threshold voltage to be above zero. The positive­
going threshold voltage remains above zero as it is unaffect­
ed by the disposition of the threshold terminals. In the fail­
safe mode, if the input voltage goes to zero or an open-cir­
cuit condition, the output will go to the high level regardless 
of the previous input condition. 

Features 
• Input resistance, 3 k!1 to 7 k!1 over full RS-232C volt­

age range 
• Input threshold adjustable to meet "fail-safe" require-

ments without using external components 
• Inverting output compatible with TTL or LS 
• Built-in hysteresis for increased noise immunity 
• Output with active pull-up for symmetrical switching 

speeds 
• Standard supply voltage-5V or 12V 
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Note: When using Vcc, (pin 15), V CC2 (pin 16) may be left open or shorted 10 V cc,. When using V CC2, V CC, must be left open or connected to the threshold 
control pins. 
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~National 
~ Semiconductor 

PRELIMINARY 

DS75176A/DS75176AT Multipoint 
RS-485/RS-422 Transceivers 

General Description 
The OS75176A is a high speed differential TRI-STATE® 
bus/line transceiver designed to meet the requirements of 
EIA standard RS485 with extended common mode range 
(+ 12V to ~ 7V), for multipoint data transmission. In addition 
it meets the requirements of RS422. 

The driver and receiver outputs feature TRI-STATE capabili­
ty, for the driver outputs over the entire common mode 
range of + 12V to ~ 7V. Bus contention or fault situations 
that cause excessive power dissipation within the device 
are handled by a thermal shutdown circuit, which forces the 
driver outputs into the high impedance state. 

The receiver incorporates a fail safe feature which guaran­
tees a high output state when the inputs are left open. 

Both AC and DC specifications are guaranteed over the 0 to 
70°C temperature and 4.75V to 5.25V supply voltage range. 

Features 
• Meets EIA standard RS485 for multipoint bus transmis­

sion and RS422 . 
• Small Outline (SO) Package option available for mini­

mum board space. 

Connection and Logic Diagram 

DS75176A 
RO 

• 22 ns driver propagation delays with 8 ns skew (typi­
cal). 

• Single channel per package isolates faulty channels 
(from shutting down good channels). 

• Single + 5V supply. 
• ~ 7V to + 12V bus common mode range permits ± 7V 

ground difference between devices on the bus. 

• Thermal shutdown protection. 
• Power-up down glitch-free driver outputs permit live in­

sertion or removal of transceivers. 

• High impedance to bus with driver in TRI-STATE or 
with power off, over the entire common mode range al­
lows the unused devices on the bus to be powered 
down. 

• Pin out capatible with OS3695 and SN75176A. 
• Combined impedance of a driver output and receiver in­

put is less than one RS485 unit load, allowing up to 32 
transceivers on the bus. 

• 70 mV typical receiver hysteresis . 

Vee 

RE 2 ....... llo-.-J-I!- 00 / Ri 

DE 3 DO/RI 

01 5 GNO 

TL/F/87S9-1 

Top View 

Order Number DS75176AN, DS75176AM, 
DS75176AJ-8, DS75176ATN 

See NS Package Number N08E, M08A or J08A 

6-21 

c en ...... 
c.n 
--0. 

...... 
0) 

> ...... 
c en ...... 
c.n 
--0. 

...... 
0) 

~ 



o r----------------------------------------------------------------------------, 
C\I ..... 
o co co 
(/) 
C ...... 
o 
C\I ..... 
o co ..... 
(/) 
c 

~National 
~ Semiconductor 
DS78C120/DS88C120 Dual CMOS Compatible 
Differential Line Receiver 

General Description Features 
The DS78C120 and DS88C120 are high performance, dual 
differential, CMOS compatible line receivers for both bal­
anced and unbalanced digital data transmission. The inputs 
are compatible with EIA, Federal and MIL standards. 

• Full compatibility with EIA Standards RS232-C, RS422 
and RS423, Federal Standards 1020, 1030 and MIL-
188-114 

• Input voltage range of ± 1SV (differential or common-
mode) Input specifications meet or exceed those of the popular 

OS7820/DS8820 line receiver. • Separate strobe input for each receiver 

The line receiver will discriminate a ± 200 mV input signal 
over a common-mode range of ± 10V and a ±300 mV sig­
nal over a range of ± 1SV. 

• 1/2 Vee strobe threshold for CMOS compatibility 
• Sk typical input impedance 
• SO mV input hysteresis 
• 200 mV input threshold Circuit features include hysteresis and response control for 

applications where controlled rise and fall times and/or high 
frequency noise rejection are desirable. Threshold offset 
control is provided for fail-safe detection, should the input 
be open or short. Each receiver includes a 180n terminating 
resistor and the output gate contains a logic strobe for time 
discrimination. The DS78C120 is specified over a -SS'C to 
+ 12S'C temperature range and the DS88C120 from O'C to 
+70'C. 

• Operation voltage range = 4.SV to 1SV 
• Separate fail-safe mode 

Connection Diagram 
Dual·ln·Line Package 

FAIL-SAFE TERMI· RESPONSE 
Vee OFFSET -INPUT NATION +INPUT STROBE TIME OUTPUT 

16 15 14 

OFFSET -INPUT TERMI· +INPUT STROBE RESPONSE OUTPUT GNO 
FAIL-SAFE NATION TIME 

Top View 

Order Number DS78C120J, DS88C120J or DS88C120N 
See NS Package Number J16A or N16A 
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~National 
~ Semiconductor 
DS78LS 120/DS88LS 120 Dual Differential 
Line Receiver (Noise Filtering and Fail-Safe) 

General Description 
The DS78LS120 and DS88LS120 are high performance, 
dual differential, TTL compatible line receivers for both bal­
anced and unbalanced digital data transmission. The inputs 
are compatible with EIA, Federal and MIL standards. 

Input specifications meet or exceed those of the popular 
DS7820/DS8820 line receiver. 

Features 
The line receiver will discriminate a ± 200 mV input signal 
over a common-mode range of ± 10V and a ± 300 mV sig­
nal over a range of ± 15V. 

• Meets EIA standards RS232-C, RS422 and RS423, 
Federal Standards 1020, 1030 and MIL-188-114 

• Input voltage range of ± 15V (differential or common-
mode) Circuit features include hysteresis and response control for 

applications where controlled rise and fall times and/or high 
frequency noise rejection are desirable. Threshold offset 
control is provided for fail-safe detection, should the input 
be open or short. Each receiver includes an optional 1800 
terminating resistor and the output gate contains a logic 
strobe for time discrimination. The DS78LS120 is specified 
over a - 55'C to + 125'C temperature range and the 
DS88LS120 from O'C to + 70'C. 

• Separate strobe input for each receiver 
• 5k typical input impedance 
• Optional 1800 termination resistor 
• 50 mV input hysteresis 
• 200 mV input threshold 
• Separate fail-safe mode 

Connection Diagram 
Dual-ln·Llne Package 

FAIL·SAFE TERMI· RESPONSE 
OFFSET -INPUT NATION +INPUT STROBE TIME OUTPUT 

15 14 13 12 11 10 

4 

FAIL·SAFE -INPUT TERMI· +INPUT STROBE RESPONSE OUTPUT 
OFFSET NATION TIME 

Top View 

Order Number DS78LS120J, DS88LS120J or DS88LS120N 
See NS Package Number J16A or N16A 
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~National 
~ Semiconductor 
DS8921/DS8921 A Differential Line Driver 
and Receiver Pair 

General Description 
The DS8921, DS8921 A are Differential Line Driver and Re­
ceiver pairs designed specifically for applications meeting 
the ST506, ST412 and ESDI Disk Drive Standards. In addi­
tion, these devices meet the requirements of the EIA Stan­
dard RS-422. 

