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A Corporate Dedication to
Quality and Reliability

National Semiconductor is an industry leader in the
manufacture of high quality, high reliability integrated
circuits. We have been the leading proponent of driv-
ing down IC defects and extending product lifetimes.
From raw material through product design, manufac-
turing and shipping, our quality and reliability is second
to none.

We are proud of our success . . . it sets a standard for
others to achieve. Yet, our quest for perfection is on-
going so that you, our customer, can continue to rely
on National Semiconductor Corporation to produce
high quality products for your design systems.
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Charles E. Sporck
President, Chief Executive Officer
National Semiconductor Corporation




Wir fiihlen uns zu Qualitéit und
Zuverlassigkeit verpflichtet

National Semiconductor Corporation ist fiihrend bei der Her-
stellung von integrierten Schaltungen hoher Qualitdt und
hoher Zuverldssigkeit. National Semiconductor war schon
immer Vorreiter, wenn es galt, die Zahl von IC Ausfallen zu
verringern und die Lebensdauern von Produkten zu verbes-
sern. Vom Rohmaterial Giber Entwurf und Herstellung bis zur
Auslieferung, die Qualitdt und die Zuverlassigkeit der Pro-
dukte von National Semiconductor sind untibertroffen.

Wir sind stolz auf unseren Erfolg, der Standards setzt, die
fir andere erstrebenswert sind. Auch ihre Anspriiche steig-
en stindig. Sie als unser Kunde kdnnen sich auch weiterhin
auf National Semiconductor verlassen.

La Qualité et La Fiabilité:

Une Vocation Commune Chez National
Semiconductor Corporation

National Semiconductor Corporation est un des leaders in-
dustriels qui fabrique des circuits intégrés d'une trés grande
qualité et d'une fiabilité exceptionelle. National a &té le pre-
mier & vouloir faire chuter le nombre de circuits intégrés
_défectueux et a augmenter la dure de vie des produits.

N DeBﬁislesx[natiéres premiéres, en passant par la concep-

tion du produit-sa fabrication et son expédition, partout la
qualité et la fiabilité chez National sont sans équivalents.

Nous sommes fiers de notre succés et le standard ainsi
défini devrait devenir I'objectif & atteindre par les autres so-
ciétés. Et nous continuons & vouloir faire progresser notre
recherche de la perfection; il en résulte que vous, qui étes
notre client, pouvez toujours faire confiance a National
Semiconductor Corporation, en produisant des systémes
d’une trés grande qualité standard.

Un Impegno Societario di Qualita e
Affidabilita

National Semiconductor Corporation & un'industria al ver-
tice nella costruzione di circuiti integrati di altd qualitd ed
affidabilitd. National & stata il principale promotore per I'ab-
battimento della difettosita dei circuiti integrati e per I’allun-
gamento della vita dei prodotti. Dal materiale grezzo attra-
verso tutte le fasi di progettazione, costruzione e spedi-
zione, la qualita e affidabilitd National non & seconda a nes-
suno.

Noi siamo orgogliosi del nostro successo che fissa per gli
altri un traguardo da raggiungere. Il nostro desiderio di per-
fezione é d'altra parte illimitato e pertanto tu, nostro cliente,
puoi continuare ad affidarti a National Semiconductor Cor-
poration per la produzione dei tuoi sistemi con elevati livelli
di qualita.

A bgd

Charles E. Sporck

President, Chief Executive Officer
National Semiconductor Corporation




INTERFACE
DATABOOK

1988 Edition

Transmission Line Drivers/Receivers
Bus Transceivers

Peripheral Power Drivers

Display Drivers

Memory Support

Microprocessor Support

Level Translators and Buffers
Frequency Synthesis

Hi-Rel Interface

Appendices/Physical Dimensions




TRADEMARKS

Following is the most current list of National Semiconductor Corporation’s trademarks and registered trademarks.
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Anadig™
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR CORPORA-

TION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and whose failure to per-
form, when properly used in accordance with instructions
for use provided in the labeling, can be reasonably ex-

pected to result in a significant injury to the user.

2. A critical component is any component of a life support
device or system whose failure to perform can be reason-
ably expected to cause the failure of the life support de-
vice or system, or to affect its safety or effectiveness.

National Semiconductor Corporation 2900 Semiconductor Drive, P.O. Box 58090, Santa Clara, California 95052-8090 (408) 721-5000

TWX (910) 339-9240

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and National reserves the right, at any time
without notice, to change said circuitry or specifications.




Introduction

Since its creation in 1973, National Semiconductor’s Inter-
face design and production teams have produced technically
advanced products unparalleled in the semiconductor indus-
try.

Growing from a line of eary drivers and receivers, which pio-
neered the introduction of the TRI-STATE® function, Nation-
al Semiconductor’s Interface product line today is the most
comprehensive available—with over 200 devices in a vanety
of product categories.

Based on its advanced design and process capabilities, Na-
tional's Interface product line includes:

¢ The industry’s most advanced RS-232 drivers and receiv-
ers

® The industry’s most advanced RS-422 drivers, receivers
and transceivers

® The industry’s most advanced RS-485 drivers, receivers
and transceivers

¢ The industry’s only offering of over 16 devices incorporat-
ing power up/down glitch-free protection

® The industry’s first Trapezoidal™ bus transceiver
® The industry’s first transceivers for the Future Bus standard

® The industry’s first fault protected peripheral driver incorpo-
rating a major breakthrough in current sensing and shut-
down circuitry.

In addition to the detailed Interface product datasheets in-
cluded in this databook, complete product selection guides
can be found at the beginning of each section for quick refer-
ence.

The Interface Appendix supplies helpful application notes,
terms and definitions, cross references, design and process
information and package information.

These Interface devices support and complement National’s
VLSI Advanced Peripheral product families. These Advanced
Peripherals Processing Solutions are families of VLSI periph-
eral circuits designed to serve a variety of applications. The
products are especially well suited for microcomputer and
microprocessor based systems such as graphic worksta-
tions, personal computers, and many others. National Semi-
conductor’s Advanced Peripheral devices are fully described
in a series of databooks and handbooks.

Among the books are the following titles:

GRAPHICS

MASS STORAGE

DRAM MANAGEMENT

DATACOMMUNICATIONS/LAN/UARTS

All the Advanced Peripheral products currently provided by
National Semiconductor and their appropriate Advanced Pe-
ripheral Databook title are listed in a section following the
Table of Contents of this databook.

For more information on National Semiconductor’s INTER-

FACE and Advanced Peripheral products contact your local
National authorized sales representative or distributor.

uononpoy|



Product Status Definitions

National
Semiconductor

Product Status Definitions

Definition of Terms

Data Sheet Identification Product Status

Definition

Formative or
In Design

This data sheet contains the design specifications for product
development. Specifications may change in any manner without notice.

First
Production

This data shest contains preliminary data, and supplementary data will
be published at a later date. National Semiconductor Corporation
reserves the right to make changes at any time without notice in order
to improve design and supply the best possible product.

Full
Production

Not

This data sheet contains final specifications. National Semiconductor
Corporation reserves the right to make changes at any time without
notice in order to improve design and supply the best possible product.

National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to

improve reliability, function or design. National does not assume any liability arising out of the application or use of any product
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others.
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DS55110A/pA55110A/DS75110A/pA75110A Dual Line Drivers .. ......ooovvivinnnee
DS55113/DS75113 Dual TRI-STATE Differential Line Driver ......ovvivivieneniiniineeens
DS55114/DS75114 Dual Differential LineDrivers. ... ...o o iiii i eiinans
DS55115/DS75115 Dual Differential Line Receiver .......coveeiiiiiiiniiinenierennnnnns
DS55121/DS75121 DUal LIN DIiVerS « . v oo v i v e eieeeetrananensaneennronnnseans
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DS75124 Triple LINE RECEIVEN. . .o oottt ittt ettt e iiiae e iiinan s eenaans
DS75125/DS75127 Seven-Channel Line Receivers. . .....oovvveiiiiiineienreiennnnnnnns
DS75128/DS75129 Eight-Channel Line Receivers. .. ......coiiiiiiiiiiiiiiiiii i,
DS75150 DUl LINE DIiVET ..ottt ii ittt teteienneerenesenraeassnnnnssssesnnnns
DS75154 Quad Line ReCEIVEN . ..ottt ittt it iine it s e ieiies s tianasrseenns
DS75176A/DS75176AT Multipoint RS-485/RS-422 Transceivers ...........vvevvveinnns
DS7820/DS8820 Dual Line ReCeiVEr . ..o ivitt i iiiiiit ettt i teinneieanieessreannns
DS7820A/DS8820A Dual Line ReCeIVer . .\ ovvt it iiiii it iiiit i enisereennnnessraennns
DS78C20/DS88C20 Dual CMOS Compatible Differential Line Receiver....................
DS7830/DS8830 Dual Differential LIne Driver ........iieriiiie it iiinieeeeneenns
DS7831/DS8831/DS7832/DS8832 Dual TRI-STATE LineDriver . .......oooviinn,
DS78C120/DS88C120 Dual CMOS Compatible Differential Line Receiver .................
DS78LS120/DS88LS120 Dual Differential Line Receiver (Noise Filtering and Fail Safe). .....
DS8921/DS8921A Differential Line Driver and ReceiverPair ............cooviveiiinnnnns
DS8922/DS8922A/DS8923/DS8923A TRI-STATE RS-422 Dual Differential Line Driver and

RECEIVEI Pairs ... it it it ittt it teae ettt e
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DS8924 Quad TRI-STATE Differential Line Driver. .........vveeiiiiiiiiiiiiiennen.
1A9622/DS9622 Dual LIne RECEIVET ...\ttt i
HA9627/DS9627 Dual LIN@ RECEIVEr .. ..ottt neeanns
DS9636A/1A9636A RS-423 Dual Programmable Slew Rate Line Driver ...................
DS9637A/nA9637A Dual Differential Line Receiver. .........ooooviiiviiiiiiiiiiiiine.
DS9638/11A9638 RS-422 Dual High Speed Differential Line Driver . ..........coocviuevinn.
DS9639A/nA9639A Dual Differential Line Receiver.............oooooviiiiiiiiiiiiint,
DS96F172/DS96F174 RS-485/RS-422 Quad Differential Drivers ... .....coovveneiannnn.
DS96172/11A96172/DS96174/ uA96174 RS-485/RS-422 Quad Differential Line Drivers .. ..
DS96F173/DS96F175 RS-485/RS-422 Quad Differential Receivers ......................
DS96173/1A96173/DS96175/uA96175 RS-485/RS-422 Quad Differential Line Receivers . .
DS96176/1A96176 RS-485/RS-422 Differential Bus Transceiver ...........covvvvvvninn..
DS96F177/DS96F178 RS-485/RS-422 Differential Bus Repeaters .................oct..
DS96177/uA96177 RS-485/RS-422 Differential Bus Repeater.................oovivnt
MM78C29/MM88C29 Quad Single-Ended Line Driver........covvviiiiiiii e
MM78C30/MMB88C30 Quad Differential Line Driver .........ccoiiiiiiiiiiiiiiininee.n.
AN-22 Integrated Circuits for Digital Data Transmission...........coovviiiiiieniiiiiinn,
AN-108 Transmission Line Characteristics . .......oovviiiiiiiiiniiiiii i ineinns
AN-214 Transmission Line Drivers and Receivers for EIA Standards RS-422 and RS-423 ....
AN-216 Summary of Electrical Characteristics of Some Well Known Digital Interface
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AN-409 Transceivers and Repeaters Meeting the EIA RS-485 Interface Standard . ...........
AN-438 Low Power RS-232C Driver and ReceiverinCMOS .............c..coiiviiinnn,
AN-457 High Speed, Low Skew RS-422 Drivers and Receivers Solve Critical System Timing
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rA9614/DS9614 Dual Differential Line Driver (See DS55114 Datasheet)
1A9615/DS9615 Dual Differential Line Receiver (See DS55115 Datasheet)
DS55107A Dual Line Receiver (See DS55107 Datasheet)
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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.

RS-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 any one 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
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Differential Data Transmission (Continued)

EIA RS-422 Application
RSA22
INTERFACE I
ANN AN
77 L
oA ortionaL | Ry
5) A}L
77 P4

The key features of RS-485:

B implements a truly multipoint bus consisting of up to 32

drivers and 32 receivers

m An extended common-mode range for both drivers and
receivers in TRI-STATE and with power off (—7V to

DATA
ouT

TL/XX/0094~3

m Drivers can withstand bus contention and bus faults

National Semiconductor produces a variety of drivers, re-
ceivers, and transceivers for these four very popular trans-
mission standards and numerous other data transmission

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
R T R R D
N\ NN\
RT < e Mz 74 ~ L RT
120 3 3120
OHMS A\ o N- OHMS
7”7 VL4
O
D — Driver R
R — Receiver
T — Transceiver
TL/XX/0094-4
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 —-0.25V to +6V —-7Vto +12V
Driver Output Signal Level Loaded +5V +3.6V t2v +1.5V
Unloaded +15V 6V 5V +5V
Driver Load Impedance 3 kQ to 7 kQ 450Q min 1000 540
Maximum Driver Output Current Power On —_— —_— —_— +100 nA
(High Impedance State) Power Off | Vmax/3000 £100 A +100 pA £100 pA
Slew Rate 30 V/ps max Controls Provided —_—— ——
Receiver Input Voltage Range +15V +12v —7Vto +7V —7Vto +12V
Receiver Input Sensitivity +3V +200 mV +200 mV +200 mV
Receiver Input Resistance 3k to 7k 4 kO min 4 kQ min 12 kQ min

1-5
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10k
4k

1k
RECOMMENDED \
OPERATING
AREA

100 \

10

Line fength is a function of data rate (baud) and slew rate. The recommended safe operating area
. (line length vs baud rate) is shown below for 24 AWG wire. It assumes that a differential line
receiver is used which is referenced at the driver ground. Also, it assumes that the driver slew
rate is between 0.1 to 0.3 times the reciprocal of the baud rate (minimum unit interval). Other-
wise, line lengths greater than 50 feet are not recommended. The exception to line length is the
360 1/0 coaxial interface. The coaxial provides improved grounding and eliminates crosstalk.

LINE LENGTH {FT)

100 1% 10k 100k
* DATA MODULATION (BAUD RATE)
TL/XX/0099-1
RS-423
UNBALANCED DRIVERS
-Device Number ircuit: -
Circuits Powe.zr Open Colle.ctor/ Party-Line | Slew Rate Output | Output |Propagation Page
Standard | commercial Military Per Supplies | Open Emitter Application| Control Current| Voltage Delay Comments No.
0°C to +70°C| —55°C to +125°C | Package| (V) TRI-STATE |"PP (mA) V) (ns) -
RS-232 DS1488 4 +9o0r +15 10S/C +6 +6or 9 200 1-13
RS-232 DS14C88 t9or +15 Internal +6 |+7o0r £11 1-17
RS-232 DS75150 2 +12 108/C +10 +5 60 1-149
RS-423 DS3691 DS1691A 4 +50r 5 TRI-STATE Yes CEXT +20 +2 200 1-81
RS-423 DS9636AC/ | DS9636AM/ 2 +12 Yes +60 +6 1400 1223
1A9636AC | pA9636AM )
MIL-188-114 | DS3692 DS1692 4 +50r £5 TRI-STATE Yes CEXT +20 +2 200 +10V Common-Mode 1-87
Range
3601/0 DS75121 DS55121 2 5 Emitter Yes —-100 2.4 10 500 Coax Driver 1-134
3601/0 DS75123 2 5 Emitter Yes —-100 2.4 10 500 Coax Driver (IBM) | 1-136
DS75450 2 5 Emitter and Yes 300 0.7 20
3-41
Collector
DS75451 DS55451 2 5 Collector Yes 300 0.7 18 3-41
DS75452 DS55452 2 5 Collector Yes 300 0.7 26 3-41
DS75453 DS55453 2 5 Collector Yes 300 0.7 18 3-41
DS75454 DS55454 2 5 Collector Yes 300 0.7 27 3-41
DS75110A/ [DS55110A/ 2 +5 Constant Yes 12 15 1112
pA75110A nA55110A Current
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UNBALANCED RECEIVERS

Device Number Circuits | Power | Strobed Input | Threshold | Propagation
Standard | commercial Military Per | Supplies or RS?,‘.’,?,'},S.“ Hvimt)!sis Range |Sensitivity| Delay Comments Pﬁge
0°Cto +70°C | —55°C to + 125°C | Package | (V) | TRI-STATE V) V) (ns) )
RS-232 DS1489 4 5 CEXT 250 +25 3 30 1-23
RS-232 DS1489A 4 5 CEXT 1150 +25 3 30 Prefgrer!tial in 1-23
Applications to DS1489
RS-232 DS14C89 4 5 +25 3 1-17
RS-232 DS75154 4 S5or15 CEXT 800 +25 3 22 1-153
RS-232 DS9627/uA9627 2 +12 Strobed +3 250 1-219
RS-423 DS26C32 4 5 TRI-STATE 1-37
RS-423 DS26F32C DS26F32M 4 5 TRI-STATE 30 +7 +0.2 22 1-40
RS-423 DS26LS32C | DS26L.S32M 4 5 TRI-STATE 100 +7 +0.2 17 1-44
RS-423 DS26LS32AC 4 5 TRI-STATE 100 +7 +0.2 23 Fail-Safe 1-44
RS-423 DS3486 4 5 TRI-STATE 100 +15 +0.2 25 1-54
RS-423 DS34C86 4 5 TRI-STATE 1-47
RS-423 DS34F86 DS35F86 4 5 TRI-STATE +7 +0.2 22 1-50
RS-423 DS88C20 DS78C20 2 5 Strobed CEXT 50 +25 +0.2 50 1-172
RS-423 DS88C120 DS78C120 2 5 Strobed CEXT 50 +25 +0.2 50 Fail-Safe 1-187
RS-423 DS88LS120 DS78LS120 2 51015 Strobed CEXT 50 +25 +0.2 50 Fail-Safe 1-195
RS-423 DS9637AC/ | DS9637AM/ 2 5 1-207
pA9637AC nA9637AM
RS-423 | DS9639AC/ 2 5 1236
pA9E33AC
RS-423 DS96F173C | DS96F173M 4 5 TRI-STATE 50 +12/-7 +0.2 22 1-250
RS-423 DS96173C/ DS96173M/ 4 5 TRI-STATE 50 +12/-7 +0.2 25 1-255
1A96173C | pA96173M
RS-423 DS96F175C | DS96F175M 4 5 TRI-STATE 50 +12/-7 +0.2 22 1-250
RS-423 DS96175C/ DS96175M/ 4 5 TRI-STATE 50 +12/-7 +0.2 25 1-255
pA96175C nA96175M
3601/0 |[DS75124 3 5 Strobed 400 7 0.8to2 20 500 Coax. Receiver (IBM) | 1-138
3601/0 | DS75125 7 5 —2/7 0.7t01.7 16 IBM Coax. Receiver 1-141
3601/0 DS75127 7 5 —-2/7 0.7t01.7 16 IBM Coax. Receiver 1-141
3601/0 | DS75128 8 5 Strobed —2/7 0.7t01.7 16 IBM Coax. Receiver 1-145
3601/0 | DS75129 8 5 Strobed —2/7 0.7t01.7 16 IBM Coax. Receiver 1-145
DS26LS33C | DS26LS33M 4 5 TRI-STATE 200 +15 +0.5 17 1-44
DS26LS33AC 4 5 TRI-STATE 200 +15 +0.5 23 Fail-Safe 1-44
DS9615/nA9615 2 5 Yes +15 +0.5 75 1-129
DS9622/1A9622 2 +150 Strobed +10 50 1-216
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BALANCED DIFFERENTIAL TRANSMISSION LINE DRIVERS AND RECEIVERS

10k
4k

The balanced or differential scheme of data transmission is preferred for applications incorporat- i1

ing high data rates and long transmission lines in the presence of high common-mode noise.
Induced signals appear as common-mode levels and are rejected by the differential line receiver.

RECOMMENDED \

100

CABLE LENGTH (FT)

10

\—40

10k

OPERATING
AREA
100k ™M 10M

DATA MODULATION (BAUD RATE)

RS-422

TL/XX/0099-2
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BALANCED DIFFERENTIAL TRANSMISSION LINE DRIVERS AND RECEIVERS (continued)

BALANCED DRIVERS
Device Number Circuits | Power VoL (V) | Propagation
Standard | Commercial Military Per | Supplies | open Collector | Appiioation | TRISTATE | YOHU 1o, (mA) | Delay Comments Fage
0°C to +70°C | —55°C to + 125°C | Package V) V) (ns)
RS-422 | DS26C31 1-27
RS-422 | DS26F31C DS26F31M 4 5 Yes Yes 25/—-20| 0.5/20 15 1-31
RS-422 | DS26LS31C | DS26LS31M 4 5 Yes Yes 25/—20| 0.5/20 15 1-34
RS-422 | DS3487 DS3587 4 5 Yes Yes 2.0/—50| 0.5/48 15 1-66
RS-422 | DS34C87 1-58
RS-422 | DS34F87 DS35F87 4 5 Yes Yes 2.5/—20| 0.5/48 15 1-62
RS-422 DS3691 DS1691A 2 +50r £5 Yes Yes 2/-20 —2/20 200 1-81
RS-422 DS8921, 21A 1 5 No No 25/—20| 0.5/20 12 Transceiver 1-202
RS-422 DS8922 2 5 Yes Yes 2.5/—20| 0.5/20 12 Dual Transceiver with
DS8922A Driver/Receiver Pair | 1-207
Disable
RS-422 DS8923 2 5 Yes Yes 2.5/—20| 0.5/20 12 Dual Transceiver with
DSB8923A Separate Driverand | 1-207
Receiver Disables
RS-422 | DS9638C/ DS9638M/ 2 5 2.0/—40| 0.5/40 20 1-032
pA9638C nA9638M
RS-485 [ DS3695 1 5 Yes Yes 15 Transceiver 1-98
RS-485 | DS36F95 DS16F95 1 5 Yes Yes 16 1-92
RS-485 DS3696 1 5 Yes Yes 15 Transceiver with Line 1-98
Fault Reporting
RS-485 DS3697 1 5 Yes Yes 15 Repeater 1-98
RS-485 | DS3698 1 5 Yes Yes 15 Repeater with Line 108
Fault Reporting
RS-485 | DS75176A 1 5 Yes Yes Transceiver 1-158
RS-485 DS96F172C | DS96F172M 4 5 Yes Yes 16 1-240
RS-485 | DS96172/ 4 5 Yes Yes 20 1-245
nA96172
RS-485 | DS96F174C | DS96F174M 4 5 Yes Yes 16 1-240
RS-485 | DS96174/ 4 5 Yes Yes 20 1-245
pA96174
RS-485 DS96176/ 1 5 Yes Yes 20 Transceiver 1-260
uA96176
RS-485 DS96F177C | DS96F177M 1 5 Yes Yes Repeater 1-267
RS-485 | DS96177/ 1 5 Yes Yes 20 Repeater 1-274
pA96177
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BALANCED DRIVERS

Device Number Circuits | Power | Strobed .| common-Mode | Threshold | Propagation
Standard | commercial Military Per | Supplies or Response HV?;?&*)?S'S Range Sensitivity |  Delay Comments Fage
0°Cto +70°C| —55°Cto + 125°C | Package| (V) | TRI-STATE V) (v) (ns) .
RS-485 DS96F178C | DS96F178M 1 5 .Yes Yes Repeater 1-267
DS8830 DS7830 2 5 No No 1.8/—-40 0.5/40 10 1-176
DS8831 DS7831 2 5 Yes Yes 1.8/—40 0.5/40 10 1-180
DS8832 DS7832 2 5 Yes Yes 1.8/—-40 0.5/40 10 DS8831 )Nithout Vce 1-180
Clamp Diode
DS8924 4 5 Yes Yes 2.0/—48 0.5/48 12 1-213
DS75113 DS55113 2 5 Optional Yes Yes 2.0/—40 0.4/40 13 1-117
DS75114 DS55114 2 5 Optional 2.0/—40 0.4/40 15 1-124
2232::/ 2 5 See DS55114 1-124
MM88C29 MM78C29 2 50r15 2.9/—57 0.4/11 100 1-281
MM88C30 MM78C30 2 5o0r15 2.9/—57 0.4/11 100 1-281
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BALANCED RECEIVERS

Device Number Circuits | Power | Strobed Common-Mode| Threshold | Propagation

Standard| Gommercial Military Per |Supplies or Rgzlr"?%ﬁe HY?::"I‘)?SE Range Sensitivity|  Delay Comments Pﬁg.e

0°C to +70°C| ~55°C to + 125°C |Package| (V) |TRI-STATE V) (\)] (ns)
RS-422 |DS26C32 4 TRI-STATE 1-37
RS-422 |DS26F32C DS26F32M 4 5 TRI-STATE 30 +7 +0.2 22 1-40
RS-422 |DS26LS32C |DS26LS32M 4 5 TRI-STATE 100 +7 +200 17 1-44
RS-422 |DS26L.S32AC 4 5 TRI-STATE 100 7 +200 17 Fail-Safe 1-44
RS-422 |DS3486 4 5 TRI-STATE 80 +10 +200 17 1-54
RS-422 |DS34C86 4 5 TRI-STATE 1-47
RS-422 {DS34F86 DS35F86 4 5 TRI-STATE +7 +0.2 22 1-50
RS-422 |DS88C20 DS78C20 2 5t015 Strobed Yes 50 +10 +200 60 Fail-Safe CMOS Compatible | 1-172
RS-422 |DS88C120 DS78C120 2 5t015 Strobed Yes 50 +10 +200 60 1-187
RS-422 |DS88LS120 |[DS78LS120 2 5 Strobed Yes 50 +10 +200 50 1-195
RS-422 |DS8921 1 5 50 +7 +200 1-202
RS-422 |DS8921A 1 5 50 +7 +200 Low Skew 1-202
RS-422 [DS8922 2 5 TRI-STATE 50 +7 +200 1-207
RS-422 |DS8922A 2 5 TRI-STATE 50 +7 +200 Low Skew 1-207
RS-422 |DS8923 2 5 TRI-STATE 50 +7 +200 1-207
RS-422 |DS8923A 2 5 TRI-STATE 50 +7 +200 Low Skew 1-207
RS-422 |DS9637AC/ |DS9637AM/ 2 5 +7 +0.2 25 1.227

pA9BI7AC | nA9BITAM
RS-422 |DS9639A/ 2 5 7 +0.2 85 1236

LA9B39A
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BALANCED RECEIVERS Continued

Device Number Circuits | Power | Strobed Common-Mode | Threshold | Propagation
Standard | commercial Military Per Supplies or R(e:‘s,z?;sle Hyi::\r;)asis Range Sensitivity Delay Comments P;ge
0°Cto +70°C | —55°C to + 125°C | Package (V) | TRI-STATE V) v) (ns) ’
RS-485 DS3695 1 5 TRI-STATE 70 +12/-7 +200 22 Transceiver | 1-98
RS-485 DS36F95 DS16F95 1 5 TRI-STATE 50 +12/-7 +0.2 16 Transceiver | 1-92
RS-485 DS3696 1 5 TRI-STATE 70 +12/-7 +200 22 Transceiver
with Line
;ilgtt)ning 1-98
RS-485 DS3697 1 5 TRI-STATE 70 +12/-7 +200 22 Repeater 1-98
RS-485 DS3698 1 5 TRI-STATE 70 +12/-7 +200 22 Repeater
with Line
lf!ael;)ltt)ning 1-98
RS-485 DS75176A 1 5 TRI-STATE 70 +12/-7 +200 Transceiver | 1-158
RS-485 DS96F173C | DS96F173M 4 5 TRI-STATE 50 +12/-7 +0.2 22 1-250
RS-485 DS96173/ 4 TRI-STATE 50 +12/-7 +0.2 25 1255
pA96173
RS-485 DS96F175C | DS96F175M 4 5 TRI-STATE 50 +12/-7 +0.2 22 1-250
RS-485 DS96175/ 4 5 TRI-STATE 50 +12/-7 +0.2 25 1.255
pA96175
RS-485 DS96176 1 5 TRI-STATE 50 +12/-7 +0.2 25 Transceiver | 1-260
DS3603 DS1603 2 +5 TRI-STATE +3 +25 17 1-69
DS3650 DS1650 4 +5 TRI-STATE +3 +25 10 1-73
DS3652 DS1652 4 +5 Strobed +3 +25 10 1-73
DS8820 DS7820 2 5 Strobed Yes +15 +1000 40 1-163
DS8820A DS7820A 2 5 Strobed Yes +15 +1000 30 1-167
DS75107 DS55107 2 +5 _ Strobed +3 +25 17 1-205
DS75108 DS55108 2 +5 Strobed +3 +25 17 1-105
DS75115 DS55115 2 5 Strobed Yes +15 +500 20 1-129
DS75208 2 +5 Strobed +3 +10 17 1-105
DS9615/ 2 5 Yes +15 +05 75 See 1129
pA9615 DS55115
DS9622/ 2 +5/~10| Strobed +10 50 1216

pA9622
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DS1488 Quad Line Driver
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General Description Features
The DS1488 is a quad line driver which converts standard B Current limited output +10 mA typ
TTL input logic levels through one stage of inversion to out-  m Power-off source impedance 3000 min

put levels which megt EIA Standard No. RS-232C and  m Simple slew rate control with external capacitor
CCITT Recommendation V.24. m Flexible operating supply range

B Inputs are TTL/LS compatible

Schematic and Connection Diagrams

1/4 Circuit Dual-In-Line Package
* oV+ v+
< <
n 3N She 14 13 |12 In 10 |9 Is
INPUTo—N—l
02 [ 02 AD9
INPUT o—}—9
y 3R3
A 4] 3 "
Yo AAA—O OUTPUT
ps A6 W07
9 bl
Ll
R4 v
a Yoio

a3 A8
04 1 | 2 | 3 4 I 5 | 6 7
as v- GND
3R5 SRE Sy TLIF/5776-2
] ] ou- Top View
TL/F/5776-1 Order Number DS1488J, DS1488M or DS1488N

See NS Package Number J14A, M14A or N14A
Typical Applications

RS-232C Data Transmission

Tom 1/4 051488 Rt LT
—_—fTN -
=23 - 23 Toe--
-——1_ T~
INTERCONNECTING I
1/4 051488/ CABLE =
TyoTL 0514884 o
P =

INTERFACE DATA
TERMINAL EQUIPMENT

1
I1H

SIGNAL GROUND MODEM

TL/F/5776-3
*Optional for noise filtering




DS1488

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage

v+
V-

Input Voltage (Vin)
Output Voltage

+15V
—15V

—15V < Vi £ 7.0V

+15V

Storage Temperature Range

Maximum Power Dissipation* at 25°C

Cavity Package
Molded DIP Package
SO Package

Lead Temperature (Soldering, 4 sec.)

*Derate cavity package 9.1 mW/°C above 25°C; derate molded DIP pack-
age 10.2 mW/°C above 25°C; derate SO package 7.8 mW/°C above 25°C.

—65°Cto +150°C

1364 mW
1280 mW
974 mW

260°C

Operating Temperature Range 0°Cto +75°C

Electrical Characteristics (Notes 2and 3) Vog+ = 9V, Voo~ = —9V unless otherwise specified

Symbol Parameter Conditions Min Typ Max Units
IiL Logical 0" Input Current ViN = 0V —-1.0 -1.3 mA
4 Logical “1” Input Current ViN = +5.0V 0.005 10.0 pA
VoH High Level Output Voltage | Ry = 3.0k, | V+ =9.0V,V— = —-9.0V 6.0 7.0 \
VIN=08V | y+ = 132v,v- = —132V | 9.0 105 v
VoL Low Level Output Voltage | R, = 3.0kQ, | V+ =9.0V,V- = —9.0V -6.0 -6.8 \'
VIN=19V | v+ =132v,v- = —132V | —90 | —105 v
+ i = =
| ShoncmaiGumen | T TN 60 | 100 | 120 | mA
Rout Output Resistance V+ =V—- =0V,Voyr = t2V 300 Q
lcc* Positive Supply Current VN = 1.9V V+ =9.0V,V- = —9.0V 15.0 20.0 mA
(Output Open) V+ = 12V,V- = —12V 19.0 250 | mA
V+ =15V, V— = —15V 25.0 34.0 mA
Vin = 0.8V V+ =9.0V,V- = —-9.0V 4.5 6.0 mA
V+ = 12V,V—- = —12V 5.5 7.0 mA
V+ = 15V,V—- = —15V 8.0 12.0 mA
lcc™ Negative Supply Current ViN = 1.9V vVt =90V,V- = —9.0V -13.0 —-17.0 mA
(Output Open) V+ = 12V,V— = —12V —180 | —230 | mA
V+ = 15V,V— = —15V —25.0 -34.0 mA
ViN = 0.8V vVt =90V,V- = —9.0V —0.001 | —0.015 mA
V+ =12V,V— = —12V —0.001 —0.015 mA
V+ =15V,V— = —15V —0.01 -2.5 mA
P4 Power Dissipation vVt =9,0V,V- = —-9.0V 252 333 mw
V+ =12V,V— = —12V 444 576 mwW
Switching Characteristics (vec = 9V, veg = -9V, T4 = 25°0)
Symbol Parameter Conditions Min Typ Max Units
tod1 Propagation Delay to a Logical 1" RL = 3.0k, C = 15pF, T = 25°C 230 350 ns
tpdo Propagation Delay to a Logical ”0” RL = 3.0k, CL = 15pF, Ta = 25°C 70 175 ns
t Rise Time RL = 3.0k, CL = 15pF, T = 25°C 75 100 ns
1 Fall Time RL = 8.0kQ,C = 15pF, Tp = 25°C 40 75 ns

Note 1: “‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +75°C temperature range for the DS1488.
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown

as max or min on absolute value basis.




Applications
By connecting a capacitor to each driver output the slew
rate can be controlled utilizing the output current limiting
characteristics of the DS1488. For a set slew rate the ap-
propriate capacitor value may be calculated using the fol-
lowing relationship

C = Igc (AT/AV)
where C is the required capacitor, Igc is the short circuit
current value, and AV/AT is the slew rate.

Typical Applications (continued)
DTL/TTL-to-MOS Translator

2V

1/4 DS1488

MOS QUTPUT
-10V 70 -0.4V

OTL/TTL
INPUT

-t2v = -12v

TL/F/5776-4

RS-232C specifies that the output slew rate must not ex-
ceed 30V per microsecond. Using the worst case output
short circuit current of 12 mA in the above equation, calcula-
tions result in a required capacitor of 400 pF connected to
each output.

See Typical Performance Characteristics.

DTL/TTL-to-HTL Translator
+12v

1/ 051488

DTL/TTL HTL OUTPUT
INPUT -0.7vVTO0 10V

-12v
TL/F/5776-5

DTL/TTL-to-RTL Translator

+12v

DTL/TTL

1/4 DS1488
INPUT {

~12v +3.0v

o RTL OUTPUT
-0vT10+37Vv

TL/F/5776-6

AC Load Circuit and Switching Time Waveforms

Vin Vour

3K 15 pF*

TL/F/5776-7
*Cy includes probe and jig capacitance.

20v
% 1.5v %
Vi 0.8V
tPHL tLH

Vour

50%

=1t t
t; and t; are measured between 10%
and 90% of the output waveform.

TL/F/5776-8
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DS1488

Typical Performance Characteristics 1, = +25°C unless otherwise noted
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FIGURE 1. Transfer Characteristics
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FIGURE 3. Output Slew Rate vs
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Current vs Temperature
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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 (DCE).
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 pA versus
26 mA for the receiver and 500 nA 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.