The DS8921A receiver offers an input sensitivity of 200 mV 
over a ± 7V common mode operating range. Hysteresis is 
incorporated (typically 70 mV) to improve noise margin for 
slowly changing input waveforms. An input fail-safe circuit is 
provided such that if the receiver inputs are open the output 
assumes the logical one state. 

The DS8921A driver is designed to provide unipolar differ­
ential drive to twisted pair or parallel wire transmission lines. 
Complementary outputs are logically ANDed and provide an 
output skew of 0.5 ns (typ.) with propagation delays of 
12 ns. 

Power up/down circuitry is featured which will TRI-STATE® 
the outputs and prevent erroneous glitches on the trans-

Connection Diagram 

mission lines during system power up or power down opera­
tion. 

The DS8921A is designed to be compatible with TTL and 
CMOS. 

Features 
• 12 ns typical propagation delay 
• Output skew - 0.5 ns typical 
• Meet the requirements of EIA Standard RS-422 
• Complementary Driver Outputs 
• High differential or common-mode input voltage ranges 

of ±7V 
• ± 0.2V receiver sensitivity over the input voltage range 
• Receiver input fail-safe circuitry 
• Receiver input hysteresis-70 mV typical 
• Glitch free power up/down 

VCC...!.~~~RI+ 
2 f---1 7 

RO - I ..... r- RI-

01 ~IL ~~_-I_6_ 00+ 

GNO - /'{.L-___ 1-5;... 00-

TL/F/8512-1 

Order Number DS8921M, DS8921N, DS8921AM, DS8921AN, DS8921J or DS8921AJ 
See NS Package Number J08A, M08A or N08E 

Truth Table 
Receiver Driver 

Input VOUT Input VOUT 

o 
o o o 

For complete specifications see the Interface Databook. 
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~National 
~ Semiconductor 
DS8922/22A/DS8923/23A TRI-STATE® RS-422 
Dual Differential Line Driver and Receiver Pairs 
General Description 
The DS8922/22A and DS8923/23A are Dual Differential 
Line Driver and Receiver pairs. These devices are designed 
specifically for applications meeting the ST506, ST 412 and 
ESDI Disk Drive Standards. In addition, the devices meet 
the requirements of the EIA Standard RS-422. 

These devices offer an input sensitivity of 200 mV over a 
± 7V common mode operating range. Hysteresis is incorpo­
rated (typically 70 mV) to improve noise margin for slowly 
changing input waveforms. An input fail-safe circuit is pro­
vided such that if the receiver inputs are open the output 
assumes the logical one state. 

The DS8922A and DS8923A drivers are designed to pro­
vide unipolar differential drive to twisted pair or parallel wire 
transmission lines. Complementary outputs are logically 
ANDed and provide an output skew of 0.5 ns (typ.) with 
propagation delays of 12 ns. 

Both devices feature TRI-STATE outputs. The DS8922/22A 
have independent control functions common to a driver and 
receiver pair. The DS8923/23A have separate driver and 
receiver control functions. 

Connection Diagrams 
DS8922A Dual-In-Line 

Order Number DS8922N, J, M, 
DS8922AN, AJ, AM 

TLiF/8S11-1 

See NS Package Number N16A, J16A or M16A 

Truth Tables 
DS8922/22A 

EN1 EN2 R01 R02 001 002 

0 0 ACTIVE ACTIVE ACTIVE ACTIVE 

1 0 HI-Z ACTIVE HI-Z ACTIVE 

0 1 ACTIVE HI-Z ACTIVE HI-Z 

1 1 HI-Z HI-Z HI-Z HI-Z 

Power up/down circuitry is featured which will TRI-STATE 
the outputs and prevent erroneous glitches on the transmis­
sion lines during system power up or power down operation. 

The DS8922/22A and DS8923/23A are designed to be 
compatible with TTL and CMOS. 

Features 
• 12 ns typical propagation delay 
• Output skew-±0.5 ns typical 
• Meets the requirements of EIA Standard RS-422 
• Complementary Driver Outputs 
• High differential or common-mode input voltage ranges 

of ±7V 
• ± 0.2V receiver sensitivity over the input voltage range 
• Receiver input fail-safe circuitry 
• Receiver input hysteresis- ± 70 mV typical 

• Glitch free power up/down 
• TRI-STATE outputs 

DS8923A Dual-In-Line 

R01 

Oil 

vee 

eND 002+ 

012 

RD2 R12+ 

Order Number DS8923N, J, M 
DS8923AN, AJ, AM 

TL/F/8S11-2 

See NS Package Number N16A, J16A or M16A 

DS8923/23A 

DEN REN R01 R02 001 002 

0 0 ACTIVE ACTIVE ACTIVE ACTIVE 

1 0 ACTIVE ACTIVE HI-Z HI-Z 

0 1 HI-Z HI-Z ACTIVE ACTIVE 

1 1 HI-Z HI-Z HI-Z HI-Z 

For complete specifications see the Interface Databook. 
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~National 
~ Semiconductor 
DS8924 Quad TRI-STATE® Differential Line Driver 

General Description 
The OS8924 is a quad differential line driver designed for 
digital data transmission over balanced lines. The outputs 
are TRI-STATEIill structures which are forced to a high im­
pedance state when the appropriate output control pin 
reaches a logic zero condition. All input pins are PNP buff­
ered to minimize input loading for either logic one or logic 
zero inputs. In addition, internal circuitry assures a high im­
pedance output state during the transition between power 
up and power down. 

The OS8924 is pin and functionally compatible with 
DS3487. It features improved performance over 3487-type 
circuit as outputs can source and sink 48 mAo In addition, 
outputs are not significantly affected by negative line reflec­
tions that can occur when the transmission line is untermi­
nated at the receiver end. 

Block and Connection Diagrams 

INPUT 

OUTPUT 
CONTROL 

Truth Table 

JO--O NON·INVERTING 

JC>-I~DINVERTING 

TLlF/8507-1 

Input 
Control 

Input 

H 
L 
X 

L ~ Low logic state 

H ~ High logic state 

X ~ Irrelevant 

H 
H 
L 

Z ~ TRI-STATE (high impedance) 

Features 
• Four independent driver chains 
• TRI-STATE outputs 
• PNP high impedance inputs 
• Power up/down protection 
• Fast propagation times (typ 12 ns) 
• TTL compatible 
• Single 5V supply voltage 
• Output rise and fall times less than 20 ns (typ IOns) 
• Pin compatible with OS3487 and MC3487 
• Output skew-2 ns typ 

Dual·ln·Llne Package 

INPUT A 16 VCC 

OUTPUTS A { __ +-_ ... 
15 INPUT 0 

14 

L..-___ ~1;;.3 } 0 UTPUTS 0 
AlB CONTROL 

OUTPUTS B { 

INPUT B 

GNO 

Top View 

Order Number DS8924J or N 
See NS Package J16A or N16A 

Non·lnverter Inverter 
Output Output 

H L 
L H 
Z Z 
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~National 
~ Semiconductor 
DS96172/~A96172,DS96174/~A96174 
Quad Differential Line Drivers 

General Description Features 
• Meets EIA Standard RS-485 and RS-422A 
• Monotonic differential output switching 
• Transmission rate to 10 Mbs 
• TRI-STATE outputs 
• Designed for multipoint bus transmission 

The DS96172/,..,A96172 and DS96174/,..,A96174 are high 
speed quad differential line drivers designed to meet EIA 
Standard RS-485. The devices have TRI-STATE® outputs 
and are optimized for balanced multipoint data bus trans­
mission at rates up to 10 Mbps. The drivers have wide posi­
tive and negative common mode range for multipoint appli­
cations in noisy environments. Positive and negative cur­
rent-limiting is provided which protects the drivers from line 
fault conditions over a + 12V to - 7.0V common mode 
range. A thermal shutdown feature is also provided and oc­
curs at junction temperature of approximately 160·C. The 
DS96172/,..,A96172 features an active high and active low 
Enable, common to all four drivers. The DS96172/,..,A96174 
features separate active high Enables for each driver pair. 
Compatible RS-485 receivers, transceivers, and repeaters 
are also offered to provide optimum bus performance. The 
respective device types are DS96173/,..,A96173, DS961751 
,..,A96175, DS96176/,..,A96176, DS96177 1 ,..,A96177 and 
DS96178/,..,A96178. 