Features
m Meets EIA RS-232-C and CCITT V.24 standard
m Low power consumption
m Pin-for-pin equivalent to DS1488/MC1488 and
DS1489/MC1489
m Low Delay Slew
m DS14C88 Driver
— Power-off source impedance 300§} min.
— Wide operating voltage range: 4.5V-12.6V
— TTL/LSTTL compatible
m DS14C89A
— Internal noise filter
— Inputs withstand +30V
— Fail-safe operating mode
— Internal input threshold with hysteresis

Connection Diagrams

DS14C88 Dual-In-Line Package
v

||4 13 12 |n 10 ] 8

~

l| | 3 4 l 5 I 6 [7
v GND
TL/F/8508-9

Order Number DS14C88J, DS14C88N and DS14C88M
See NS Package Number J14A, M14A or N14A

DS14C89A Dual-In-Line Package

INPUT QUTPUT INPUT ouTPUT
0

Vee 4 [} NC

e b bl L]

[

D

INPUT NC  QUTPUT INPUT NC  OUuTPUT  GNOD
A 8

TL/F/8508-2
Order Number DS14C89AJ, DS14C89AM or DS14C89AN

See NS Package Number J14A, M14A or N14A

v68J11Sa/880v1SA




DS14C88/DS14C89A

DS14C88 Quad CMOS Line Driver
Absolute Maximum Ratings (Note 1)

" If Military/Aerospace specified devices are required, Lead Temp. (Soldering 10 sec.) +260°C
contact the National Semiconductor Sales Office/ Supply Voltage V+ +13V
Distributors for availability and specifications. ' —-13V
Voltage at Any Input Pin (V+)+0.3V to GND—0.3V This product does not meet 2000V ESD rating. (Note 4)
Voltage at Any Output Pin R re

(Note 2) —25V to +25V Operating Conditions
Storage Temp. —65°Cto +150°C Min Max
Power Dissipation (See Note 2) Supply Voltage V+ (GND = 0V) +4.5V +12.6V
Junction Temperature +150°C Supply Voltage V— (GND = 0V) —-4,5V —-12.6V
Temperature Range 0°C +75°C
DC Electrical Characteristics
Ta = 0°Cto +75°C, Vt = 4.5V to 12V, GND = 0V, V- = —4.5V to —12V unless otherwise specified
Symbol Parameter Conditions Min Max Units
L, i Maximum Input Current Vin = GNDorV™ —10 10 oA
Vi High Level Input Voltage 2.0 Vbp \']
ViL Low Level Input Voltage V¥ > 7v,V~ < =7V GND 0.8 v
vi<7v,vT 2 —7v GND 0.6 v
Vou High Level Output Voltage ViN = VIL
Rp = 3kQ or 7k
VT = +45V,V- = —45V 3.0 \
VT = +9V,V~ = -9V 6.5 Y
Vt = +12V,V- = —12V 9.0 \
VoL Low Level Output Voltage VIN=VH
RL = 3kQ or 7k
VT = +45V,V- = —45V -3.0 \
V+ = +9V,V— = -9V -6.5 Vv
V+ = +12V,V— = —12V —-9.0 \
los+ High Level Output Vin= VL +45 mA
Short Circuit Vout = GND
Current (Note 3) vVt = +12V,V— = —12V
los—' Low Level Output ViIN=VH —45 mA
Short Circuit Vout = GND
Current (Note 3) V+ = 4+12V,V— = 12V
Rout Output Resistance V+ =V— =0V 300 [¢)
—2V < Voyr £ 2V
lcc+ Positive Supply Current ViN = Vi, B = open
(per package) V1t = +45V,V- = —45V 10 BA
V+ = +9V,V- = -9V 30 pA
V+ = +12V,V— = —12V 60 pA
Vin = Vi4, RL = open
V+t = +45V,V- = ~4.5V 50 rA
V+ = +9V,V- = —9V 300 pA
V+ = +12V,V— = —12V 500 pA
lcc— Negative Supply Vin = V|, RL = open
Current (per V+ = +45V,V- = —45V -10 rA
package) V+ = +9V,V—- = -9V -10 BA
V+ = +12V,V— = —12V —-10 pA
Vin = Vi, RL = open
Vt = +45V,V- = —4,5V —30 pA
V+ = +9V,V- = -9V —30 pA
V+ = +12V,V— = —12V —60 nA

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “‘Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics™ provides conditions for actual device

operation.

Note 2: Power Dissipation N-Package: 1300 mW at 25°C, J-Package: 1000 mW at 25°C.
Note 3: lops+ and lps— values are for one output at a time. |f more than one output is shorted simultaneously, the device dissipation may be exceeded.
Note 4: For additional details on ESD, contact the local National Semiconductor Sales Office.




DS14C88 Quad CMOS Line Driver
AC Electrical Characteristics 15 = 0°Cto +75°C, v+ = +4.5Vto 12V, GND = oV,

v680¥1Sa/880¥1SA

V- = —45Vto —12V, R = 3 k), C = 50 pF unless otherwise specified (Notes 5 and 6).
Symbol Parameter Conditions Min Typ Max Units
tpd1 Propagation Delay vVt = +45V,V- = —4.5V 6.0 us
to a Logic “1” V+ = +9V, V- = -9V 5.0 us
V+ = +12V,V- = —12V 4.0 us
tpdo Propagation Delay V+ = +45V,V- = —45V 6.0 us
to a Logic “0” V+ = +9V,V- = -9V 5.0 us
V+ = +12V,V- = —12Vv 4.0 us
tr, t Output Rise and Fall Time (Note 7) 0.2 us
tsk Typical Propagation Delay Skew vVt =12v,V- = —12V 400 ns
SR Output Slew Rate RL = 3kQto7kN 30 V/ps
(Note 7) 15pF < C_ < 25nF
Note 5: AC input waveforms for test purposes:
t =1 < 20 ns, Vi = 20V, V) = 0.8V (0.6VatV*' = 45V~ = —45V)

Note 6: Input rise and fall times must not exceed 5 us.
Note 7: The output slew rate, rise time, and fall time are measured by measuring the time from +3.0V to —3.0V on the output waveforms.

AC Load Circuit

Vour
3K S0pF*

*Cy includes probe and jig capacitance.
TL/F/8508-7

Switching Time Waveforms

2.0v

Vour

t; and t; are measured
between +3V and
-3V of the output
waveform.

TL/F/8508-8




DS14C88/DS14CB9A

DS14C89A Quad CMOS Line Receiver

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Voltage at Any Input Pin —30V to +30V
Voltage at Any Output Pin (Vce) +0.3Vto GND — 0.3V

Lead Temp. (Soldering 10 sec)
Supply Voltage
This product does not meet 2000V ESD rating. (Note 3)

Operating Conditions

+260°C

+6v

Storage Temperature —65°Cto +150°C Min Max
Power Dissipation 500 mW at +75°C Supply Voltage Vcc (GND=0V) +4.5v +5.5V
Junction Temperature +150°C Temperature Range 0'c +78°C
DC Electrical Characteristics
Tp = 0°Cto +75°C, +4.5 < Vg < 5.5V, GND = 0V, unless otherwise specified
Symbol Parameter Conditions Min Typ Max Units
V1H Input High Threshold Voltage 1.3 2.7 \
V1L Input Low Threshold Voltage 0.5 1.9 v
Vy Typical Input Hysteresis 1.0 \"
IIN Input Current ViN = +25V 3.6 8.3 mA
VIN = —25V —3.6 —8.3 mA
ViN = +3V +0.43 +1.0 mA
ViN= —3V —0.43 -1.0 mA
VoH Output High Voltage VIN = V1L (min) 28 Vv
louT = —3.2mMA
VoL Output Low Voltage ViN = V1h(max) 0.4 \%
lout = +3.2mA
lcc Supply Current R_ = open +900 pA
VIN = V1H (max)
or V1L (min)
AC Electrical Characteristics
Ta = 0°Cto +75°C, +4.5V < Vg < +5.5V, GND = 0V, CL = 50 pF, unless otherwise specified (Note 2)
Symbol Parameter Conditions Min Typ Max Units
tpLH Propagation Delay to a Logic “1” Input pulse width > 10 s 6.5 us
tPHL Propagation Delay to a Logic “‘0” Input pulse width > 10 us 6.5 ps
tsk Typical Propagation Delay Skew 400 ns
t Output Rise Time 300 ns
1 Output Fall Time 300 ns
tow Pulse Width Assumed to be Noise 1.0 ns

Note 1: “‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range”,
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: AC input waveform for test purposes: t, = tf = 200 ns, Vi = +3V, V. = =3V, { = 20 kHz.
Note 3: For additional details on ESD, contact the local National Semiconductor Sales Office.




DS14C89A AC Test Circuit

Vee OUTPUT

-0
v6821150a/88J71SA

PULSE
GENERATOR

50pF
INCLUDING

_-[' JIG AND PROBE

TL/F/8508-4

DS14C89A Timing Diagram

TL/F/8508-5

Typical Applications for DS14C88 and DS14C89A

RS232C Data Transmission

m 1/4 01488 174 0514C89A m

INTERCONNECTING
CABLE
T 1/4 DS14C83A l m

1/4 DS14C88

DATA TERMINAL
EQUIPMENT (DTE}

"L DATA COMMUNICATIONS
SIGNAL GROUND =  EQUIPMENT (DCE)

il

TL/F/8508-3
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DS14C88/DS14C89A

Block Diagrams

INPUT 1 =i

INPUT 2 semng

INPUT

TTL INPUT
BUFFERS

INPUT
RESISTOR

NAND
GATE

DS14Cs8

(V4 circuit

shown)

COMPARATOR

OUTPUT
DRIVER
O OUTPUT
LEVEL
SHIFTER
SLEW RATE
CONTROL TL/F/8508-6
DS14C89A
(V4 circuit shown)
ouTPUT
NOISE OUTPUT
FILTER DRIVER

TL/F/8508-1
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National
Semiconductor

DS1489/DS1489A Quad Line Receiver

General Description

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 DS1483/DS1489A meet and
exceed the specifications of MC1489/MC1489A and are
pin-for-pin replacements.

Features

m Four totally separate receivers per package
m Programmable threshold

m Built-in input threshold hysteresis

m “Fail safe” operating mode

m Inputs withstand +30V

Schematic and Connection Diagrams

Dual-In-Line Package

RESPONSE RESPONSE
INPUT  CONTROL OUTPUT  INPUT  CONTROL  OUTPUT
Veo 0 0 ] ) 4 c

1, i L - <
(V4 of unit shown) :: o S 5 < %
<

w Re H ouTAUT
RESPONSE o AAA,

CONTROL hh

Ak

INPUT
3
<
> 10
b3

—0 v

lu In |1z ||| ||u |s

REprs
kg

8

)

DS1489: Rg = 10k
DS1489A: Ry = 2k

TL/F/5777-1

=Q GND

2 I 3 Ia 5 I [} I 1
INPUT  RESPONSE  QUTPUT INPUT  RESPONSE OUTPUT GND
A CONTROL A B CONTROL 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 Voo

PULSE
GENERATOR

>
<

> A
g

15 pF
T INCLUDING
I JIG AND PROBE

TL/F/5777-3

ouTPUT

v

TL/F/S7T7-4
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DS1489/DS1489A

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availabllity and specifications.

Power Supply Voltage 10V
Input Voltage Range +30V
Output Load Current 20 mA
Power Dissipation (Note 2) 1w

0°Cto +75°C
—65°Cto +150°C

Operating Temperature Range
Storage Temperature Range

Electrical Characteristics (Notes2,3and 4)

Maximum Power Dissipation* at 25°C

Cavity Package 1308 mw
Molded DIP Package 1207 mwW
SO Package 1042 mwW
Lead Temperature (Soldering, 4 sec.) 260°C

*Derate cavity package 8.7 mW/°C above 25°C; derate molded DIP package
9.7 mW/°C above 25°C; derate SO package 8.33 mW/°C above 25°C.

DS1489/DS1489A: The following apply for Vog = 5.0V £1%, 0°C < Tp < +75°C unless otherwise specified.

Symbol Parameter Conditions Min Typ Max | Units
VTH Input High Threshold Voltage | Voyt < 0.45V, DS1489 Ta = 25°C 1.0 1.25 1.5
lour = 10mA 0.9 16 | v
DS1489A Ta = 25°C 1.75 2.00 2.25 \
1.55 2.40 v
VL Input Low Threshold Voltage | Vout = 2.5V, Ta=25°C | 075 1.00 1.25 v
loyr = —0.5mA 0.65 135 | v
N Input Current ViN = +25V +3.6 +56 | +83 mA
ViN = —25V -36 | —-56 | —83 | mA
ViN = +3V +0.43 | +0.53 mA
ViN = —3V —-0.43 | —0.583 mA
VoH Output High Voltage lout = —0.5mA | V|y = 0.75V 2.6 3.8 5.0 \Y
Input = Open 2.6 3.8 5.0 \"
VoL Output Low Voltage ViN = 3.0V, loyT = 10 mA 0.33 0.45 Vv
Isc Output Short Circuit Current ViN = 0.75V -3.0 mA
lee Supply Current VN = 5.0V 14 26 mA
Py Power Dissipation VIN = 5.0V 70 130 mwW
Switching Characteristics v = 5v, T4 = 25°C
Symbol Parameter Conditions Min Typ Max Units
tpd1 Input to Qutput “High” R = 3.9k, (Figure 1) (AC Test Circuit) 28 85 ns
Propagation Delay
tpdo Input to Qutput “Low” RL = 3900, (Figure 1) (AC Test Circuit) 20 50 ns
Propagation Delay
t Output Rise Time Ry = 8.9k, (Figure 1) (AC Test Circuit) 110 175 ns
4 Output Fall Time Ry = 3909, (Figure 1) (AC Test Circuit) 9 20 ns

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +75°C temperature range for the DS1489 and DS1489A.
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown

as max or min on absolute value basis.
Note 4: These specifications apply for response control pin = open.
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Typical Applications

RS-232C Data Transmission

v68v1S0a/68v1SA

4 DS148
i 1/4 DS1488 1/nsulugﬂf ' T
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D b
——— s T adadn SRR 4
INTERCONNECTING
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Pl T gimie TP
--.:‘ o= :C}___(j —
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1/4 DS1488
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*Optional for noise filtering.
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l--\,
I MOS LOGIC -?--L_l
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1/a DS1489/ i l....z,

DS1489A
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Typical Characteristics vec = 5.0 v, Ta = +25°C unless otherwise noted

10 60 55
80 50
2 60 L Ol
E 40 (= 40 V, v,
= ) u Rl R ARAER L el
& 20 Ve E 30 SkH13k _E‘ 11k R
s o 2 Vin lHVin Vi _VT—
= =20 L/ I, } 5 20 |+5VH+5v It
T o E 5 T
= i Vl Vo o 10
= =60 A S S
> 0 AR RN 3,
-80 ] __VILH/‘| [ Vi B
- _ | | ccl
10 1.0 5§
-25=20-15=10-5 0 5 10 15 20 25 ~30-20-10 0 1.0 20 30
ViN» INPUT VOLTAGE (VOLTS) V), INPUT VOLTAGE (Vdc)
TL/F/5777-7 TL/F/5777-8
FIGURE 1. Input Current FIGURE 2. DS1489 Input Threshold
Voltage Adjustment
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DS1489/DS1489A

Typical Characteristics vic = 5.0 Vpe, Ta = +25°C unless otherwise noted (Continued)

60 55 - 24
| | Z NG 11
< 50 o 20 P D51489A Vi —
3 2 18 \\
= 4 vi_Vo 5
4 hr 1 I | (e g 16 s v, ~
1 > ~= " HL
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g LY Vol 37T 2 12t ~]
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FIGURE 3. DS1489A Input Threshold FIGURE 4. Input Threshold Voltage
Voltage Adjustment vs Temperature
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Semiconductor

PRELIMINARY

DS26C31C 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

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 Vg and ground.

Features

m TTL input compatible

m Typical propagation delays: 8 ns

m Typical output skew: 0.5 ns

m Outputs won't load line when Vg = OV

m Meets the requirements of EIA standard RS-422

m Operation from single 5V supply

m TRI-STATE outputs for connection to system buses
W Low quiescent current

Logic and Connection Diagrams

ENABLE INPUT D INPUTC INPUT 8

Dual-In-Line Package

O

be 5V

INPUT A

INPUT A~y

INPUT D

1
2] 15
CHANNELA
uumns 3 14
CHANNEL D
13 |outeuts

ENABLE -—
il 12 thsie
CHANNEL B
Gun Vcc ounur ourpur ouwur ouwur uurpur oumn ouwur uuqu 0""’“‘5 £ 11N I CHANNEL C
D2 [ c1
10 | OUTPUTS
TL/F/8574-2 INPUTB =] LN
GND—-a- .9_ INPUTC
Truth Table
TL/F/8574-1
Active High|Active Low Input Non-Inverting| Inverting Top View
Enable Enable p Output Output Order Number DS26C31CJ,
L H X Z z DS26C31CM or DS26C31CN
See NS Package Number J16A,
All other L L H M16A or N16A
combinations of
enable inputs H H L

L = Low logic state

H = High logic state

X = Irrelevant

Z = TRI-STATE (high impedance)

For complete specifications see the Interface Databook.
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DS26C31C

Absolute Maximum Ratings (otes 1&2)

Operating Conditions

If Military/Aerospace specified devices are required, Min  Max Units
contact the National Semiconductor Sales Office/ Supply Voltage (Vcg) 450 5.50 \
Distributors for availability and specifications. DC Input or Output Voltage

Supply Voltage (Vo) —0.5Vto 7.0V Vin, VouT) 0 Voo v
DC Input Voltage (V|N) —1.5Vto Vgg +1.5V Operating Temperature Range (Ta) —40 +85 °C
DC Output Voltage (Vour) —0.5Vto 7V Input Rise or Fall Times (t;, t) 500 ns
Clamp Diode Current (I, lok) +20 mA

DC Output Current, per pin (Ioyt) +150 mA

DC Vg or GND Current, per pin (Icc) +150 mA

Storage Temperature Range (Tstg) ~-65°C to +150°C

Power Dissipation (Pp) (Note 3) 500 mW

Lead Temperature (T|) (Soldering, 4 sec.) 260°C

DC Electrical Characteristics vcc = 5v = 10% (unless otherwise specified) (Note 4)

Symbol Parameter Conditions Min Typ Max Units
ViH High Level Input Voltage 2.0 \
ViL Low Level Input Voltage 0.8 \
VoH High Level Output Voltage VIN = VigorV,

25 \
louT = —20mA
VoL Low Level Output VIN = VigorV, 05 v
Voltage louT = 20 MA ’
VT Differential Output RL = 1000 20 v
Voltage (Note 5) ’
[vr| — VA Difference In RL = 1000 04 v
Differential Output (Note 5) ’
Vos Common Mode RL = 1009} 3.0 v
Output Voltage (Note 5) ’
[Vos — Vos| Difference In Rp = 1009 04 v
Common Mode Output (Note 5) ’
N Input Current VIN = Vce, GND, Vi, or VL +1.0 RA
Icc Quiescent Supply lout = O pA,
Current Vin = Vgc or GND 200 RA
ViN = 2.4V or 0.5V (Note 6) 0.8 mA
loz TRI-STATE Output Vout = Vg or GND
Leakage Current ENABLE = V| +0.5 +5.0 pA
ENABLE = V|y
Isc Output Short ViN = Vgc or GND
- —150 A
Circuit Current (Note 7) 30 m
loFr Output Leakage Current Vee = 0V Vout = 6V 100 pA
Power Off Vout = —0.25V —100 nA

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur.
Note 2: Unless otherwise specified, all voltages are referenced to ground. All currents into device pins are positive, all currents out of device pins are negative.
Note 3: Power Dissipation temperature derating-plastic “N" package: —12 mW/°C from 65°C to 85°C.

ceramic “‘J" package: —12 mW/°C from 100°C to 125°C.

Note 4: Unless otherwise specified, min/max limits apply across the —40°C to 85°C temperature range. All typicals are given for Voc = 5V and Ty = 25°C.
Note 5: See EIA Specification RS-422 for exact test conditions.

Note 6: Measured per input. All other inputs at Vg or GND.

Note 7: Only one output at a time should be shorted.
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Switching Characteristics vcc = 5v £+10%, t, = t = 6 ns (Figures 7, 2 3 and 4) (Note 4)

J1€392sd

Symbol Parameter Conditions Min Typ Max Units
tPLH, tPHL Propagation Delay S1 Open
8 ns
Input to Output
Skew (Note 8) S1 Open 0.5 ns
trLms tTHL Differential Output Rise S1 Open 8 ns
And Fall Times
tpzH Output Enable Time S1 Closed 18 ns
tpzL Output Enable Time S1 Closed 19 ns
tpHZ Output Disable Time S1 Closed
9 ns
(Note 9)
tpLz Output Disable Time S1 Closed
9 ns
(Note 9)
Cpp Power Dissipation
Capacitance (Note 10) 100 pF
CiN Input Capacitance 10 pF

Note 8: Skew is defined as the difference in propagation delays between complementary outputs at the 50% point.

Note 9: Output disable time is the delay from ENABLE or ENABLE being switched to the output transistors turning off. The actual disable times are less than
indicated due to the delay added by the RC time constant of the load.

Note 10: Cpp determines the no load dynamic power consumption, Pp = Cpp Vo2 + I Vioe, and the no load dynamic current consumption, Is = Cpp Ve f +
lcc.

AC Test Circuit and Switching Time Waveforms

AAA,

AA

VVv
=
~

. _I_CZ S & 1.5V
INPUT CJ' }l _> /Oj
T

TL/F/8574-3
Note: C1 = C2 = C3 = 40 pF, R1 = R2 = 5001, R3 = 5000.
FIGURE 1. AC Test Circuit

ENABLE INPUT  3.0v ﬁ——l
f=1MHz, t, <6ns, 1.3V

eyt 3V —\ t;=6ns 0OV ~_
f=1MHz, t,<6ns, [1.:|v
tf<6ns ; \—_ 1.5V
av
| |—toun HL VoL £ vousosv o8y
QUTPUT 1.3v TpLZ TpZL
v,
OH \vou-o.sv oy
A 1.5V
OUTPUT 1.3v TpHZ TpZH
It . tpLH TL/F/8574-5
PHL FIGURE 3. Enable and Disable Times

TL/F/8574-4
FIGURE 2. Propagation Delays
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DS26C31C

AC Test Circuit and Switching Time Waveforms (continued)

0UTPUT
(DIFFERENTIAL)

Input pulse; f = 1MHz, 50%; ty=t{<6ns.
FIGURE 4. Differential Rise and Fall Times

TL/F/8574-7

Typical Applications

Two-Wire Balanced System, RS-422

ENABLE ! l
i | /4 DS26C32
DATA Zo—| 2
/4 DS26C31 I |
1L ; 1
i |

DATA
OUTPUT

TL/F/8574-8
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National
Semiconductor

DS26F31C/DS26F31M
Quad High Speed Differential Line Driver

General Description Features

The DS26F31 is a quad differential line driver designed for M Low power version

digital data transmission over balanced lines. The DS26F31  m Output skew—2.0 ns typical

meets all the requirements of EIA Standard RS-422 and  m Input to output delay—12 ns
Federal Standard 1020. It is designed to provide unipolar g Operation from single +5.0V supply
differential drive to twisted-pair or parallel-wire transmission
lines.

The DS26F31 offers improved performance due to the use
of state-of-the-art L-FAST bipolar technology. The L-FAST
te.cvhpology allows for higher speeds and .Iower currents by m Output short circuit protection
utilizing extremely short gate delay times. Thus, the

DS26F31 features lower power, extended temperature = Complementar){ outputs

range, and improved specifications. m Meets the requirements of EIA standard RS-422
The circuit provides an enable and disable function common m High oytpyt dfwe capability for 10041 terminated
to all four drivers. The DS26F31C/DS26F31M features TRI- transmission lines

STATE® outputs and logical OR-ed complementary enable ™ Extended temperature range

inputs. The inputs are all LS compatible and are all one unit

load.

The DS26F31C/DS26F31M offers optimum performance

when used with the DS26F32 Quad Differential Line
Receiver.

B 16-lead ceramic and molded DIP Package
m Outputs won’t load line when Voo = 0V

| Four line drivers in one package for maximum package
density

Connection and Logic Diagrams
16-Lead Dual-In-Line Package

and SO-16 Package INPUT INPUT INPUT INPUT
ENABLE ENABLE D c B A
16
IN A — — Vce
2 15
ouT Al — — N D
3 14 .
OUT A2 —— |— out D1
4 13 | |
ENABLE —— —— OUT D2 GND Vg¢ DID2  C1C2  B1B2  AlA2
_ OUTPUTS
ouT B2 ENABLE TUFI9814-2
5 11 FIGURE 1. Logic Symbol
OUT Bt — f—e OUT C2
N B — 10 out ¢t Function Table (Each Driver)
8 [ Input Enable Outputs
GND ==t —INC Y Z
TL/F/9614-1 H H H L
Top View L H L H
Order Number DS26F31CJ or DS26F31MJ X L z z
See NS Package Number J16A*
Order Number DS26F31CN H = High Level X = Immaterial
See NS Package Number N16A L = Low Level Z = High Impedance (Off)

Order Number DS26F31CM
See NS Package Number M16A

*For most current package information contact product marketing.
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DS26F31C/DS26F31M

Absolute Maximum Ratings (Note 1) Operating Range
If Military/Aerospace specified devices are required, DS26F31C
contact the National Semiconductor Sales Office/ Temperature 0°Cto +70°C
Distributors for avallabllity and specifications. Supply Voltage 4.75V to 5.25V
Storage Temperature Range DS26F31M
Ceramic DIP —65°Cto +175°C Temperature —55°Cto +125°C
Molded DIP and SO Package —65°C to + 150°C Supply Voltage 4.5V to 5.5V
Lead Temperature
Ceramic DIP (Soldering, 60 sec.) 300°C
Molded DIP and SO-16
(Soldering, 10 sec.) 265°C
Maximum Power Dissipation* at 25°C
Cavity Package 1500 mwW
Molded Package 1040 mW
SO Package 960 mW
Supply Voltage 7.0V
Input Voltage 7.0V
Output Voltage 5.5V
*Derate cavity package 10 mW/°C above 25°C; derate molded DIP package
8.3 mW/°C above 25°C; derate SO package 7.7 mW°C above 25°C.
Electrical Characteristics over operating range, unless otherwise specified (Notes 2 & 3)
Symbol Parameter Conditions Min Typ Max Units
Vou Output Voltage HIGH Voo = Min, loy = —20 mA 2.5 3.2 \
VoL Output Voltage LOW Vco = Min, lop = 20 mA 0.32 0.5 \
ViH Input Voltage HIGH Vce = Min 2.0 \
ViL Input Voltage LOW Voo = Max 0.8 \')
L Input Current LOW Voo = Max, V| = 0.4V -0.10 —0.20 mA
IH Input Current HIGH Voo = Max, V) = 2.7V 0.5 20 pA
IR Input Reverse Current Vce = Max, V) = 7.0V 0.001 0.1 mA
loz Off State (High Impedance) Vce = Max Vo = 2.5V 0.5 20
Output Current rA
P Vo = 0.5V 0.5 —20
Vic Input Clamp Voltage Voe = Min, || = —18 mA —0.8 —1.5 \
los Qutput Short Circuit Veoc = Max (Note 4) —30 —60 —150 mA
lcox Supply Current Vcoc = Max, All Outputs Disabled 50 mA
lcc Ve = Max, All Outputs Enabled 40 mA
toLH Input to Output Voo = 5.0V, Tp = 25°C,
Load = Note 5 10 15 ns
tPHL Input to Output Voo = 5.0V, Ta = 25°C,
Load = Note 5 10 15 ns
SKEW Output to Output Voo = 5.0V, Tp = 25°C, 20 45 ns
Load = Note 5
tLz Enable to Output Ve = 5.0V, Ta = 25°C, 23 32 ns
C_ = 10pF
tHz Enable to Output Voo = 5.0V, Tp = 25°C, 15 25 ns
CL = 10pF
tzL Enable to Output Voo = 5.0V, Tp = 25°C,
Load = Note 5 20 30 ns
tzH Enable to Output Vee = 5.0V, Ta = 25°C,
Load = Note 5 23 32 ns

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS26F31M and across the O°C to +70°C range
for the DS26F31C. All typicals are given for Voc = 5V and Ty = 25°C.

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise

specified.

Note 4: Only one output at a time should be shorted.
Note 5: C_ = 30 pF, V| = 1.3V to Vo = 1.3V, Vpy se = OV to +3V (See AC Load Test Circuit for TRI-STATE Outputs).
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Test Circuit and Timing Waveforms

TEST

POINT Vee

St 1808 I
,[ RY

C :
(NOTE 4) :l: > 758 5
L o ~o—
TL/F/9614-3

FIGURE 2. AC Load Test Circuit for TRI-STATE Outputs

FROM OUTPUT
UNDER TEST

L

ENABLE DISABLE
ENABLE A
INPUT ov
OUTPUT ’
NORMALLY T 1Y

Low

v
N 15y
0.5v

TL/F/9614-5
FIGURE 4. Enable and Disable Times (Notes 2 and 3)

QUTPUT
NORMALLY
HIGH — v

Typical Application

1/4 DS26F31

v
INPUT /- \
TRANSITION 13V 13X ov
—=1tpLH tonL
Vou
out 1.3v
— VoL
_— Vou
out 1.3V
VoL
— toLy
TL/F/9614-4

FIGURE 3. Propagation Delay (Notes 1 and 3)

Note 1: Diagram shown for Enable Low. Switches $1 and S2 open.
Note 2: S1 and S2 of Load Circuit are closed except where shown.

Note 3: Pulse Generater for all Pulses: Rate < 1.0 MHz, Zg = 500, t, <
6.0ns, ¢ < 6.0 ns.

Note 4: C_includes probe and jig capacitance.

1/4 DS26F32
DATA RS DATA
IN T_i» out
1/4 DS26F32 1/4 DS26F32
L DATA DATA L
out =

- our

SHIELD OR COMMON GROUND RETURN

TL/F/9614-6

FIGURE 5. Typical Application
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DS26LS31C/DS26LS31M

National
Semiconductor

DS26LS31C/DS26L.S31M Quad High

Speed Differential Line Driver

General Description

The DS26L.S31 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.

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.

Features

m Output skew—2.0 ns typical

m [nput to output delay—10 ns

W Operation from single 5V supply

m 16-pin hermetic and molded DIP package

m Outputs won't load line when Voo = 0V

m Four line drivers in one package for maximum package
density

Output short-circuit protection

Complementary outputs

Meets the requirements of EIA Standard RS-422

Pin compatible with AM261.S31

Available in military and commercial temperature range
Glitch free power up/down

Logic and Connection Diagrams

ENABLE  ENABLE INPUT D INPUT € INPUT B INPUT A
GND Vee ourpur uumn ouwur oquur nuwur nurpur ouTRUT - OUTPUT
D2 01 2 ¢l B2 B1
TL/F/5778-1
Dual-In-Line Package
;‘ U 16
INPUT A 1T 5y
2] 15
CHANNEL A == INPUTD
ouTPUTS | _3| 14
]CHANNEL D
4
1 13 [ outpuTs
5 12
CHANNEL B ERRBLE
OUTPUTS | 6 1
5 ux
CHANNEL C
7
——1 10 [ ouTPuTS
8
GND— 2 iwput c

TL/F/5778-2

Top View
Order Number DS26LS31CJ, DS26LS31CM,
DS26L.S31CN or DS26LS31MJ
See NS Package Number J16A, M16A or N16A
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Absolute Maximum Ratings (ote 1) Operating Conditions N

It Military/Aerospace specified devices are required, Min Max Units o

contact the National Semiconductor Sales Office/ Supply Voltage, Vcc @

Distributors for availability and specifications. DS26LS31M 4.5 5.5 \ o)

Supply Voltage 7v . DS26LS31 ; 4,75 5.25 " a

emperature, Ta

Input Voltage M DS26LS31M —55 +125 °c 8

Output Voltage 5.5V DS26LS31 0 +70 °C I?_’

Output Voltage (Power OFF) —0.25to 6V 8

Maximum Power Dissipation* at 25°C =

Cavity Package 1509 mwW =
Molded DIP Package 1476 mW
SO Package 1051 mW

*Derate cavity package 10.1 mW/°C above 25°C; derate molded DIP pack-
age 11.9 mW/°C above 25°C; derate SO package 8.41 mW/°C above
25°C.

Electrical Characteristics (Notes2,3and 4)

Symbol Parameter Conditions Min Typ Max Units
VoH Output High Voltage loH = —20 mA 25 \
VoL Cutput Low Voltage loL = 20mA 0.5 \
ViH Input High Voltage 2.0 \
ViL Input Low Voltage 0.8 \
I Input Low Current ViN = 0.4V —40 —200 pA
i1 Input High Current VIN = 2.7V 20 pA
I Input Reverse Current VIN=T7V 0.1 mA
lo TRI-STATE Output Current Vo = 2.5V 20 nA
Vo = 0.5V -20 RA
VoL Input Clamp Voltage Iin = —18mA -1.5 \"
Isc Output Short-Circuit Current —30 —150 mA
lec Power Supply Current All Ou.tputs Disabled a5 60 mA
or Active

Switching Characteristics vec = 5v, 74 = 25°C

Symbol Parameter Conditions Min Typ Max Units
tPLH Input to Output CL = 30pF 10 15 ns
tPHL Input to Output CL = 30pF 10 15 ns
Skew Output to Output CL = 30 pF 20 6.0 ns
tLz Enable to Output CL = 10 pF, S2 Open 15 35 ns
thz Enable to Output CL = 10 pF, S1 Open 15 25 ns
tzL Enable to Output CL = 30 pF, S2 Open 20 30 ns
] Enable to Output CL = 30 pF, S1 Open 20 30 ns

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics™ provide conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to +125°C temperature range for the DS726LS31M and across the 0°C to +70°C
range for the DS26L.S31. All typicals are given for Vcc = 5V and Tp = 25°C.

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified.
Note 4: Only one output at a time should be shorted.




DS26LS31C/DS26LS31M

AC Test Circuit and Switching Time Waveforms

TEST
POINT Vee
FROM QUTPUT .__0{ by
UNDER TEST
<b
Cy (INCLUDES P &L
PROBE AND JIG >
CAPACITANCE) 1
_—o}o_]-

Note: S1 and S2 of load circuit are closed except where shown.

FIGURE 1. AC Test Circuit

TL/F/5778-3

v ' ENABLE DISABLE
INPUT
/i \ enasLE input 3 . \
w \
—= f=toLn tPHL ov
t2L
ouTPUT 13v
tpLz 0.5V
o ouTPUT v PLz .
S $2 OPEN :
VoL VT
OUTPUT 1av Vou
QUTPUT
tPHL— tPLH $10PEN 13V tpHz N
TL/F/5778-4 tzH )

{=1MHz, t, < 15ns, t; < 6ns

FIGURE 2. Propagation Delays TL/F/5778-5
f=1MHz, t; <15ns, ; <6 ns

FIGURE 3. Enable and Disable Times

Typical Applications

Two-Wire Balanced System, RS-422

ENABLE ! | R
i | 1/4 DS261532
I HHE
1/4 DS261831 !
|
|

—
|
|
|

TL/F/5778-6
*Ry is optional although highly recommended to reduce reflection.
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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.

Features

Low power CMOS design

+0.2V sensitivily 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 Voo = 0V

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

Logic Diagram

ENABLE  ENABLE IND2 IND1

IN C2

[

INA2 INA1

[ ]

INCT  INB2 INB1
F

F = o
v 7 7
GND vee OUTPUT D OUTPUTC OUTPUT B OUTPUT A
TL/F/8764~1
Connection Diagram Truth Table
Dual-In-Line Package ENABLE | ENABLE Input Output
. (W " 0 1 X Hi-z
- — Vce
INPUTSA{ 2| 15 See Vip = VT4 (Max) 1
\ %{ 3 ] INPUTS B Note Below Vip < VTH (Min) 0
OUTPUT A — - Open 1
ENABLE — Y. outeur B Hi-Z = TRI-STATE ,
5 12 Note: Input conditions may be any combination not defined for ENABLE and
ouTPUTC L ENABLE ENABLE.
S, 1 guteuto
INPUTS C [ R 10, For complete specifications
. ﬁ \ ] INPUTS D see the Interface Databook.
GND —— H—

TL/F/8764-2
Top View

Order Number DS26C32CJ, DS26C32CM,
DS26C32CN, DS26C32MJ or DS26C32MN
See NS Package J16A, M16A or N16A
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DS26C32C

Absolute Maximum Ratings (otes 1&2)

Operating Conditions

If Military/Aerospace specified devices are required, Min Max Units
contact the National . §ernlconductor Sales Office/ Supply Voltage (Vo) 475 5.25 Vv
Distributors for availability and specifications. Operating Temperature Range (Ta) —40  +85 e
Supply Voltage (Vcc) I Enable Input Rise or Fall Times 500  ns
Common Mode Range (Vgwm) 14V
Differential Input Voltage (VpirF) +14V
Enable Input Voitage (V) N
Storage Temperature Range (Tstg) —65°Cto +150°C
Lead Temperature (Soldering 4 sec.) 260°C
Maximum Current Per Qutput +25mA
DC Electrical Characteristics v = 5V £5% (unless otherwise specified) (Note 3)
Symbol Parameter Conditions Min Typ Max Units
VTH Minimum Differential Vout = VoH or VoL _
Input Voltage —-7V <Vpgm < +7V 02 +0.2 v
Rin Input Resistance -7V <Vgm < +7V 10 KkQ
(One Input AC GND)
N Input Current Vin = +10V, Other Input = GND 141 mA
{Under Test) Vin = —10V, Other Input = GND +1.6 mA
Von Minimum High Level Vee = Min, Vpjpp = +1V
Output Voltage louT = —6.0 MA 3.84 4.2 v
VoL Maximum Low Level Vce = Max, Vppg = + 1V
Output Voltage loyT = 6.0 MA 02 0.33 v
VIH Minimum Enable High 20 v
Input Level Voltage ’
ViL Maximum Enable Low 08 v
Input Level Voltage ’
loz Maximum TRI-STATE Vout = Vec or GND,
Output Leakage Current ENABLE = V|, +0.5 +5.0 KA
ENABLE = V|y
I Maximum Enable Input VIN = Vo or GND £1.0 pA
Current
lcc Quiescent Power Vee = Max, 12 mA
Supply Current Vpirr = +1V
VHysT Input Hysteresis 50 mV
AC Electrical Characteristics vcc = 5v £5% (Note 9)
Symbol Parameter Conditions Min Typ Max Units
tpLH, Propagation Delay CL = 50 pF 20 ns
tPHL Input to Qutput Vpirg = 2.5V
tp 7, Propagation Delay CL = 50 pF
tPHZ ENABLE to Output RL = 10000 12 ns
VpIrr = 2.5V
tpzL, Propagation Delay CL = 50 pF
tpzH ENABLE to Output Rp = 10000 14 ns
Vpirr = 2.5V

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur.

Note 2: Unless otherwise specified, all voltages are referenced to ground.
Note 3: Unless otherwise specified, Min/Max limits apply across the —40°C to +85°C temperature range. All typicals are given for Vg = 5V and T4 = 25°C.
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Test and Switching Waveforms

Propagation Delay Test Circuit for TRI-STATE
Output Tests
/ \ Vo
OUTPUT 50% Voo
—ﬂ‘ PVOL . o]_
tPLH tpHL
2.5 V¢ INPUT O—
V- INPUT ov DEVICE
V4 =0V INPUT \ / 28y V= INPUTO——]  UNDER
g TesT
TL/F/8764-3 I
L
L L

TL/F/8764-4

C_ includes load and test jig capacitance.
S§1 = V¢ for tpz(, and tp z measurements.

S1 = Gnd for tpzy and tpyz measurements.

TRI-STATE Output Enable and Disable Waveforms
b

ouTPUT
CONTROL
(LOW ENABLING)

pzH

OUTPUT

TL/F/8764-5
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DS26F32C/DS26F32M

National |
Semiconductor

DS26F32C/DS26F32M
Quad Differential Line Receiver
General Description Features

The DS26F32 is a quad differential line receiver designedto W Low power version
meet the requirements of EIA Standards RS-422 and RS- W Input voltage range of +7.0V (differential or common

423, and Federal Standards 1020 and 1030 for balanced mode) 0.2V sensitivity over the input voltage range
and unbalanced digital data transmission. m Meets all the requirements of EIA standards RS-422
The DS26F32 offers improved performance due to the use and RS-423

of state-of-the-art L-FAST bipolar technology. The L-FAST  m Input impedance (18k typical)
technology allows for higher speeds and lower currents by w30 mV input hysteresis

utilizing extremely short gate delay times. Thus, the @ QOperation from single +5.0V supply
]

DS26F32 features lower power, extended temperature Fail-safe input/output relationship. Output always high
range, and improved specifications. when inputs are open

The device features an input sensitivity of 200 mV over the g TRI.STATE drive, with choice of complementary output
input range of +7.0V. The DS26F32 provides an enable enables, for receiving directly onto a data bus

function common to all four receivers and TRI-STATE® out-
puts with 8.0 mA sink capability. Also, a fail-safe input/out-
put relationship keeps the outputs high when the inputs are
open.

The DS26F32 offers optimum performance when used with
the DS26F31 Quad Differential Line Driver.

m Propagation delay 15 ns typical
m Advanced low power Schottky processing
m Extended temperature range

Connection Diagram Function Table (gach Receiver)
16-Lead DIP and SO-16 Package Differential Inputs Enables Outputs
1 U 16 A-B E E \
=IN A — Ve
Vip 2 0.2V H X H
X L H
2 15
+IN A —] ~IN B Vip £ —0.2V H X L
X L L
14 X L H z
oUT A —— — +IN B
H = High Level
L = Low Level
. X = Immaterial
ENABLE =1 [— ouT B
Order Number DS26F32CJ or DS26F32MJ
oUT € — 12 o See NS Package Number* J16A
Order Number DS26F32CM
" See NS Package Number M16A
+IN ¢ —] b ouT D
Order Number DS26F32CN
See NS Package Number N16A
-NC _10_ +IND *For most current package information contact product marketing.
8 9
GND —— =IN D
TL/F/9615-1

Top View
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Absolute Maximum Ratings (vote 1) N
If Military/Aerospace specified devices are required, Supply Voltage 7.0V 3
gti)ntact the Natlonal Semiconductor Sales Office/ Common Mode Voltage Range +25V 8
Ststribu:_cns for atwall:bllity and specifications. Differential Input Voltage £25V B
orage Temperature Range
Ceramic DIP —65°Cto + 175°C Enable Voltage v @
Molded DIP and SO-16 —65°Cto + 150°C Output Sink Current 50 mA =]
Operating Temperature Range . %
DS26F32M —55°Co +125°C Operating Range N
DS26F32C 0°Cto +70°C DS26F32C
Lead Temperature Temperature 0°Cto +70°C
Ceramic DIP (soldering, 60 sec) 300°C Supply Voltage 4.75Vt0 5.28V
Molded DIP and SO-16 DS26F32M
(soldering, 10 sec) 265°C Temperature —55°Cto +125°C
Maximum Power Dissipation* at 25°C Supply Voltage 4.5Vto5.5v
Cavity Package 1500 mW
Molded Package 1040 mW
SO Package 960 mW
*Derate cavity package 10 mW/°C above 25°C; derate molded DIP package
8.3 mW/°C above 25°C; derate SO package 7.7 mW°C above 25°C.
Electrical Characteristics over operating range, unless otherwise specified (Notes 2 and 3)
Symbol Parameter Conditions Min Typ Max Units
VTH Differential Input Voltage —7.0V < Vpom < +7.0V, o2 +0.06 102 v
Vo = Vo or VoH
R Input Resistance —-15V < Vgm < +15V,
One Input AC Ground 4 18 ka
Iy Input Current (under Test) Vi = +15V, 23
Other Input —15V <V, £ +15V ’
mA
V= —15V, _og
Other Input —15V < V| < +15V ’
VoH Output Voltage HIGH Vce = Min, 0°Cto +70°C 28 34
AV = +1.0V, : - v
VENABLE = 0.8V, | _ggec 1o +125°C
loH = —440 pA 25 3.4
VoL Output Voltage LOW Vee = Min, loL = 4.0mA 0.4
AV = —1.0V _ \
’ loL = 8.0mA 0.45
VENABLE = 0.8V
ViL Enable Voltage LOW 0.8 \
VIH Enable Voltage HIGH 2.0 \
Vic Enable Clamp Voltage Veoc = Min, I = —18 mA -1.5 \
loz Off State (High Impedance) Ve = Max Vo = 2.4V 20 wA
Output Current Vo = 0.4V 20
i Enable Current LOW V| = 0.4V -0.2 —0.36 mA
v Enable Current HIGH V=27V 0.5 10 HA
I Enable Input High Current V| = 55V 1.0 50 MA
los Output Short Circuit Current Vo = 0V, Vg = Max, (Note 4) _ _ _
AV, = +1.0V 15 50 85 mA
Icc Supply Current Vce = Max, AllVp = GND,
Outputs Disabled 30 50 mA
VHYST Input Hysteresis Ta = 25°C, Vgc = 5.0V, Vom = OV 30 mvV




DS26F32C/DS26F32M

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics" provide conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS26F32M and across the 0°C to +70°C range
for the DS26F32C. All typicals are given for Voc = 5V and Tp = 25°C.

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are reference to ground unless otherwise
specified.

Note 4: Only one output at a time should be shorted.

Switching Characteristics

Symbol Parameter Conditions Min Typ Max Units

tpLH Input to Output Ta = 25°C, Vgg = 5.0V, 15 22 ns
CL = 15 pF, See Test Circuit (Figure 2)

tPHL Input to Output Ta = 25°C, Vgg = 5.0V, 15 20 ns
CL = 15 pF, See Test Circuit (Figure 2)

tz Enable to Output Ta = 25°C, Vg = 5.0V, 14 18 ns
C_ = 15 pF, See Test Circuit (Figure 2)

tHz Enable to Output Ta = 25°C, Voo = 5.0V, 15 20 ns
C = 15 pF, See Test Circuit (Figure 2)

tzL Enable to Output Ta = 25°C, Vo = 5.0V, 13 18 ns
Cy = 15 pF, See Test Circuit (Figure 2)

tzH Enable to Output Ta = 25°C, Vg = 5.0V, 12 16 ns
C_ = 15 pF, See Test Circuit (Figure 2)

INPUTS

ENABLE  ENABLE D2 D1 [y B2 Bt A2 A

V NV VY

GND Vee OUTPUT OUTPUT OUTPUT OUTPUT

D c B A
TL/F/9616-2
FIGURE 1. Logic Symbol
TEST
POINT Vee ouT
l St 2k
FROM OUTPUT !
UNDER TEST
OPPOSITE +2.5V
o S R PHASE ooV
o 5ka (NOTE 4) INPUT -
(NOTE 5) l TRANSITION 2.5V
TL/F/9615-4
= o5o—
TL/F/9615-3
FIGURE 2. Load Test Circuit for Three-State Outputs FIGURE 3. Propagation Delay (Notes 1, 2 and 3)

1-42




O
[72]
>
ENABLE v o
INPUT ov Note 1: Diagram shown for ENABLE Low. 3
0.5V Note 2: S1 and S2 of Load Circuit are closed except where shown. a
OUTPUT ’ Note 3: Pulse Generator of all Pulses: Rate < 1.0 MHz, Zo = 500, t; <
NORMALLY =~ 6.0ns, 1 < 6.0 ns. @
Low B VoL Note 4 All diodes are IN916 or IN3064. =4
le— Note 5: C__includes probe and jig capacitance. %
OUTPUT —t vy =
NORMALLY .
HIGH — ov —F— ~tsv

0.5v
TL/F/8615-5
FIGURE 4. Enable and Disable Times (Notes 1, 2 and 3)

Typical Application

1/4 DS26F31

1/4 DS26F32

DATA DATA
IN frg out
1/4 DS26F32 1/4 DS26F32
DATA DATA L
ouT out =

SHIELD OR COMMON GROUND RETURN
TL/F/9615-6
FIGURE 5
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DS26LS32C/DS26LS32M/DS26LS32AC/DS26LS33C/DS26LS33M/DS26LS33AC

National
Semiconductor

DS26LS32C/DS26LS32M/DS26LS32AC/DS26LS33C/
DS26LS33M/DS26LS33AC Quad Differential Line

Receivers

General Description

The DS26L.832 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

Features

m High differential or common-mode input voltage ranges
of £7V on the DS261.832 and DS26LS32A and *+15V
on the DS261.S33 and DS26LS33A

m £0.2V sensitivity over the input voltage range on the
DS26LS32 and DS26LS32A, 0.5V sensitivity on the
DS26L.S33 and DS26LS33A

® Input fail-safe circuitry on
DS26LS33A

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

| 6k minimum input impedance

® 100 mV input hysteresis on the DS26LS32 and
DS26LS32A, 200 mV on the DS26LS33 and
DS26LS33A

m Operation from a single 5V supply

m TRI-STATE drive, with choice of complementary output
enables for receiving directly onto a data bus

the DS26LS32A and

full military and commerical operating temperature ranges. m Pin replacement for Advanced Micro Devices
AM26LS32
Logic Diagram
ENABLE  ENABLE INDZ IND1 INCZ INC1 INB2 INB1 INA2 INA1
Géﬂ Véc OUTéuT '] OU'ILUT 4 0U1LUT B OUTUT A
TL/F/5255-1
Connection Diagram Truth Table
Dual-In-Line Package ENABLE ENABLE Input Output
y 1 1 X Hi-Z
INPUTS A =
[‘Z oo Vip > Vry (Mo |
oomora Note Below Vip € V14 (Min) 0
ENABLE —
s Open 1*
ouTPUT

TL/F/5265-2

Top View

HI-Z = TRI-STATE
*DS26LS32A and DS26LS33A only

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

Order Number DS26LS32MJ, DS26LS32CJ,
DS26LS32CM, DS26LS32CN, DS26LS32ACJ,
DS26LS32ACN, DS26LS32ACM, DS26LS33MJ,
DS26LS33CJ, DS26L.S33CN, DS26LS33ACJ
or DS26LS33ACN
See NS Package Number J16A, M16A or N16A
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage v
Common-Mode Range +25V
Differential Input Voltage +25V
Enable Voltage v
Output Sink Current 50 mA

Maximum Power Dissipation* at 25°C
Cavity Package 1433 mW
Molded Dip Package 1362 mW
SO Package DS26LS32 1002 mW
DS26LS232A 1051 mwW

*Derate cavity package 9.6 mW/°C above 25°C; derate molded DIP package

10.9 mW/°C above 25°C.

Derate SO Package 8.01 mW/°C for DS26L.532
8.41 mW/°C for DS26LS32A

Storage Temperature Range

—65°Cto +165°C

Lead Temperature (Soldering, 4 seconds)

Operating Conditions

Min

Supply Voltage, (Vco)
DS26LS32M, DS26LS33M
(MIL)

DS26LS32C, DS26L.S33C
DS26LS32AC, DS26LS33AC
(COML)

Temperature, (Ta)
DS26LS32M, DS26LS33M
(MIL)

DS26L.832C, DS26LS33C
DS26LS32AC, DS26LS33AC
(COML)

4.5

4.75

-55

0

Max

5.5

5.25

+125

+70

260°C

Units

v

v

°C

°C

Electrical Characteristics over the operating temperature range unless otherwise specified (Notes 2, 3 and 4)

Symbol Parameter Conditions Min Typ Max | Units
VTH Differential Input VouT = Vo | DS26LS32, DS26LS32A, —~7V < Vg < +7V | —0.2| 007 | 0.2 v
Voltage orVoL DS26LS33, DS26LS33A, —15V < Vgm +15V | —0.5| £0.14| 05 | V
RiN Input Resistance —15V < Vgopm £ + 15V (One Input AC GND) 6.0 8.5 kQ
N Input Current (Under | Vi = 15V, Other Input —15V < V|y < +15V 2.3 mA
Test) ViN = —15V, Other Input — 15V < Vjy < +15V -28 | mA
VoH Output High Voltage | Voo = MIN, AV|N = 1V, Commercial 2.7 42 v
VENABLE = 0.8V, lpH = —440 pA Military 25 4.2 v
VoL Output Low Voltage | Voo = Min, AV)y = —1V, loL = 4 mA 0.4 \
VENABLE = 0.8V loL = 8mA 045 | Vv
ViL Enable Low Voltage 0.8 v
VIH Enable High Voltage 2.0 \
\ Enable Clamp Ve = Min, iy = —18 mA 15 v
Voltage
lo OFF-State (High Vee = Max Vo = 2.4V 20 HA
Impedance) Output
Current Vo = 0.4V —20 | pA
I Enable Low Current | Viy = 0.4V —0.36 | mA
IH Enable High Current | V|y = 2.7V 20 RA
Isc Output Short-Circuit | Vg = 0V, Voo = Max, AV|y = 1V 15 -85 mA
Current
Icc Power Supply Vce = Max, All Viy = GND, DS261.S32, DS26LS32A 52 70 mA
Current Outputs Disabled DS26L533, DS26LS33A 57 | 80 | mA
Iy Input High Current VIN = 5.5V 100 pA
VHysT | Input Hysteresis Ta = 25°C, Voo = 5V, DS26LS32, DS26S32A 100 mV
Vem = OV DS26LS33, DS26LS33A 200 mv

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation.

Note 2: All currents into device pins are shown as positive, all currents out of device pins are shown as negative, all voltages are referenced to ground, unless
otherwise specified. All values shown as max or min are so classified on absolute value basis.

Note 3: All typical values are Vgg = 5V, Ta = 25°C.
Note 4: Only one output at a time should be shorted.
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DS26LS32C/DS26LS32M/DS26LS32AC/DS26L.S33C/DS26LS33M/DS26LS33AC

Switching Characteristics v = sv, 74 = 25:C

Symbol Parameter Conditions DS26LS32/DS26LS33 DS26LS32A/DS26LS33A Units
Min Typ Max Min Typ Max
teLn Input to Output CL=15pF 17 25 23 35 ns
tPHL 17 25 23 35 ns
tLz ENABLE to Output | C_ = 5pF 20 30 15 22 ns
thz 15 22 20 25 ns
tzL ENABLE to Output | C_ = 15pF 15 22 14 22 ns
tzH 15 22 15 22 ns

AC Test Circuit and Switching Time Waveforms
Load Test Circuit for TRI-STATE Outputs

FROM OUTPUT
UNDER TEST —i—
>
€1 INCLUDES &
PROBE AND JIG b4l
CAPACITANCE I

TEST
POINT

1l 1l

ALL DIUDES
AB0
= 183064

Propagation Delay (Notes 1 and 3)

vee

TL/F/5255-3

Enable and Disable Times (Notes 2 and 3)

Vou w —7—1
ENABLE
ouTRUT . ABLE uvj 13v %
oL 4
PHL w ey —| ZL -—-—-tuuv
. TPUT
oPPOSITE PHASE NORMALLY ﬁﬂm(uv P
INPUT TRARSITION ow VoL
-2.5V 24 2. ‘ Q
TUF/s2ss-4 ety
Note 1: Diagram shown for ENABLE low. HiGH gy SLOPEN7 W
Note 2: S1 and S2 of load circuit are closed TL/F/5255-5
except where shown.
Note 3: Pulse generator for all pulses: Rate < 1.0
MHz; Zg = 50Q; t; < 15 ns; t < 6.0 ns.
Typical Applications
Two-Wire Balanced Systems, RS-422
ENABLE ! I
i | 1/4 DS26LS32A
Z Z,
] e S
1/4 DS26LS31 ! !
- ! i =
TL/F/5255-6
Single Wire with Common Ground Unbalanced Systems, RS-423
1/4 053691 | |
DATA J— 1/4 DS26LSI2A
zo—] |2, DATA
} OUTPUT
< 1 |
GROUND RETURN COMMON

T0 SEVERAL SIGNAL WIRES

TL/F/5256-7
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National PRELIMINARY
Semiconductor

DS34C86 Quad CMOS Differential Line Receiver

General Description Features

The DS34C86 is a quad differential line receiver designedto M Low power CMOS design

meet the RS-422, RS-423, and Federal Standards 1020 and  ® +0.2V sensitivity over the entire common mode range
1030 for balanced and unbalanced digital data transmis-  m Typical propagation delays: 20 ns

sion, while retaining the low power characteristics of CMOS.  w Typical input hysteresis: 50 mV

The DS34C86 has an input sensitivity of 200 mV over the  m Inputs won't load line when Vgg = 0V

common mode input voltage range of +£7V. Hysteresis is  m Meats the requirements of EIA standard RS-422
provided to improve noise margin and discourage output g TRI.STATE outputs for connection to system buses
instability for slowly changing input waveforms.

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

INA2 IN AT INC2 INC! ENABLE ENABLE INB2 INB1 IND2 IN DI

GéD V{c 0UTP6UT A 0UTP$UT c 0UTP$UT B OUTUT D

TL/F/8699-1

Connection Diagram
Dual-In-Line Package

~ 16
! — Vee
\ =115
1
NWBA[ ) T
INPUTS B
+ AT "
3 +
OUTPUT A —
13
TRI-STATE 4 { — ouTPUT B
CONTROL A/C —"‘I >—‘
/ 4 (::] 12 TRI-STATE
5 -
OUTPUT € —— CONTROL B/D
11
6]+ — OUTPUT D
mwmc[ 5 i +]10
i . ]mwmn
8
GND — ____f
TL/F/8699-2
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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DS34C86

Absolute Maximum Ratings (Notes 12 2)

Operating Conditions

If Military/Aerospace specified devices are required, Min Max Unit
c?ntﬁct the Natiopal .Semiconducu?r §ales Office/ Supply Voltage (Vcg) 475 525 V
Distributors for availability and specifications. Operating Temperature Range (Ta) —40 +85 °C
Supply Voitage (Vcc) v Enable Input Rise or Fall Times 500 ns
Common Mode Range (Vgm) +14V
Differential Input Voltage (Vprr) +14V
Enable Input Voltage (Vi) %
Storage Temperature Range (Tstg) —65°C to +150°C
Lead Temperature (Soldering 10 sec) 260°C
Current Per Output +25mA
DC Electrical CharacteristiCs vcc = 5v 5% (unless otherwise specified) (Note 3)
Symbol Parameter Conditions Min Typ Max Units
VTH Minimum Differential Vout = VoH or VoL
—0. +0.
Input Voltage —7V<Vom < +7V 0.2 0.2 v
RN Input Resistance —7V<Vpm < +7V 10 KO
(One Input AC GND)
N Input Current ViN = +10V, Other Input = GND +1.1 mA
(Under Test) ViN = —10V, Other Input = GND -1.6 mA
VoH Minimum High Level Ve = Min, Vipirpy = +1V 384 42 v
Output Voltage lour = —6.0mA
VoL Maximum Low Level Vee = Max., Vpirp) = +1V 0.2 0.33 v
Output Voltage lout = 6.0mA
ViH Minimum Enable High 20 v
Input Level Voltage :
ViL Maximum Enable Low 08 v
Input Level Voltage ’
loz Maximum TRI-STATE Vout = Vcg or GND,
Output Leakage Current TRI-STATE Control = V) +0.5 +5.0 pA
I Maximum Enable Input ViN = Vgc or GND £1.0 BA
Current
lcc Quiescent Power Vee = Max, Vpgp) = +1V 12 mA
Supply Current
VHyYsT Input Hysteresis 50 mV
AC Electrical Characteristics vcc = 5v +5% (unless otherwise specified) (Note 3)
Symbol Parameter Conditions Min Typ Max Units
tPLH, Propagation Delay Cp = 50 pF 20 ns
tPHL Input to Output Vpirr = 2.5V
tpLz, Propagation Delay CL = 50 pF
tpHZ TRI-STATE Control RL = 10000 12 ns
to Output VpFr = 2.5V
tpzL, Propagation Delay CL = 50pF
tpzH TRI-STATE Control Ry = 10000 14 ns
to Output VpiFg = 2.5V

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur.

Note 2: Unless otherwise specified, all voltages are referenced to ground.

Note 3: Unless otherwise specified, Min/Max limits apply across the —40°C to +85°C temperature range.

All typicals are given for Vog = 5V and Tp = 25°C.
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Propagation Delay

__ VoH
OUTPUT y- N 50%
v,
tpLH tPHL oL
ve +2.5V
LY A ov
INPUT 2asv
V+ =0V
INPUT

TL/F/8699-3

Test Circuit for TRI-STATE Output Tests

Yee
0 s
¢———-o0\ O
R
v+ INPUTO—]  DEVICE
V= INPUTO—] UNDER
TEST o
T I

TL/F/8699-4
Cy_Includes load and test jig capacitance.

81 = V¢ for tpz(, and tp z measurements.
S1 = GND for tpzy, and tpz measurements.

TRI-STATE Output Enable and Disable Waveforms

OUTPUT CONTROL
(HIGH ENABLING)

t
r
~ F— 3.0V
1,% 807%

OUTPUT

OUTPUT

flioz GND

~— tpzL —| Vou
50% v

—— tpzu Vz:

50% Vo

TL/F/8699-5

982v¢£sd
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DS35F86/DS34F86

National
Semiconductor

DS35F86/DS34F86 .
RS-422/RS-423 Quad Line R
with TRI-STATE® Outputs

General Description

The DS34F86/DS35F86 RS-422/3 Quad Receiver features
four independent receivers, 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 control
lead reaches a logic zero condition. A PNP device buffers
each output control lead to assure minimum loading for ei-
ther 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.

The DS34F86/DS35F86 offers improved performance due
to the use of state-of-the-art L-FAST bipolar technology.
The L-FAST technology allows for higher speeds and lower
currents by utilizing extremely short gate delay times. Thus,
the DS34F86/DS35F86 features lower power, extended
temperature range, and improved specifications.

eceiver

The DS34F86/DS35F86 offers optimum performance when
used with the DS34F87/DS35F87 Quad Line Driver.

Features

® Low power version

m Four independent receiver chains

m TRI-STATE outputs

| High impedance output control inputs

m Fast propagation times 15 ns typical

B TTL compatible

m Single 5.0V supply voltage

| Output rise and fall times less than 20 ns

m Lead compatible and interchangeable with MC3486 and
DS3486

m Extended temperature range

Connection Diagram

16-Lead DIP and SO-16 Package

a7 sy
nn{ 2P| e
INB
OUTA = ﬁ-}
TRI-STATE _4 13
CONTROL A/c—‘D" 12?:21“5
oute 5 '_G_FCONTROL B/D
—hns ouTD
weq 717217 Lo
IND
oND =] 9—}
TL/F/9616-1

Top View

Order Number DS34F86J or DS35F86J
See NS Package Number J16A*

Order Number DS34F86M
See NS Package Number M16A

Order Number DS34F86N
See NS Package Number N16A

*For most current package information contact product marketing.

DIFFERENTIAL TRI- STATE
INPUTS CONTROL INPUT ouTPUT
oG £ y
INPUT
NETWORK
LEVEL
AMPLIFIER HYSTERESIS TRANSLATOR
LEVEL
TRANSLATOR
AMPLIFIER

TL/F/9616-2
FIGURE 1. Block Diagram

Function Table Each Receiver)

Differential Inputs Enable Output
AB E Y
Vip £ 0.2V H H
Vip < —0.2V H L
X L z
High Level

ow Level

H
L= L
Z = High Impedance (off)
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
contact the Nationa! Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature Range
Ceramic DIP
Molded DIP and SO-16

—65°Cto +175°C
—65°Cto +150°C

Input Voltage 8.0V
Input Common Mode Voltage 15V
Input Differential Voltage +25V

*Derate cavity package 10 mW/°C above 25°C; derate molded DIP package
8.3 mW/°C above 25°C; derate SO package 7.7 mW°C above 25°C.

Operating Temperature Range Oper ating Conditions
DS35F86 —55°Cto +125°C DS34F86
DS34F86 0°Cto +70°C Temperature 0°Cto +70°C
Lead Temperature Supply Voltage 4.75V to 5.25V
Ceramic DIP (soldering, 60 seconds) 300°C DS35F86
Molded DIP and SO-16 (soldering, 10 seconds) ~ 265°C Temperature —55°C to +125°C
Maximum Power Dissipation* at 25°C Supply Voitage 4.5Vto 5.5V
Cavity Package 1500 mW Input Common Mode Voltage Range —7.0Vto +7.0V
Molded Package 1040 mW \nput Diff tial Volt A ~
SO Package 960 mW nput Differential Voltage Range
Supply Voltage 8.0v
Electrical Characteristics over operating range, unless otherwise specified (Notes 2 & 3)
Symbol Parameter Conditions Min Typ Max Units
VIH Input Voltage HIGH 2 \
ViL Input Voltage LOW 0.8 \
VTH(D) Differential Input Threshold -7V Vg7V, Vo = VoH 0.2 v
Voltage (Note 6) ViH=2V Vo = VoL —02
Iis Input Bias Current Vce = 0Vor5.25V, V= —10V —3.25
Other inputs at 0V V= -3V —1.50
mA
V= +3V +1.50
V)= +10V +3.25
VoH Output Voltage HIGH -7V<Vom 7V 0°Cto +70°C 28
(Note 5) Vi = 2V, ' v
lo = —0.4mA, ~55C to +125°C
Vip = 0.4V 25
VoL Output Voltage LOW —-7V<Vem <7V, lo = 8mA, 05 v
ViH =2V Vip = 0.4V ’
loz Off State (High Impedance) Vip) = +3V, V. = 0.8V, 10
Output Current Vo = 0.5V
nA
Viip) = —3V, Vi = 0.8V, 10
Vo = 2.7V
los Output Short Circuit Vipy = +3V,Vip = 2V, _ _
Current (Note 4) Vo =0V 15 100 mA
L Input Current LOW VL= 0.5V _
(TRI-STATE Control) 100 HA
i1 Input Current HIGH Vi = 27V 20 LA
(TRI-STATE Control) Vi = 5.25V 40
Vic Input Clamp Diode Voltage lic = —10mA 15 v
(TRI-STATE Control) ’
Icc Supply Current ViL =0V 50 mA
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DS35F86/DS34F86

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics™ provide conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS35F86 and across the 0°C to +70°C range for
the DS34F86. All typicals are given for Voo = 5V and Tp = 25°C.

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are reference to ground unless otherwise

specified.

Note 4: Only one output at a time should be shorted.

Note 5: Refer to EIA RS-422/3 for exact conditions. Input balance and Von/Vo levels are tested simultaneously for worse case. .

Note 6: Differential input threshold voltage and guaranteed output levels are tested simultaneously for worse case.

Switching Characteristics v = 5v, Ta = 25°C (Figures 2 & 3)

+1.5v

TRI=STATE
CONTROL

+2.0v

TL/F/9616-3

Typ
Symbol Parameter Conditions Min (Note 1) Max Units
tPHL(D) Propagation Delay Time Output HIGH to LOW 15 22 ns
Differential Inputs
I¢ Output LOW to HIGH
PLH(D) to Outputs p 15 22 ns
Lz Propagation Delay Time Output LOW to TRI-STATE 14 18 ns
thz Controls to Outputs Output HIGH to TRI-STATE 15 20 ns
tzH Output TRI-STATE to HIGH 12 16 ns
t7L Output TRI-STATE to LOW 13 18 ns
Parameter Measurement Information
70 SCOPE 10 SCOPE 3.0V
(le P " (ouPun INPUT 1.5V 1.5V
ov
DIFFERENTIAL 4 4
PULSE PLH(D) I‘- PLH(D)
GENERATOR Sson VS v
(Note 1) CL=15pF OH
L (Note 2) OUTPUT 1.3V 1.3v

VoL

FIGURE 2. Propagation Delay Differential Input to Output

oy
TL/F/9616-4




Parameter Measurement Information (continued)

T0 SCOPE 10 SCOPE
(INPUT)  TRi= STATE (outPuT)
CONTROL

+1.5V for t,,7 and tzy
= 1.5V for {7 and t5

DIFFERENTIAL

INPUTS €L=15pF

(No\e 2) (Noto 3)

R sw2
X

FIGURE 3. Propagation Delay TRI-STATE Control Input to Output

3.0V 3.0V
IN 1.5V 1.5V 3 15 15V %
ov ov

t,
LZ SW1 CLOSED F=t4z sw1 cLosED
SW2 CLOSED ~ 13V SW2 CLOSED v
ot . \{ o5v o
0.5V VoL \_ ~1.3V

ov

TL/F/9616~5

r ov
t
'z 3.0v n 3.0V
IN 1.5V 1.5V % IN Sk 1.5V 1.5V %
ov
-] e S ot Ly W1 Lo
SW2 CLOSED r_ SW2 OPEN
Vou - ~5.0V=Vgp
out s /
V0L
TL/F/9616-6

FIGURE 3a TL/F/9616-7

FIGURE 3b

Note 1: The input pulse is supplied by a generator having the following characteristics: PRR = 1.0 MHz, 50% duty cycle, ty y = tyHL = 6.0 ns (10% to 90%),
20 = 500,

Note 2: C_ includes probe and jig capacitance.
Note 3: All diodes are IN916 or equivalent.
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DS3486

National
Semiconductor

DS3486 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.

Features

m Four independent receiver chains

m TRI-STATE outputs

® High impedance output control inputs (PIA compatible)
m Internal hysteresis —140 mV (typ)

W Fast propagation times —18 ns (typ)

u TTL compatible

m Single 5V supply voltage

m Pin compatible and interchangeable with MC3486

Block and Connection Diagrams

. TRISTATE®
D'",,EEU}“: 1AL CONTROL
— INPUT OUTPUT
INPUT
NETWORK
\/ AMPLIFIER
LEVEL
HYSTERESIS TRANSLATOR
LEVEL e
TRANSLATOR
AMPLIFIER
TL/F/5779-1
Dual-In-Line Package
1 U 16
— b~ Vce
INPUTS A [ 2] % -
3 . ] INPUTS B
OUTPUT A —
TRI-STATE _ 4] D 13
CONTROL A/C OUTPUT B
5 12 TRISTATE
ouTPUT C "G‘ = CONTROL B/D
S, 1L guteuto
weutSC{ ]j? 10
. LR
g 1o ] INPUTS D

TL/F/5779-2

Top View

Order Number DS3486J, DS3486M or DS3486N
See NS Package Number J16A, M16A or N16A
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o

Absolute Maximum Ratings (Note 1) Operating Conditions ‘ﬁ
If Military/Aerospace specified devices are required, Min Max Units g
contact the Natlopal Semiconductor Sales Office/ Power Supply Voltage, Vcc 4.75 525 \Y
Distributors for availability and specifications. Operaiing Temperature, Ta 0 70 oc
Power Supply Voltage, Vcc 8v Input Common-Mode Voltage -7.0 7.0 \
Input Common-Mode Voltage, Vicm +25V Range, VicR
Input Differential Voltage, V|p 125V
TRI-STATE Control Input Voltage, V| 8V
Output Sink Current, Ig 50 mA
Storage Temperature, TgTg —65°Cto +150°C
Maximum Power Dissipation* at 25°C

Cavity Package : 1433mW

Molded Dip Package 1362 mW

SO Package 1002 mW

*Derate cavity package 8.6 mW/°C above 25°C; derate Dip molded package
10.2 mW/°C above 25°C. Derate SO package 8.01 mW/°C above 25°C.

Electrical Characteristics

(Unless otherwise noted, minimum and maximum limits apply over recommended temperature and power supply voltage ranges.
Typical values are for Ty = 25°C, Voc = 5V and Vg = 0V. See Note 2.)

Symbol Parameter Conditions Min | Typ Max | Units
ViH Input Voltage—High Logic State 20 v
(TRI-STATE Control)
ViL Input Voltage—Low Logic State 0.8 v ’
(TRI-STATE Control)
Vr1hp) | Differential Input Threshold Voltage =7V £ Vg < 7V, V|4 TRI-STATE = 2V 0070 | 02 v
lo = —04mA, Vo 2 2.7V
lo = 8mA, VoL = 0.5V 0.070 [ —0.2 \
lie (D) Input Bias Current Vce = OV or 5.25V, Other Inputs at 0V
V)= —10V —3.25| mA
V= -3V —1.50 | mA
Vi =3V 1.50 | mA
V)= 10V 3.25 mA
Input Balance =7V < Vi < 7V, ViH@e) = 2V,
(Note 4)
VoH lo= —04mA,Vp =04V 2.7 \
VoL lo=8mA,Vp= —04V 0.5 Vv
loz Output TRI-STATE Leakage Current Vi) = 3V, V)L = 0.8V,Vp = 0.5V —40 pA
Vipy = —3V, Vi = 0.8V, Vo = 2.7V 40 HA
los Output Short-Circuit Current ngL o \CZV(N \gg ‘I;;il STATE = 2V, —15 —100 | mA
i Input Current—Low Logic State ViL= 0.5V —100 | pA
(TRI-STATE Control)
IH Input Current—High Logic State Vig =27V 20 pA
(TRI-STATE Control) Vi = 5.25V 100 A
Vic Input Clamp Diode Voltage IIn= —10mA 15 v
(TRI-STATE Control)
lcc Power Supply Current All Inputs V| = OV 85 mA

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The table of *‘Electrical Characteristics” provides conditions for actual device operation.

Note 2: All currents into device pins are shown as positive, out of device pins are negative. All voltages referenced to ground unless otherwise noted.
Note 3: Only one output at a time should be shorted.
Note 4: Refer to EIA RS-422/3 for exact conditions.
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DS3486

SWItChlng Characteristics (uUnless otherwise noted, Vog = 5Vand Ty = 25°C.)

Symbol Parameter Min Typ Max Units
tPHL(D) Propagation Delay Time—Differential Inputs to Output

Output High to Low 19 35 ns
tPLH(D) Output Low to High 19 30 ns
torz TRI-STATE Control to Output

Output Low to TRI-STATE 23 35 ns
trHz Output High to TRI-STATE 25 35 ns
tpzH Output TRI-STATE to High 18 30 ns
tpzL Output TRI-STATE to Low 20 30 ns

AC Test Circuits and Switching Time Waveforms

TO SCOPE TO SCOPE

(NPUT)
DIFFERENTIAL {outPUm)

INPUTS

Cp =15pF
PULSE INCLUDES PROBE
GENERATOR AND STRAY

L. CAPACITANCE

TRISTATE® CONTROL

TL/F/5779-3

v
INPUT 1.5V

o

tPLH(D) tPLH{D)

Vou

ouTPUT 1V 13V

VoL

o
TL/F/5779-4
Input pulse characteristics:

tTLH = tTHL = 6 ns (10% to 90%)
PRR = 1 MHz, 50% duty cycle

FIGURE 1. Propagation Delay Differential Input to Output
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AC Test and Switching Time Waveforms (continued)

TO SCOPE
(INPUT) TRI-STATE
CONTROL

TO SCOPE
(OUTPUT)

O—O5V

T, —
DIFFERENTIAL
= INPUTS

C( =15 pF INCLUDES
PROBE AND STRAY
CAPACITANCE

ALL DIODES 1N916 OR
EQUIVALENT

1.5V for tpyz and tp) 7z

—1.5V for tp| z and tpz| swz
Input pulse characteristics:
trLH = ttHL = 6 ns (10% to 90%)
PRR = 1 MHz, 50% duty cycle =
TL/F/5779-5
tpLz tpHz
v v
INPUT 1.5V EIN
o SW1 CLOSED o ssm gtgg:g
~—tz SW2 CLOSED oz
1.3V ————— Vor |
0.5V
OUTPUT i Equt \E /
VoL 0.5v ~3v
ov I w
TL/F/5779-6 TL/F/5779-7
tpzH tpzL
v v
INPUT SW1 OPEN INPUT SW1 CLOSED
1 SW2 CLOSED o SW2 OPEN
tpzH 2L
VoH ~6V -Vgg
1.5V OUTPUT 1.5V
w— VoL
TL/F/5779-8 o

TL/F/5779-9
FIGURE 2. Propagation Delay TRI-STATE Control Input to Output
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DS34C87

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.