• Common mode output voltage range: - 7V to + 12V 
• Operates from Single + 5V supply 
• Thermal shutdown protection 
• DS96172/,..,A96172/DS96174/,..,A96174 are lead and 

function compatible with the SN75172175174 or the 
AM26LS31/MC3487 respectively 

Connection Diagrams 

lA 

lY 
2 

1Z 

2Z 

2Y 

2A 

GND 
8 

16-Lead DIP 
DS96172/,..,A96172 DS96174/,..,A96174 

16 Vee lA 

15 4A lY 
2 

14 4y lZ 
3 

13 4Z El,2 
4 

12 E 2Z 
5 

11 3Z 2Y 
6 

10 3y 2A 
7 

9 3A GND 
8 

TLlF/9626-1 

Top View Top View 

Order Number DS96172DC/,..,A96172DC or DS96174DC/,..,A96174DC 
See NS Package Number J16A 

Order Number DS96172PC/,..,A96172PC or DS96174PC/,..,A96174PC 
See NS Package Number M16S 
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~National 
~ Semiconductor 
DS96173/~A96173/DS96175/~A96175 
Quad Differential Line Receivers 

General Description 
The DS96173/",A96173 and DS96175/",A96175 are high 
speed quad differential line receivers designed to meet EIA 
Standard RS-485. The devices have TRI-STATE outputs 
and are optimized for balanced multipoint data bus trans­
mission at rates up to 10 Mbps. The receivers feature high 
input impedance, input hysteresis for increased noise immu­
nity, and input sensitivity of 200 mV over a common mode 
input voltage range of -12V to + 12V. The receivers are 
therefore suitable for multipoint applications in noisy envi­
ronments. The DS96173/",A96173 features an active high 
and active low Enable, common to all four receivers. The 
DS96175/",A96175 features separate active high Enables 
for each receiver pair. Compatible RS-485 drivers, trans­
ceivers, and repeaters are also offered to provide optimum 
bus performance. The respective device types are 
DS96172/29174, ",A96172/96174, DS96176, ",96176 and 
DS96177/96178,,,,A96177/96178. 

Connection Diagrams 

16-Lead DIP 
DS96173/",A96173 

18 16 Vee 

1A 
2 15 48 

1Y 144A 

4 13 4y 

2Y 
5 12 E 

2A 11 3Y 

28 
7 10 3A 

GND 9 38 

TLlF/9628-1 

Features 
• Meets EIA Standard RS-485, RS-422A, RS-423A 
• Designed for multipoint bus applications 

• TRI-STATE Outputs 
• Common mode input voltage range: -12V to + 12V 
• Operates from single + 5V supply 
• Input sensitivity of ± 200 mV over common mode range 
• Input hysteresis of 50 mV typical 
• High input impedance 
• Fail-safe input/output features drive output HIGH when 

input is open 
• DS96173/",A96173/DS96175/",A96175 are lead and 

function compatible with SN75173/75175 or the 
AM26LS32/MC3486 respectively. 

16-Lead DIP 
DS96175/",A96175 

1 8--'-11----. 

1A 2 

1Y 3 

E1, 2...:..4 t--l>-i 

2Y 5 

2A 

28 7 

GND 8 

16 Vee 

15 48 

144A 

13 4y 

+-<I--I.;;12=-E3,4 

11 3Y 

10 3A 

9 38 

TLlF/9628-2 

Order Number DS96173DC/",A96173DC, DS96175DC/",A96175DC 
See NS Package Number J 16A 

Order Number DS96173PC/",A96173PC, DS96175PC/",A96175PC 
See NS Package Number M168 
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~National 
~ Semiconductor 
DS961771 p,A96177 
Differential Bus Repeater 

General Description 
The DS96177/,.,A96177 Differential Bus Repeater is a 
monolithic integrated device is designed for one-way data 
communication on multipoint bus transmission lines. This 
device is designed for balanced transmission bus line appli­
cations and meets EIA Standard RS-485 and RS-422A. The 
device is designed to improve the performance of the data 
communication over long bus lines. The DS961771 
,.,A96177 is an active high Enable. 

The DS96177/,.,A96177 features positive and negative cur­
rent limiting and TRI-STATE® outputs for the receiver and 
driver. The receiver features high input impedance, input 
hysteresis for increased noise immunity, and input sensitivi­
ty of 200 mV over a common mode input voltage range of 
-12V to + 12V. The driver features thermal shutdown for 
protection from line fault conditions. Thermal shutdown is 
designed to occur at a junction temperature of approximate­
ly 160·C. The driver is designed to drive current loads up to 
60 mA maximum. 

The DS96177/,.,A96177 is designed for optimum perform­
ance when used on transmission buses employing the 
DS96172/,.,A96172 and DS961741 ,.,A96174 differential line 
drivers, DS96173/,.,A96173 and DS96175/,.,A96175 differ­
ential line receivers, or DS96176/,.,A96176 differential bus 
transceivers. 

Connection Diagram 
8-Lead Dual-In-Line Package 

k~ '}BUS T- 2 R 7 B IN 

E- 3 6 Z} BUS 
GND- 4 D> 5 y OUT 

TLiF 19644-1 

Top View 

Order Number DS96177RC/,.,A96177RC 
See NS Package Number J08A 

Order Number DS96177TC/,.,A96177TC 
See NS Package Number N08E 

Features 
• Meets EIA Standard RS-422A and RS-485 
• Designed for multipoint transmission on long bus lines 

in noisy environments 

• TRI-STATE outputs 
• Bus voltage range - 7.0V to + 12V 
• Positive and negative current limiting 
• Driver output capability ± 60 mA max 
• Driver thermal shutdown protection 
• Receiver input high impedance 
• Receiver input sensitivity of ± 200 mV 
• Receiver input hysteresis of 50 mV typical 
• Operates from single 5.0V supply 
• Low power requirements 

Function Table 
Differential Inputs Enable Outputs 

A-B E T Y Z 

VID;;' 0.2V H H H L 

VID:S; -0.2V H L L H 

X L Z Z Z 

H ~ High Level 
L ~ Low Level 
X = Immaterial 
Z ~ High Impedance (off) 
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~National 
~ Semiconductor 
DS9636A/,..,A9636A 
RS-423 Dual Programmable Slew Rate Line Driver 

General Description 
The DS9636A1J1oA9636A is a TTL/CMOS compatible, dual, 
single ended line driver which has been specifically de­
signed to satisfy the requirements of EIA Standard RS-423. 

The DS9636A1 JIoA9636A is suitable for use in digital data 
transmission systems where signal wave shaping is desired. 
The output slew rates are jointly controlled by a single exter­
nal resistor connected between the wave shaping control 
lead (WS) and ground. This eliminates any need for external 
filtering of the output signals. Output voltage levels and slew 
rates are independent of power supply variations. Current­
limiting is provided in both output states. The DS9636AI 
JIoA9636A is designed for nominal power supplies of ± 12V. 

Connection Diagram 
8-Lead DIP 

WAVESHAPE B 
V+ CONTROL 2 7 

IN A OUT A 
3 6 

IN B 
4 5 

OUT B 

GND V-

TL/F 19620-1 

Top View 

Inputs are TTL compatible with input current loading low 
enough (1/10 UL) to be also compatible with CMOS logic. 
Clamp diodes are provided on the inputs to limit transients 
below ground. 

Features 
• Programmable slew rate limiting 
• Meets EIA Standard RS-423 
• Commercial or extended temperature range 
• Output short circuit protection 
• TTL and CMOS compatible inputs 

Order Number DM9636ARCI JIoA9636ARC, 
DMS9636ARMI JIoA9636ARM or DM9636ATCI 

JIoA9636ATC 
See NS Package Number J08A or N08E 
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~National 
~ Semiconductor 
DS9637 AI p,A9637 A 
Dual Differential Line Receiver 

General Description 
The DS963? AI ",A963? A is a Schottky dual differential line 
receiver which has been specifically designed to satisfy the 
requirements of EIA Standards RS-422 and RS-423. In addi­
tion, the DS963? AI ",A963? A satisfies the requirements of 
MIL-STD 188-114 and is compatible with the International 
Standard CCITT recommendations. The DS963? AI 
",A963? A is suitable for use as a line receiver in digital data 
systems, using either single ended or differential, unipolar or 
bipolar transmission. It requires a single 5V power supply 
and has Schottky TTL compatible outputs. The DS963? AI 
",A963? A has an operational input common mode range of 
±?V either differentially or to ground. 

Connection Diagram 
8-Lead DIP and SO-8 Package 

TL/F/9621-1 

Top View 

Features 
• Dual channels 
• Single 5V supply 
• Satisfies EIA standards RS-422 and RS423 
• Built-in ± 35 mV hysteresis 
• High common mode range 
• High input impedance 
• TTL compatible output 
• Schottky technology 
• Extended temperature range 

Order Number OS9637 ARM! ",A9637 ARM, 
OS9637 ARC! ",A9637 ARC 

See NS Package Number J08A 

Order Number OS9637ASC, ",A9637ASC 
See NS Package Number M08A 

Order Number OS9637ATC, ",A9637ATC 
See NS Package Number N08E 
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PRELIMINARY 

OS96381 fLA9638 
RS-422 Dual High Speed Differential Line Driver 

General Description 
The DS9638/p.A9638 is a Schottky, TIL compatible, dual 
differential line driver designed specifically to meet the EIA 
Standard RS-422 specifications. It is designed to provide 
unipolar differential drive to twisted pair or parallel wire 
transmission lines. The inputs are TTL compatible. The out­
puts are similar to totem pole TTL outputs, with active pull­
up and pull-down. The device features a short circuit pro­
tected active pull-up with low output impedance and is spec­
ified to drive 50!} transmission lines at high speed. The mini­
DIP provides high package density. 

Features 
• Single 5V supply 
• Schottky technology 

Connection Diagram 

8-Lead DIP and SO-8 Package 

1 \.J 8 
Vee...!. ~I"-OUTA 

IN Al---, ~A 7 OUT A 

IN a1 -, r--r- ~OUT a 
GND j '-i1Q- 5 OUT B 

Top View 
TL/F/9622-1 

• TIL and CMOS compatible inputs 
• Output short circuit protection 
• Input clamp diodes 
• Complementary outputs 
• Minimum outupt skew « 1.0 ns typical) 
• 50 mA output drive capability for 50!} transmission lines 
• Meets EIA RS-422 specifications 
• Propagation delay of less than 10 ns 
• "Glitchless" differential output 
• Delay time stable with Vee and temperature variations 

«2.0 ns typical) (Figure 3) 

• Extended temperature range 
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Order Number DS9638RM, p.A9638RM/DS9638RC, 
p.A9638RC 

See NS Package Number J08A 

Order Number DS9638SC, p.A9638SC 
See NS Package Number M08A 

Order Number DS9638TC, p.A9638TC 
See NS Package Number NOSE 
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DS9639AI J.LA9639A 
Dual Differential Line Receiver 

General Description 
The DS9639A/I-'A9639A is a Schottky dual differential line 
receiver which has been specifically designed to satisfy the 
requirements of EIA Standards RS-422, RS-423 and 
RS-232C. In addition, the DS9639A/I-'A9639A satisfies the 
requirements of MIL-STD 188-114 and is compatible with 
the International Standard CCITT recommendations. The 
DS9639A1I-'A9639A is suitable for use as a line receiver in 
digital data systems, using either single ended or differen­
tial, unipolar or bipolar transmission. It requires a single 5.0V 
power supply and has Schottky TTL compatible outputs. 
The DS9639A/I-'A9639A has an operational input common 
mode range of ± 7.0V either differentially or to ground. 

Connection Diagram 

Features 
• Dual channels 
• Single 5.0V supply 
• Satisfies EIA Standards RS-422, RS-423 and RS-232C 
• Built-in ±35 mV hysteresis 
• High common mode range 
• High input impedance 
• TTL compatible output 
• Schottky technology 

8-Lead DIP 

Vee 1 

OUT A 2 

Top View 
TL/F/9623-1 

Order Number DS9639ATC/I-'A9639ATC 
See NS Package Number N08E 
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~ DS9643/ p.A9643 
Dual TTL to MOS/CCD Driver 

General Description 
The DS96431 p.A9643 is a dual positive logic "AND" TTL-to­
MOS driver. The DS96431 p.A9643 is a functional replace­
ment for the SN75322 with one important exception: the 
two external PNP transistors are no longer needed for oper­
ation. The DS96431 p.A9643 is also a functional replace­
ment for the 75363 with the important exception that the 
VCC3 supply is not needed. The lead connections normally 
used for the external PNP transistors are purposely not in­
ternally connected to the DS96431 p.A9643. 

Connection Diagram 

8-Lead DIP 

IN A1t=-\""/ ~VCCI 
[.1 A ~OUT A 

IN B~ ~VCC2 
GNOJ B ~OUT B 

TL/F 19646-1 

Top View 

Order Number DS9643TCI p.A9643TC 
See NS Package Number N08E 

Features 
• Satisfies CCD memory and delay line requirements 
• Dual positive logic TTL to MaS driver 
• Operates from standard bipolar and MaS supply volt-

ages 

• High speed switching 
• TTL and DTL compatible inputs 
• Separate drivers address inputs with common strobe 
• VOH and VOL compatible with popular MOS RAMs 
• Does not require external PNP transistors or VCC3 

• VOH minimum is VCC2 - O.5V 

Truth Table 
Input Enable Output 

L L L 

L H L 

H L L 

H H H 
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Bookshelf of Technical Support Information 
National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical 
literature. 

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and 
section contents for each book. 

Please contact your local National sales office for possible complimentary copies. A listing of sales offices follows this 
bookshelf. 

We are interested in your comments on our technical literature and your suggestions for improvement. 

Please send them to: 

Technical Communications Dept. M/S 23-200 
2900 Semiconductor Drive 
P.O. Box 58090 
Santa Clara, CA 95052-8090 

For a recorded update of this listing plus ordering information for these books from National's Literature Distribution operation, 
please call (408) 749-7378. 