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

Features

m TTL input compatible

m Typical propagation delays: 8 ns

m Typical output skew: 0.5 ns

m Outputs won't load line when Vg = OV

m Meets the requirements of EIA standard RS-422

m Operation from single 5V supply

® TRI-STATE outputs for connection to system buses
W Low quiescent current

Connection and Logic Diagrams

Dual-In-Line Package

1 U 16

INPUT A =y

p—V((C
—— .E. INPUT D
OUTPUTS A ‘ 3 l

OUTPUTS D

A/B CONTROL — 13

— 12 ¢/b conTRoL

OUTPUTS B l 6 11
OUTPUTS C

INPUT B = LS

GND _ £ INPUTC
TL/F/8576-1
Top View

Order Number DS34C87J,

DS34C87N or DS34C87M

See NS Package Number

J16A, M16A or N16A

NON-INVERTING
INPUT QUTPUTS
b=—=C) INVERTING
OuTPUT | ‘
controL © }_
TL/F/8576-2
Truth Table
Inout Control Non-Inverting Inverting
P Input Output Output
H H H L
L H L H
X L z 4

X = Irrelevant
Z = TRI-STATE (high impedancs)

L = Low logic state
H = High logic state

For complete specifications
see the Interface Databook.
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Absolute Maximum Ratings (votes 14 2)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/

Operating Conditions

Distributors for avallability and specifications. Suooly Voltago (V. Mé’(‘) g"gg U'\‘/'ts
Supply Voltage (Vo) ~051t07.0V ouPpy ¥O “‘g"t( ‘13‘\3/’ . 4'0 y v
DG Voltage (Vi) ~1.5t0Vog +1.5V (VT:U\;S[JT)U put Voltage cc
pe Outprt Voltags (Vour) _04'_5 to7v Operating Temperature Range (Ta) —40 +85  °C
Clamp Diode Current (iix. lok) £20mA Input Rise or Fall Times (t, t) 500 ns
DC Output Current, per pin (loyT) +150 mA
DC Vg or GND Current (Icc) +150 mA
Storage Temperature Range (TsTg) —65°Cto +150°C
Power Dissipation (Note 3) (Pp) 500 mW
Lead Temperature (T|) (Soldering 4 sec) 260°C
DC Electrical Characteristics vcc = 5v £10% (unless otherwise specified) (Note 4
cc ( p ) ( )
Symbol Parameter Conditions Min Typ Max Units
VIH High Level Input 20 v,
Voltage
ViL Low Level Input 08 v
Voltage
VOoH High Level Output ViN = Vigor Vi, 25 v
Voltage louT = —20mA ’
VoL Low Level Output VIN = VIHor Vi, 05 v
Voltage loyt = 48 mA )
vVt Differential Output Ry =100 20 Y
Voltage (Note 5) ’
[vrl-V+] Difference In RL = 100 Q 0.4 v
Differential Output (Note 5) :
Vos Common Mode RL = 1009 3.0 v
Output Voltage (Note 5) ’
[Vos-Vosl| Difference In RL =100 Q 04 v
Common Mode Output (Note 5) ’
N Input Current VIN = Vee, GND, Vi, or Vi +1.0 pA
lec Quiescent Supply loutr = O nA,
Current VIN = Vgc or GND 200 nA
ViN = 2.4V or 0.5V (Note 6) 0.8 mA
loz TRI-STATE Output Vout = Vcg or GND
+0. t5.
Leakage Current Control = Vi 05 50 KA
Isc Output Short VIN = Vgg or GND _ _
Circuit Current (Note 7) 30 150 mA
loFr Output Leakage Current Vee = 0V Vout = 6V 100 rA
Power Off Vout = —0.25V -100 nA

Note 1: Absolute Maximum Ratings are those values beycnd which damage to the device may occur.

Note 2: Unless otherwise specified, all voltages are referenced to ground. All currents into device pins are positive; all currents out of device pins are negative.

Note 3: Power Dissipation temperature derating—plastic “N"* package: —12 mW/°C from 65°C to 85°C.
ceramic “J" package: —12 mW/°C from 100°C to 125°C.

Note 4: Unless otherwise specified, min/max limits apply across the —40°C to 85°C temperature range. All typicals are given for Voc = 5V and T = 25°C.
Note 5: See EIA Specification RS-422 for exact test conditions.
Note 6: Measured per input. All other inputs at Vg or GND.

Note 7: Only one output at a time should be shorted.
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DS34C87

Switching Characteristics vec = 5v £10%, t = t = 6 ns (Figures 7, 2, 3, and 4) (Note 4)

Symbol Parameter Conditions Min Typ Max Units

tPLH: tPHL Propagation Delay S1 Open 8 ns
Input to Output

Skew (Note 8) S1Open 0.5 ns

tTLHs tTHL Differential Output Rise S1 Open 8 ns
And Fall Times

tpzH Output Enable Time S1 Closed 13 ns

tpzL Output Enable Time S1 Closed 15 ns

tpHz Output Disable Time (Note 9) S1 Closed 9 ns

tpLZ Output Disable Time (Note 9) S1 Closed 10 ns

Foe e 1) o

Cin Input Capacitance 10 pF

Note 8: Skew is defined as the difference in propagation delays between complementary outputs at the 50% point.

Note 9: Output disable time is the delay from ENABLE or ENABLE being switched to the output transistors turning off. The actual disable times are less than
indicated due to the delay added by the RC time constant of the load.

Note 10: Cpp determines the no load dynamic power consumption, Py = Cpp V2cc f + Ioc Voe, and the no load dynamic current consumption, Is = Cpp Voo f +

Icc.

AC Test Circuit and Switching Time Waveforms

c2 1.5v
SR
<
INPUT ' ¢t ) -
L R3S s1
SR

Note: C1 = C2 = C3 = 40 pF, R1 = R2 = 500, R3 = 5000
FIGURE 1. AC Test Circuit

TL/F/8576-3
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AC Test Circuit and Switching Time Waveforms (continued)

28Jv€sd

v
INPUT ENABLE INPUT  30v
[1.3V X

1=1MHz, ;< 6ns, j f=1MHz, t, s 6ns, 1.3v
ti<6ns o \_— ty<6ns 0.0V —7

— tPLH t—tPHL
QUTPUT 1.3v 1.5v [
—\- * 0.8v
—— VOL+0.3V
1

VoL
I TpLZ TpzlL
v
OOTPUT 13v OH _
\VOH 0.3V 2.0V
tpHL — PLH 1.5v
TpHZ TpZH

TL/F/8576-4
TL/F/8576-5

FIGURE 2. Propagation Delays FIGURE 3. Enable and Disable Times

ouTPUT
(DIFFERENTIAL)

Input pulse; f =1MHz, 50%; ty =t{<6ns.
FIGURE 4. Differential Rise and Fall Times

TL/F/8576-7

Typical Applications

Two-Wire Balanced System, RS-422

ENABLE ! I
i | V4 DS3ACEE
DATA L =2 gﬁ#\m
/4 DS34C87 ! !
= ] T =
| |

TL/F/8576-8
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DS35F87/DS34F87

National
Semiconductor

DS35F87/DS34F87

RS-422 Quad Line Driver with TRI-STATE® Outputs

General Description

The DS34F87/DS35F87 RS-422 Quad Line Driver features
four independent driver chains which comply with EIA Stan-
dards for the electrical characteristics of balanced voltages
digital interface circuits. The outputs are TRI-STATE struc-
tures which are forced to a high impedance state when the
appropriate output control lead reaches a logic zero condi-
tion. All input leads are PNP buffered to minimize input load-
ing for either logic one or logic zero inputs. In addition, inter-
nal circuitry assures a high impedance output state during
the transition between power-up and power-down.

The DS34F87/DS35F87 offers improved performance due
to the use of state-of-the-art L-FAST bipolar technology.
The L-FAST technology allows for higher speeds and lower
currents by utilizing extremely short gate delay times. Thus,
the DS34F87/DS35F87 features lower power, extended
temperature range, and improved specifications.

The DS34F87/DS35F87 offers optimum performance when
used with the DS34F86/DS35F86 Quad Line Receiver.

Features

® Four independent driver chains

| TRI-STATE outputs

m PNP high impedance inputs

m Fast propagation time

m TTL compatible

u Single 5.0V supply voltage

m Output rise and falls times less than 20 ns

W Lead compatible and interchangeable with MC3487 and
DS3487

® Extended temperature range

Block and Connection Diagrams

NON=INVERTING

INPUT OUTPUTS
INVERTING
OUTPUT
CONTROL

TL/F/9618-2
FIGURE 1

Function Table (each Driver)

Output

Input Enable

H

NrI|=<

NIr|N

H
L H
X L

= High Level
Low Level
Immaterial
= High Impedance (off)

H
L
X
4

16-Lead DIP and SO-16 Package

1 16,
- —— 'cC
INA
OUTA—> 14
A/B_4 13 [OUTD
CONTROL 12
ouTB—7 17 CONTROL
INB { - To-} oute
oND—3 9 _ne

TL/F/9618-1
Top View

Order Number DS34F87J or DS35F87J
See NS Package Number J16A*

Order Number DS34F87M
See NS Package Number M16A

Order Number DS34F87N
See NS Package Number N16A

*For most current package information, contact product marketing.

1
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Absolute Maximum Ratings (ote 1)
If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.
Storage Temperature Range
Ceramic DIP
Molded DIP and SO-16

—65°Cto +175°C
—65°C to +150°C

Maximum Power Dissipation* at 25°C

Cavity Package 1500 mW
Molded Package 1040 mW
SO Package 960 mW

*Derate cavity package 10 mW/°C above 25°C; derate molded DIP package
8.3 mW/°C; derate SO package 7.7 mW°C above 25°C.

284v€S0/.845€Sd

Leégr;fnrir::pglrgtg;dering, 60 sec.) 300°C oPerating Range
Molded DIP and SO-16 DS34F87
(soldering, 10 sec.) 265°C Temperature 0°Cto +70°C
Supply Voltage 8.0V Supply Voltage 4,75V to 5.25V
Input Voltage 58V D?ei::s;ature —55°Cto +125°C
Supply Voltage 4.5V to 5.5V
Electrical Characteristics over operating range, unless otherwise specitied (Notes 2 & 3)
Symbol Parameter Conditions Min Typ Max Units
ViL Input Voltage LOW 0.8 \
ViH Input Voltage HIGH 2.0 v
i Input Current LOW ViL = 0.5V —200 BA
I Input Current HIGH ViH = 2.7V +50 pA
Viy = 5.5V +100
Vic Input Clamp Voltage I = —18mA -1.5 v
VoL Output Voltage LOW loL = 48 mA 0.5 \
VoH Output Voltage HIGH loH = —20 mA 25 \
los Output Short Circuit Current (Note 4) Viy = 2.0V —-40 —140 mA
loz Output Leakage Current Hi-Z State ViL = 0.5V, V| (z) = 0.8V +100 BA
Vi = 2.7V, V)L (2) = 0.8V +100
loL(off) Output Leakage Current VoH = 6.0V, Vg = 0V +100 A
Power Off VoL = —0.25V, Voo = OV —100 g
Vos-Vos Output Ohfset +0.4 v
Voltage Difference (Note 5)
Vob Output Differential Voltage (Note 5) 2.0 \
AVop Output Differential 404 v
Voltage Change
leex Supply Current Control Leads Gnd 50 mA
Icc Control Leads 2.0V 40 mA

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “‘Electrical Characteristics” provide conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS35F87 and across the 0°C to +70°C range for
the DS34F87. All typicals are given for Vg = 5V and Tp = 25°C.

Note 3: All currents into the device are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise specified.
Note 4: Only one output at a time should be shorted.
Note 5: Refer to EIA RS-422/3 for exact conditions.
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DS35F87/DS34F87

Switching Characteristics vo; =50V, 75 = 25°C

Symbol Parameter Conditions Min Typ Max Units
tpHL Propagation Delay Times High to Low input 20 ns
tpLH Low to High Input 15 ns
tTHL Output Transition High to Low input 15 ns
tTLH Times—Differential Low to High Input 15 ns
tPHZ(E) Propagation Delay RL = 200, C_ = 50 pF 25 ns
TZ(E;'— Control to Output RL = 200,C_ = 50 pF 25 ns
tPzH(E) RL = «,C_ = 50 pF 25 ns
tPzL(E) RL = 200, C = 50 pF 25 ns
SKEW Output to Output Load = (Note 1) 4.5 ns

Note 1: C_ = 50 pF, V) = 1.5V to Vg = 1.6V, Vpy sg = 0V to +3.0V.
Parameter Measurement Information

TO SCOPE 3.0V or GND T0 SCOPE
IN INPUT out

INVERTING OFEN FOR
g
ouTPUT TE;%L(()EEY
2000
O—AM— +5V
O
NON=INVERTING
OUTPUT
t (Note 3)
PULSE
GENERATOR 3500
(Note 1)
L OPEN FOR

tpL(E)

i TEST ONLY

FIGURE 2. TRI-STATE Enable Test Circuit and Waveforms

TL/F/9618-3

3.0v 3.0V
CONTROL CONTROL Y/
INPUT 1.5V NPUT s
ov ov
!
PHZ(E) e ‘ _ I‘—QPZL(E)
Vo Vou
our 95V out N 1.5V
LS1.5V \_VOL
t e ov
et -~ tezu)
~s1.5V
ouT Y Z——-VOH
/ v, out 1.5V
oL 7 v
ov oL
TL/F/9618-4 ov
FIGURE 2a TL/F/9618-5

FIGURE 2b




Parameter Measurement Information continued)

70 SCOPE TO SCOPE
N out 5.0V
INVERTING .
ouTPUT toa
PULSE
GENERATOR < "o"am‘i’,fj"r“”‘; C =15pF
(Note 1) L (Note 2) (Note &)
=  CONTROL -
3.0V
- TL/F/9618-6
/ \ 3.0v
IN 15V 1.5V

— \ N

= =t toLu
Vou

out N 1.5v 1.5v
-\—— VoL,
ov

- =t I‘-‘PHL
o Vou

out 1.5V 1.5v
—'. VoL

ov
TL/F/9618-7

FIGURE 3. Propagation Delay Times Input to Output Waveforms and Test Circuit

T0 SCOPE
IN
* >
_ SCOPE
cL_15pFI SR oureur
= > 2000 (DIFFERENTIAL)
PULSE -
GENERATOR p: ~
e 1 $°0 et
= 3.0v
TL/F/9618-8
IN /
out
(DIFFERENTIAL)

TL/F/9618-9
FIGURE 4. Output Transition Times Circuit and Waveforms

Note 1: The input pulse is supplied by a generator having the following characteristics: PRR = 1.0 MHz, 50% duty cycle, t 4 = tyHL < 5.0 ns (10% to 90%),
Zo = 509.

Note 2: C_includes probe and jig capacitance.

Note 3: All diodes are IN3064 or equivalent.

Note 4: All diodes are IN914 or equivalent.
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DS3587/DS3487

National
Semiconductor

DS3587/DS3487 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-STATE 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.

Features

| Four independent driver chains

m TRI-STATE outputs

PNP high impedance inputs (PIA compatible)
Power up/down protection

Fast propagation times (typ 10 ns)

TTL compatible

Single 5V supply voltage

Output rise and fall times less than 20 ns (typ 10 ns)
Pin compatible with DS8924 and MC3487
Qutput skew—2 ns typ

Block and Connection Diagrams

Dual-In-Line Package

d U e
INPUT A e —VcC
NON-INVERTING 2 '
— |— INPUT D
OUTPUTS Al 3 "
INPUT OUTPUTS - —
4 13 [OUTPUTS D
O INVERTING A/B CONTROL e —
= 12 ¢/nconthoL
QUTPUTS B
OUTPUT ‘ | ‘ 6 i
CONTROL D_ — —
7 10 {OUTPUTSC
TL/F/5780-1 INPUT B e
GND _l L9 e
TL/F/5780-2
Top View
Order Number DS3587J, DS3487J,
DS3487M or DS3487N
See NS Package Number J16A, M16A or N16A
Truth Table
input Control Non-Inverter Inverter
P Input Output Output
H H H L
L H L H
X L Zz z

L = Low logic state

= High logic state

X = Irrelevant

TRI-STATE (high impedance)

I

N
I
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|-}
Absolute Maximum Ratings (ote 1) §
If Military/Aerospace specified devices are required, SO Package 1051 mW 3
contact the National Semiconductor Sales Office/ Lead Temperature (Soldering, 4 seconds) 260°C B
Distributors for availability and specifications. D
Supply Voltage 8v Operating Conditions N
Input Voltage 5.5V Min Max Units | %
Storage Temperature —65°Cto +150°C Supply Voltage, Vcc
Maximym Power Dissipation* at 25°C gggig; 441155 55255 x
Cavity Package 1509 mW '
Molded DIP Package 1476 mW Temperature (Ta)
*Derate cavity package 10.1 mW/°C above 25°C; derate DIP molded pack- DS3587 =55 +125 °C
age 11.9 mW/°C above 25°C. Derate SO package 8.41 mW/°C above 25°C DS3487 0 +70 °C
Electrical Characteristics (Notes 2, 3, 4and 5)
Symbol Parameter Conditions Min Typ Max Units
VL Input Low Voltage 0.8 \
VIH Input High Voltage 2.0 \"
TR Input Low Current Vi = 0.5V —200 LA
IH Input High Current Vi =27V 50 RA
Viy = 5.5V 100 RA
Veo Input Clamp Voltage loL = —18mA -1.5 v
VoL Output Low Voltage loL = 48 mA 0.5 \
VoH Output High Voltage loH = —20 mA 2.5 Vv
los Output Short-Circuit Current —40 —140 mA
loz Output Leakage Current (TRI-STATE) Vo = 0.5V -100 RA
Vo = 5.5V 100 RA
loer Output Leakage Current Power OFF Voo = OV Vo = 6V 100 nA
Vo = —0.25V —100 pA
|[Vos-Vios| | Difference in Output Offset Voltage 0.4
VT Differential Output Voltage 2.0 v
|vl-Vql Difference in Differential Output Voltage 0.4
Icc Power Supply Current Active 50 80 mA
TRI-STATE 35 60 mA

Switching Characteristics vcc = 5v, 74 = 25°C

Symbol Parameter Conditions Min Typ Max Units
tPHL Input to Output 10 15 ns
tpLH Input to Output 10 15 ns
tTHL Differential Fall Time 10 15 ns
trLH Differential Rise Time 10 15 ns
tpHZ Enable to Output Ry = 2000, C_ = 50 pF 17 25 ns
tpLz Enable to Output RL = 2009, C| = 50 pF 15 25 ns
tpzH Enable to Output RL = o, C_ = 50 pF, S1 Open 11 25 ns
tpzL Enable to Output RL = 2009, C|_ = 50 pF, S2 Open 15 25 ns

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS3487. All typicals are given for Vog = 5V and Tp = 25°C.
Note 3: All currents into device pins are positive, all currents out of device pins as negative. All voltages are referenced to ground unless otherwise specified.
Note 4: Only one output at a time should be shorted.

Note 5: Symbols and definitions correspond to EIA RS-422, where applicable.
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DS3587/DS3487

AC Test Circuits and Switching Time Waveforms

R 3v

1/4 DS3487 K
/ 2000 'NPUTOV__Z
INPUT
OUTPUT
C,=50pF
INCLUDES PROBE GUTPUT
AND JIG CAPACITANCE
tomi-
— — TL/F/5780-4
TL/F/5780~3 Input pulse: f = MHz, 50%; t; = t < 15 ns.

FIGURE 1. Propagation Delays

5V
1/4 DS3487 zbon
N
ouTPUT \
3V OR OV T } 5 CONTROL \ N /
CONTROL C tezn
INPUT .:E < VoH et L Vo —
— Jika \[0.5V 1.5v
= 3 OUTPUT A8
tppz|as] T S
OUTPUT JA_os‘v- 1.5V
Vo =1 T Vo — \
s2 tpLzte—] e tPZL

S1 and S2 closed except as noted.
CL includes probe and jig capacitance.

TL/F/5780-6

Input pulse: f = MHz, 50%;t, = t; < 15ns.
S1 = open for tpzy
S2 = open for tpzL

FIGURE 2. TRI-STATE Enable and Disable Delays

TL/F/5780-5

By INPUT /
ouTPUT 100 o

TEM CT2
CURRENT TRANSFORMER
OR EQUIVALENT

INPUT

1/ DS3487

OUTPUT
(DIFFERENTIAL)

CL
15 pF

INCLUDING PROBE
AND JIG CAPACITANCE TL/F/5780-8

Input pulse: f = MHz, 50%; t, = t; < 15 ns.

TL/F/5780-7
FIGURE 3. Differential Rise and Fall Times
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National
Semiconductor

DS1603/DS3603 TRI-STATE® Dual Receivers

General Description

The DS1603/DS3603 are dual differential TRI-STATE line
receivers designed for a broad range of system applica-
tions. They feature a high input impedance and low input
current which reduces the loading effects on a digital trans-
mission line, making them ideal for use in party line systems
and general purpose applications like transducer preamplifi-
ers, level translators and comparators.

The receivers feature a £25 mV input sensitivity specified
over a +3V common mode range. Input protection diodes
are incorporated in series with the collectors of the differen-
tial stage. These diodes are useful in applications that have
multiple Vo + supplies or Voo + supplies that are turned
off thus avoiding signal clamping. In addition, TTL compati-
ble strobe and control lines are provide for flexibility in the
application.

The DS1603/DS3603 are pin compatible with the DS75107,
DS75108 and DS75208 series of dual line receivers.

Features

m Diode protected input stage for power “OFF"" condition
17 ns typ high speed

TTL compatible

125 mV input sensitivity

+3V input common-mode range

High-input inpedance with normal V¢, or Ve = OV
Strobes for channel selection

TRI-STATE outputs for high speed buses

Connection Diagram

Dual-In-Line Package

. INPUT INPUT OUTPUT  STROBE

Vee Vee™ 2A 28 NC 2y

Ju In |12 1 10 |9 8

1 2 3 q 5 ] 7
INPUT INPUT NC OUTPUT  STROBE  DISABLE  GND

1A 18 1Y 16

TL/F/5781-2
Top View

Order Number DS1603J, DS3603J or DS3603N
See NS Package Number J14A or N14A
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DS1603/DS3603

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage (Vcot) ™ Cavity Package
Supply Voltage (Vo ™) -7V Molded Package
Differential Input Voltage +6V

Strobe Input Voltage
Storage Temperature Range
Maximum Power Dissipation* at 25°C

5.5V

—65°Cto +150°C

Lead Temperature (Soldering, 4 sec)

1308 mW

1207 mW
260°C

Common Mode Input Voltage +5V *Derate cavity package 8.7 mW/°C above 25°C; derate molded package
9.7 mW/°C above 25°C.
Operating Conditions
DS1603 DS3603
Min Nom Max Min Nom Max
Supply Voltage Voot 4.5V 5V 5.5V 4.75 5V 5.25V
Supply Voltage Voo~ —4.5V -5V —5.5V —4.75 -5V —5.25V
Operating Temperature Range —55°C to +125°C 0°C to +70°C
Electrical Characteristics TMmIN < Ta < Tmax (Notes 2, 3)
Symbol Parameter Conditions Min Typ Max Units
4 High Level Input Current Vcet = Max, Voo~ = Max, 30 75 A
into 1A, 1B, 2A or 28 Vip = 0.5V, Vg = —3V1to 3V w
I Low Level Input Current Veect = Max, Voo™ = Max, —10 A
into 1A, 1B, 2A or 2B Vip= —2V,Vic = —3V1o 3V s
I High Level Input Current Voot = Max ViHg) = 2.4V 40 pA
into1G,2G orD Voo~ = Max Vin(s) = Max Vge+ 1 mA
I Low Level Input Current Voot = Max, Vg™ = Max, 16 mA
into D ViLp) = 0.4V :
I Low Level Input Current Vet = Max, ViHp) = 2V -40 pA
into 1G or 2G Vee™ = Max, v = 0.8V -1.6 mA
Viyg) = 0.4V IL©)
VoH High Level Output Voltage Vect = Min, Voo™ = Min,
ILoaD = —2mA,V)p = 25mV, 24 \
Vi (p) = 0.8V, V|c = =3V to 3V
VoL Low Level Output Voltage Veet = Min, Vg™ = Min,
IsiInk = 16 MA, V)p = —25mV, 0.4 v
Viyp) = 0.8V, Vic = —8Vto 3V
lop Output Disable Current Voot = Max, Vout = 2.4V 40 pA
Vee™ = Max, —
Vi) = 2V Vout = 0.4V —40 A
los Short Circuit Output Current Veot = Max, Voo™ = Max, _ _
ViL(p) = 0.8V (Note 4) 18 70 mA
lccH™t High Logic Level Supply Voot = Max, Voo~ = Max, 28 40 mA
Current from Voot Vip=25mV, T = 25°C
lccH™ High Logic Level Supply Voet = Max, Voo~ = Max, —8.4 —15 mA
Current from Vgg ™~ Vip = 25mV, Ta = 25°C .
Vi Input Clamp Voltage Vect = Min, Voo™ = Min, —1 15 v
onGorD IIN= —12mA, Tp = 25°C ’

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to +125°C temperature range for the DS1603 and across the 0°C to +70°C range for
the DS3603. All typical values are for T4 = 25°C and Vg = 5V.

Note 3: All current into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown as

max or min on absolute value basis.
Note 4: Only one output at a time should be shorted.
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[w ]
. . o ax [72]
Switching Characteristics voc+ = 5v,veo~ = —5v,Ta = 25°C >
o
Symbol Parameter Conditions Min Typ Max Units Q
tPLH(D) Propagation Delay Time, Low-to- Ry = 3900, C| = 50 pF, (Note 1) O
High Level, from Differential 17 25 ns 23
Inputs A and B to Output 4
tPHL(D) Propagation Delay Time, High-to- R = 3900, C, = 50 pF, (Note 1) «
Low Level, from Differential 17 25 ns
Inputs A and B to Output
tpLH(S) Propagation Delay Time, Low-to- R = 3909, C|_ = 50 pF
High Level, from Strobe Input G 10 15 ns
to Output
tPHL(S) Propagation Delay Time, High-to- RL = 3909, C| = 50 pF
Low Level, from Strobe Input G . 8 15 ns
to Output
tH Disable Low-to-High to Output RL = 3900, C = 5pF 20 ns
High to Off
toH Disable Low-to-High to Output Ry = 390Q,C = 5pF 30 ns
Low to Off
tH1 Disable High-to-Low to Output R = 1kto OV, C| = 50 pF 25 ns
Off to High
tHo Disable High-to-Low to Output RL = 3900, C| = 50 pF 25 ns
Off to Low

Note 1: Differential input is + 100 mV to —100 mV pulse. Delays read from 0 mV on input to 1.5V on output.

Typical Application

Line Receiver Used in a Party-Line or Data-Bus System
RECEIVERS

’

~
STROBE
TWISTED-PAIR
TRANSMISSION

P I ~ | LINE
Il i
2572 \ I \ I
\/ \/
A i
-— / \ ’ \ Line receivers are
Zo/2 I I\ DS75107/DS75108
| I\ or DS3603
4=} - Line drivers are
SN75109/pA75110/DS75110
or DSB831
INHIBIT
DRIVERS
TL/F/5781-3




DS1603/DS3603

Schematic Diagram (ote 1)

DS1603/DS3603

f

INPUT B O
INPUT A O—
¢

S >

§3k }, 3

1 ]

8.5k
Vee = O— ﬁ 'fA

Note 1: 1, of the dual circuit is shown.
Note 2: *Indicates connections common to second half of dual circuit.

a%

O STROBE G

—O DISABLE D

TL/F/5781-6




National
Semiconductor

DS1650/DS1652/DS3650/DS3652
Quad Differential Line Receivers

General Description

The DS1650/DS3650 and DS1652/DS3652 are TTL com-
patible quad high speed circuits intended primarily for line
receiver applications. Switching speeds have been en-
hanced over conventional line receivers by the use of
Schottky technology, and TRI-STATE® strobing is incorpo-
rated offering a high impedance output state for bussed or-
ganizations.

The DS1650/DS3650 has active pull-up outputs and offers
a TRI-STATE strobe, while the DS1652/DS3652 offers
open collector outputs providing implied *AND” operation.
The DS1652/DS3652 can be used for address decoding as
illustrated below. All outputs of the DS1652/DS3652 are
tied together through a common resistor to 5V. In this con-

figuration, the DS1652/DS3652 provides the “AND” func-
tion. All addresses have to be true before the output will go
high. This scheme eliminates the need for an “AND" gate
and enhances speed throughput for address decoding.

Features

| High speed

m TTL compatible

®m Input sensitivity

m TRI-STATE outputs for high speed busses
m Standard supply voltages +5V
® Pin and function compatible with MC3450 and MC3452

+25 mV

Connection Diagram
Dual-In-Line Package

Vec  -INB aNB  OUTB  VEE  OUTD +4IND -IND
Iw ||5 |14 lu Jﬂ In |w Is
1 2 |;| Ia 5 5 7 8
-INA  +INA  OUTA STB OUTC +NC -INC  GND

" TL/F/5782-1
Top View

Order Number DS1650J, DS1652J,
DS3650J, DS3652J, DS3650M,
DS3652M, DS3650N or DS3652N
See NS Package Number J16A, M16A, or N16A

Truth Table

Output
Input Strobe | psies0/ | DS1652/
DS3650 | DS3652
Vp > 25mV L H Open
H Open Open
—25mV < Vpp < 25mV L X X
H Open Open
Vip< —-25mV L L L
H Open Open

L = Low Logic State Open = TRI-STATE
H = High Logic State X = Indeterminate State

Typical Applications
Implied “AND” Gating

Y | 500
O 5V
ADD 10— 1 |
|
|
1 0
ADD 20— 1
I |
|
|
Auuao—m !
! |
!

ADD4 ] D$1652/ |

[

TL/F/5782-2
Wired “OR” Data Selecting Using TRI-STATE Logic

STROBE §
[o SR o —
[0 e — DS|650/ — —
O————— o DS3650
O e et
STROBE o)
o |—o- -0
o- 0s1650/ O ~O DATA
o o— D0S%50 |0 o 0uTPUT
O O —O- -0
DATA
LINES | L o
o Ds1es0/ O
o O—{ 053650 |t
o— 01 o4
STROBE §
o o =
o O—  DSs1650/ |0
o o— Dsis0 |1
|-
RN T=
STROBE O-0 04 TL/F/5782-3
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DS1650/DS1652/DS3650/DS3652

Absolute Maximum Ratings (Note 1)

Operating Conditions

If Military/Aerospace specified devices are required, Min Max Units
contact the National Semiconductor Sales Office/ Supply Voltage, Ve
Distributors for availability and specifications. DS1650, DS1652 4.5 5.5 Vpc
Power Supply Voltages DS3650, DS3652 4.75 5.25 Vpe
Vee +7.0Vpc Supply Voltage, Veg
VEE —-7.0Vpc DS1650, DS1652 —45 —55 Vpc
Differential-Mode Input Signal Voltage DS3650, DS3652 —4.75 ~5.25 Vbec
Range, Vipr +6.0 Vpc Operating Temperature, Ta
Common-Mode Input Voltage Range, V|cr +5.0Vpe DS1650, DS1652 —55 +125 °C
Strobe Input Voltage, V() 5.5Vpc DS3650, DS3652 0 +70 °C
Storage Temperature Range ~65°Cto +150°C Output Load Current, loL 16 mA
Lead Temperature (Soldering, 4 seconds) 260°C D'f\f/erlem'a;Mode Icput 0 50 v
Maximum Power Dissipation* at 25°C c N tageM acr;gela, '?R 5. +s. oc
Cavity Package 1509 mW ommon-Mode lnpu v
Molded DIP Package 1476 mW Voltage Range, Vicr —30 . +30 bc
SO Package 1051 mW Input Voltage Range
*Derate cavity package 10.1 mW/°C above 25°C; derate molded DIP pack- Input to GND, Vir —-5.0 +3.0 Voc
age 11.8 mW/°C above 25°C; derate SO package 8.41 mW/°C above 25°C.
Electrical Characteristics
(Voo = 5.0 Vpg, VEE = —5.0 Vpg, Min < Ta < Max, unless otherwise noted) (Notes 2 and 3)
Symbol Parameter Conditions Min | Typ Max Units
Vis Input Sensitivity, (Note 5)
(Common-Mode Voltage Range = Min < Vg < Max +25.0 mv
—3VLVN<aY) Min = Vg = Max
IO High Level Input Current to (Figure 5)
: 75 pA
Receiver input
) Low Level Input Current to (Figure 6)
K —-10 MA
Receiver Input
liH(s) High Level Input Current to (Figure 3) Vi) = 2.4V, 100 A
Strobe Input DS1650, DS1652 s
ViHs) = 2.4V,
DS3650, DS3652 40 HA
ViHe) = Vee 1 mA
hs) Low Level Input Current to Vins) = 0.4V
—-1.6 mA
Strobe Input
VoH High Level Output Voltage (Figure 1) DS1650, DS3650 24 \"
Icex High Level Output Leakage Current (Figure 1) DS1652, DS3652 250 nA
VoL Low Level Output Voltage (Figure 1) DS3650, DS3652 0.45 v
DS1650, DS1652 0.50
los Short-Circuit Output Current (Note 4) (Figure 4) DS1650/DS3650 | —18 -70 mA
lorr Output Disable Leakage Current (Figure 7) DS1650 100 MA
DS3650 40 pA

1-74




Electrical Characteristics
(Vee = 5.0 Vpe, VEg = —5.0 Vpg, Min < Tp < Max, unless otherwise noted) (Notes 2 and 3) (Continued)

Symbol Parameter Conditions Min Typ Max Units

lccH High Logic Level Supply Current (Figure 2) 45 60 mA
from Voo

leeH High Logic Level Supply Current (Figure 2) 17 —30 mA
from Vgg

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range"'
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device
operation.

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70°C range for the DS3650, DS3652 and the ~55°C to +125°C range for the
DS1650, DS1652. All typical values are for T = 25°C, Vgc = 5V and Vgg = —5V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown
as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.

Note 5: A parameter which is of primary concern when designing with line receivers is, what is the minimum differential input voltage required as the receiver input
terminals to guarantee a given output logic state. This parameter is commonly referred to as threshold voltage. It is well known that design considerations of
threshold voltage are plagued by input offset currents, bias currents, network source resistances, and voltage gain. As a design convenience, the DS1650, DS1652
and the DS3650, DS3652 are spacified to a parameter called input sensitivity (V;s). This parameter takes into consideration input offset currents and bias currents
and guarantees a minimum input differential voltage to cause a given output logic state with respect to a maximum source impedance of 20002 at each input.