ALS/AS LOGIC DATABOOK-1987 
Introduction to Bipolar logic. Advanced low Power Schottky. Advanced Schottky 

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS-1987 
SSI/MSI Functions. Peripheral Functions. lSllVlSI Functions. Design Guidelines • Packaging 

CMOS LOGIC DATABOOK-1988 
CMOS AC Switching Test Circuits and Timing Waveforms. CMOS Application Notes. MM54HC/MM74HC 
MM54HCT /MM74HCT. CD4XXX. MM54CXXX/MM74CXXX. Surface Mount 

DATA CONVERSION/ACQUISITION DATABOOK-1984 
Selection Guides. Active Filters. Amplifiers. Analog Switches. Analog-to-Digital Converters 
Analog-to-Digital Display (DVM) • Digital-to-Analog Converters. Sample and Hold • Sensors/Transducers 
Successive Approximation Registers/Comparators. Voltage References 

INTERFACE DATABOOK-1986 
Transmission Line Drivers/Receivers. Bus Transceivers. Peripheral/Power Drivers • Display Controllers/Drivers 
Memory Support. Microprocessor Support. level Translators/Buffers. Frequency Synthesis 

INTERFACE/BIPOLAR LSI/BIPOLAR MEMORY/PROGRAMMABLE LOGIC 
DATABOOK-1983 
Transmission Line Drivers/Receivers. Bus Transceivers. Peripheral/Power Drivers 
level Translators/Buffers. Display Controllers/Drivers. Memory Support. Dynamic Memory Support 
Microprocessor Support. Data Communications Support • Disk Support • Frequency Synthesis 
Interface Appendices. Bipolar PROMs. Bipolar and ECl RAMs. 2900 Family/Bipolar Microprocessor 
Programmable logic 

INTUITIVE IC CMOS EVOLUTION-1984 
Thomas M. Frederiksen's new book targets some of the most significant transitions in semiconductor technology since the 
change from germanium to silicon. Intuitive IC CMOS Evolution highlights the transition in the reduction in defect densities and 
the development of new circuit topologies. The author's latest book is a vital aid to engineers, and industry observers who need 
to stay abreast of the semiconductor industry. 



INTUITIVE IC OP AMPS-1984 
Thomas M. Frederiksen's new book, Intuitive Ie Op Amps, explores the many uses and applications of different IC op amps. 
Frederiksen's detailed book differs from others in the way he focuses on the intuitive groundwork in the basic functioning 
concepts of the op amp. Mr. Frederiksen's latest book is a vital aid to engineers, designers, and industry observers who need to 
stay abreast of the computer industry. 

LINEAR APPLICATIONS HANDBOOK-1986 
The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monolithic and hybrid circuits from National Semiconductor. 

Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 

LINEAR 1 DATABOOK-1988 
Voltage Regulators. Operational Amplifiers • Buffers. Voltage Comparators. Instrumentation Amplifiers. Surface Mount 

LINEAR 2 DATABOOK-1988 
Active Filters. Analog Switches/Multiplexers. Analog-to-Digital • Digital-to-Analog. Sample and Hold 
Sensors. Voltage References· Surface Mount 

LINEAR 3 DATABOOK-1988 
Audio Circuits. Radio Circuits. Video Circuits. Motion Control. Special Functions. Surface Mount 

LINEAR SUPPLEMENT DATABOOK-1984 
Amplifiers. Comparators. Voltage Regulators. Voltage References. Converters· Analog Switches 
Sample and Hold. Sensors. Filters. Building Blocks. Motor Controllers. Consumer Circuits 
Telecommunications Circuits. Speech. Special Analog Functions 

LS/S/TTL DATABOOK-1987 
Introduction to Bipolar logic • low Power Schottky. Schottky· TTL· low Power 

MASS STORAGE HANDBOOK-Rev. 2 
Winchester Disk Preamplifiers. Winchester Disk Servo Control. Winchester Disk Pulse Detectors 
Winchester Disk Data Separators/Synchronizers and ENDECs. Winchester Disk Data Controller 
SCSI Bus Interface Circuits • Floppy Disk Controllers 

MEMORY SUPPORT HANDBOOK-1986 
Dynamic Memory Control. Error Checking and Correction. Microprocessor Interface and Applications 
Memory Drivers and Support 

NON-VOLATILE MEMORY DATABOOK-1987 
CMOS EPROMs • EEPROMs • Bipolar PROMs 

SERIES 32000 DATABOOK-1986 
Introduction· CPU-Central Processing Unit. Slave Processors. Peripherals. Data Communications and lAN's 
Disk Control and Interface. DRAM Interface. Development Tools· Software Support· Application Notes 

RANDOM ACCESS MEMORY DATABOOK-1987 
Static RAMs. TTL RAMs. TTL FIFOs. ECl RAMs 



RELIABILITY HANDBOOK-1986 
Reliability and the Die. Internal Construction. Finished Package. MIL-STD-883 • MIL-M-3851 0 
The Specification Development Process. Reliability and the Hybrid Device. VLSIIVHSIC Devices 
Radiation Environment. Electrostatic Discharge. Discrete Device. Standardization 
Quality Assurance and Reliability Engineering. Reliability and Documentation. Commercial Grade Device 
European Reliability Programs. Reliability and the Cost of Semiconductor Ownership 
Reliability Testing at National Semiconductor. The Total Military/Aerospace Standardization Program 
883B/RETSTM Products. MILS/RETSTM Products. 883/RETSTM Hybrids. MIL-M-38510 Class B Products 
Radiation Hardened Technology. Wafer Fabrication. Semiconductor Assembly and Packaging 
Semiconductor Packages· Glossary of Terms. Key Government Agencies. ANI Numbers and Acronyms 
Bibliography· MIL-M-3851 0 and DESC Drawing Cross Listing 

TELECOMMUNICATIONS-1987 
Line Card Components. Integrated Services Digital Network Components. Modems 
Analog Telephone Components. Application Notes 

THE SWITCHED-CAPACiTOR FILTER HANDBOOK-1985 
Introduction to Filters· National's Switched-Capacitor Filters. Designing with Switched-Capacitor Filters 
Application Circuits. Filter Design Program. Nomographs and Tables 

TRANSISTOR DATABOOK-1982 
NPN Transistors. PNP Transistors. Junction Field Effect Transistors • Selection Guides. Pro Electron Series 
Consumer Series. NA/NB/NR Series. Process Characteristics Double-Diffused Epitaxial Transistors 
Process Characteristics Power Transistors. Process Characteristics JFETs. JFET Applications Notes 

VOLTAGE REGULATOR HANDBOOK-1982 
Product Selection Procedures· Heat Flow & Thermal Resistance • Selection of Commercial Heat Sink 
Custom Heat Sink Design. Applications Circuits and Descriptive Information. Power Supply Design 
Data Sheets 

48-SERIES MICROPROCESSOR HANDBOOK-1980 
The 48-Series Microcomputers· The 48-Series Single-Chip System. The 48-Series Instruction Set 
Expanding the 48-Series Microcomputers. Applications for the 48-Series • Development Support 
Analog 1/0 Components. Communications Components. Digital 1/0 Components. Memory Components 
Peripheral Control Components 
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Bell Industries TWX: 910 938 0393 TWX: 810 853 0284 

I 

TWX: 910 339 9378 1829 Dehavilland Suite A Hamilton-Avnet Pioneer Technology Bell Industries Thousand Oaks, CA 91320 8765 E Orchard Road # 708 674 South Military Trial 500 Giuseppe CI. Suite 6 (805) 499-6821 Englewood, CO 80111 Deerfield Beach, FL 33441 