Switching Characteristics (Vcc = 5Vpe, VEe = —5 Vpe, Ta = 25°C unless otherwise noted)

Symbol Parameter Conditions Min Typ Max Units
tPHL(D) High-to-Low Logic Level Propagation DS1650/DS3650 21 25 ns
Delay Time (Differential Inputs) ] DS1652/DS3652 20 25 ns
(Figure 8)
tPLH(D) Low-to-High Logic Level Propagation DS1650/DS3650 20 25 ns
Delay Time (Differential Inputs) DS1652/DS3652 20 25 ns
tPOH(S) TRI-STATE to High Logic Level
Propagation Delay Time (Strobe) DS1650/DS3650 16 21 ns
mow | ihioge ot eTaTe wswsosowo || 1 | 1w |
Pag Y (Figure 9)
tpoL(s) TRI-STATE to Low Logic Level
Propagation Delay Time (Strobe) DS1650/DS3650 1’ 2 ns
trLO(S) Low Logic Level to TRI-STATE
Propagation Delay Time (Strobe) DS1650/DS3650 14 29 ns
teHL®) ggh't‘;'i'::’(;:’rgte';eve' Propagation DS1652/DS3652 16 | 25 ns
2y (Figure 10)
tPLH(S) Low-to-?—ilgh Logic Level Propagation DS1652/DS3652 13 25 ns
Delay Time (Strobe)
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DS1650/DS1652/DS3650/DS3652

Electrical Characteristic Test Circuits

vi o——o—' —(‘s Q) MIN Vee
V2 O] [
: DS1650/ %C
0.4VO— ——O? DS3650, Tzo
O DS1652/ f—O— O MIN Vg
[} DS3652 1
Vio —0— o
Vo —o0 L
-EO— —'0—1g )
051652/
ax DS3652
Veo °_®'°
Icex .
! Vor OR VgL
DS1650/
DS3IE50 == =
TL/F/5782-4
\'Al v2 V3 v4
DS1650/ DS1652/ DS1650/ DS1652/ DS1650/ DS1652/ DS1650/ DS1652/ 14
DS3650 DS3652 DS3650 DS3652 DS3650 DS3652 DS3650 DS3652
Von | +2.975v +3.0V +3.0V GND —0.4mA
-3.0v —2.975V GND -3.0v —0.4mA
lcEx +2.975V +3.0V +3.0V GND
—3.0v —2.975V GND -3.0v
VoL +3.0V +3.0V +2.975V +2.975V GND GND +3.0V +3.0V +16 mA
—2.975V —2.975V —-3.0v —-3.0V —-3.0V -3.0v GND GND +16 mA
Channel A shown under test. Other channels are tested similarly.
FIGURE 1. Icex, VoH and VoL,
1 16
wo —o] OV
IccH -o? ﬁ p—O IV
1 16
1 2 — @ O MAX Veg O osew [
-} D! ol -3 A
3 14 DS1652
O s 13 %] oswea D Ovge
o? DS3650, —O0 IEEH ORIy 4}-0—7 Tno L
of M [foTTO—omw %] Da
o] o mpon = | ¢-o— —o
oI I
IT [ -
TL/F/5782-5 TLIF/5782-6
FIGURE 2. IccH and lggy FIGURE 3. lis) and ly(s)
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[=]
Electrical Characteristic Test Circuits (continueq) o
(2]
(=]
~0—] 16 omax S
2 15 Vee 1 16 (7]
25 my O————+-0-1] 0 vi o~g—()—0 max =
3 14 2 15 Vee »
OT F(} Qv Vi-2vO- O— O O
18V 0— o osies0/  [=O o Lyw »
w@® _|%] T Rorrou wot——ot] m [ 2
Lo AP E o 051652/ 12 o MAX b
7 10 6 083652 v (2]
— "'O—B' -g-C ———O—i _"_o EE g
90— —0—¢ o4 L o4 =~
8 ] Q
O h
W
— = 3
il N
TL/F/5782-7 TL/F/5782-8
Note: Channel A shown under test, other channels are tested similiarly. Only Note: Channel A(—) shown under test, other channels are tested similarly.
one output shorted at a time. Devices are tested with V1 from 3V to —3V.
FIGURE 4. lgs FIGURE 5. Iiy
1 16 MAX
n 3V O————0— Q0 ,
1 16 MAX 2 15 cc
Vi -2v O—4 —@—o— —O——0 vee —0—3- T‘C
Vi O— O_Z 15 O— D o—
3 14 0 4 DS1650/ 13
O P DS1650/ 13 O o 5 ps36s0, Tzo
WO——1—0—{ smm, O o Dsiosz o Oler
12
ot i fuo 1 o D | o4 o
17—'0-7 —-0 0-8- TO"‘
o— LIS | nw= | o o
9
ing o L
TL/F/5782-9 TL/F/5782-10
Note: Channel A(—) shown under test, other channels are tested Note: Output of Channel A shown under test, other outputs are tested
similarly. Devices are tested with V1 from 3V to —3V. similarly for V1 = 0.4V and 2.4V.
FIGURE 6. I}, FIGURE 7. lorr
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DS1650/DS1652/DS3650/DS3652

AC Test Circuits and Switching Time Waveforms

100 mV 5v
1 16 T
2 15
O 3 ”: 390
b1 70
200 150 Eo_ —o- o st
083650,
=o—: D352 %& 0-5v B
= —o— o
T 7 10 o
50 o= 3 O I 1916
[o_ |2 o044 = OREQUIV

Eg

Note: Output of Channel B shown under test, other channels are tested similarly.
S1 at “A” for DS1652/DS3652
S1 at “B"” for DS1650/DS3650
CL = 15 pF total for DS1652/DS3652
CL = 50 pF total for DS1650/DS3650

TL/F/5782-11

200mv
EN 50%
o
PLH(D)
Vou
Eg 15V
Vou

PHL(D)

TL/F/5782-12
Note: EN waveform characteristics:
tren and trye < 10 ns measured
10% to 90%
PRR = 1 MHz
Duty Cycle = 50%

FIGURE 8. Receiver Propagation Dealy tp_yp) and tpyL(p)

1 16 390
V1 O————4——0— 15
V2O~
3 14
_ 4 13 .
°-'5 DS1650/ 2
o— DS3650 L—O O -5V
] 1 S
Ein 5 7 14 Y T 1
= = [O—' o1 =
Eo

Note: Output of Channel B shown under test, other channels are tested similiarly.

18915
OREQUIV

1

TL/F/5782-13

Vi V2 S1 S2 CL
tpLO(S) 100 mV GND Closed Closed 15 pF
tPoL(S) 100 mV GND Closed Open 50 pF
tPHO(S) GND 100 mV Closed Closed 15 pF
tPOH(S) GND 100 mV Open Closed 50 pF

Cy includes jig and probe capacitance.

EN waveform characteristics: tyy and tyy < 10 ns measured 10% to 90%
PRR = 1 MHz

Duty Cycle = 50%

~ 1.5V

TL/F/5782-14

v

N 50%
ov
PHO(S)

Vou

£g Vou - 05V
~15v
TL/F/5782-15

PoL(S)

Eg 15V

TL/F/5782-16

I-— tPOH(S)

Vou
Eg 7‘(1“
=0V

TL/F/5782-17

FIGURE 9. Strobe Propagation Delay tp o(s), troL(s)s tPHO(S) @and tpow(s)
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AC Test Circuits and Switching Time Waveforms (continued)

16 v
\ BN 50%
30 o
081652/ I} 0 Eg V:;"""(S) 'PHLS)
D$3652 -5V
Eg 1.5V
i T pF

Vo
[ | ’__]: (TOTAL)

Note: E|y waveform characteristics:

100 mV Qe
tren and tyye < 10 ns measured 10% and 90%
PRR = 1 MHz

Ein 50
-
TL/F/5782-18 Duty Cycle = 500 ns

Note: Output of Channe! B shown under test, other channels
are tested similarly.
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17 Fofulade
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FIGURE 10. Strobe Propagation Delay tp 1y(s) and tpys)

Schematic Diagrams
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DS1650/DS1652/DS3650/DS3652

Schematic Diagrams (continued)
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National
Semiconductor

DS1691A/DS3691 (RS-422/RS-423) Line Drivers

with TRI-STATE® Outputs

General Description

The DS1691A/DS3691 are low power Schottky TTL 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 DS1691A/DS3691 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.

Features

u Dual RS-422 line driver with mode pin low, or quad RS-
423 line driver with mode pin high

m TRI-STATE control for individual outputs

m Short circuit protection for both source and sink outputs

m Outputs will not clamp line with power off or in TRI-
STATE

m Individual rise mode time control for each output
m 1000 transmission line drive capability
| Low Icg and Igg power consumption
RS-422 35 mW/driver typ
RS-423 26 mW/driver typ
B Low current PNP inputs compatible with TTL, MOS and
CMOS
| Pin compatible with AM26LS30

Connection Diagram

With Mode Select LOW With Mode Select HIGH
(RS-422 Connection) (RS-423 Connection)
1 \ 16 1 (% 16
Voo = RISE TIME CONTROL A Vee = = RISE TIME CONTROL A
NpUTA = L QuTPUT A INPUT A -L—-&ﬁ OUTPUT A
[
INPUT B/DISABLE = xB OUTPUT B INPUT B/DISABLE i—k'—- OUTPUT B
MODE SELECT = L3 Rise TiME conTRoL B MODE SELECT = L3, fise TiME conTroL B
GND == F12. RiSE TIME CONTROL € GND =+ L2 RISE TIME CONTROL C
INPUT C/DISABLE § L qureute INPUT C/DISABLE —5-——§ LY qureurc
10
INPUT D = 10 OUTPUT D INPUT D L l\ QUTPUT D
L < 9
VEE A L3 RisE TIME cONTROL D VEE A b= RISE TIME CONTROL D
TL/F/5783-1 TL/F/5783-2
Top View Top View
Truth Table
Operation Inputs 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 DS1691AJ, DS3691J, DS3691M or DS3691N
See NS Package Number J16A, M16A or N16A
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DS1691A/DS3691

Absolute Maximum Ratings (Note 1)

Operating Conditions

If Military/Aerospace specified devices are required, Min Max Units
contact the National Semiconductor Sales Office/ Supply Voltage
Distributors for availability and specifications. DS1691A
Supply Voltage Vee 45 5.5 v
VEE —4.5 -55 \
Vee v
v _7v DS3691
EE o . Vee 475 5.25 v
Maximum Power Dissipation* at 25°C Vee —4.75 ~5.95 Y,
Cavity Package 1509 mW T t
Molded DIP Package 1476 mW omporae T - 105 o
SO Package 1051 mW o
DS3691 0 +70 C
Input Voltage 15V
Qutput Voltage (Power OFF) +15V
Storage Temperature —65°Cto + 150°C
Lead Temperature (Soldering, 4 seconds) 260°C
*Derate cavity package 10.1 mW/°C above 25°C; derate molded DIP pack-
age 11.9 mW/°C above 25°C. Derate SO package 8.41 mW/°C above 25°C.
DC Electrical Characteristics (votes 2,3, 4 and 5)
Symbol | Parameter Conditions | Min | Typ I Max | Units
RS-422 CONNECTION, VEg CONNECTION TO GROUND, MODE SELECT < 0.8V
ViH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.8 \
iy High Level Input Current ViN = 2.4V 1 40 HA
Vin £ 15V 10 100 rA
IiL Low Level Input Current ViN = 0.4V —30 —200 pA
Vi Input Clamp Voltage IN= —12mA -15 A"
Vo Differential Output Voltage R, = o Vin = 2V 3.6 6.0 \
Vo VasB Vin = 0.8V -36 | —60 v
\% Differential Output Voltage RL = 1000 VIN = 2V 2 24 \
VT Vasp Voe = 475V Viy = 0.8V -2 | -24 v
Vos. Vos Common-Mode Offset RL = 100Q
25 3 \
Voltage
vyl = V7l Difference in Differential R = 1009 0.05 04 y
Output Voltage
|Vosl — [Vos| | Ditterence in Common- RL = 1000 0.05 04 y
Mode Offset Voltage
Vss vy = V7l RL = 100Q, Ve = 4.75V 4.0 48 v
Vemr Output Voltage Common- VDISABLE = 2.4V
+10 \
Mode Range
Ixa Output Leakage Current Vee = 0V Vomgr = 10V 100 MA
Ixa Power OFF Vomp = — 10V —100 | pA
lox TRI-STATE Output Current Vee = Max Vemg € 10V 100 nA
Vemg 2 —10V -100 pA
Isa Output Short Circuit Current ViN = 0.4V Voa = 6V 80 150 mA
Vo = 0V —80 —150 mA
Iss Output Short Circuit Current ViN = 2.4V Voa = 0V —80 —150 mA
Vog = 6V 80 150 mA
lcc Supply Current 18 30 mA
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O
AC Electrical Characteristics 7, = 25°c (Note 5) g
Symbol | Parameter | Conditions | Min | Typ | Max | Units §
RS-422 CONNECTION, Vcc = 5V, MODE SELECT = 0.8V a
t Output Rise Time Ry = 1000, C| = 500 pF (Figure 1) 120 200 ns g
t; Output Fall Time RL = 1009}, C| = 500 pF (Figure 1) 120 200 ns §
tPDH Output Propagation Delay RL = 1009, C = 500 pF (Figure 1) 120 200 ns
tepL Output Propagation Delay RL = 1009, C_ = 500 pF (Figure 1) 120 200 ns
tpzL TRI-STATE Delay RL = 4509, C_ = 500 pF, Cc = 0 pF (Figure 4) 250 350 ns
tpzH TRI-STATE Delay RL = 450Q, C_ = 500 pF, Cc = 0 pF (Figure 4) 180 300 ns
tpLz TRI-STATE Delay RL = 4509, C_ = 500 pF, Cc = 0 pF (Figure 4) 180 300 ns
tpHz TRI-STATE Delay RL = 4509, C|_ = 500 pF, Cc = 0 pF (Figure 4) 250 350 ns

DC Electrical Characteristics (Notes 2, 3, 4 and 5)

Symbol | Parameter I Conditions | Min I Typ I Max I Units
RS-423 CONNECTION, |V¢c| = |Vegl, MODE SELECT > 2V
VIH High Level Input Voltage 2 \"
ViL Low Level Input Voltage 0.8 v
I High Level Input Current Vin = 2.4V 1 40 pA
ViN < 158V 10 100 RA
i Low Level Input Current ViN = 0.4V —-30 —200 pA
\ Input Clamp Voltage In = —12mA -1.5 \
Vo Output Voltage Ry = oo, (Note 6) ViN = 2V 4.0 4.4 6.0 \
% Vee = 4.75V Vin = 0.4V —40 | —44 | —60 v
Vr Output Voltage R = 4500 ViN = 24V 3.6 41 v
VT Vee = 475V ViN = 0.4V —36 | —4.1 v
{vrl = V1| | Output Unbalance [Veel = |Veel = 4.75V, R = 4500 0.02 0.4 \Y
Ixt Output Leakage Power OFF | Voo = VEg = OV Vo = 6V 2 100 RA
Ix— Output Leakage Power OFF | Voo = Vgg = 0V Vo = —6V -2 —100 pA
It Output Short Circuit Current Vo = 0V ViN = 24V —80 —150 mA
Ig— Output Short Circuit Current Vo = 0V ViN = 0.4V 80 150 mA
IsLew Slew Control Current +140 MA
Icc Positive Supply Current VIN = 0.4V,R_ = = 18 30 mA
leg Negative Supply Current ViN = 0.4V,R = o —-10 —-22 mA

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation.

Note 2: Unless otherwise specified, min/max limits apply across the —55°C to + 125°C temperature range for the DS1691A and across the 0°C to +70°C range
for the DS3691. All typicals are given for Voo = 5V and Tp = 25°C. V¢ and Veg as listed in operating conditions.

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified.
Note 4: Only one output at a time should be shorted.

Note 5: Symbols and definitions correspond to EIA RS-422 and/or RS-423 where applicable.

Note 6: At ~55°C, the output voltage is + 3.9V minimum and —3.9V minimum.
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DS1691A/DS3691

AC Electrical Characteristics 7, = 25°C (Note 5)

Symbol I Parameter | Conditions

| Min | Typ | Max I Units
RS-423 CONNECTION, Vcc = 5V, Vgg —5V, MODE SELECT = 2.4V
tr Rise Time RL = 4500, C_ = 500 pF, Cgc = 0 (Figure 2) 120 300 ns
t Fall Time RL = 4509, C = 500 pF, Cc = 0 (Figure 2) 120 300 ns
tr Rise Time RL = 4509, C| = 500 pF Cc = 50 pF (Figure 3) 3.0 us
t Fall Time Ry = 4509, C| = 500 pF Cc = 50 pF (Figure 3) 3.0 us
tre Rise Time Coefficient Ry = 4509, C| = 500 pF, Cc = 50 pF (Figure 3) 0.06 us/pF
troH Output Propagation Delay Ry = 4509, C| = 500 pF, Cc = 0 (Figure 2) 180 300 ns
teDL Output Propagation Delay Ry = 4509, G = 500 pF, G¢ = 0 (Figure 2) 180 300 ns
AC Test Circuits and Switching Time Waveforms

' w
vee 4< 10

< A INPUT 4, <10m
O— o
INPUT | o
L

| score
[
O _ ouTPUT
OUTPUT

*TEK CT2 CURRENT
TRANSF. OR
EQUIVALENT

5
- ouT
PuLl
Vee TL/F/5783-3
FIGURE 1. Differential Connection
1 v
Vee INPUT 4, 100s

[o A
INPUT o
ouTPUT

out

OUTPUT

1. "A.

VEE
TL/F/5783-5

FIGURE 2. RS-423 Connection

<10ns

TL/F/5783~4

TL/F/5783-6
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AC Test Circuits and Switching Time Waveforms (continued)

1

25V

v‘_ 16

cc 4

o—1 - Ce INPUT 4, S10m ty<10m
INPUT -

g —0
15 | OUTPUT
[
O n,.-%
20 us 20,8
I | T 1

_=.r5 put
«—

QUTPUT
VEE
TL/F/5783-7 0.1 Vss l
. =
TL/F/5783-8
FIGURE 3. Rise Time Control for RS-423
1 v
i
Vee A
2
O— O ? INPUT 8
INPUT A
<
O—vi ShL
INPUT B o s o
p E SCOPE 1 PHZ — tzH
B
oy . \ourpur JE—
*TEK CT2 CURRENT 0.8 Vsg/Ry 0.5Vss/R
TRANSF, OR (INPUT A HIGH)
EQUIVALENT
5
| — Lz oUTPUT —=l 2
- DUT
(INPUT A LOW) 05 Vgg/Ry
8 0.1 Vgg/R
ss/AL
Vee

TL/F/5783-9
FIGURE 4. TRI-STATE Delays

Switching Waveforms

INPUT [

Vg =5V Vgp = -5V

. 4 UNBALANCED \
MODE =1 oureot o

Vgg =5V Vgg = GND
B(C) £ £

BALANCED x
MODE~0 ™ gyreut
A (D)

v

|
!
v

Vg = 5V, VEE = -5V
B(C) & £

v

mope=o  PALANCED o ov

v

TL/F/5783-10

TL/F/5783-11
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DS1691A/DS3691

Typical Rise Time Control Characteristics

Rise Time vs External Capacitor

* =g

RISE TIME (us)

I‘/l”-l

10 100 1k 10k

CAPACITANCE (pf)

TL/F/5783-12
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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

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

to meet the requirements of MIL-STD-188-114 (see Applica- m TRI-STATE differential drivers meet MIL-STD-188-114
tion Note AN-216). They feature 4 buffered outputs with  m Short circuit protection for both source and sink outputs
high source and sink current capability with internal short g |ndividual rise time control for each output
circuit protection. A mode control input provides a choice of m 1000 transmission line drive capability
operation either as 4 independent line drivers or 2 differen- )
tial line drivers. A rise time control pin allows the use of an Lon lcc ar'md Igg power consumption .
external capacitor to reduce rise time for suppression of Differential mode 35 mW/driver typ
near end cross-talk to other receivers in the cable. Single-ended mode 26 mW/driver typ
With the mode select pin low, the DS1692/DS3692 are dual n Ia::ﬁwogurrent PNP inputs compatible with TTL, MOS and
differential line drivers with TRI-STATE outputs. They fea-
ture +10V output common-mode range in TRI-STATE and
0V output unbalance when operated with 5V supply.
Logic Diagram (;, Circuit Shown)
Cext. A (D)
INPUT A (D) O— DC O0UTPUT A (D)
INPUT 8 (C)
TRI-STATE® O—@
DISABLE 1
QUTPUT B (C)
MODE
SELECT CexT. B(C)

Connection Diagram

U

Vg = 18 11SE TIME CONTROL A
1
input A =2 LS. guteut A

14
INPUT B/DISABLE—3 p— OQUTPUT B

MODE SELECT — 13, gISE TIME CONTROL B
6ND = 12, BISE TIME CONTROL C

L quteutc

,‘_9_ QUTPUT D

6
INPUT C/DISABLE =

L RISE TIME CONTROL D

TL/F/5784-2
Top View

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

TL/F/5784-1

Truth Table
Inputs Outputs
Mode | A(D) | B(C) A (D) B(C)
0 0 0 0 1
0 0 1 TRI-STATE | TRI-STATE
0 1 0 1 0
0 1 1 TRI-STATE | TRI-STATE
1 0 0 0 0
1 0 1 0 1
1 1 0 1 0
1 1 1 1 1
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DS1692/DS3692

Absolute Maximum Ratings (note 1)

Operating Conditions

If Military/Aerospace specified devices are required, Min Max Units
contact the National Semiconductor Sales Office/ Supply Voltage
Distributors for availability and specifications. DS1692
Supply Voltage Vee 45 55 \
Ve 7V /33 —4.5 —55 v
VEE —7v DS3692
Maximum Power Dissipation* at 25°C Vee 4.75 5.25 v
Cavity Package 1509 mW Vee —475 —5.25 v
Molded Package 1476 mW Temperature (Ta) .
Input Voltage 15V g:;gg: _(;55 117205 °g
Qutput Voltage (Power OFF) +15V
Storage Temperature —65°C to +150°C
Lead Temperature (Soldering, 4 sec.) 260°C
*Derate cavity package 10.1 mW/°C; derate molded package 11.9 mW/°C
above 25°C.
Electrical Characteristics psi692/Ds3692 (Notes 2, 3 and 4)
Symbol Parameter Conditions | Min | Typ Max Units
DS1692, Voc = 5V +£10%, DS3692, Voc = 5V +5%, Vgg CONNECTION TO GROUND, MODE SELECT < 0.8V
Vo Differential Output Voltage RL = o ViN = 2V 25 3.6 \
Vo Vap Vin=08V | —25 —36 v
Vr Differential Output Voltage R = 1000 ViN = 2V 2 2.6 \
vr Vas Vec 2 475V [y '~ 0.8V —2 —26 v
Vos, Vos Common-Mode Offset RL = 1009 25 3 v
Voltage
vyl — VA Difference in Differential R = 1000 0.05 04 v
Output Voltage
[Vosl — IVos| | Difference in Common- RL = 1000 0.05 0.4
Mode Ofiset Voltage
Vss vy — VAl RL = 1009, Vg = 4.75V 4.0 4.8 v
lox TRI-STATE Output Current Vo £ —10V —0.002 -0.15 mA
Vo = 15V 0.002 0.15 mA
IsA Output Short Circuit Current ViN = 0.4V Voa = 6V 80 150 mA
Vog = OV —80 —150 mA
Iss Output Short Circuit Current ViN = 2.4V Voa = 0V —80 —150 mA
Vog = 6V 80 150 mA
lcc Supply Current 18 30 mA
DS1692, Voo = 5V £10%, VEg = —5V £ 10%, DS3692, Vo = 5V 5%, Vgg = —5 5%, MODE SELECT < 0.8V
Vo Differential Output Voltage Ry = o ViN = 2.4V 7 8.5 \"
Vo VasB Vi = 0.4V -7 -85 v
V1 Differential Output Voltage RL = 2000 ViN = 2.4V 6 7.3 \
vr Vag Vin = 0.4V -6 -7.3 v
Ivy| = [VAl Output Unbalance [Veel = [Veg), RL = 2000 0.02 0.4 \
lox TRI-STATE Output Current Vo = 10V 0.002 0.15 mA
Vo = —10V —0.002 ~0.15 mA
I+ Output Short Circuit Current Vo =0V ViN = 2.4V -80 —150 mA
s~ Viy = 0.4V 80 150 mA
IsLEw Slew Control Current +140 RA
Icc Positive Supply Current ViN =04V,R = o 18 30 mA
133 Negative Supply Current ViN = 0.4V,R| = o -10 —22 mA
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(v}
Electrical Characteristics (Notes 2 and 3) vge < oV g
Symbol Parameter Conditions Min Typ Max Units g
Vin High Level Input Voltage 2 v 2
ViL Low Level Input Voltage 0.8 \ §
IH High Level Input Current ViN = 2.4V 1 40 pA n
ViN € 15V 10 100 RA
e Low Level Input Current Vin = 0.4V -30 —200 nA
] Input Clamp Voltage IN = —12mA -1.5 v
IxA Qutput Leakage Current Vee = Ve = 0V Vo = 15V 0.01 0.15 mA
xa Power OFF Vo = —15V 001 | -015 mA

Switching Characteristics 7, = 25°c

symbol | Parameter | Conditions | min | Typ | max [ units
Vcc = 5V, MODE SELECT = 0.8V

tr Differential Output Rise Time Rp = 1009, C| = 500 pF (Figure 1) 120 200 ns
t Differential Output Fall Time Rp = 1009, C = 500 pF (Figure 1) 120 200 ns
tPDH Output Propagation Delay RL = 1009, C| = 500 pF (Figure 1) 120 200 ns
teoL Output Propagation Delay RL = 1009, Cy = 500 pF (Figure 1) 120 200 ns
tpzL TRI-STATE Delay RL = 100Q, C| = 500 pF (Figure 2) 180 250 ns
tpzH TRI-STATE Delay Ry = 1009, C_ = 500 pF (Figure 2) 180 250 ns
tpLz TRI-STATE Delay RL = 1009, C| = 500 pF (Figure 2) 80 150 ns
tpHZ TRI-STATE Delay R = 10092, C| = 500 pF (Figure 2) 80 150 ns
Vec = 5V, Vgg = —5V, MODE SELECT = 0.8V

tr Differential Output Rise Time Ry = 2004}, C = 500 pF (Figure 1) 190 300 ns
t Differential Output Fall Time R = 2009, C| = 500 pF (Figure 1) 190 300 ns
tpOL Output Propagation Delay RL = 2009, C| = 500 pF (Figure 1) 190 300 ns
tPDH Output Propagation Delay RL = 2009, C| = 500 pF (Figure 1) 190 300 ns
tpzL TRI-STATE Delay R = 2009, C_ = 500 pF (Figure 2) 180 250 ns
tpzH TRI-STATE Delay Ry = 2009, C| = 500 pF (Figure 2) 180 250 ns
tpLZ TRI-STATE Delay RL = 2009, C_ = 500 pF (Figure 2) 80 150 ns
teHZ TRI-STATE Delay RL = 20090, C|_ = 500 pF (Figure 2) 80 150 ns

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meantto imply that the devices
should be operated at these limits. The table of *‘Electrical Characteristics™ provide conditions for actual device operation.

Note 2: Unless otherwise specified, min/max limits apply across the —55°C to + 125°C temperature range for the DS1692 and across the 0°C to +70°C range for
the DS3692. All typicals are given for Vg = 5V and Tp = 25°C. Vg and Vg as listed in operating conditions.

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified.
Note 4: Only one output at a time should be shorted.
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DS1692/DS3692

AC Test Circuits and Switching Time Waveforms
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Switching Waveforms
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Typical Rise Time Control Characteristics
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DS16F95/DS36F95

National
Semiconductor

DS16F95/DS36F95

PRELIMINARY

RS-485/RS-422 Differential Bus Transceiver

General Description

The DS16F95/DS36F95 Differential Bus Transceiver is a
monolithic integrated circuit designed for bidirectional data
communication on balanced multipoint bus transmission
lines. The transceiver meets EIA Standard RS-485 as well
as RS-422A.

The DS16F95/DS36F95 offers improved performance due
to the use of state-of-the art L-FAST bipolar technology.
The L-FAST technology allows for higher speeds and lower
currents by utilizing extremely short gate delay times. Thus,
the DS16F95/DS36F95 features lower power, extended
temperature range, and improved specifications.

The DS16F95/DS36F95 combines a TRI-STATE® differen-
tial line driver and a differential input line receiver, both of
which operate from a single 5.0V power supply. The driver
and receiver have an active Enable that can be externally
connected to function as a direction control. The driver dif-
ferential outputs and the receiver differential inputs are in-
ternally connected to form differential input/output (1/0) bus
ports that are designed to offer minimum loading to the bus
whenever the driver is disabled or when Voo = OV. These
ports feature wide positive and negative common mode
voltage ranges, making the device suitable for multipoint ap-
plications in noisy environments.

The driver is designed to handle loads up to 60 mA of sink
or source current. The driver features positive and negative
current-limiting and thermal shutdown for protection from
line fault conditions.

The DS16F95/DS36F95 can be used in transmission line
applications employing the DS96F172 and the DS96F174
quad differential line drivers and the DS96F173 and
DS96F175 quad differential line receivers.

Features

| Bidirectional transceiver

W Meets EIA Standard RS-422A and RS-485
Meets SCSI specifications

Designed for multipoint transmission
TRI-STATE driver and receiver enables
Individual driver and receiver enables

Wide positive and negative input/output bus voltage
ranges

Driver output capability +60 mA maximum
Thermal shutdown protection

Driver positive and negative current-limiting
High impedance receiver input

Receiver input sensitivity of +£200 mV
Receiver input hysteresis of 50 mV typical
Operates from single 5.0V supply

Low power version

Extended temperature range

Pin compatible with DS3695 and SN75176A

Connection Diagram
8-Lead Dual-In-Line Package
1 8
Ve — —V
P [ 2 vjour
DE — A[ BUS PORT
p—t4 D 5

= GND
Top View

Order Number DS16F95J, DS36F95J or DS36F95N
See NS Package Number* JOSA or NOSE

TL/F/9628-1

*For most current package information, contact product marketing.

Function Tables

Driver
Differential Inputs Enable Outputs
D DE A B
H H H L
L L H
X L z Z
Receiver
Differential Inputs Enable Output
A-B RE R
Vip 2 0.2V L H
Vip £ —0.2V L L
X H Z
H = High Level
L = Low Level
X = Immaterial
Z = High Impedance (Off)




Absolute Maximum Ratings (Note 1) Recommended Operating

It Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/

Distributors for availability and specifications. Min Typ Max Units

6649€50/66491Sd

Supply Voltage (Vo)

Storage Temperature Range DS36F95 475 50 525 V
Ceramic DIP —65°Cto +175°C DS16F95 450 50 550 V
Molded DIP and SO-8 —65°Cto +150°C Voltage at Any Bus Terminal

Lead Temperature (Separately or Common Mode)

Ceramic DIP (Soldering, 60 sec.) 300°C (Vi or Voum) —-7.0 12 \Y2

Molded DIP and SO-8 (Scldering, 10 sec.) 265°C Differential Input +12 VvV
Maximum Power Dissipation* at 25°C Voltage (V|p)

Cavity Package 1300 mW

Molded Package 930 mW Outout Current HIGH (lor) e mA

SO Package 810 mW Receiver —400 pA

Supply Voltage 7.0v Output Current LOW (lop)

Differential Input Voltage +25V Driver 60 A

Enable Input Voltage 5.5V Receiver 16 M

*Derate cavity package 8.7 mW/°C above 25°C; derate molded DIP package Operating Temperature (Ta)

7.5 mW/°C; derate SO package 6.5 mW°C above 25°C. DS36F95 0 +25 +70 .

DS16F95 —-55 +25 +125 ¢

Driver Electrical Characteristics overrecommended operating conditions, unless otherwise specified

(Notes 2 & 3)
Symbol Parameter Conditions Min Typ Max Units
VIH Input Voltage HIGH 2.0 \
ViL Input Voltage LOW 0.8 \Y%
VoH Output Voltage HIGH . loy = —55mA 0°Cto +70°C 3.0 \
VoL Output Voltage LOW loL = 55 mA 0°Cto +70°C 2.0 \
Vic Input Clamp Voltage = —18mA -1.3 \
Vol Differential Output Voltage | 1o = 0 mA 6.0 \%
[Vopal Differential Output Voltage Ry = 1009, Figure 1 2.0 2.25 v
Ry = 544, Figure 1 1.5 2.0
Vob Differential Output Voltage Vem = —7.0Vto +12V 0°Cto +70°C 1.5 Vv
AlVopl Change in Magnitude of R = 540 or 1009, Figure 1
Differential Output Voltage 0.2 \'
(Note 4)
Voc Common Mode Output 3.0 v,
Voltage (Note 5)
Aol Change in Magnitude of
Common Mode Output +0.2 \
Voltage (Note 4)
lo Qutput Current (Note 8) Output Disabled Vo = +12V 1.0 mA
(Includes Receiver h) Vo = —7.0V ~08
i Input Current HIGH V) = 2.4V ’ 20 2A
IiL Input Current LOW V)= 04V —50 nA
los Short Circuit Output Vo = 7.0V —250
Current (Note 9) Vo = OV —150 A
Vo = Veo 150
Vo = +12V 250
lcc Supply Current No Load Outputs Enabled 28 mA
lcox (Total Package) Outputs Disabled 25




DS16F95/DS36F95

Driver Switching Characteristics vec = 5.0v, 74 = 25°C

Symbol Parameter Conditions Min Typ Max Units
top Differential Output Delay Time RL = 609, Figure 3 8.0 15 20 ns
ttp Differential Output Transition Time 8.0 15 22 ns
i s e s | e | | w | m
Fighto-Low LaveOutpt 60 | 12 | 16 | ns
tzn Output Enable Time to High Level RL = 1109, Figure 5§ 25 32 ns
t7) Output Enable Time to Low Level R = 1109, Figure 6 25 32 ns
tHz Output Disable Time from High Level Ry = 1109, Figure 5§ 20 25 ns
tLz Qutput Disable Time from Low Level Ry = 1109, Figure 6 20 25 ns
tSKEW Driver Output to Output RL = 600 1.0 4.0 ns
Receiver Electrical Characteristics
Over recommended operating conditions, unless otherwise specified
Symbol Parameter Conditions Min Typ Max Units
VTH Differential input High Vo = 27V,lp = —0.4 mA 0.2 v
Threshold Voltage
V1L Differential Input Low Vo = 0.5V,lp = 8.0mA —-0.2 v
Threshold Voltage (Note 6)
Vi —V7- Hysteresis (Note 7) Vom = 0V 35 50 mvV
VIH Enable Input Voltage HIGH 2.0 \'
ViL Enable Input Voltage LOW 0.8 \
Vic Enable Input Clamp Voltage I = —18 mA -1.3 \
VoH Output Voltage HIGH Vip = 200 mV, 0°Cto +70°C 2.8
loH = —400 pA, \
Figure 2 —55°Cto +125°C 2.5
VoL Output Voltage LOW Vip = —200 mV, loL = 8.0mA 0.45 v
Figure 2 loL = 16 mA 0.50
loz High Impedance State Output Vo = 0.4Vto 2.4V +20 nA
I Line Input Current (Note 8) Other Input = 0V V= +12v 1.0 mA
V)= —-7.0V 0.8
IH Enable Input Current HIGH Vi = 2.7V 20 RA
L Enable Input Current LOW ViL = 0.4V —50 HA
R Input Resistance 14 18 22 kQ
los Short Circuit Output Current (Note 9) —15 —85 mA
Icc Supply Current (Total Package) No Load Outputs Enabled 28 mA
lcex Outputs Disabled 25




Receiver Switching Characteristics v¢c = 5.0v, 75 = 25°C

Symbol Parameter Conditions Min Typ Max Units
tpLH Propagation Delay Time, Vip = 0Vto +3.0V 14 19 24 ns
Low-to-High Level Output CL = 15pF, Figure 7
Highto-Low Lovel Outpt S N
tzH QOutput Enable Time to High Level CL = 15pF, Figure 8 10 16 ns
tzL Output Enable Time to Low Level 12 18 ns
thz Output Disable Time from High Level CL = 5.0pF, Figure 8 12 20 ns
Lz Output Disable Time from Low Level 12 18 ns
ltpLH — tpu Pulse Width Distortion (SKEW) Figure 7 1.0 4.0 ns

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS16F95 and across the 0°C to +70°C range for
the DS36F95. All typicals are given for Vog = 5V and Tp = 25°C.

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise
specified.

Note 4: A|Vop| and A|Vogl| are the changes in magnitude of Vop and Vo, respectively, that occur when the input is changed from a high level to a low level.
Note 5: In E!A Standards RS-422A and RS-485, Vg, which is the average of the two output voltages with respect to ground, is called output offset voltage, Vos.

Note 6: The algebraic convention, where the less positive (more negative) limit is designated minimum, is used in this data sheet for common mode input voltage
and threshold voltage levels only.

Note 7: Hysteresis is the difference between the positive-going input threshold voltage, V1 +, and the negative-going input threshold voltage, Vy—.
Note 8: Refer to EIA Standard RS-485 for exact conditions.
Note 9: Only one output at a time should be shorted.

Parameter Measurement Information

R_; Vip {
Vo2
L ov oH IOH

R
5 Vo VoL t oV
ESA?LEE; L [ ® ] )
ote -— — — —
TL/F/9629-2 TL/F/9629-3
FIGURE 1. Driver Vop and Voc FIGURE 2. Receiver Vo and VoL
o T
L <R =
I Sebn AT
GENERATOR = |
(Note 1) Soa _L
¢ C =15pF 2.5V
p— o t I {(Note 2)

TL/F/9629-4

TL/F/9629-5
FIGURE 3. Driver Differential Output Delay and Transition Times
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DS16F95/DS36F95

Parameter Measurement Information (continued)

3y

ZI.SV 1.5V X

\_OV

our toLH— = I‘—‘PHL

GENERATOR C =15pF v
(Note 1) (Note 2) Y oH
out 2.3y 2,3V
= — VoL
TL/F/9629-6 touL ™ teLy
z Vou
out 2.3v 2.3V
VoL
TL/F/9629-7
FIGURE 4. Driver Propagation Times
St 3v
OV or 3V out IN 1.5v 1.5v
€ =50pF R =1100 ov

TL/F/9629-8
FIGURE 5. Driver Enable and Disable Times (tzy, tHz)

(Note 2) = L tzn <+ thz
GENERATOR (Note 3) by
(Note 1) 500 YOH
out 2.3v 0.5V
zv

OFF =0V

TL/F/9629-9

5V v
_ IN 1.5V 1.5V
st R =1100 o
0V or 3V out
ta iz
C =50pF
(Note 2) —L- sv
CENERATOR (Note 3) our 2.3V 4 l t\)l.sv
(Note 1) 500 _f oL
TL/F/9629-11
TL/F/9629-10
FIGURE 6. Driver Enable and Disable Times (tz, t 2)
3v
GENERATOR IN 1.5V 1.5V
(Note 1) | ov
Vo
1.5V ouT
VoL
ov

TL/F/9629-12
FIGURE 7. Receiver Propagation Delay Times

TL/F/9629-13
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Parameter Measurement Information (Continued)

v —=a 2k S2
1.5V e——0 : o— sV
ote 2) L
= 3; 5kQ (Note 4)
<

o
<

6649€50/56491Sd

lII-)F

GENERATOR
(Note 1) < s00
- s3
- TL/F/9629-14
o o v
W s1t0 15v S1 to =1.5V
IN 1.5V S2 OPEN IN 1.5¢ S2 CLOSED
ov 53 CLOSED ov  S3 OPEN
t
ZH tZL
Von 24,5V
out 1.5V out 1.5V
ov VoL
TL/F/9629-15 TL/F/9629-16
tiz u
¥ s1to018v st -15v
IN 1.5v S2 CLOSED IN 15V S2 CLOSED
oy 53 CLOSED ov S3 CLOSED
thz Yz
1 Vou =13V
S X our 0.5V
=13V VoL
TL/F/9629-17 TL/F/9629-18

FIGURE 8. Receiver Enable and Disable Times

Note 1: The input pulse is supplied by a generator having the following characteristics: PRR = 1.0 MHz, 50% duty cycle, t; < 6.0 ns, t; < 6.0 ns, Zg = 50Q.
Note 2: C|_includes probe and stray capacitance.