--
Roseville, CA 95678 TWX: 910 321 3799 (303) 779-9998 (305) 428-8877 (916) 969-3100 

TWX: 910 935 0787 TWX: 510 955 9653 



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (Continued) 

FLORIDA (Continued) Bell Industries-Graham Div. Zeus Components Inc., Reg 2 Pioneer-Michigan 

Zeus Components Inc., Reg 4 133 S Pennsylvania SI. MD, DE, VA, WVA, Div. of Pioneer Standard 

FL, GA, AL, MI, SC & TN Indianapolis, IN 46204 NC,RAYTHEON 13485 Stanford 

1750 West Broadway (317) 834-8202 8930 Route 108 Livonia, MI 48150 

Oviedo, FL 32765 TWX: 810 3413481 Columbia, MD 21045 (313) 525-1800 

(305) 365-3000 Hamilton-Avnet (301) 997-1118 TWX: 810 242 3271 

GEORGIA 485 Gradle Dr. MASSACHUSETTS R. M. Electronics 

Arrow Electronics 
Carmel, IN 46032 Arrow Electronics 4310 Roger B Chaffee 

3155 Northwoods Parkway 
(317) 844-9333 25 Upton Drive Wyoming, MI 49508 

Suite A 
TWX: 810 260 3966 Wilmington, MA 01887 (616) 531-9300 

Norcross, GA 30071 Pioneer-Indiana (617) 935-5134 MINNESOTA 

(404) 449-8252 6408 Castleplace Drive TWX: 710 393 6770 Anthem Electronics 
TWX: 810 766 0439 Indianapolis, IN 46250 Gerber Electronics 10025 Valley View Rd. #160 

Bell Industries 
(317) 649-7300 128 Carnegie Row Eden Prairie, MN 55344 

6690-C Jones Mill CI. IOWA Norwood, MA 02062 (612) 944-5454 

Norcross, GA 30092 Avnet Electronics (617) 769-6000 Arrow Electronics 
(404) 662-0923 682 58th Ave. Court S.w. TWX: 710 3361987 5230 73rd Street 

Hamilton-Avnet Cedar Rapids, IA 52404 Hamilton-Avnet Edina, MN 55435 

58250 Peach Tree Corner E (319) 363-0221 100 Centennial Dr. (612) 830-1800 

Norcross, GA 30092 TWX: 910 525 1337 Peabody, MA 01960 TWX: 910 576 3125 

(404) 447-7500 Arrow Electronics (617) 531-7430 Hamilton-Avoet 

Pioneer Technology 375 Collins Rd. N.E. TWX: 710 393 0382 12400 Whitewater Dr. 

3100F Northwoods Place Cedar Rapids, IA 52402 Lionex Corporation Minnetonka, MN 55343-9421 

Norcross, GA 30071 (319) 395-7230 38 Jonspin Road (612) 932-0600 

(404) 448-1711 TWX: 910 493 2086 Wilmington, MA 01887 TWX: 910 572 2867 

TWX: 810 766 4515 Bell Industries (617) 657-5170 Pioneer-Twin Cities 

ILLINOIS 1221 Park Place N.E. TWX: 710 3321387 7625 Golden Triangle Dr. 

Anthem Electronics 
Cedar Rapids, IA 52402 Pioneer Northeast Suite G 

180 Crossen Ave. 
(319) 395-0730 44 Hartwell Avenue Eden Prairie, MN 55344 

Elk Grove Village, IL 60007 Hamilton·Avnet Electronics Lexington, MA 02173 (612) 935-5444 

(312) 640-6066 915 33rd Avenue S.W. (617) 861-9200 TWx: 910 576 2738 

Cedar Rapids, IA 52404 TWX: 710 326 6617 MISSOURI 
Arrow Electronics 
1140 West Thorndale Avenue 

(319) 362-4757 Time Electronics Arrow Electronics 

Itasca, IL 60143 KANSAS 10 A Centennial Drive 2380 Schuetz Road 

(312) 250-0500 Arrow Electronics 
Peabody, MA 01960 SI. Louis, MO 63146 

TWX: 9102220351 8208 Melrose Dr. 
(617) 532-6200 (314) 567-6888 

Suite 210 
TWX: 710 393 0171 TWX: 910 764 0882 

Bell Industries 
515 Busse Road Lenexa, KS 66214 Zeus Coomponents Inc., Reg 1 A Hamilton-Avnet 

Elk Grove Village, II 60007 (913) 541-9542 MA, RI, VT, NH, ME & CANADA 13743 Shoreline Ct.-East 

(312) 640-1910 Hamilton·Avnet 
429 Marrett Rd. Earth City, MO 83045 

TWX: 910 223 4519 9219 Quivira Rd 
LeXington, MA 02173 (314) 344-1200 

Overland Park, KS 66215 
(617) 863-8800 TWX: 910 762 0627 

Bell Industries 
730 West Kilarney (913) 888-8900 MICHIGAN Time Electronics 

Urbana, IL 61801 Pioneer Standard Arrow Electronics 330 Sovereign Ct. 

(217) 328-1077 10551 Lackmann Road 3510 Roger Chaffee SI. Louis, MO 63011-4491 

Hamilton-Avnet Lenexa, KS 66215 Memorial Blvd. S.E. (314) 391-6444 

1130 Thorndale Ave. (913) 492-0500 Grand Rapids, MI 49508 TWX: 910 760 1893 

Bensenville, IL 60106 MARYLAND 
(616) 243-0912 NEW HAMPSHIRE 

(312) 860-7780 Arrow Electronics 
Arrow Electronics Arrow Electronics 

Pioneer Electronics 8300 Guilford Dr. 
755 Phoenix Dr. 3 Perimeter Rd. 

1551 Carmen Drive Columbia, MD 21046 
Ann Arbor, MI 48108 Manchester, NH 03103 

Elk Grove Village, III 60007 (301) 995-0003 
(313) 971-8220 (603) 668-6968 

(312) 437-9680 TWX: 710 236 9005 
TWX: 810 223 6020 TWX: 710 2201684 

TWX: 910 222 1834 Hamilton-Avnet 
Bell Industries Bell I ndustries--C & H Div. 

INDIANA 6822 Oak Hall Lane 
814 Phoenix Dr. 19 Park Avenue 

Columbia, MD 21045 
Ann Arbor, MI48104 Hudson, NH 03051 

Advent Electronics Inc. (313) 971-9093 
8446 Moller Rd. (301) 995-3500 (603) 882-1133 

Indianapolis, IN 46268 TWX: 710 862 1861 Hamilton-Avnet TWX: 710 228 8959 

(317) 872-4910 Lionex Corporation 
2215 29th SI. S.E. Hamilton-Avnet 

TWX: 810341 3228 9020-A Mendenhall Court 
Grand Rapids, MI 49508 444 Industrial Dr. 

Columbia, MD 21045 
(616) 243-8805 Manchester, NH 03102 

Arrow Electronics TWX: 810 273 6921 
2495 Directors Row (301) 964-0040 (603) 624-9400 

Suite H TWX: 710 8621909 Hamilton-Avnet NEW JERSEY-Northern 

Indianapolis, IN 46241 Pioneer Technology 
32487 Schoolcraft Road 

Arrow Electronics 
Livonia, MI48150 

(317) 243-9353 9100 Gaither Road (313) 522-4700 6 Century Drive 
TWX: 810 3413119 Gaithersburg, MD 20877 Parsippany, NJ 07054 

Bell Industries (301) 921-0660 Pioneer Standard (201) 575-5300 

3606 E. Maumee Ave. TWX: 710 828 0545 4505 Broadmoor S.E. TWX: 710 734 4403 

Fort Wayne, IN 46803 Time Electronics 
Grand Rapids, MI 49508 

Hamilton-Avnet 
(219) 423-3422 9051 Red Branch Rd. 

(616) 698-1800 
10 Industrial Rd. 

TWX: 910 997 0701 Columbia, MD 21045 
TWX: 510 600 8456 

Fairfield, NJ 07006 
(301) 964-3090 (201) 575-3390 
TWX: 710 862 2860 TWX: 710 734 4409 



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (Continued) 

NEW JERSEY-Northern Pioneer Northeast Arrow Electronics Zeus Components Inc., Reg 3 
(Continued) 68 Corporate Drive 93B Burke Street Dayton (DESC) 

Lionex Corp. Binghamton, NY t 3904 Winston-Salem, NC 27101 2912 Springboro St., Ste. 106 

311 Rt. 46 West (607) 722-9300 (9t9) 725-8711 Dayton, OH 45439 

Fairfield, NJ 07006 TWX: 510 252 0893 TWX: 510 931 3169 (914) 937-7400 

(201) 227-7960 Pioneer Northeast Hamilton-Avnet OKLAHOMA 
TWX: 710 734 4312 840 Fairport Rd. 3510 Spring Forest Road Arrow Electronics 
Nu Horizons Electronics Fairport, NY 14450 Raleigh, NC 27601 12111 E. 51st Street 
258 Rt. 46 (716) 381-7070 (919) 878-0810 Tulsa, OK 74146 
Fairfield, NJ 07006 TWX: 510 253 7001 TWX: 510 928 1836 (918) 252-7537 
(201) 882-8300 Summit Distributors Pioneer Technology Hamilton-Avnet 
Pioneer 916 Main Street 9801-A Southern Pine Blvd. 12121 East 51st SI. 
45 Route 46 Buffalo, NY 14202 Charlotte, NC 28210 Suite 102A 
Pine Brook, NJ 07058 (716) 887-2800 (704) 527-8188 Tulsa, OK 74146 
(201) 575-3510 TWX: 710 522 1692 TWX: 810 621 0366 (918) 252-7297 
TWX: 710 734 4382 Summit Elect of Rochester OHIO Quality Components 

NEW JERESY-Southern 292 Commerce Drive Arrow Electronics 3158 South 108th East Ave. 

Arrow Electronics 
Rochester, NY 14623 7620 McEwen Rd. Suite 274 

6000 Lincoln Drive East 
(716) 334-8110 Centerville, OH 45459 Tulsa, OK 74146 

Marlton, NJ 08053 Time Electronics (513) 435-5563 (918) 664-8812 

(609) 596-8000 6075 Corporate Dr. TWX: 810 4591611 Radio Inc. 
TWX: 710 897 0829 East Syracuse, NY 13057 Arrow Electronics 1000 South Main Street 

Hamilton-Avnet 
(315) 432-0355 6238 Cochran Rd. Tulsa, OK 74119 

One Keystone Ave. 
TWX: 510 1006192 Solon, OH 44139 (918) 587-9123 

Cherry Hill, NJ 08003 NEW YORK-Metro Area (216) 248-3990 TWX: 49 2429 

(609) 424-0100 Arrow Electronics TWX: 810 427 9409 OREGON 
TWX: 710 940 0262 20 Oser Ave. Bell Industries Almac-Stroum Electronics 

NEW MEXICO Hauppauge, NY 11788 444 Windsor Park Drive 1885 N.W. 169th Place 

Alliance Electronics Inc. 
(516) 231-1000 Dayton, OH 45459 Beaverton, OR 97006 

11030 Cochiti S.E. 
TWX: 510 227 6623 (513) 435-8660 (503) 629-8090 

Albuquerque, NM 87123 Hamilton-Avnet Bell Industry TWX: 910 467 8743 

(505) 292-3360 833 Motor Parkway Micro-Mil Division Anthem Electronics 
TWX: 9109891151 Hauppauge, NY 11788 118 Westpark Road 9705 S.w. Sunshine Ct. 

Arrow Electronics 
(516) 434-7413 Dayton, OH 45459 Suite 900 

2460 Alamo Ave. S.E. Hamilton-Avnet Export Div. (513) 434-8231 Beaverton, OR 97005 

Albuquerque, NM 87106 1065 Old Country Rd., #211A TWX: 8104591615 (503) 643-1114 

(505) 243-4566 Westbury, NY 11590 CAM/OHIO Electronics Arrow Electronics 
TWX: 910 989 1679 (516) 997-6868 749 Miner Road 1800 N.W 167th Place 

Bell Industries Lionex Inc. Highland Heights, OH 44143 Suite 145 

11728 Unn N.E. 400 Oser Ave. (216) 461-4700 Beaverton, OR 97006 

Albuquerque, NM 87123 Hauppauge, NY 11787 TWx: 810 427 2976 (503) 645-6456 

(505) 292-2700 (516) 273-1660 Hamilton-Avnet TWX: 910 464 0007 

TWX: 910 989 0625 TWX: 510 2271042 954 Senate Drive Bell Industries 

Hamilton-Avnet Nu Horizons Electronics Dayton, OH 45459 6024 S.W. Jean Rd. 

2524 Baylor Drive S.E. 6000 New Horizons Blvd. (513) 439-6700 Lake Oswego, OR 97034 

Albuquerque, NM 87106 Amityville, NY 11701 TWX: 810 450 2531 (503) 241-4115 

(505) 765-1500 (516) 226-6000 Hamilton-Avnet TWX: 9104558177 

TWX: 910 989 1631 Pioneer 30325 Bainbridge Rd., Bldg. A Hamilton-Avnet 

NEW YORK-Upstate 60 Crossways Park West Solon, OH 44139 6024 S.w. Jean Rd. 
Woodbury, NY 11797 (216) 831-3500 Bldg. C, Suite 10 

Arrow Electronics (516) 921-8700 TWX: 810 427 9452 Lake Oswego, OR 97034 
3375 Brighton-Henrietta TWX: 710 326 6617 Hamilton-Avnet (503) 635-7850 
Townline Rd. 
Rochester, NY 14623 Time Electronics 777 Brooksedge Blvd. PENNSYLVANIA-Eastern 

(716) 427-0300 70 Marcus Boulevard Westerville, OH 43081 
Arrow Electronics 

TWX: 510 253 4766 Hauppauge, NY 11788 (614) 882-7004 
650 Seco Rd. 