Note 3: DS16F95/DS36F95 Driver enable is Active-High.

Note 4: All diodes are 1N916 or equivalent.

Typical Application

UP TO 32
TRANSCEIVERS

TL/F/9629-19
Note:

The line length should be terminated at both ends of its characteristic impedance.
Stub lengths off the main line should be kept as short as possible.
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DS3695/DS3695T/DS3696/DS3696T/DS3697/DS3698

National
Semiconductor

DS3695/DS3695T/DS3696/DS3696T/DS3697/DS3698
Multipoint RS485/RS422 Transceivers/Repeaters

General Description

The DS3695, DS3696, DS3697 and DS3698 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-STATE 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 DS3696 and DS3698
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 k2 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 DC specifications are guaranteed over the 0 to
70°C temperature and 4.75V to 5.25V supply voltage range.

Features

m Meets EIA standard RS485 for multipoint bus transmis-
sion and RS422

B 15 ns driver propagation delays with 2 ns skew (typical)

u Single +5V supply

m —7V to +12V bus common mode range permits =7V
ground difference between devices on the bus

W Thermal shutdown protection

m Power-up/down glitch-free driver outputs permit live in-
sertion or removal of transceivers

®m 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

m 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

m 70 mV typical receiver hysteresis

Connection and Logic Diagrams

[
po—Y L
=Y L fwfi

BUS
= 8 _oasm
-4 5 cno
TL/F/5272-1
Top View
153697 \J

]

BUSIN
w
0

8US QUT
0o

TL/F/5272-3

;_:f

Top View

053696 N
- 2 vee
R
e 2 ’ L s
)| ] . BUS
F— p—+—00/RI
oY ! LI
TL/F/5272-2
Top View
053698 \J
veg =4 LI
USIN
-2 L1
- ] L
BUS OUT
-4 5 o

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, DS3696 TN, DS3695TJ or DS3696TJ
See NS Package Number JOBA, MOSA or NOSE
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Absolute Maximum Ratings (ote 1) @
If Military/Aerospace specified devices are required, Continuous Power Dissipation @ 25°C g
contact the National Semiconductor Sales Office/ N Package 1.07W (Note 4) —
Distributors for availability and specifications. M Package 630 mW (Note 5) 8
Supply Voltage, Vcc v Storage Temp. Range —-65°Cto +150°C | &
Control Input Voltages v Lead Temp. (Soldering 4 seconds) 260°C g
Driver Input Voltage A" . :'
Driver Output Voltages +15v/—10V Recommended OPeratmg 8
Receiver Input Voltages Conditions S
(DS3695, DS3696) +15V/—=10V Min Max Units g
Receiver Common Mode Voltage Supply Voltage, Voo 4.75 5.25 v a
(DS3697, DS3698) +25V Bus Voltage -7 +12 \ D
Receiver Output Voltage 5.5V Operating Free Air Temp. (Ta) 8
Commercial 0 +70 °C -4
Industrial —40 +85 °C d
(=}
Electrical Characteristics o°c < T4 < 70°C, 4.75V < Vo < 5.25V unless otherwise specified (Notes 2 & 3) @
=33
Symbol Parameter Conditions Min | Typ | Max | Units 3
~
Vob1 Ditferential Driver Output lo=0 5 v o
Voltage (Unloaded) 8
D
Vobz Differential Driver Output (Figure 1) R = 509; (RS-422) (Note 6) 2 Vv 8
Voltage (with Load) R = 27Q; (RS-485) 15 v
AVop Change in Magnitude of Driver
Differential Output Voltage For 0.2 \'
Complementary Output States
Voc Driver Common Mode Output Voltage | (Figure 1) R =279 3.0 \"
AlVoc!| | Change in Magnitude of Driver
Common Mode Output Voltage 0.2 \
For Complementary Output States
ViH Input High Voltage 2 v
ViL Input Low Voltage DI, DE, 0.8 \
Veou Input Clamp Voltage RE,E IN= —18mA -15 v
i Input Low Current ViL = 0.4V —200 | pA
IIH Input High Current Vig = 2.4V 20 RA
N Input Current DO/RI,DO/RI | Voo = OV or5.25V | Viy = 12V +1.0 | mA
RI,RI DE/E = OV Vin = ~7V ~08 | mA
lozp TRI-STATE Current | DO, DO Vce = 0Vor5.25V, E = 0V +100 A
DS3697 & DS3698 —7V <V < +12V * H
VTH Differential Input Threshold —7V <Vgpm £ +12V —o02 102 v
Voltage for Receiver
AVTH Receiver Input Hysteresis Vom = 0V 70 mV
VoH Receiver Output High Voltage loH = —400 A 2.4
VoL Output Low Voltage | RO loL = 16 mA (Note 6) 0.5
LF loL = 8mA 0.45
lozr OFF-State (High Impedance) Veoc = Max +20 A
Output Current at Receiver 0.4V < Vg < 2.4V = »
RiN Receiver Input Resistance —7V < Vgpm £ +12V 12 kQ
lcc Supply Current No Load Driver Outputs Enabled 42 60 mA
(Note 6) Driver Outputs Disabled 27 40 mA
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DS3695/DS3695T/DS3696/DS3696T/DS3697/DS3698

Electrical Characteristics
0°C < Ta <€ 70°C, 4.75V < Vg < 5.25V unless otherwise specified (Notes 2 & 3) (Continued)

Symbol Parameter Conditions Min | Typ [ Max | Units
losp Driver Short-Circuit Vo = —7V (Note 6) -250 mA
Output Current Vo = OV (Note 6) —150 [ mA
Vo = + 12V (Note 6) +250 [ mA
losr Receiver Short-Circuit Vo = 0V _ _
Output Current 15 85 mA

Note 1: “Absolute maximum ratings"” are those beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device should be
operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation.

Note 2: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to device ground unless otherwise

specified.

Note 3: All typicals are given for Vog = 5V and Tp = 25°C.
Note 4: Derate linearly at 11.1 mW/°C to 570 mW at 70°C.
Note 5: Derate linearly at 6.5 mW/°C to 337 mW at 70°C.
Note 6: Al limits for which Note 6 is applied must be derated by 10% for DS3695T and DS3696T. Other parameters remain the same for these extended
temperature range devices (—40°C < Tp s +85°C).

Receiver Switching Characteristics (Figures 7, 2and 3)

Symbol Conditions Min Typ Max Units
trLH CL = 15pF 15 25 37 ns
toHL ,5“10222 82 15 25 37 ns
|tprn-tpr] 0 ns
tpLz C_ = 15 pF, S2 Open 5 12 16 ns
tpHz CL = 15 pF, S1 Open 5 12 16 ns
tezL Cp = 15 pF, S2 Open 7 15 20 ns
tpzH CL = 15pF, S1Open 7 15 20 ns

Driver Switching Characteristics (Figures 4, 5and 6)

Symbol [ Conditions | Mn | Typ Max Units
SINGLE ENDED CHARACTERISTICS
tPLH Rippr = 6002 9 15 22 ns
torL Cu1 = G2 = 100pF 9 15 22 ns
tskEwltPLH-tPHL 0 2 8 ns
tpLz C_ = 15 pF, S2 Open 7 15 30 ns
tPHz CL = 15pF, S1 Open 7 15 30 ns
tpzL CL = 100 pF, S2 Open 30 35 50 ns
tpzH CL = 100 pF, S1 Open 30 35 50 ns

Differential Switching Characteristics (Note 7, Figure 7)

Symbol Conditions Min Typ Max Units
t Ripier = 600 6 10 18 ns
tPLHD CLi = CL2 = 100 pF ns
tPHLD ns
ltpLHD~tPHLDI ns

Note 7: Differential Delays are defined as calculated results from single ended rise and fall time measurements. This approach in establishing AC performance
specifications has been taken due to limitations of available Automatic Test Equipment (ATE).

The calculated ATE results assume a linear transition between measurement points and are a result of the following equations:

Ter =

_ (Tfb X Trb) — (Tra X Tfa)

Trb — Tra — Tfa + Tfb
Where: Ter = Crossing Point

Tra, Trb, Tfa and Tib are time measurements with respect to the input.

See figure following page.
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Switching Time Waveforms

T e
o — i A
trg ool :,am---—: !
typ lte = = i [
" I o ' TL/F/5272-5
AC Test Circuits and Switching Waveforms
Prgli'T st " Vee
e 5
G ~ ‘E %%2‘8
aucuuogs prose” ]~ 3" wos
CAPAJL!IYANm
2
! Al

TL/F/5272-6

FIGURE 1. Receiver Propagation Delay Test Circuit

25V

RIRI ov ov

25V
_.l L tPLH

VOH f= 1MHz: t, < 10ns
15V 1t < 10ns

fo

vou

Note: Differential input voltage may be realized by grounding Rl and pulsing RI between +2.5V and —2.5V
FIGURE 2. Receiver Input-to-Output Propagation Delay Timing

J)

INUT

OUTRUT

K R — 1

RE \ # = 1MHz: 1 < 10ns 150

oR / 1ty 10ns

E J)
o =1 ¢

—{ 12t - 7 e
v
OUTPUT 1.5¢ +
NORMALLY LOW
(11
-
vou
s
—» 124 + r
—_— ¢ voH
0sv
g
QUTPUT *
NORMALLY HIGH

ov —| W7 je—

FIGURE 3. Receiver Enable/Disable Propagation Delay Timing

TL/F/5272-7

TL/F/5272~8
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DS3695/DS3695T/DS3696/DS3696T/DS3697/DS3698

AC Test Circuits and Switching Waveforms (continued)

TL/F/5272-10

0€ 0
— 1
oc s CLy =100pt
FROM DUTPUT S R
UNDER TEST > "LOIFF } l
=602 T CL2=100pt =2

uucwnss PROBE
cmcmucﬂ = =
Note: Unless otherwise specified TL/F/5272-9

the switches are closed.

FIGURE 4. Driver Propagation Delay Test Circuits

3 t=1MHz: t, < 10
= 2:t,<10ns
DI 1.5V f<10ns 1.5V
ov
tLy teL
5 !
v* 1/ 2v0 \'/ 1/2V,
A -
po =t 4
I-—'SKEw tSKEW
FIGURE 5. Driver Input-to-Output Propagation Delay Timing (Single-Ended)
W Y Ammc—

RIS
/ f=1MHz: t, < 10ns \
tf < 10ns

TL/F/5272-11

DEor E :
) 1.5V 15V ;
ov

Vou

ZE ff

00, 00
QUTPYT
NORMALLY HIGH

o

—P‘l IZH

FIGURE 6. Driver Enable/Disable Propagation Delay Timing

=1MHz 1.5V
tf =< 10ns
QPLHD tpuLD

90% 90%
VoIFF =Ypo~V00
ov
10%
TL/F/5272-13

FIGURE 7. Driver Differential Input-to-Output Propagation Delay and Differential Transition Timing

—» 12l
1 — 1] e
00, 00 .
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TL/F/5272-12
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DS3695/DS3696 Channel Distortion (Note 8, Figures 8, 9)

Symbol Parameter Conditons Max Units
tPRR The difference of any ATp £25°C
two input to output AVggo < 200 mV 9 ns

propagation delays between (4.75V < Voo < 5.25V)
any two receivers.

troD The difference of any Measured between any
two differential input two parts on the
to output propagation same interface channel. 6 ns
delays between any
two drivers.

RI

TL/F/5272-14 s1on

25 MBS Receiver Propagation Delay Test Circuit

869€S0/.69€50/1969€SA/969£50A/1569€S0/569€SA

TL/F/5272-15
25 MBS Driver Propagation Delay Test Circuit

v
+2.
v _ DI 1.5V F=1MHz 15V
RI=RI tty=10ns
ov F=1MHz ov ov
tty < 10 ns torup
=-2.5Y +Vy |
tory touL 90%
Voirr =Ypo™V50
Vou 10%
1.5V RO 1.5V =Vo
Vou &
TL/F/5272-16 TL/F/5272-17
FIGURE 8. 25 MBS Receiver Propagation Delay Timing FIGURE 9. 25 MBS Driver Propagation Delay Timing

Note 8: Specified to meet the 25 Mbyte Intelligent Peripheral Interface (IPl) requirements.
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DS3695/DS3695T/DS3696/DS3696T/DS3697/DS3698

Function Tables
DS3695/DS3696 Transmitting

Inputs Outputs
Line F
RE Condition Do
RE DE Dt DO DO (DS3696 Only)
X 1 1 No Fault 0 1 H
X 1 0 No Fault 1 0 H
X 0 X X z z H
X 1 X Fault Z z L
DS3695/DS3696 Receiving
Inputs Outputs
— RI-RI iF
RE DE RO (DS3696 Only)
0 0 >+0.2V 1 H
0 0 <-0.2V 0 H
0 0 Inputs Open** 1 H
1 0 X Zz H
DS3697/DS3698
Inputs Outputs
Line —
-RI Condition Do RO/DI LF*
E | R-RI DO | DO | (hs3sezonly) | (DS3698 Only)
1 >+0.2V No Fault 0 1 1 H
1 <-0.2V No Fault 1 0 0 H
1 Open** No Fault 0 1 1 H
0 X X z z Y4 H
1 >+0.2V Fault Y4 4 1 L
1 <-0.2v Fault z Y4 0 L

X — Don’t care condition

Z — High impedance state

Fault — Improper line conditions causing excessive power dissipation in the driver, such as shorts or bus contention situations
*LF is an “open collector” output with an on-chip 10 k€ pull-up resistor

** This is a fail safe condition

Typical Application

& b
— E_‘
RT RT

E )

DS3695/DS3696 D$3695/D83696

h]
} 053697/053698 b SRS @—
l 2Rt Rt
> b
1S

D$3697/D$3698

D$3695/083696

TL/F/5272-18
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National
Semiconductor

DS55107/DS55108/DS75107/DS75108/DS75208
Dual Line Receivers

General Description useful in certain applications that have multiple Voc+ sup-

. . i plies or Vcc+ supplies that are turned off.
The products described herein are TTL compatible dual

high speed circuits intended for sensing in a broad range of
system applications. While the primary usage will be for line Features

receivers of MOS sensing, any of the products may effec- m Diode protected input stage for power “OFF" condition

tively be used as voltage comparators, level translators, ™ 17 ns typ h'gh speed

window detectors, transducer preamplifiers, and in other ~® TTL compatible

sensing applications. As digital line receivers the products ® +10 mV or £25 mV input sensitivity

are applicable with the SN55109/SN75109 and pA75110/ m 3V input common-mode range

DS75110 companion drivers, or may be used in other bal-  m High input impedance with normal V¢, or Veg = OV

ancefi or unbal.anced partx—line data transmissigp systems. m Strobes for channel selection

The improved input sensitivity and delay specifications of m Dual circuits

the DS75208 make it ideal for sensing high performance m Sensitivity gntd ful de ran

MOS memories as well as high sensitivity line receivers and ensitivily gntd. over Wl common-mode rar ge -

voltage comparators. = Logic input clamp diodes—meets both “A” and “B
. . . . . . version specifications

Input protection diodes are incorporated in series with the m +5V standard supply voltages

collectors of the differential input stage. These diodes are

Connection Diagram

Dual-In-Line Package

INPUT INPUT OUTPUT  STROBE

Vec* Vee™ 2A 28 NC 2y 26

14 ||z lIZ 11 lw 9 3

1 ) 3 ) 5 6 7
INPUT  INPUT NC OUTPUT  STROBE  STROBE  GND

1A 18 1Y 16
TL/F/9446-1
Top View

Order Number DS55107J, DS75107J, DS55108J, DS75108J, DS75208J, DS75107N, DS75108N or DS75208N
See NS Package Number J14A or N14A

Selection Guide

Temperature — | —55°C < Tp < +125°C| 0°C < Tp < +70°C
Package — Cavity Dip Cavity or Molded Dip
Input Sensitivity — +25mvV +25mV | £10mV
Output Logic }
TTL Active Pull-Up DS55107 DS75107
TTL Open Collector DS55108 DS75108 | DS75208
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DS55107/DS55108/DS75107/DS75108/DS75208

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

5.5V
—65°Cto +150°C

Strobe Input Voltage
Storage Temperature Range
Maximum Power Dissipation* at 25°C

Supply Voltage, Ve * v Cavity Package 1308 mW
Supply Voltage, Vcc™ =7V Molded Package 1207 mW
Differentia! Input Voltage +6V Lead Temperature (Soldering, 4 sec) 260°C
Common Mode Input Voltage +5V *Derate cavity package 8.7 mW/°C above 25°C; derate molded package 9.7
mW/°C above 25°C.
Operating Conditions
DS55107, DS75107,
DS55108 DS75108, DS75208
Min Nom Max Min Nom Max
Supply Voltage Voo t+ 4.5V . BV 5.5V 4.75V 5V 5.25V
Supply Voltage Ve~ —4.5V -5V —5.5V —4.75V -5V —5.25V
Operating Temperature Range -55°C to +125°C 0°C to +70°C

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range™
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics™ provides conditions for actual device

operation.

Note 2. Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS55107 and DS55108 and across the 0°C to
+70°C range for the DS75107, DS75108 and DS75208. All typical values are for Tp = 25°C and Vgc = 5V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown

as max or min on absolute value basis.

DS55107/DS75107, DS55108/DS75108
Electrical Characteristics yn < Ta < Tuax (Notes 2, 3)

Symbol Parameter Conditions Min | Typ | Max | Units
Iy High Level Input Current Veo+ = Max, Voo = Max, 30 75 A
into A1, B1, A2 or B2 Vip = 0.5V, V|c = —3Vto 3V ®
I Low Level Input Current Veo+ = Max, Voo— = Max, ~10 A
into A1, B1, A2 or B2 Vip= —2V,Vic = —3Vto3V »
I High Level Input Current Voc+ = Max, Vik) = 2.4V 40 mA
into G1 or G2 Voc— = Max Vis) Max Vg + 1 mA
" Low Level Input Current Voc+ = Max, Voo— = Max, —16| mA
into G1 or G2 ViLsy = 0.4V :
IH High Level Input Currentinto S | Voo + = Max, ViHg) = 2.4V 80 nA
Vec- = Max ViHs) = Max Voo + 2 mA
e Low Level Input Currentinto S | Vooc+ = Max, Vog— = Max, —32] mA
Viyg) = 0.4V i
VoH High Level Output Voltage Vog+ = Min,Vgg— = Min,
ILoaD = —400 pA, Vip = 25 mV, 2.4 v
Vic = —3V to 3V, (Note 3)
VoL Low Level Output Voltage Veec+ = Min, Vog— = Min,
IsINk = 16 MA, VIp = —25mV, 0.4 \
Vic = —3Vto3V
loH High Level Qutput Current Veeg+ = Min, Veg— = Min 250 A
Von = Max Vg, (Note 4) "
los Short Circuit Output Current Voc+ = Max,Veoo— = Max, 18 70| ma
(Notes 2 and 3)
lccH+ High Logic Level Supply Vceo+ = Max, Vgo— = Max, 18 30 mA
Current from Voo Vip = 25mV, Tp = 25°C
lccH- High Logic Level Supply Voc+ = Max, Voo~ = Max, —84| —15 | mA
Current from Voo Vip = 25mV, Tp = 25°C .
\ Input Clamp Voltageon G or S | Voo+ = Min, Vgg— = Min, -9 -15 v
IN= —12mA, Tp = 25°C )
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Switching Characteristics vecs = 5v, Voo = -5V, Ta = 25°C

Symbol Parameter Conditions Min Typ Max Units
tPLH(D) Propagation Delay Time, Low to R = 3900, C| = 50pF, (Note 3) 17 25 ns
High Level, from Differential (Note 1)
Inputs A and B to Output (Note 4) 19 25 ns
tPHL(D) Propagation Delay Time, High to R = 3909, C|_ = 50 pF, (Note 3) 17 25 ns
Low Level, from Differential (Note 1)
Inputs A and B to Output (Note 4) 19 2 ns
tPLH(S) Propagation Delay Time, Low to RL = 3900, C = 50 pF (Note 3) 10 15 ns
High Level, from Strobe Input G
or S to Output (Note 4) 13 20 ns
tPHL(S) Propagation Delay Time, High to RL = 390Q, C|_ = 50 pF (Note 3) 15 ns
Low Level, from Strobe Input G
' 4 13 20 ns
or S to Output (Note 4)
Note 1: Differential input is +100 mV to —100 mV pulse. Delays read from 0 mV on input to 1.5V on output.
Note 2: Only one output at a time should be shorted.
Note 3: DS55107/DS75107 only.
Note 4: DS55108/DS75108 only.
DS75208
Electrical Characteristics o°c < 1o < +70°C
Symbol Parameter Conditions Min Typ Max Units
IIH High Level Input Current Vec+ = Max, Veg— = Max, 30 75 A
into A1, B1, A2 or B2 Vip = 0.5V, Vic = —3V 103V s
IiL Low Level Input Current Voc+ = Max, Vog— = Max, 10 A
into A1, B1, A2 or B2 Vip = —2V,Vic = —3Vto 3V H
liH High Level Input Current Veo+ = Max, ViHs) = 2.4V 40 HA
into G1 or G2 Veo- = Max Vi) = Max Vg + 1 mA
e Low Level Input Current Vec+ = Max, Voo = Max, 16 mA
"into G1 or G2 Vi) = 0.4V ’
i1 High Level Input Currentinto S Veg+ = Max, ViH) = 2.4V 80 HA
Vee- = Max ViHs) = Max Ve + 2 mA
i Low Level Input Currentinto S Vec+ = Max, Voo~ = Max,
—-3.2 mA
VIL(S) = 0.4V
VoL Low Level Output Voltage Vec+ = Min, Vo - = Min,
Isink = 16 mA, Vip = —10mV, 0.4 \Y
Vic = —3Vto3Vv
loH High Level Output Current Vec+ = Min, Vgg- = Min, 250 LA
VoH = MaxVce+
lccH+ High Logic Level Supply Vec+ = Max, Vog—- = Max, 18 30 mA
Current from Ve + Vip =10mV, T = 25°C
lccH— High Logic Level Supply Vec+ = Max, Voo = Max, —8.4 —15 mA
Current from Voo — Vip = 10mV, T4 = 25°C )
\ Input Clamp Voltage on G or S Vec+ = Min, Vgo— = Min, -1 15 v

IIN= —12mA, Tp = 25°C
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DS55107/DS55108/DS75107/DS75108/DS75208

Switching Characteristics vec: = 5V, Voo = —5v,Ta = 25°C

Symbol Parameter Conditions Min Typ Max Units
tPLH(D) Propagation Delay Time, Low-to- Ry = 4709, C| = 15pF, (Note 1)
High Level, from Differential 35 ns
Inputs A and B to Output
tPHL(D) Propagation Delay Time, High-to- Ry = 4700, C_ = 15pF, (Note 1)
Low Level, from Differential 20 ns
Inputs A and B to Output
tPLH(S) Propagation Delay Time, Low-to- RL = 4700,C = 15pF
High Level, from Strobe Input G 17 ns
or S to Qutput
tPHL(S) Propagation Delay Time, High-to- RL = 4709, C = 15 pF
Low Level, from Strobe Input G 17 ns
or S to Output
Note 1: Differential input is +10 mV to ~30 mV pulse. Delays read from 0 mV on input to 1.5V on output.
Typical Applications
Basic Balanced-Line Transmission System
P
RT l RT
AvAvA' A'AvA
Il = 1 v 1
pr— AN AN —
(1AS5/751108)/ TWISTED-PAIR OR EQUIVALENT (uass/75107)
(DS55/75110A) TRANSMISSION LINE (s55/75107)
DATA Ip=2FRy
INPUT
IN At
IN A2
STROBE  STROBE
":%BII A COMMON
iNH RECEIVER
COMMON DRIVER

TL/F/9446-2
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Typical Applications (continued)

Data-Bus or Party-Line System

RECEIVER 1

RECEIVER 2

RECEIVER 3

STROBE STROBE
COMMON COMMON
TWISTED=PAIR LINE A
STROBE P P
Ry l COMMON | Ry
A ANA
WA W
= A AA —
DATA DRIVER 1 DRIVER 2 DRIVER 3
INPUT
IN Al IN A1 IN At
IN A2 IN A2 IN A2
INHIBIT
N A N A NF A
INH iNA INH
COMMON COMMON COMMON
TL/F/9446-3
APPLICATION 25 mV (or less). For normal line resistances, data may be

The DS55107, DS75107 dual line circuits are designed spe-
cifically for use in high speed data transmission systems
that utilize balanced, terminated transmission lines such as
twisted-pair lines. The system operates in the balanced
mode, so that noise induced on one line is also induced on
the other. The noise appears common mode at the receiver
input terminals where it is rejected. The ground connection
between the line driver and receiver is not part of the signal
circuit so that system performance is not affected by circu-
lating ground currents.

The unique driver output circuit allows terminated transmis-
sion lines to be driven at normal line impedances. High
speed system operation is ensured since line reflections are
virtually eliminated when terminated lines are used. Cross-
talk is minimized by low signal amplitudes and low line im-
pedances.

The typical data delay in a system is approximately (30 +
1.3L) ns, where L is the distance in feet separating the driv-
er and receiver. This delay includes one gate delay in both
the driver and receiver.

Data is impressed on the balanced-line system by unbalanc-
ing the line voltages with the driver output current. The driv-
en line is selected by appropriate driver input logic levels.
The voltage difference is approximately:

VoIFr = Y lon) X Rt m
High series line resistance will cause degradation of the sig-
nal. The receivers, however, will detect signals as low as

recovered from lines of several thousand feet in length.

Line termination resistors (Rt) are required only at the ex-
treme ends of the line. For short lines, termination resistors
at the receiver only may prove adequate. The signal ampli-
tude will then be approximately:

VoIFF = lofon) X Rt (]
The strobe feature of the receivers and the inhibit feature of
the drivers allow the DS55107, DS75107 dual line circuits to
be used in data-bus or party-line systems. In these applica-
tions, several drivers and receivers may share a common
transmission line. An enabled driver transmits data to all
enabled receivers on the line while other drivers and receiv-
ers are disabled. Data is thus time multiplexed on the trans-
mission line. The DS55107, DS75107 device specifications
allow widely varying thermal and electrical environments at
the various driver and receiver locations. The data-bus sys-
tem offers maximum performance at minimum cost.

The DS55107, DS75107 dual line circuits may also be used
in unbalanced or single line systems. Although these sys-
tems do not offer the same performance as balanced sys-
tems for long lines, they are adequate for very short lines
where environment noise is not severe.

The receiver threshold level is established by applying a DC
reference voltage to one receiver input terminal. The signal
from the transmission line is applied to the remaining input.
The reference voltage should be optimized so that signal
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DS55107/DS55108/DS75107/DS75108/DS75208

Typical Applications (continued)

swing is symmetrical about it for maximum noise margin.
The reference voltage should be in the range of —3.0V to
+3.0V. It can be provided by a voltage supply or by a volt-
age divider from an available supply voltage.

Unbalanced or Single-Line Systems

INPUT

OUTPUT
VRer

STROBES
TL/F/9446-4

Precautions in the Use of DS1603, DS3603, DS55107,
DS75107, DS75108 and DS75208 Dual Line Receivers

The following precaution should be observed when using or
testing DS55107, DS75107 line circuits.

When only one receiver in a package is being used, at least
one of the differential inputs of the unused receiver should
be terminated at some voltage between —3.0V and +3.0V,
preferably at ground. Failure to do so will cause improper
operation of the unit being used because of common bias
circuitry for the current sources of the two receivers.

The DS55107, DS75107 and DS75108 line receivers fea-
ture a common mode input voltage range of +3.0V. This
satisfies the requirements for all but the noisiest system ap-
plications. For these severe noise environments, the com-
mon mode range can be extended by the use of external
input attenuators. Common mode input voltages can in this
way be reduced to £3.0V at the receiver input terminals.
Differential data signals will be reduced proportionately. In-
put sensitivity, input impedance and delay times will be ad-
versely affected.

The DS75108 line receivers feature an open-collector-out-
put circuit that can be connected in the DOT-OR logic con-
figuration with other DS75108 outputs. This allows a level of
logic to be implemented without addtional logic delay.

Increasing Common Mode Input
Voltage Range of Recelver

R1
anmmAAA.
M DS55/75107
Sr 0S55/75108
SR
1
AN STROBES

TL/F/9446-5

DS75108 Wired-OR Output Connections

DS75108

DS75108

OQUTPUT

WIRED~OR
CONNECTION

TL/F/9446-6
Circuit Differences Between Industry Standard
75107/75108 A and B Versions

The essential difference between the “A” and “B” versions
is shown in the following schematics of the input state:

A Version
(2]
>
< <
$ 3
<
]
]
]
] 1
] |
. L]
+N
=IN
]
]
1
H
TL/F/9446-7
B Version
v+
L
< <
s 3
INPUT :
PROTECTION '
DIODES ' ]
1 [}
1] L]
+IN
=IN

TL/F/9446-8




Typical Applications (continueq)

The input protection diodes are useful in certain party-line
systems which may have multiple V+ power supplies and,
in which case, may be operated with some of the V+ sup-
plies turned off. In such a system, if a supply is turned off
and allowed to go to ground, the equivalent input circuit
connected to that supply would be as follows:

A Version

INPUT ++—_L

AA
\ A4

TL/F/9446-9

B Version

INPUT —}l——“—-—-}}——i

AA
A\ A4

TL/F/9446-10

Schematic Diagrams

This would be a problem in specific systems which might
possibly have the transmission lines biased to some poten-
tial greater than 1.4V. Since this is not a widespread appli-
cation problem, both the A and B versions will be available.
The ratings and characteristic specifications of the B ver-
sions are the same as those of the A versions.

The DS75107/DS75108/DS75208 feature the protective di-
odes shown in the B version below. The pA55107A/
DS55107A feature the A version input stage.

DS55107/DS75107, DS55108/DS75108, DS75208

+

Vee

900

800

INPUT B

INPUTA O

S I

§50

<
Vee™ O f‘

N
a

O STROBE S

Note 1: '/, of the dual circuit is shown.
Note 2: *Indicates connections common to second half of dual circuit.

TL/F/9446-11

Note 3: Components shown with dash lines are applicable to the DS55107, DS75207 and DS75107 only.
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DS55110A/p.A55110A/DS75110A/uA75110A

National
Semiconductor

DS55110A/uA55110A/ DS75110A/ pA75110A

Dual Line Drivers

General Description

The DS55110A/pA55110A, DS75110A/pA75110A are
dual line drivers with independent channels, common supply
and ground terminals featuring constant current outputs.
These drivers are designed for optimum performance when
used with the DS55107/DS75107, DS55108/DS75108 line
receivers.

The output current of the DS55110A/uA55110A,
DS75110A/pA75110A is nominally 12 mA and may be
switched to either of two output terminals with the appropri-
ate logic levels at the driver input.

Separate or common control inputs are provided for in-
creased logic versatility. These control or inhibit inputs allow
the output current to be switched off (inhibited) by applying
low logic levels to the control inputs. The output current in
the inhibit mode, lo(off), is specified so that minimum line
loading is induced. This is highly desirable in system appli-
cations using party line data communications.

Features

m No output transients on power-up or down

m Improved stability over supply voltage and temperature
ranges

m Constant current, high impedance outputs

m High speed 15 ns

m Standard supply voltages

m Inhibitor available for driver selection

m High common mode output voltage range
(—3.0V to 10V)

m TTL input compatibility
m Extended temperature range

Connection Diagram

14-Lead Dual-In-Line Package
and SO-14 Package

1 U/ 14
IN Ao —1?V+
IN A2— ——OUT A2
__ 3 12
iNH A= TOUT A
iNH B -
5 10
IN 131—6 I—g—lNH COMMON
IN 32—7 —QUT B1
GND —— ouT B2

TL/F/9619-1
Top View
Order Number DS55110AJ, DS75110AJ,
nA55110ADM, nA75110ADC
See NS Package Number J14A*

Order Number DS75110AM or nA75110ASC
See NS Package Number M14A

Order Number DS75110AN or nA75110APC
See NS Package Number N14A

*For most current package information, contact product marketing.

Function Table
Inputs Outputs
Logic Inhibitor
A B C D A1/B1 | A2/B2
X X L X Off Off
X X X L Off Off
L X H H On Off
X L H H On Off
H H H H Off On
H = High, L = Low, X = Don't Care
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Absolute Maximum Ratings (Note 1) a
If Military/Aerospace specified devices are required, Maximum Power Dissipation* at 25°C =
contact the National Semiconductor Sales Office/ Cavity Package 1360 mW (=)
Distributors for availability and specifications. Molded Package 1040 mW :\’
Storage Temperature Range SO Package 930 mW §
Ceramic DIP —65°Cto +175°C *Derate cavity package 9.1 mW/°C above 25°C; derate molded DIP package o,
Molded DIP and SO-14 —65°C to +150°C 8.3 mW/°C above 25°C; derate SO package 7.5 mW/°C above 25°C. g
Lead Temperature Suppy Voltage 7.0V S
Ceramic DIP (Soldering, 60 sec.) 300°C Input Voltage (Any Input) 5.5V :\>
Molded DIP and SO-14 Output Voltage (Any Output) —5.0Vto +12V o
(Soldering, 10 sec.) 265°C CND
(3]
Recommended Operating Conditions =
(=]
>
DS55110A/pA55110A DS75110A/pA75110A Units =
Min Typ Max Min Typ Max t>
Positive Supply Voltage (V+) 4.5 5.0 5.5 4.75 5.0 5.25 \ o
Negative Supply Voltage (V) —4.5 -5.0 ~55 —-4.75 -5.0 —5.25 \ g
Positive Common Mode Voltage (Vou ™) 0 10 0 10 \ >
Negative Common Mode Voltage (Vom ™) 0 -3.0 0 —3.0 \
Operating Temperature (Tp) —55 25 125 0 25 70 °C
Electrical Characteristics
Over recommended operating temperature range, unless otherwise specified. (Notes 2 and 3)
Symbol Parameter Conditions Min Typ Max Units
U Input Voltage HIGH 2.0 \'
ViL Input Voltage LOW 0.8 \']
Vic Input Clamp Voltage Ve = Min, |} = —12mA —0.9 -1.5 \'2
loon) On-State Voo = Max, Vo = 10V 12 15 A
Output Current i m
P Vce = Min, Vg = —3.0V 6.5 12
lo(if) Off-State Output Current Vee = Min, Vo = 10V 100 pA
I Input Current A,BorC Vcec = Max, V) = 55V 10
At Maximum Inputs : mA
Input Voltage D Input 20
IH Input Current HIGH A,BorC Voe = Max, V| = 2.4V 40
Input RA
D Input 80
L Input Current LOW A,BorC Ve = Max, V) = 0.4V 30
Input : mA
D Input —6.0
1+ ©on) Pgsltlvg Supply Current Vee = Max, 23 35 mA
with Driver Enabled A & B Inputs at 0.4V,
I—(on) Negative Supply Current C&D Inputs at 2.0V a4 _s0 mA
with Driver Enabled
I+ o Positive Supply Current Vee = Max, 21 mA
with Driver Inhibited A, B, C&D Inputs
[ (©ofn Negative Supply Current at0.4v —17 mA
with Driver Inhibited
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation.
Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS55110 and across the 0°C to +70°C range for
the DS75110. All typicals are given for Vo = 5V and Ty = 25°C.
Note 3: When using only one channel of the line drivers, the other channel should be inhibited and/or its outputs grounded.
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DS55110A/pA55110A/DS75110A/A75110A

Switching Characteristics v = +5v, 74 = 25°C

Note 1: The pulse generators have the following characteristics:

t =ty = 10 ns £5.0 ns, t44 = 500 ns, PRR = 1.0 MHz, twz = 1.0 us, PRR = 500 kHz, Zp = 500,

Note 2: C_includes probe and jib capacitance.
Note 3: For simplicity, only one channel and the inhibitor connections are shown.
FIGURE 2. AC Test Circuit

LoGIC

INPUT / \ / \
torR2 ___J SO*3%K ‘

v

ov

_

[— ‘w‘ —nt t
w2
INKIBITOR 5 3y
INPUT OR 50% 50%
INHIBITOR ov

OFF
ON

COMMON ton
tory —d — tont touL
our
2 50% 50%
[d
ouT = 5
1 50% 50%

OFF

toHL —» — ‘«— toLy

FIGURE 3. AC Waveforms

ON

From To
i i M it:
Symbol Parameter Conditions (nput) | (Output) Min | Typ ax | Units
trLH Propagation Delay Time, LOW to HIGH | Cp = 40 pF, AorB 1or2 9.0 15 ns
tpHL Propagation Delay Time, HIGH toLow | AL =502 9.0 15 ns
See Test Circuit
trLH Propagation Delay Time, LOW to HIGH CorD 1or2 16 25 ns
tPHL Propagation Delay Time, HIGH to LOW 13 25 ns
LOGIC
INPUT
500 Vl" v-
< OUTPUT 2
=- = I_ 8900 < < R _I_ o
! A el do U3 30000 o
PULSE - l
GENERATOR v ! %_.__' § — =
. ;| :
4 OUTPUT 1
c 1 [ R _L c
! ' L L
PULSE —0— ' 500 40pF
GENERATOR ' ‘ '
#2 | — ==
+—o5o 1 ' - =
INHIBITOR ! | —i— '
INPUT L : = 70 OTHER CHANNEL :
$ s L

TL/F/9619-3

TL/F/9619-4
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Ve
R2 g RS & Ri4 <
s 6000 o 35k S 5500 &
2260 3 W
R & S R
8500 3 $ 8500
OUT AT OUT A2
o5
C
a1
D3 n
IN A et Q@ o3 [ 6 a7
_‘J_ 2
02
IN A2
< SRT 2R
08 b9 B Sia Faka
GND V-
v+
R8 & < R a0 ve
S
2ka @ < t2ka RIT S Rz = R21
13k0 S 37000 25kQ
Q8
05
= @
T —— s
3 N ”
Qt14
¢ Q10 X
4 D4 v a4
D10 R0 $ ml\I a2 Q13 A
1k0 2 S RI13
1 32
INH Ve
COMMON {
RI0B & S Ri09
Zka 2 3 12k RIT1 < RIBS <
1.3%0 $ a3 3
Q108
- Q108 '
iNA B N LIRS
A 7103 N R19
%8
1 oio4 ¢ a1o \1 a
o1 D12 RINO & Qi1 Q2 | an3 |
e & R113 >
<
3 e 12k S
= ¢ v-
v |_
RIO2 & R105 < RI14 S
s 5000 & 3560 S 5500 &
RI01 & 1
22ka S 800
RICS < 2 R104
8500 S $ 8500
(2t OUTBI  OUT B2
105
’/cmu
—
atot o101 ot
IN B ——g Q102 Q103 Q106 Q107
7102 N
D102
IN B2
=< <& RI07 < RI06
Tms ?uu oo 3 i% ﬁ: o
v-
L

D = CROSSUNDER

FIGURE 1. Equivalent Circuit

TL/F/9619-2
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DS55110A/.A55110A/DS75110A/ nA75110A

Typical Applications

DATA
IN P
o DATA OUT
INHIBIT &
7 Ry /2 < 7
SHIELD OR COMMON GROUND RETURN
TL/F/9619-5
FIGURE 4. Simplex Operation
P
PORT PORT
ENABLES [ ENABLES
LC &

DATA ) PP i AT DATA
N Rp l R N
I—‘VW-‘- e '—‘\M—l
GND jod GND
= SHIELD OR =

COMMON GROUND
DATA RETURN DATA
out out
GND GND
TL/F/9619-6

FIGURE 5. Half-Duplex Operation

Note 1: All drivers are DS75110A/pA75110A or DS55110A/AS5110A. Receivers are DS75107 or DS75108. Twisted-pair or coaxial transmission line should
be used for minimum noise and cross talk.

Note 2: When only one driver in a package is being used, the outputs of the other driver should either be grounded or inhibited to reduce power dissipation.

1-116




National
Semiconductor

DS55113/DS75113 Dual TRI-STATE®

Differential Line Driver

General Description

The DS55113/DS75113 dual differential line drivers with
TRI-STATE outputs are designed to provide all the features
of the DS55114/DS75114 line drivers with the added fea-
ture of driver output controls. There are individual controls
for each output pair, as well as a common control for both
output pairs. When an output control is low, the associated
output is in a high-impedance state and the output can nei-
ther drive nor load the bus. This permits many devices to be
connected together on the same transmission line for party-
line applications.

The output stages are similar to TTL totem-pole outputs, but
with the sink outputs, YS and ZS, and the corresponding
active pull-up terminals, YP and ZP, available on adjacent
package pins.

Features

m Each circuit offers a choice of open-collector or active
pull-up (totem-pole) outputs

m Single 5V supply

m Differential line operation

® Dual channels

m TTL/LS compatibility

m High-impedance output state for party-line applications

m Short-circuit protection

m High current outputs

u Single-ended or differential AND/NAND outputs

m Common and individual output controls

u Clamp diodes at inputs

m Easily adaptable to DS55114/DS75114 applications

Connection Diagram

Dual-In-Line Package

Vee 2P 228 2YS

16 ||5 | 12 I 13

2vp 2A 2C cc

le 1 |m

Positive logic: Y = AB

|

Z=4AB
Output is OFF when
Cor CCis low

1 Iz Ia

1zp 128 1Y§ 1vp

4 3 Is

7 8

1A 1B 1c GND

TL/F/5785-1

Top View
Order Number DS55113J, DS75113J, DS75113M or DS75113N
See NS Package Number J16A, M16A or N16A

Truth Table

Inputs

Output Control

Data

C CC

IIIX
IITIr X
IXrTrXX|)>»

Qutputs
AND NAND
B* Y Z
H = high level
X Z z L = low level
X = irrelevant
X 4 4 = high impedance (OFF)
X L H* *B input and 4th line of truth
L L H table applicable only to
H H L driver number 1
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DS55113/DS75113

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage (Vcc) (Note 1) v
Input Voltage 5.5V
OFF-State Voltage Applied to
Open-Collector Outputs i2v
Maximum Power Dissipation* at 25°C
Cavity Package 1433 mW
Molded DIP Package 1362 mW
SO Package 1002 mW
Operating Free-Air Temperature Range
DS55113 —55°Cto +125°C
DS75113 0°Cto +70°C

*Derate cavity package 9.6 mW/°C above 25°C; derate molded DIP pack-
age 10.9 mW/°C above 25°C; derate SO package 8.01 mW/°C above 25°C
(Note 2).

Storage Temperature Range
Lead Temperature (1/16” from case for

—65°Cto +150°C

60 seconds): J Package 300°C
Lead Temperature (1/16” from case for

4 seconds): N Package 260°C
Operating Conditions

Min Max Units

Supply Voltage (Vcg)

DS55113 45 55 \

DS75113 4.75 5.25 \
High Level Output Current (Ion) —40 mA
Low Level Output Current (Ig ) 40 mA
Operating Free-Air Temperature (Ta)

DS55113 ~55 125 °C

DS75113 0 70 °C

Electrical Characteristics over recommended operating free-air temperature range (unless otherwise noted)

DS55113 DS75113
Symbol Parameter Conditions (Note 3) Min Typ Max |win Typ Max Units
(Note 4) (Note 4)
ViH High Level
Input Voltage 2 2 v
Vi Low Level
Input Voltage 08 08| V
Vik Input Clamp Voltage Ve = Min, lj = —12mA -09 | —-15 -09 |—-15] V
VoH High Level Vce = Min, Vi = 2V, loH= —10mA (24| 3.4 24| 34 v
Output Voltage Vi = 0.8V low= —40mA| 2 3.0 2 3.0
VoL Low Level Ve = Min, Viy = 2V, V| = 0.8V, lgL. = 40 mA 0.23 0.4 023 | 04| v
Output Voltage
Vok Output Clamp Voltage |Vgc = Max, lp = —40 mA =11 | —-15 -11 [—15| V
lopty | Off-State Vce = Max Von = 12V |Tao = 25°C 1 10
Open-Collector Tp = 125°C 200
Output Current pA
VoH = 5.25V|Ta = 25°C 1 10
Ta = 70°C 20
loz Ofi-State (High- Vce = Max, Ta = 25°C, Vo = 0toVge +10 +10
Impedance-State) Output Controls Vo = OV —150 —20
Output Current at0.8v Ta = Max
Vo = 0.4V +80 +20| pA
Vo = 2.4V +80 +20
Vo = Veo 80 20
l Input Current at{A, B, C|Voc = Max, V| = 5.5V 1 1 mA
Maximum Input cC 2 2
Voltage
K High Level A, B, C|Vcc = Max, V| = 2.4V 40 40 pA
Input Current cc 80 80
I Low Level A, B,C|Vce = Max, V) = 0.4V -1.6 —-1.6
Input Current mA
P cC -3.2 -3.2
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Electrical Characteristics

Over recommended operating free-air temperature range (unless otherwise noted) (Continued)

[=]
[72]
(14
(3]
s
®
DS55113 DS75113 a
Symbol Parameter Conditions (Note 3) Typ Typ Units | ¢p
i M M ~
Min | Note 4] M3 | MIN | (Note 4| MX a
los  |Short-Circuit Output Vee = Max, Vg = OV —a0l —90 |—120|-40| —90 |-120| ma | &
Current (Note 5)
lcc Supply Current All Inputs at 0V, No Load Vec = Max 47 65 47 65 mA
(Both Drivers) Ta = 25°C Voo = 7V 65 85 65 85
Note 1: All voltage values are with respect to network ground terminal.
Note 2: For operation above 25°C free-air temperaturs, refer to Dissipation Derating Curves in the Thermal information section.
Note 3: All parameters with the exception of OFF-state open-collector output current are measured with the active pull-up connected to the sink output.
Note 4: All typical values are at Ty = 25°C and Vgg = 5V, with the exception of I at 7V.
Note 5: Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
Switching Characteristics vcc = 5v,c| = 30pF, T4 = 25°C
Symbol Parameter Conditions DS55113 DS75113 Unit
Min | Typ | Max | Min | Typ | Max
tPLH Pfopagatlon Delay Time, Low-to (Figure 1) 13 20 13 30 ns
High-Level Output
tPHL Propagation Delay Time, High-to 12 20 12 30 ns
Low-Level Output
tpzH Output Enable Time to High Level | Ry = 1809, (Figure 2) 7 15 7 20 ns
tpzL Output Enable Time to Low Level Ry = 2509, (Figure 3) 14 30 14 40 ns
tpHz Output Disable Time from High RL = 1809, (Figure 2) 10 20 10 30 ns
Level
tpLz E):leut Disable Time from Low Ry = 2509, (Figure 3) 17 a5 17 a5 ns
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DS55113/DS75113

ocl-1

INPUT 18 O—1 O INPUT 1A
. (6)](5) o _ (16)
Vee
Su S S+ s
1 i 3 2
k r——> TO OTHER 1
—p | DRIVER

a
*
A
\AAs
w

A AA pme@-
v
©
Y
*

(Aluo umoys apis suQ) wejﬁe!a o“ewaqas

ool ~ ' v\—[‘/‘,__rj 1 = Lo,

PULL-UP —¢ e o < I
" p Qg 0 Jam ¢ 1z
WL < L W <
*
~ < y <
>
D A } g3 F |
*
L
< <
> >
s 5k L S s
AN~ =3 AN
ANDSINK () (2) NAND SINK
oUTPUT ’ ’ OUTPUT

TP .
1Ys 125
t >
< <
> >

< 500 100 100 < 500
-9

COMMON GUTPUT (9)

CONTROL Cf =y
{COMMON TO BOTH SIDES)

11}

OUTPUT (7) !
CONTROL st
1

c
*These components common to both drivers.
Resistor values shown are typical and in (2.
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- . . o . w
AC Test Circuits and Switching Time Waveforms &a
=
; L
sV NAND <hns <hns o
ouTPUT v 0% 0% )
IRPUT 1.5V 15V ~
10%. 10% o
o
tPHL Py =
Von = w
NAND 1.5V 1.5V
uLsE GUTPUT v
AND oL
GENERATOR
INOTE 1} ourpuT
AND
ouTPuT
TL/F/5785-3
FIGURE 1. tp 4 and tpyL
INPUT
PULSE
GENERATOR
(NOTE 1)
INPUT
ouTPUT
|
1 180
ouTPUT
'gl.{ =~ |
" 0pF -
¥ A ot L.__..__._ ’_]__\morsz) |
] = 1
P g |
TL/F/5785-4
FIGURE 2. tpzH and tpHZ
INPUT
PULSE
nsnsn:rl?n
(NOT!
[}
:t'l'nF 2%0 INPUT
T otea
= AND OUTPUT
OUTPUT O |
5V 1
1 OUTPUT
- g& F |
g bmmm s T
| = |
P |
TL/F/5785-5
FIGURE 3. tpz; and tp 2
Note 1: The pulse generator has the following characteristics: Zoyt = 500, PRR = 500 kHz, tw = 100 ns.
Note 2: Cy_includes probe and jig capacitance.

1-121



DS55113/DS75113

Typical Performance Characteristics’

Vg - OUTPUT VOLTAGE (V) Vg - OUTPUT VOLTAGE (V)

1gc — SUPPLY CURRENT (mA)

Output Voltage vs Output
. Control Voltage

LOAD = 5007 T0 GROUND l
5 Veg =5V

Ta=25°C
) ' 1)
N /r,- 125°C ___J
r L 1 |
3 T

Ta=-55°C
IDISABLED] HIGH

0
] 1 2 3 4
V) - INPUT VOLTAGE (OUTPUT CONTROL) (V)

Output Voltage vs Free-Alr
. Temperature

I AT
W :

:: R = —
S =
2 1vgp (lgH = —40 mA)
18
12
08
0.

| vgy tigy =40 mA)
) 1 1 I
-15-50-25 0 25 50 75 100 12§

Ta - FREE-AIR TEMPERATURE (C)

o »

Supply Current (Both

Drivers) vs Supply Voltage
NO LOAD
70 [Ta=25C
60 | V%
INPUTS GROUNDED &7

/] weurs oren
0
) 4
n 1
10 74
0 1 2 3 4 5 6 7 8
Ve - SUPPLY VOLTAGE (V)

Vgy - OUTPUT VOLTAGE (V) Vo - OUTPUT VOLTAGE (V)

Igg — SUPPLY CURRENT (mA)

Output Voltage vs Output
o Control Voltage

It
—V¢e = 5.6V
5 ——+
Ve =5V
A [
=Vee =45V
3
2 [ DISASLED & LOW
1 LDAD = 50002 TO Vg
Ta=25°C
an——
0
0 1 2 3 4

Vi - INPUT VOLTAGE (OUTPUT CONTROL) (V)

High Level Output
Voltage vs Output
Current
§ [ 1 Tp=25C
T T
I Ve * 5V
~A Vog = 5.5V
3 ™.
I — \\
= Vep =45V \\
1
0 |
0 -20 -40 -60 -80 -100 -120

Igy - OUTPUT CURRENT (mA)

Supply Current (Both
Drivers) vs Free-Air
Temperature
56
Ve =5V
5% 1 INpUTS GROUNDED
62 'NO LOA

50
a8
[
“

a AN
a
38

36
-75-50 -25 0 25 50 75 100 125
Ta - FREE-AIR TEMPERATURE (°C)

Propagation Delay Times

from Data Inputs vs Free-Air

Temperature

Vi - OUTPUT VOLTAGE {V} Vp - GUTPUT VOLTAGE (V)

Igc — SUPPLY CURRENT (mA)

Output Voltage vs Output

. Control Voltage

LOAD = 50082 TO Ve
5 Voo =5V

1
b= Ta=125%C

L
5 Ta" 25

1
Ta=-55°C
1 ]

T
DISAllLEil I.DVII I

0 1 2 3 4

V) - INPUT VOLTAGE (OUTPUT CONTROL) (V)

Low Level Output
Voltage vs Output
Current
08
Ta=25°C

05
04 Vep=45 %
03 2 —‘
02 ,1 Vep= 5.5V
u A
7
]

0 20 4 60 80 100 120

IgL - OUTPUT CURRENT (mA}

Supply Current (Both
Drivers) vs Frequency

1o _Vcc'i;lm' ’ i jRR

AL==

80 ey =0 pF -+
- INPUTS: 3V SQUARE WAVE —_7‘F

g0 LTA=25°C Al

40

2 I

0

0.1 04 1 4 10
- FREQUENCY (MHz2)

Output Enable and Disable

Times vs Free-Air Temperature

Veg=5v

30

€y = 30pF

Ve =5V
(FIGURES 2 AND 3)

||

18 |(FIGURE 1)
1" | tou

N

o

tPHL

L

PHZ

PROPAGATION DELAY TIMES
FROM DATA INPUTS (ms}
S

hzn__|

=15 -50 -25 0

25 50 75 100 125

OUTPUT ENABLE AND DISABLE TIMES (ns)
&

Ta - FREE-AIR TEMPERATURE (°C)

Q
-75-50 -26 0 25 50 75 100 125
Ta - FREE-AIR TEMPERATURE (°C)

40 100

TL/F/5785-7

*Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75V and above 5.25V are applicable to DS55113 circuits only. These
parameters were measured with the active pull-up connected to the sink output.
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Typical Performance Characteristics™* (continued)

Output Voltage vs Data Output Voltage vs Data Output Voltage vs Output
Input Voltage . Input Voltage Control Voltage
] 8 .
NO LOAD l Vi ety NO LOAD T| j 2|' : LOAD = 5002 TO GROUND
s g |Tatase et < g jvectsv VAL Sl s 5 [Tan2C
= 2 E yVee =V
] )
2 . Vee =S8V & Ta=125°C) | 8 / Veg=55v_| |
b a 4 L/ = 4
s rt PV — =t 7
e 3 5 & = s 3
- Ty —
£ Voo - 4.5V 5 Ta=-85°C ;:; Ve =45V
3 2 5 2 3 2
y ? | DISABLED JIHIGH
> 2 1 2o
] 0 [}
0 1 2 3 4 0 1 2 3 4 ] 1 2 3 4
Vi - DATA INPUT VOLTAGE (V) V) - DATA INPUT VOLTAGE (V) V|~ INPUT VOLTAGE {OUTPUT CONTROL) (V)

TL/F/5785-6

*Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75V and above 5.25V are applicable to DS55113 circuits only. These
parameters were measured with the active pull-up connected to the sink output.
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DS55114/DS75114

National
Semiconductor

DS55114/DS75114 Dual Differential Line Drivers

General Description

The DS55114/DS75114 dual differential line drivers are de-
signed to provide differential output signals with high current
capability for driving balanced lines, such as twisted pair at
normal line impedances, without high power dissipation.
The output stages are similar to TTL totem-pole outputs, but
with the sink outputs, YS and ZS, and the corresponding
active pull-up terminals, YP and ZP, available on adjacent
package pins. Since the output stages provide TTL compati-
ble output levels, these devices may also be used as TTL
expanders or phase splitters.

Features

m Each circuit offers a choice of open-collector or active
pull-up (totem-pole) outputs

m Single 5V supply

m Differential line operation

® Dual channels

B TTL/LS compatibility

m Designed to be interchangeable with Fairchild 9614 line
drivers

m Short-circuit protection of outputs

| High current outputs

m Clamp diodes at inputs and outputs to terminate line
transients

m Single-ended or differential AND/NAND outputs

m Triple inputs

Connection Diagram

Dual-In-Line Package

Vee 2zp 228 2Y$ 2vp 2C 28 2A
|lﬁ 15 14 |13 12 11 10 9
1 2 3 4 § 6 7 8
1zp 128 1Ys 1P 1A 18 [ GND
TL/F/5786-1

Top View

Positive logic: Y = ABC

Z = ABC

Order Number DS55114J, DS75114J, or DS75114N
See NS Package Number J16A or N16A

Outputs
Cc Y 4
H H L
L H

Truth Table
Inputs
A B
H H
All Other Input Combinations
H = high level
L = low level
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage (Voo v
Input Voltage 5.5V
OFF-State Voltage Applied to

Open-Collector Outputs 12v
Maximum Power Dissipation* at 25°C

Cavity Package 1433 mW

Molded Package 1362 mW
Operating Free-Air Temperature Range

DS55114 —55°Cto +125°C

DS75114 0°Cto +70°C

Storage Temperature Range

L.ead Temperature (Y4¢" from case
for 60 seconds): J Package

—65°Cto +150°C

300°C

Lead Temperature (V4¢” from case
for 4 seconds): N Package 260°C

*Derate cavity package 9.6 mW/°C above 25°C; derate molded package
10.9 mW/°C above 25°C (Note 2).

Operating Conditions

Min Max Units

Supply Voltage (Vco)

DS55114 45 5.5 \

DS75114 475 525 v
High Level Output Current (Ion) —40 mA
Low Level Output Current (lop) 40 mA
Operating Free-Air
Temperature (Ta)

DS55114 —55 125 °C

DS75114 0 70 °C

Electrical Characteristics over recommended operating free-air temperature range (unless otherwise noted)

DS55114 DS75114
Symbol Parameter Conditions (Note 3) " Typ " Typ Units
a Max
Min | Note )| M2% | MIN | vote 4y M2
ViH High Level Input Voltage 2 2 v
ViL Low Level Input Voltage 0.8 0.8
Vik Input Clamp Voltage Vee = Min, I = —12mA —-09 [—15 -09 [—-15]| V
VoH High Level Output Voltage |Vcc = Min, Vi = 2V loy = —10mA| 2.4 34 2.4 3.4 v
VL = 0.8V loy = —40mA| 2 3.0 2 3.0
VoL Low Level Output Voltage |Vcg = Min, Vig = 2V, V)L = 0.8V, 0.2 0.4 0.2 045 | v
loL = 40 mA
Vok  |OutputClamp Voltage  |Vcg = 5V, Ig = 40 mA, Ta = 25°C 61 | 65 61 | 65|
Voc = Max, lp = —40 mA, Tp = 25°C -11 |—-15 -11 | —-15
lotfy |OFF-State Open-Collector Vo = 12V Ta =25 1 100
Output Current Ta = 125°C 200
Voc = Max A HA
Vou = 5.05v |[TA=25°C 1| 100
Ta =70°C 200
Iy Input Current at Maximum |V = Max, V| = 5.5V
1 1 mA
Input Voltage
IH High Level Input Current  |Vgo = Max, V| = 2.4V 40 40 | pA
i Low Level Input Current  |Vce = Max, V| = 0.4V -11 [—1.6 -11 [—1.6| mA
los Short-Circuit Output Vee = Max, Vo = 0V —a0l —g0 | 120|-40] —g0 |=120| ma
Current (Note 5)
Icc Supply Current Inputs Grounded, No Load, |Vcc = Max 37 50 37 50
Both Drivers) Tp = 25°C mA
(Bo A Vee = 7V 47 | 65 47 | 70
Note 1: All voltage values are with respect to network ground terminal.
Note 2: For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in the Thermal information section.
Note 3: All parameters, with the exception of OFF-state open-collector output current, are measured with the active pull-up connected to the sink output.
Note 4: All typical values are at Ty = 25°C and Vgg = 5V, with the exception of Icc at 7V.
Note 5: Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
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DS55114/DS75114

Switching Characteristics v = 5v, 74 = 25°C

Symbol Parameter Conditions DSS5114 DS75114 Units
Min Typ Max Min Typ Max
tPLH Propagation Delay Time, Cp = 30 pF, (Figure 1)
Low-to-High-Level Output 15 20 15 80 ns
tPHL Propagation Delay Time
ns
High-to-Low-Level Output " 2 1 %
AC Test Circuit and Switching Time Waveforms
INPUT Vee=5V
I— —— i ——y
| oY AND
< 2k l ' o ouTeuT
w—de CL
30 pF
PULSE .| I @ (NoTE2)
GENERATOR 4 -
(NOTE 1) I
l ] Z NAND
50 l OUTPUT
I &
30 pF
L L__________] (NOTE 2)
- = TL/F/5786-3
Note 1: The pulse generator has the following characteristics: Zoyt = 500,
tw = 100 ns, PRR = 500 kHz.
Note 2: C_includes probe and jig-capacitance.
<5ns

I

1.5V

f 80% 90%
INPUT 15V 1.5V
10%. 10%
ov
le— tpLH ~..' [=— tPHL
Vou
Y ——/M; 1.5V
OUTPUT
Vo
r—— tPLH

’-— tPHL
Vou
z 1.5V
QUTPUT

VoL

FIGURE 1

TL/F/5786-4
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Vpt — DUTPUT VOLTAGE (V}

0
0
60
50
40
30

Iee — SUPPLY CURRENT (mA)

Vg - OUTPUT VOLTAGE (V)
w

Output Voltage vs Data

Input Voltage
]

1
NO LOAD
|_Tp=25C

vee=6sv VeemsV

0 1 2 3 4
V| - DATA INPUT VOLTAGE {V}

Low Level Output Voltage
vs Output Current

Tp=25°C | 1

A
Vv

/

0 10 20 30 40 S0 60 70 80

IgL — OUTPUT CURRENT {mA)

Supply Current (Both Drivers)
vs Supply Voltage

NO loAD'
- Ta = 25°C

INPUTS GROUNDED

INPUTS OPEN —

01 2 3 4 5 6 7 8

Ve - SUPPLY VOLTAGE {V)

Vp — OUTPUT VOLTAGE (V) Vg — OUTPUT VOLTAGE (V)

Igg — SUPPLY CURRENT (mA)

Typical Performance Characteristics*

Output Voltage vs Data

. Input Voltage

T T
NO LOAD
| vee=sv

Tp=128°c] YA C

Tp=-55

0 1 2 3 4
V|~ DATA INPUT VOLTAGE (V)

Output Voltage vs Free-Air

Temperature
4

36
32
28
24

2
18
12
08
0.4

e
-75-50 -25 0 25 50 75 100 125

42

40

38

36

k2

2

30

'vc':"‘lwl ! ! !
Vou {lox = ~10mA) -l

T

—
+T_ Vo (lgy = -40mAl

VoL (gL =40 mA)
1T | 1

Tp — FREE-AIR TEMPERATURE {°C)

Supply Current (Both Drivers)
vs Free-Air Temperature

P
| INPUTS
OUTPUTS OPEN

-715-50-25 0 25 50 75 100 125

Ta - FREE-AIR TEMPERATURE (°C)

Igc — SUPPLY CURRENT (mA)

Vg - OUTPUT VOLTAGE (V)

PROPAGATION DELAY TIMES (ns)

High Level Output Voltage

s VS Output Current

T
|_Ta=25°C |

|

‘ Ve = 6.5V
P~ —

Ve =5V 1

[ \\

2 Veg = 4.5V

1

0 |

0 -20 -40 -60 -80 -100 -120

IgH - OUTPUT CURRENT (mA)
TL/F/5786-5

Propagation Delay Times vs

" Free-Alr Temperature

Vee= 5"1
- (FIGURE 1)
30
20 v
Lo |~

=T

10 tpHL
|

]
-75-50 -25 0 25 50 75 100 125

Ta - FREE-AIR TEMPERATURE (°C)

Supply Current (Both Drivers)

vsF

TL/F/5786-6

requency

10—

| Voo
R =
LCL =

Ta=25°C

=5V

10 pF

o Hl
| INPUTS = 3V SQUARE WAVE | | | ||
A

rs
=)

~
=3

il

04 1 4 10 40 100
f — FREQUENCY (MHz)

TL/F/5786-7

*Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75V and above 5.25V are applicable to DS55114 circuits only. These
parameters were measured with the active pull-up connected to the sink output.
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DS55114/DS75114

821
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TL/F/5786-2

Resistor values shown are typical and in ohms.




National
Semiconductor

DS55115/DS75115 Dual Differential Line Receiver

General Description

The DS55115/DS75115 is a dual differential line receiver
designed to sense differential signals from data transmis-
sion lines. Designed for operation over military and commer-
cial temperature ranges, the DS55115/DS75115 can typi-
cally receive 500 mV differential data with £15V com-
mon-mode noise. Outputs are open-collector and give TTL
compatible signals which are a function of the polarity of the
differential input signal. Active output pull-ups are also avail-
able, offering the option of an active TTL pull-up through an
external connection.

Response time may be controlled with the use of an exter-
nal capacitor. Each channel may be independently con-
trolled and optional input termination resistors are also
available.

Features

Single 5V supply

High common-mode voltage range

Each channel individually strobed
Independent response time control
Uncommitted collector or active pull-up option
W TTL compatible output

B Optional 1300 termination resistors

m Direct replacement for 9615

Connection Diagram

Function Table

Dual-In-Line Package Diff.
9 Strobe Output
2 2 RESP Input
Vee  2vs 2YP  STRB TIMECONT B2 2Ry Az
L X H
16 15 14 13 12 1" 10 9 H L H
< H H L
S
H = V| 2 Vjy min or V|p more positive than V4 max
L = V| < V) max or V|p more negative than Vy_max
+ X = irrelevant
+
|1 |z I 3 4 5 6 7 8
1Y§ 1YP 1 1 RESP B1 1RT Al GND

STR8 TIME CONT

Top View

TL/F/5787-1

Order Number DS55115J, DS75115J or DS75115N

See NS Package Number J16A or N16A

1-129

GIL6.SA/Sk19SSdA




DS55115/DS75115

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Storage Temperature Rang
Lead Temperature

e

(Y46 inch from case for 4 seconds)

—65°Cto +150°C

260°C

Supply Voltage, Vo (Note 1) v *Derate cavity package 9.6 mW/°C above 25°C; derate molded package
Input Voltage at A, B and Ry Inputs 25V 10.9 mW/*C above 25°C.
Input Voltage at Strobe Input 5.5V 0 s sas
erating Conditions
Off-State Voltage Applied to Open-Collector Outputs 14V P g Min Max Units
Maximum Power Dissipation* at 25°C Supply Voltage, (Vco)
Cavity Package 1433 mW DS55115 45 5.5 v
Molded Package 1362 mW DS75115 4.75 5.25 \"
Operating Free-Air Temperature Range High Level Output Current (o) -5 mA
DS55115 —55°Cto +125°C
Low Level Output Current (I 15 mA
DS57115 0°Cto +70°C , P (o
Operating Temperature (Ta)
DS55115 —55 125 °C
’ DS75115 0 70 °C
Electrical Characteristics (Notes 2,3and 5)
DS55115 DS75115
Symbeol Parameter Condition Units
4 ons Min | Typ | Max | Min | Typ | Max
VTH Differential Input High- Vo = 0.4V, lgL = 15 mA, V| = OV
Threshold Voltage 200 | 500 200 | 500 | mv
V1L Differential Input Low- Vo = 2.4V,lgy = —5mA,V|c = 0V _ _ _ _
Threshold Voltage 200 1 —500 200} —500) mvV
Vicr Common-Mode Input Vip= =1V 15 24 15 24
Voltage Range to to to to \
—15| —-19 —15( —19
VinsTroBE) | High-Level Strobe
Input Voltage 24 2.4 v
ViL(STROBE) | Low-Level Strobe
Input Voltage 04 0.4 v
VoH High Level Output Voltage | Vo = Min, Vip = —0.5V, [Tp = Min | 2.2 2.4
fo = —5mA Tp=25C| 2.4 | 34 24 | 34 v
Tp = Max | 24 2.4
VoL Low Level Output Voltage | Voc = Min, Vip = 0.5V, I = 15 mA 0.22 | 04 0.22 | 0.45 \
M Low Level Input Current | Vg = Max, V; = 0.4V, TA = Min —-0.9 —-0.9
Other Input at 5.5V Ta = 25°C —05] 07 ~05| 0.7 | mA
Ta = Max -0.7 —0.7
IsH High Level Strobe Current [ Voc = Min, Vip = —0.5V,|Tp = 25°C 0.5 2 0.5 5
VsTROBE = 4.5V Ta = Max 5 10 | M
Ist Low Level Strobe Current | Vg = Max, Vip = 0.5V, [Tp = 25°C —1.15| —2.4 —115| —2.4| ma
VsTROBE = 0.4V i i : i
Ig, 142 Response Time Control  [Vgg = Max. Vip = 0.5V, [Ta = 25°C| _ _ = _
Current (Pin4 orPin12) |Vrc = 0V 1.2 34 1.2 34 mA
lo(oFF) Off-State Open-Collector |{Vgc = Min, Voq = 12V, |Ta = 25°C 100
Output Current Vip = —4.5V Ta = Max 200
Vee = Min, Vo = 525V, Ta = 25°C 100 | MA
Vip = —475V Ta = Max 200
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Electrical Characteristics (Notes 2, 3 and 5) (Continued)

Symbol Parameter Conditions DSS5115 DS75115 Units
Min | Typ | Max | Min | Typ Max

Rr Hine Terminating Ve = SV Ta=25C| 27 1130 {167 | 74 | 130 | 179 | «

los g:z’r;;-'(t:ircuit Output xl(é)c: y;E,VY?N:th; Ta = 25°C 45| —40 | —80 | =14 | —40 | —100 mA

lcc gg;;zlx g:)rrent (Both x%c:ohCax, Vip = 0.5V, | Tpo = 25°C 32 50 a2 50 mA

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for ““Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for the actual device
operation,

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS55115 and across the 0°C to + 70°C range for
the DS75115. All typicat values are for Ta = 25°C, Vgg = 5V and Vg = OV.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown
as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.

Note 5: Unless otherwise noted, VsTroge = 2.4V. All parameters with the exception of off-state open-collector output current are measured with the active pull-up
connected to the sink output.

Switching Characteristics vcc = 5v,c = 30pF, Tp = 25°C

Symbol P ¢ I DS55115 DS75115 Uni
ymbo! arameter onditions Min Typ Max Min Typ Max nits
tpLH Propagation Delay Time, Low- RL = 3.9k, (Figure 1)
to-High Level Output 18 50 18 75 ns
tPHL Propagation Delay Time, High- | R_ = 390Q, (Figure 1)
to-Low Level Output 20 50 20 75 ns
Schematic Diagram
RESPONSE
TIME
Vee STROBE CONTROL Vee
) [
S 3
1 3 1
15k 3 164
1pF b r e
3
PULL-UP
INPUT A VWA '/ [ v
8k p—at sk
. i
INPUT B O 3
IE 130 SE 1w — aurpur
r Ys
150 | $ 15k
l 4 1
< | I
|
|
|
L 1

COMMON TO
BOTH RECEIVERS

TL/F/5787-2
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DS55115/DS75115

Typical Performance Characteristics (ote3)

Input Current vs Input
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Frequency Response Control

Frequency Response as a

STROBE

Function of Capacitance

10M Ver 5 ]
Ta=25°C]
™
RESPONSE ‘";':
CONTROL PIN E 100k
c E A
T R g
©
& ~
- |
TU/F/5787-5 *
Note: Cp (response control) > 0.01 uF may cause slowing of rise and fall
times of the output. 100
0.001 0.01 0.1 1 10

CR — CAPACITANCE (uF)

AC Test Circuit and Switching Time Waveforms

OPEN 24V

INPUT

PULSE
GENERATOR
(NOTE1)

30pF
(NOTE 2)
—_——
RESPONSE
TIME CONTROL =
OPEN

Note 1: The pulse generator has the following characteristics: Zoyt = 500, PRR = 500 kHz/tyy = 100 ns
Note 2: C_includes probe and test fixture capacitance

DIFFERENTIAL
INPUT

0
_’I PHL ”I LK

OUTPUT 1.5V 1.5V
VoL

TL/F/5787-6

TL/F/5787-7

TL/F/5787-8

FIGURE 1. Propagation Delay Time

Typical Application

Basic Party-Line or Data-Bus Differential Data Transmission

LOCATION 3 LOCATION 5
1 r i
| S —
TWISTED
PAIR
LINE

rR~"1
Zp*
L

LOCATION 2 LmTIONA

*2g is internal to the DS55115/D875115
A capacitor may be connected in series with Zg to reduce power dissipation.

—
LOCATION &
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L —_ _—— ——d
| i DS75413 DRIVER j>—- DST5115 RECEIVER
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DS55121/DS75121

National
Semiconductor

DS55121/DS75121 Dual Line Drivers

General Description

The DS55121/DS75121 are monolithic dual line drivers de-
signed to drive long lengths of coaxial cable, strip line, or
twisted pair transmission lines having impedances from 500
to 5000). Both are compatible with standard TTL logic and
supply voltage levels.

The DS55121/DS75121 will drive terminated low imped-
ance lines due to the low-impedance emitter-follower out-
puts. In addition the outputs are uncommitted allowing two
or more drivers to drive the same line.

Output short-circuit protection is incorporated to turn off the
output when the output voltage drops below approximately
1.5V.

Features

m Designed for digital data transmission over 500 to
5000 coaxial cable, strip line, or twisted pair transmis-
sion lines

| TTL compatible

m Open emitter-follower output structure for party-line
operation

m Short-circuit protection

# AND-OR logic configuration

m High speed {(max propagation delay time 20 ns)

B Plug-in replacement for the SN55121/SN75121 and the
8T13

Connection Diagram
Dual-In-Line Package

Vee F2 E2 D2 2 82 A2 Y2
| 16 15 14 13 I 12 11 10 | 3

5 —1
1 2 3 3 5 6 7 |a
Al B1 1 o1 3] F1 Y1 GND

TL/F/5788-1
Top View
Order Number DS55121J, DS75121J or DS75121N
See NS Package Number J16A or N16A

AC Test Circuit and Switching
Time Waveforms

3$v Vee
r— - 1

PULSE
GENERATOR
(NOTE1)

LL'___L”_'J

Note 1: The pulse generators have the following characteristics:
Zoyt = 509, tw = 200 ns, duty cycle = 50%, t, = ty = 5.0 ns.
Note 2: C_includes probe and jig capacitance.