Hamilton-Avnet 
(515) 273-0100 Pioneer Standard Monroeville, PA 15146 

103 Twin Oaks Drive 
TWX: 858881 4800 East 131 st Street (412) 856-7000 

Syracuse, NY 13206 Zeus Components Inc., Reg 1 Cleveland, OH 44105 TWX: 710 797 3894 

(315) 437-2641 NY IROCK/NJ/E PAl CT (216) 587-3600 
CAMlRPC IND Electronics 

TWX: 710 541 1506 100 Midland Ave. TWX: 810 422 2210 
620 Alpha Drive 

Hamilton-Avnet 
Port Chester, NY 10573 Pioneer Standard RIDC Park 

2060 Town Une Road 
(914) 937-7400 4433 Interpoint Blvd. Pittsburgh, PA 15238 

Rochester, NY 14623 Zeus Components Inc., Reg 1 B Dayton, OH 45424 (412) 782-3770 

(716) 475-9130 Long IslandlNYC (513) 236-9900 TWX: 710 795 3126 

TWX: 5102535470 2110 Smithtown Ave. TWX: 810 4591683 
Hamilton-Avnet 

Ronkonkoma, NY 11779 2800 Uberty Ave. 
(516) 737-4500 Pittsburgh, PA 15227 

NORTH CAROLINA (412) 281-4150 

Arrow Electronics 
5240 Greens Dairy Rd. 
Raleigh, NC 27604 
(919) 876-3132 
TWX: 510 9281856 
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PENNSYLVANIA-Easlern 
(Continued) 

Lionex 
101 Rock Road 
Horsham, PA 19044 
(215) 443-5150 

Pioneer Technology 
261 Gibraltar Road 
Horsham, PA 19044 
(215) 674-4000 
TWX: 510 665 6778 

Pioneer-Pittsburgh 
259 Kappa Drive 
Ridgepark 
Pittsburgh, PA 15238 
(412) 782-2300 
TWX: 710 795 3122 

Time Electronica 
600 Clark Ave. 
King of Prussia, PA 19406 
(215) 337-0900 
TWX: 845317 

TENNESSEE 

Bell Industries 
1661 Murfreesboro Rd. 
Suite G 
Nashville, TN 37217 
(615) 367-4400 

TEXAS 

Arrow Electronics 
3220 Commander Dr_ 
Carrollton, TX 75006 
(214) 380-6464 
TWX: 910 860 5377 

Arrow Electronics 
2227 West Braker Lane 
Austin, TX 78758 
(512) 835-4180 
TWX: 910 874 1348 

Arrow Electronics 
10899 Kinghurst Dr. 
Suite 100 
Houston, TX 77099 
(713) 530-4700 
TWX: 910 880 439 

Hamilton-Avnet 
2111 West Walnut Hill Ln. 
Irving, TX 75062 
(214) 550-7755 
TWX: 07 32359 

Hamilton-Avnet 
4850 Wright Road ;. 190 
Staford, TX 77477 
(713) 240-7733 
TWX: 910 881 5523 

Hamilton-Avnet 
1807A West Braker Lane 
Austin, TX 78758 
(512) 837-8911 
TWX: 910 874 1319 

Pioneer Electronics 
1826 Kramer Lane 
Suite 0 
Austin, TX 78758 
(512) 835-4000 

Pioneer Standard 
13710 Omega Road 
Dallas, TX 75240 
(214) 386-7300 
TWX: 910 860 5563 

Pioneer-Houston 
5853 Point West Drive 
Houston, TX 77036 
(713) 988-5555 
TWX: 910881 1606 

Quality Components 
1005 Industrial Blvd. 
Sugarland, TX 77478 
(713) 240-2255 
TWX: 910881 7251 

Quality Components 
2120M Braker Lane 
Austin, TX 78758 
(512) 835·0220 
TWX: 910 874 1377 

Quality Components Inc, 
4257 Kellway Circle 
Addison, TX 75001 
(214) 733·4300 
TWX: 910 660 5459 

Zeus Components Inc., Reg 7 
TX, AR, OK, LA, KS, MO, 10, NE 
1800 N. Glenville Rd. 
Richardson, TX 75081 
(214) 783-7010 

UTAH 

Anthem 
1615 West 2200 South #A 
Salt Lake City, UT 84119 
(801) 973-8555 

Arrow Electronics 
1946 W. Parkway Blvd. 
Salt Lake City, UT 84119 
(801) 973-6913 

Bell Industries 
3639 West 2150 South 
Salt Lake City, UT 84120 
(801) 972-6969 

Hamilton-Avnst 
1585 West 2100 South 
Salt Lake City, UT 84117 
(801) 972-4300 
TWX: 910 925 4018 

WASHINGTON 

Almac-Stroum Electronics 
14360 S.E_ Eastgate Way 
Bellevue, WA 98007 
(206) 643-9992 
TWX: 910 444 2067 

Anthem Electronics 
5020 148th Ave. N.E. 
Suite 103 
Redmond, WA 98052 
(206) 881-0850 
TWX: 910 997 0118 

Arrow Electronics 
19450 68th Ave. South 
Kent, WA 98032 
(206) 575-4420 
TWX: 910 444 2034 

Hamilton-Avnet 
14212 North East 21st 
Bellevue, WA 98005 
(206) 453-5844 

WISCONSIN 

Arrow Electronics 
200 N. Patrick Blvd. 
Brookfield, WI 53005 
(414) 792-0150 
TWX: 910 2621193 

Bell Industries 
W227 N913 Westmound Ave. 
Waukesha, WI 53186 
(414) 547-8879 
TWX: 910 2621156 

Hamilton·Avnet 
2975 Moorland Rd. 
New Berlin, WI 53151 
(414) 784-4516 

Taylor Electric 
1000 West Donges Bay Road 
Mequon, WI 53092 
(414) 241-4321 
TWX: 910 262 3414 

CANADA 

Electro Sonic Inc. 
1100 Gordon Baker Road 
Willowdale, Ontario M2H 3B3 
(416) 494-1666 
TWX: 06 525295 

Hamilton-Avnst 
2550 Boundary Rd. "105 
Burnaby, B.C., V5M 3Z0 
(604) 437-6667 

Hamilton-Avnet 
2816 21 st N.E. 
Calgary, Alberta T2E 6Z2 
(403) 250-9380 
TWX: 03 827642 

Hamilton-Avnet 
2795 Rue Halpern 
St. Laurent, Quebec H4S 1 P8 
(514) 335-1000 
TWX: 610 421 3731 

Hamilton-Avnet 
6845 Redwood Drive 3, 4, 5 
Mississauga, Ontario L4V 1T1 
(416) 677-7432 
TWX: 6104928867 

Hamiltonl Avnet 
190 Colonnade Rd. 
Nepean, Ontario K2E 7L5 
(613) 226-1700 
TWX: 053 4971 

Semad Electronics Ltd_ 
243 Place Frontenac 
Pointe Claire, Quebec H9R 4Z7 
(514) 694-0860 

Semad Electronics Ltd. 
3700 Gilmore Way #210 
Burnaby, B.C. V5G 4Ml 
(604) 438-2515 

Semad Electronics Ltd. 
75 Glendeer Dr. S.E. #210 
Calgary, Alberta T2H 2S8 
(403) 252-5664 

Semad Electronics Ltd. 
1827 Woodward Dr. # 303 
Ottawa, Ontario K2C OR3 
(613) 727-8325 

Zentronics 
8 Tilbury Ct. 
Brampton, Onlario L6T 3T 4 
(416) 451-9600 
TWX: 06 97678 

Zentronics 
Edmonton Sales Office 
Edmonton, Alberta T6N t B2 
(403) 468-8306 

Zentronics 
lt400 Bridgeport Rd., Unit 108 
Richmond, B.C. V6X 1T2 
(604) 273-5575 
TWX: 04 355844 

Zentronics 
155 Colonade Rd. So. 
Units 17 & 18 
Nepean, Ontario K2E 7Kl 
(613) 226-8840 

Zentronics 
817 McCaffrey St. 
Ville St. Laurent, Quebec H4T 1 N3 
(514) 737-9700 

Zentronics 
93-1313 Border St. 
Winnipeg, Manitoba R3H OX4 
(204) 694-1957 

Zentronics 
Waterloo Sales Office 
Waterloo, Quebec H4T 1 N3 
(800) 387-2329 

Zentronics 
Saskatoon Sales Office 
Saskatoon, Alberta R3H OX4 
(306) 955-2207 

Zentronics-Calgary 
6815 8th St. N.E. 
Suite 100 
Calgary, Alberta T2E 7H7 
(403) 272-1021 
TWX: 04 355844 
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