Typical Performance
Characteristics

Qutput Current vs Output Volitage

-300 —
Vee = 5.0V
T -0 Vit = 2.0V |
£ Ta=25C
=
g -2
o©
3 im0 N
e
=
E Lo
o
]
o -50 \
0

0 051.01520253.0 35404550
Vo — OUTPUT VOLTAGE (V}
TL/F/5788-2

Truth Table

Inputs Output
Als|lc|ple|F] Y
HIH|{H|Xx|[x]| H
X|{x|x|x[H|{H[] H

All Other Input
Combinations

s

H=High Level, L=Low Level, X=lrrelevant

TL/F/5788-4
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Absolute Maximum Ratings (Note 1) Operating Conditions b
If Military/Aerospace specified devices are required, Min Max Units o
contact the National Semiconductor Sales Office/ Supply Voltage, Voo 4.75 5.25 \ g
Distributors for availability and specifications. Temperature, Ta o
Supply Voltage, Vco 6.0V DS55121 —55 +125 °C g
Input Voltage 6.0V DS75121 0 +75 °C a
Output Voltage 6.0V pird
Output Current —75mA
Maximum Power Dissipation* at 25°C
Cavity Package 1371 mW
Molded Package 1280 mW
Lead Temperature (Soldering, 4 seconds) 260°C
*Derate cavity package 9.1 mW/°C above 25°C; derate molded package
10.2 mW/°C above 25°C.
Electrical Characteristics vcc = 4.75v to 5.25V (unless otherwise noted) (Notes 2 and 3)
Symbol Parameter Conditions Min Typ Max | Units
ViH High Level Input Voltage 2.0 v
ViL Low Level Input Voltage 0.8 \
\ Input Clamp Voltage Vcg = 5.0V, I = —12mA -1.5 Vv
h Input Current at Max Input Voltage | Vg = 5.25V, Vg = 5.5V 1 mA
VoH High Level Output Voltage ViH = 2.0V, loy = —75 mA (Note 4) 2.4 Vv
loH High Level Output Current Vee = 5.0V, V|y = 4.75V, Vo = 2.0V,
-1 —250 m
Ta = 25°C (Note 4) 0o 2 A
lov Low Level Output Current VL = 0.8V, VoL = 0.4V (Note 4) -800 rA
loorr) | Off State Output Current Vee = 0V, Vo = 3.0V 500 pA
IIH High Level Input Current V| = 4.5V 40 nA
IR Low Level Input Current V) = 0.4V —0.1 —-1.6 mA
los Short Circuit Output Current Vee = 5.0V, Tp = 25°C -30 mA
lecH Supply Current, Outputs High Vce = 5.25V, All Inputs at 2.0V, Outputs Open 28 mA
lccL Supply Current, Outputs Low Vee = 5.25V, All Inputs at 0.8V, Outputs Open 60 mA
Switching Characteristics v = 5.0v, Ta = 25°C
Symbol Parameter Conditions Min Typ Max Units
tpLH Propagation Delay Time, Ry = 374, (See AC Test Circuit CL = 15pF 11 20 ns
Low-to-High Level Output and Switching Time Waveforms) C = 1000 pF 22 50 ns
tPHL Propagation Delay Time, RL = 3790, (See AC Test Circuit C_L = 15pF 8.0 20 ns
High-to-Low Level Output | and Switching Time Waveforms) CL = 1000 pF 20 50 ns
Note 1: “‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range’
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics™ provides conditions for actual device
operation.
Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS55121 and across the 0°C to +70°C range for
the DS75121. All typical values are for T = 25°C and V¢ = 5V.
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown
as max or min on absolute value basis.
Note 4: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table for the desired
output.
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DS75123

National
Semiconductor

DS75123 Dual Line Driver

General Description

The DS75123 is a monolithic dual line driver designed spe-
cifically to meet the 1/0 interface specifications for IBM Sys-
tem 360. It is compatible with standard TTL logic and supply
voltage levels.

The low-impedance emitter-follower outputs of the
DS75123 enable driving terminated low impedance lines. In
addition the outputs are uncommitted allowing two or more
drivers to drive the same line.

Output short-circuit protection is incorporated to turn off the

output when the output voltage drops below approximately
1.5V.

Features

m Meet IBM System 360 1/0 interface specifications for
digital data transmission over 500 to 5009 coaxial ca-
ble, strip line, or terminated pair transmission lines

m TTL compatible with single 5.0V supply

m 3.11V output at Igy = —59.3 mA

| Open emitter-follower output structure for party-line
operation

m Short circuit protection

® AND-OR logic configuration

m Plug-in replacement for the SN75123 and the 8723

Connection Diagram

Dual-In-Line Package
Vee F2 E2 D2 €2 B2 A2 Y2

|1s 15 14 13 |1z 1 10 Is

1 2 3 a 5 6 7 |s

1A B1 c1 D1 3] F1 A4 GND

TL/F/5790-1
Top View

* Order Number DS75123J or DS75123N
See NS Package Number J16A or N16A

AC Test Circuit and Switching
Time Waveforms

3.(u?v Vee
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PULSE ] |
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(NOTE 1)
R
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Typical Performance

Characteristics
Output Current vs Output Voltage
-300
Voo - 50V
I -250 Vi = 2.0V
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N
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g N,
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Vo - OUTPUT VOLTAGE (V)
TL/F/5790-3
Truth Table
INPUTS OUTPUT
Blc|D|E|F Y

HIH|H[H[X]|X] H
X[{X|X|X[{H|H| H

All Other Input
Combinations

L

H=High level, L=Low level, X=Irrelevant

<50ns
3.0v
INPUT
OUTPUT 10%
¢ oV
(NOTE 2)
Vou

ouTPUT 1.5V
= Vo ——/

oL
TL/F/5790-2

TL/F/5790-4

Note 1: The pulse generators have the following characteristics: Zoyt = 500, ty = 200 ns, duty cycle

= 50%.
Note 2: C| includes probe and jig capacitance.
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Absolute Maximum Ratings (vote 1) Operating Conditions
If Military/Aerospace specified devices are required, Min Max Units
contact the National Semiconductor Sales Office/ Supply Voltage, Vg 4.75 5.95 Vv
Distributors for availability and specifications. High Level Output Current, 100 mA
Supply Voltage, Voo 7.0V 10H
Input Voltage 5.5V Temperature, T 0 +75 °C
Output Voltage 7.0V
Maximum Power Dissipation* at 25°C
Cavity Package 1371 mW
Molded Package 1280 mW
Operating Free-Air Temperature Range 0°Cto +75°C
Storage Temperature Range —65°Cto +150°C
Lead Temperature (Soldering, 4 seconds) 260°C
*Derate cavity package 9.1 mW/°C above 25°C; derate molded package
10.2 mW/°C above 25°C.
Electrical Characteristics (Notes 2 and 3)
Symbol Parameter Conditions Min | Typ | Max | Units
ViH High Level Input Voltage 2.0 \
ViL Low Level Input Voltage 0.8 v
Vi Input Clamp Voltage Vec = 5.0V, = —12mA -1.5 \
I Input Current at Max Input Voltage | Voo = 5.25V, VN = 5.5V 1 mA
VoH High Level Output Voltage Ve = 5.0V, Vi =20V, [ Ta=25C 3.1 \"
lon = —59.3 mA, (Note 4) Ta=0Cto +75°C | 2.9 v
lon High Level Output Current \\;gi - 52(())\\//, \(/;i::) - :).SV, Ta = 25°C, ~100 —250 | ma
VoL Low Level Output Voltage VL = 0.8V, gL = —240 pA, (Note 4) 0.15 \"
loorF) | Off State Output Current Vee = 0,Vpo = 3.0V 40 pA
I High Level Input Current V| = 4.5V 40 RA
i Low Level Input Current V| = 0.4V —0.1 ~1.6 [ mA
los Short Circuit Output Current Vog = 5.0V, Tp = 25°C —30 mA
lccH Supply Current, Outputs High Vcc = 5.25V, All Inputs at 2.0V, Outputs Open 28 mA
lcoL Supply Current, Outputs Low Voo = 5.25V, All Inputs at 0.8V, Outputs Open 60 mA
Switching Characteristics v¢c = 5.0v, 5 = 25°C
Symbol Parameter Conditions Min | Typ | Max | Units
teLH Propagation Delay Time, Low- RL = 509, (See AC Test Circuit | C_ = 15pF 12 20 ns
to-High Level Output and Switching Time Waveforms CL = 100 pF 20 35 ns
tPHL Propagation Delay Time, High- | R| = 509, (See AC Test Circuit | C_ = 15pF 12 20 ns

to-Low Level Output

and Switching Time Waveforms G = 100 pF

15 25 ns

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: All currents into device pins are shown as positive, currents out of device pins shown as negative, all voltage values are referenced with respect to network
ground terminal, unless otherwise noted. All values shown as max or min on absolute value basis.

Note 3: Min/max limits apply across the guaranteed operating temperature range of 0°C to +75°C for DS75123, unless otherwise specified. Typicals are for Vcc
= 5.0V, Ta = 25°C. Positive current is defined as current into the referenced pin.

Note 4: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table for the desired

output.
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DS75124

National
Semiconductor

DS75124 Triple Line Receiver

General Description

The DS75124 is designed to meet the input/output interface
specifications for IBM System 360. It has built-in hysteresis
on one input on each of the three receivers to provide large
noise margin. The other inputs on each receiver are in a
standard TTL configuration. The DS75124 is compatible
with standard TTL logic and supply voltage levels.

Features
B Built-in input threshold hysteresis

| High speed ... typical propagation delay time 20 ns

m Independent channel strobes

m Input gating increases application flexibility

| Single 5.0V supply operation

m Plug-in replacement for the SN75124 and the 8T24

Connection Diagram and Truth Table

Dual-In-Line Package

Is |s 7 |s
A2 B2 Y2 GND
TL/F/5792-1

Top View

Order Number DS75124J or DS75124N
See NS Package Number J16A or N16A

Typical Application

r— ="

oO®>

= 7~ 35 COAXIAL CABLE

Inputs Output
A Bt R S Y
H H X X L
X X L H L
L X H X H
L X X L H
X L H X H
X L X L H

= high level, L = low level, X = irrelevant
18 input and last two lines of the truth table
are applicable to receivers 1 and 2 only

Fa\

n m

|
|
L 1/2_DS75|23 |

= L 1/3 0875124

TL/F/5792-2
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Absolute Maximum Ratings (ote 1) o
If Military/Aerospace specified devices are required, Operating Temperature Range 0°Cto +75°C ey
gt:nt?:tt thef Natior;laL Semiconductor Sales Office/ Storage Temperature Range —65°C to +150°C -
stributors for availabllity and specifications. Lead Temperature (Soldering, 4 seconds) 260°C
Supply Voltage, Ve 7.0V *Derate cavity package 9.6 mW/°C above 25°C; derate molded package
Input Voltage 10.9 mW/°C above 25°C.
R Input with Vg Applied 7.0V . .
R Input with Vg not Applied 6.0V Operatlng Conditions
A, B, or S Input 5.5V Min Max Units
Output Voltage 7.0V Supply Voltage, Vcc 4.75 5.25 Y
Output Current +100 mA High Level Output Current, —800 pA
Maximum Power Dissipation* at 25°C lon
Cavity Package 1433 mW Low Level Output Current, 16 mA
Molded Package 1362 mW loL
Operating Temperature, T 0 +75 °C
Electrical Characteristics (Notes 2and 3)
Symbol Parameter Conditions Min Typ Max Units
VIH High Level Input Voltage A /B,orS 2.0 v
R 1.7 \
ViL Low Level Input Voltage A,B,orS 0.8 v
R 0.8 \
V1+ —V1- | Hysteresis Ve = 5.0V, Tp = 25°C, R, (Note 6) 0.2 0.4 v
Vi Input Clamp Voltage Vec = 5.0V, = —12mA, A, B,orS -1.5 \
I Input Current at Maximum Vece = 5.25V, V)y = 5.5V, A,B,or S 1 mA
Input Voltage A V) = 7.0V 50 | mA
V| = 6.0V, Vg = 0V 5.0 mA
VoH High Level Output Voltage VIH = ViHMine ViL = ViLmAx 26 v
loH = —800 pA, (Note 4) :
VoL Low Level Output Voltage ViH = VIHMIN: VIL = ViLmax loL = 16 mA,
0.4 \'
(Note 4)
iH High Level Input Current V) = 4.5V,A B,orS 40 RA
V) =3.11V,R 170 HA
L Low Level Input Current V)= 0.4V,A B,orS -0.1 -1.6 mA
los Short Circuit Output Current | Voo = 5.0V, Tp = 25°C, (Note 5) ~50 —100 mA
lec Supply Current Vgoe = 5.25V 72 mA
Switching Characteristics 1, = 25°C, nominal power supplies unless otherwise noted
Symbol Parameter Conditions Min Typ Max Units
tPLH Propagation Delay Time, Low-to-High (See AC Test Circuit and Switching 20 30 ns
Level Output from R Input Time Waveforms)
tPHL Propagation Delay Time, High-to-Low (See AC Test Circuit and Switching 20 a0 ns
Level Output from R Input Time Waveforms)
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “'Electrical Characteristics” provides conditions for actual device
operation.
Note 2: All currents into device pins are shown as positive, currents out of device pins shown as negative, all voltage values are referenced with respect to network
ground terminal, unless otherwise noted. All values shown as max or min on absolute value basis.
Note 3: Min/max limits apply across the guaranteed operating temperature range of 0°C to +75°C for DS75124, uniess otherwise specified. Typicals are for Voo
= 5.0V, Ta = 25°C. Positive current is defined as current into the referenced pin.
Note 4: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table for the desired
output.
Note 5: Not more than one output should be shorted at a time.
Note 6: Hysteresis is the difference between the positive going input threshold voltage, VT 4+, and the negative going input threshold voltage, Vr—.
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DS75124

AC Test Circuit and Switching Time Waveforms
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I ouTPUT

.L__qj__J

PULSE
GENERATOR

Note 1: The pulse generator has the following characteristics: Zoyt = 509, tw = 200 ns, duty cycle = 50%
Note 2: C includes probe and jig capacitance.
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National
Semiconductor

DS75125/DS75127 Seven-Channel Line Receivers

General Description

The DS75125 and DS75127 are monolithic seven-channel
line receivers designed to satisfy the requirements of the
IBM System 360/370 input/output interface specifications.
Special low-power design and Schottky clamped transistors
allow for low supply current requirements while maintaining
fast switching speeds and high current TTL outputs. The
DS75125 and DS75127 are characterized for operation
from 0°C to 70°C.

Features

B Mests IBM 360/370 1/0 specification

m Input resistance—7 k€ to 20 kQ

m Output compatible with TTL

m Schottky-clamped transistors

m Operates from single 5V supply

m High speed—low propagation delay

m Ratio specification for propagation delay time, low-to-
high/high-to-low

® Seven channels in one 16-pin package

m Standard Vgg and ground positioning on DS75127

Connection Diagrams

DS75125
Dual-In-Line Package

v Vee 3y ay 5Y 6Y v 2v

16 | 15 14 13 12 1 10 9

DS75127
Dual-In-Line Package

Vee v 2y K\ ay 13 8Y w

|!6 15 14 13 12 1" 10 9

93 A{f

1 2 3 [ 5 6 7 8
1 2A 3A A A 6A 1A GND
TL/F/5791-1
Top View
logic:Y = A

Order Number DS75125J or DS75125N
See NS Package Number J16A or N16A

1 2 3 ]

Is I 6 7 ln
1A 2A 3A 4A 5A 6A 1A GND

TL/F/5791-2
Top View

logic: Y = A

Order Number DS75127J or DS75127N
See NS Package Number J16A or N16A
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DS75125/DS75127

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Maximum Power Dissipation* at 25°C (Note 2)
Cavity Package
Molded Package

1509 mW
1476 mW

Supply Voltage, Vg (Note 1) 7v *Derate cavity package 10.1 mW/°C above 25°C; derate molded package
Input Voltage Range 11.9 mW/°C above 25°C.
DS75125 —0.15Vto 7V .
DS75127 oVio7V Recommended Operating
Operating Free-Air Temperature Range 0°C to 70°C Conditions
Storage Temperature Range —65°Cto +150°C Min Typ Max Units
Lead Temperature (Soldering, 4 seconds) 260°C Supply Voltage, Vog 45 5 55 V
High-Level Output Current, Ioy —0.4 mA
Low-Level Output Current, lop 16 mA
Operating Free-Air Temperature, T 0 70 °C
Electrical Characteristics over recommended operating free-air temperature range (Note 3)
Symbol Parameter Conditions Min Typ Max | Units
(Note 5)
Vi High-Level Input Voltage 1.7 \"
ViL Low-Level Input Voltage 0.7 \"
VoH High-Level Output Voltage Veg = 45V, V)L = 0.7V, lopy = —04mA | 24 3.1 \
VoL Low-Level Output Voltage Ve = 4.5V, Vi = 1.7V, gL = 16 mA 0.4 0.5 \"
1 High-Level Input Current Voo = 6.5V, V) = 3.11V 0.3 0.42 mA
L Low-Level Input Current Vce = 6.5V, V| = 0.15V —024 [ mA
los Short-Circuit Qutput Current (Note 4) | Voo = 5.5V, Vg = OV —18 -60 mA
n Input Resistance Ve = 4.5V, 0V, or Open,
AV| = 0.15Vto 4.15V 7 20 ke
Icc Supply Current Vee = 6.5V, loq = —0.4mA,
All Inputs at 0.7V 5 25 | mA
Voe = 5.5V, lgL = 16 mA,
All Inputs at 4V 28 47 mA
Switching Characteristics vec = 5v, 75 = 25°C
Symbol Parameter Conditions Min Typ Max Units
tpLH Propagation Delay Time, Low-to-High-Level Output 7 14 25 ns
tpHL Propagation Delay Time, High-to-Low-Level Output 10 18 30 ns
tpﬂ Ratio of Propagation Delay Times RL= {000, CL = 50 pF, 05 08 13 ns
tPHL (See Figure 1)
tTLH Transition Time, Low-to-High-Level Output 1 7 12 ns
tTHL Transition Time, High-to-Low-Level Output 1 3 12 ns

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics™ provides conditions for actual device

operation.

Note 2: For operation above 25°C free-air temperature, refer to Thermal Ratings for ICs, in App Note AN-336.
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown

as max or min on absolute value basis.
Note 4: Only one output should be shorted at a time.
Note 5: All typical values are at Voo = 5V, Ta = 25°C.
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AC Test Circuit and Switching Time Waveforms

Vee

Ry =400

ouTPUT (SEENOTE 3)

PULSE
GENERATOR
(SEE NOTE 1)

Cy =50 pF
(SEE NOTE 2)

.|H

TL/F/5791-4

OUTPUT

TLH

TL/F/5791-5
Note 1: The pulse generator has the following characteristics: Zoyr = 509, PRR = 5 MHz.
Note 2: C|_includes probe and jig capacitance.
Note 3: All diodes are 1N3064 or equivalent.

FIGURE 1
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DS75125/DS75127

Vg - OUTPUT VOLTAGE (V)

Typical Performance Characteristics

Vj - INPUT VOLTAGE {V}

Vg - LOW LEVEL OUTPUT VOLTAGE (V)

V|~ INPUT VOLTAGE (V)

Low-Level Output Voltage

vs Output Current
6
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03

Voo = 5V
V=5
Ta = 25°C A
e
/,
4
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lo — OUTPUT CURRENT (mA)

Igg — SUPPLY CURRENT {mA}

Voltage Transfer Voltage Transfer
Characteristics Characteristics
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National
Semiconductor

DS75128/DS75129 Eight-Channel Line Receivers

General Description

The DS75128 and DS75129 are eight-channel line receiv-
ers designed to satisfy the requirements of the input-output
interface specification for IBM 360/370. Both devices fea-
ture common strobes for each group of four receivers. The
DS75128 has an active-high strobe; the DS75129 has an
active-low strobe. Special low-power design and Schottky-
diode-clamped transistors allow low supply-current require-
ments while maintaining fast switching speeds and high-cur-
rent TTL outputs. The DS75128 and DS75129 are charac-
terized for operation from 0°C to 70°C.

Features

m Meets IBM 360/370 1/0 specification

® Input resistance—7 k(L to 20 k2

m Output compatible with TTL

W Schottky-clamped transistors

m Operates from a single 5V supply

m High speed—low propagation delay

W Ratio specification—tp| H/tpLH

m Common strobe for each group of four receivers

® DS75128 strobe—active-high
DS75129 strobe—active-low

Connection Diagrams

DS75128
Dual-In-Line Package

Vee 1Y 2Y 3y 4y 5Y 6Y IAd 8y

28
lzu lw ||a |17 |15 |15 |u ln In |n

DS75129
Dual-In-Line Package

Vee 1ty 2y 3y 4y SY  6Y 7Y 8Y 2§

20 lw Iw |n |1a |15 Iu Il:l |1z In

1 2 3 4 5 6 7 8 9 10

15 1A 2A 3R 4A 5A GBA JA  BA GND
positive logic: Y = AS TL/F/5793-1
Top View
Order Number DS75128J or DS75128N
See NS Package Number J20A or N20A

1 2 3 4 5 6 7 8 9 10

15 1A 2A 3A 4 S5A GA TA 8A GND
positive logic: Y = AS TL/F/I5793-2
Top View
Order Number DS75129J or DS75129N
See NS Package Number J20A or N20A
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DS75128/DS75129

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Lead Temperature 260°C
146 Inch from Case for 4 Seconds: N Package

*Derate cavity package 10.4 mW/°C above 25°C; derate molded package

Supply Voltage, Vee 7v 13.5 mW/°C above 25°C.
L"Jfﬁl:?:fievii:ﬁi “owvely Recommended Operating
Maximum Power Dissipation* at 25°C (Note 2) Conditions
Cavity Package 1564 mW Min Typ Max Units
Molded Package 1687 mW Supply Voltage, Vcc 45 60 55 V
Operating Free-Air Temperature Range . 0°Cto +70°C High-Level Output Gurrent, lop —04 mA
Storage Temperature Range —65°Cto +150°C Low-Level Output Current, lo. 16 mA
Lead Temperature 300°C Operating Free-Air Temperature, Ta 0 70 °C
146 Inch from Case for 60 Seconds: J Package
Electrical Characteristics over recommended operating free-air temperature range (Note 3)
Symbol Parameter Conditions Min (N-;‘t’: 5) Max | Units
ViH High-Level Input Voltage i 1.7 v
S 2
ViL Low-Level Input Voltage i 0.7 v
S 0.7
VoH High-Level Output Voltage Voo = 4.5V, V)L = 0.7V, loy = 0.4 mA 2.4 3.1 \'%
VoL Low-Level Output Voltage Voo = 4.5V, Vig = 1.7V, g = 16 mA 0.4 0.5 \
\ Input Clamp Voltage S| Vge = 4.5V, = —18 mA -1.5 \
IIH High-Leve! Input Current A | Voo = 5.5V, V| = 3.11V 0.3 0.42 mA
S | Voo =5.5V,V) =27V 20 RA
i Low-Level Input Current A [ Vg = 5.5V, V| = 0.15V —-0.24 mA
) S | Voo = 5.5V, V| = 0.4V -0.4
los Short-Circuit Output Current Voo = 5.5V, Vp = 0V 18 60 | mA
(Note 4)
f Input Resistance Vcc = 4.5V, 0V, orOpen, AV, = 0.15Vto 4.15V | 7 20 kQ
lcc Supply Current DS75128 | Vgg = 5.5V, Strobe at 2.4V, All A Inputs at 0.7V 19 31
DS75129 | Ve = 5.5V, Strobe at 0.4V, All A Inputs at 0.7V 19 31 mA
DS75128 | Voo = 5.5V, Strobe at 2.4V, All A Inputs at 4V 32 53
DS75129 | Vg = 5.5V, Strobe at 0.4V, All A Inputs at 4V 32 53

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: For operation above 25°C free-air temperature, refer to Thermal Ratings for ICs, in App Note AN-336.
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown

as max or min on absolute value basis.
Note 4: Only one output should be shorted at a time.
Note 5: All typical values are at Vog = 5V, Ta = 25°C.
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Switching Characteristics vec = 5v, 74 = 25°c

Q
[72]
N
3
N

Symbol Parameter Conditions DS75128 DS75129 Units Q

Min | Typ | Max | Min | Typ | Max [w]

(]

tPLH Propagation Delay Time, Low-to-High-Level Output A 7 14 25 7 14 25 ns a

tpHL Propagation Delay Time, High-to-Low-Level Output 10 18 30 10 | 18 30 ns o
©

tpLH Propagation Delay Time, Low-to-High-Level Output s 26 40 20 35 ns

tPHL Propagation Delay Time, High-to-Low-Level Output ZL = ggog' 22 | 35 16 | 30 ns

. N . L= pF,

tpLH Ratio of Propagation Delay Times AlseeFiguret)| 051 08| 13 | 05| 08 | 1.3

tPHL

tTLH Transition Time, Low-to-High-Level Output 1 7 12 1 7 12 ns

tTHL Transition Time, High-to-Low-Level Output 1 3 12 1 3 12 ns

Schematic Diagram (each receiver)
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DS75128/DS75129

AC Test Circuit and Switching Time Waveforms

outeut  Veo W 0% 0%
INPUT
(SEE NOTES VREF14- |« 100 ns—e-] “KVREF2
400 1,4, AND 5)
(SEE NOTE 3) 10% 10%
FROM OUTPUT ov le-t0ns 1005
UNDER TEST tPHL tpLy
50 pF — VoH =y
T (SEE NOTE 2) - v v
- ouTPuT 15V 12v
TL/F/5793-4
0.8V 0.8V
VoL
= L"‘THL TLH
TL/F/5793-5
Note 1: Input pulses are supplied by a generator having the following characteristics: Zo = 500, PRR = 5 MHz.
Note 2: Includes probe and jig capacitance.
Note 3: All diodes are 1N3064 or equivalent.
Note 4: The strobe inputs of DS75129 are in-phase with the output.
Note 5: Vgery = 0.7V and Vger2 = 1.7V for testing data (A) inputs, VRer1 = VRer2 = 1.3V for strobe inputs.
FIGURE 1
Typical Characteristics
Voltage Transfer Characteristics Voltage Transfer Characteristics
From A Inputs From A Inputs
5 5
Pl Veg =5V L1
= Ta=70C l NG L0AD - =T Vg = 55V
s . : R mir
-} Tp=0°C w g
E = 1 Veg = 4.5V
3 2 3
s S
s
2 Tp=25°C—= 2
E 2 A E 2
3 E]
] [}
S 2
Ta=25°C
0 o LNOLOAD ==
0 1 2 0 1 2
V| - INPUT VOLTAGE (V) V) — INPUT VOLTAGE (V)
TL/F/5793-6 TL/F/5793-7
Input Current vs Low-Level Output Voltage
Input Voltage, A Inputs vs Output Current
04 S 06
Vee =5V 4 w Ve =5V
NO'LOAD @ V) =8V
T Tp=25C // = 05 fry-25%C
E 03 =3
o 4 > /
= / S 04
& 4 &
g / =) e
a 02 4 o 03 =
E r/ E /
2 / w02 by
[ A ] z
E o
<
3
0 > 0
0 1 2 3 4 § 1} 1 10 15 20
V) - INPUT VOLTAGE (V) Ig - OUTPUT CURRENT (mA)

TL/F/5793-8 TL/F/5793-9
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National
Semiconductor

DS75150 Dual Line Driver

051s2sa

General Description Features
The DS75150 is a dual monolithic line driver designed to W Withstands sustained output short-circuit to any low im-
satisfy the requirements of the standard interface between pedance voltage between —25V and +25V

data terminal equipment and data communication equip- 2 us max transition time through the —3V to +3V tran-
ment as defined by EIA Standard RS-232-C. A rate of sition region under full 2500 pF load

20,000 bits per second can be transmitted with a full 2500 Inputs compatible with most TTL and LS families

pF load. Other applications are in data-transmission sys- Common strobe input

tems using relatively short single lines, in level translators, Inverting output

and for driving MOS devices. The logic input is compatible . "
with most TTL and LS families. Operation is from —12V and :ﬁ:;i:ﬁpi?n be controlled with an external capacitor

+12V power supplies. Standard supply voltages t12v

Schematic and Connection Diagrams

Vee Ot ’ p
T0 OTHER | " 315k 10
<

LINE DRIVER

Dual-In-Line Package

INPUT A Wee 1V Y Ve
I I [

STROBE §

T0 OTHER

UINE DRIVER

15k
ouTPUT

GND

1 | 2 la | 4
STROBE INPUT  INPUT  GND
s 1A 2A

TO OTHER
LINE DRIVER

TL/F/5794-2
Top View
Positive Logic C = AS

Order Number DS75150J-8,

10k :E DS75150M or DS75150N
See NS Package Number
JO8A, MO8A or NOSE
TO OTHER
LINE DRIVER
Ve O

TL/F/5794-1

Component values shown are nominal.
1/2 of circuit shown
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DS75150

Absolute Maximum Ratings (vote 1)

Operating Conditions

If Military/Aerospace specified devices are required, Min Max  Units
contact the National Semiconductor Sales Office/ Supply Voltage (+ Vo) 10.8 13.2 \
Distributors for availability and specifications. Supply Voltage (—V¢g) —10.8 —13.2 Y]
Supply Voltage +Vcc 15V Input Voltage (V) 0 +55 v
Supply Voltage —Vcc 15V Output Voltage (Vo) £15 v
Input Voltage 15V Operating Ambient Temperature
Applied Output Voltage +25V Range (Ta) 0 +70 °C
Storage Temperature Range —65°Cto +150°C
Maximum Power Dissipation* at 25°C

Cavity Package ) 1133 mwW

Molded DIP Package 1022 mW

SO Package 655 mwW
Lead Temperature (Soldering, 4 sec.) 260°C
*Derate cavity package 7.6 mW/°C above 25°C; derate molded DIP package

8.2 mW/°C above 25°C. Derate SO package 8.01 mW/°G above 25°C.

DC Electrical Characteristics (Notes 2, 3,4 and 5)

Symbol Parameter Conditions Min | Typ | Max | Units

VIH High-Level Input Voltage (Figure 1) 2 '

ViL Low-Level Input Voltage (Figure 2) 0.8 \'

VoH High-Level Output Voltage +Vee = 10.8V,—Vge = —13.2V, V)L = 0.8V, 5 8 v
RL = 3k to 7 kQ (Figure 2)

VoL Low-Level Output Voltage +Vce = 10.8V,—Vgc = —10.8V,V|y = 2V, _s _5 v
RL = 3kQ to 7 kQ (Figure 1)

IH High-Level Input Current +Vge = 13.2V,—Vge = —13.2V, | Datalnput 1 10 A
V| = 2.4V, (Figure 3) ”
+Vee = 13.2V, —Vgc = —13.2V, | Strobe Input
V) = 2.4V, (Figure 3) 2| 20| kA

I Low-Level Input Current +Vge = 13.2V,—Vgg = —13.2V, | Datalnput 11 216! mA
V| = 0.4V, (Figure 3) .
+Vee = 13.2V, —Vgg = —13.2V, | Strobe Input _ _

V| = 0.4V, (Figure 3) 2| -82) mA

los Short-Circuit Output Current | +Vgog = 13.2V,—Vgo = —13.2V, | Vo = 25V 2 5 mA

(Figure 4), (Note 4) Vo = —25V —_3 _8 mA

Vo = 0V,V| =3V 15 30 mA

Vo =0V,V| =0V —-15| —30 | mA

+lccH | Supply Current From +Vgg, | +Veg = 13.2V, —Vgg = —13.2V, V| = 0V, 10 20 mA
High-Level Output RL = 3kQ, To = 25°C, (Figure 5)

—lccH | Supply Current From —Vgg, | +Vec = 13.2V, —Vgg = —13.2V,V, = 0V, 1 —10| ma
High-Level Output Ry = 3k, Ta = 25°C, (Figure 5)

+lccL | Supply Current From +Vgg, | +Vee = 13.2V, —Vgg = —13.2V, V| = 3V, 8 17 mA
Low-Level Output RL = 3k, Ta = 25°C, (Figure 5)

—lccr | Supply Current From —Vgg, | +Veg = 13.2V, —Vgg = —13.2V,V, = 3V, _o | —20 mA
Low-Level Output RL = 3kQ, Ta = 25°C, (Figure 5)

Note 1: “Absolute Maximum Ratings™ are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75150. All typical values are T = 25°C and +Vgg = 12V,

—Vgo = —12v.

Note 3: All current into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown as

max or min on absolute value basis.
Note 4: Only one cutput at a time should be shorted.

Naote 5: The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels only, e.g., when

—5V is the maximum, the typical value is more-negative voltage.

1-150




AC Electrical Characteristics (+vcc = 12v, —vge = —12V, Ta = 25°C)

Symbol Parameter Conditions Min Typ Max Units
tTLH Transition Time, Low-to-High Cp = 2500 pF, R = 3k to 7k, 0.2 14 2 s
Level Output (Figure 6) ’ ’ W
tTHL Transition Time, High-to-Low Cp = 2500 pF, R = 3k to 7k, 0.2 15 2 s
Level Output (Figure 6) i : ®
tTLH Transition Time, Low-to-High CL = 15 pF,RL = 7 kQ, (Figure 6)
40 ns
Level Output
tTHL Transition Time, High-to-Low Cy = 15pF, RL = 7 kQ, (Figure 6)
20 ns
Level Output
tPLH Propagation Delay Time CL = 15pF,RL = 7kQ, (Figure 6) 60 ns
Low-to-High Level Output
tPHL Propagation Delay Time CL = 15pF, R = 7 kQ, (Figure 6) 45 ns
High-to-Low Level Output
DC Test Circuits
I:ic:: -Vee +Vee -Vec
Vin v I
T Vi
l__I"J "I L—I_"l ST
TL/F/5794-3 h B T-L'/F/5794-4
FIGURE 1. VIH9 VOL Each input is tested separately.
FIGURE 2. V), VoK
+Vee -Vee v +Vee Ve
M T Ii_—_il ri———i| +los
. -
- —_—
e

TL/F/5794-5

Note: When testing I, the other input is at 3V; when testing I, the other
input is open.
FIGURE 3. iy, i

+Vee

R
L

TL/F/5794-6

los is tested for both input conditions at each of the specified output condi-
tions.

FIGURE 4.1ps

=Vee

*leen, Hlecu
=leen, =lect
—— —

TL/F/5794-7

FIGURE 5. IgcH+, lccH-s lecL+s lccL -
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DS75150

AC Test Circuit and Switching Waveforms

v +Vee =Vee

PULSE
GENERATOR |
{SEE NOTE 1)
TL/F/5794-8
<10 ns —= -— <10ns
Vv I 90% 90%
INPUT . 4y, 15V 15V 10%
o 504 L
—"I teuu —>| teLH
Von +3V +3V
-3V -3V

Vou
OUTPUT —-| L—"ml.

Note 1: The pulse generator has the following characterstics:
duty cycle < 50%, Zoyt = 500.

Note 2: Cy includes probe and jig capacitance.
FIGURE 6

Typical Performance Characteristics

Output Current vs
Applied Output Voltage
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= 1
=
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FIGURE 7
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National
Semiconductor

DS75154 Quad Line Receiver

General Description

The DS75154 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 Vggq terminal, pin 15, even if power is
being supplied via the alternate Vgga 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-

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) to 7 kQ over full RS-232C volt-
age range

m Input threshold adjustable to meet “fail-safe” require-
ments without using external components

m Inverting output compatible with TTL or LS

m Built-in hysteresis for increased noise immunity

m Output with active pull-up for symmetrical switching
speeds

m Standard supply voltage—5V or 12V

Schematic Diagram

—_comonTo seRcuTs__
wors © L *
I 32K
[
|
Veet o—'-———(-

g |

L ] I 1 OF 4 RECEIVERS
Fe—CE o -
[ [ ST ::
THRESHOLD Al ) )

CONTROL 13k
| AAA
| 0
l ouTPUT
| A

INPUT ! ‘:f:‘v J/
| b3
S

| 1 j
| M

TL/F/5795-1

Note: When using Vggy (pin 15), Voo (pin 16) may be left open or shorted to Vogy. When using Veog, Voot must be left open or connected to the threshold

control pins.
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DS75154

Absolute Maximum Ratings (Note 1)

Operating Conditions

If Military/Aerospace specified devices are required, Min Max  Units
contact the National Semiconductor Sales Office/ Supply Voltage (Pin 15), (Vcc1) 4.5 5.5 Vv
Distributors for availability and specifications. Alternate Supply Voltage

Normal Supply Voltage (Pin 15), (Vgc1) 7v (Pin 16), (Vcoo) 10.8 13.2 Vv
Alternate Supply Voltage (Pin 16), (Vcc2) 14V Input Voltage +15 Vv

Input Voltage 125V Temperature, (Ta) 0 +70 °C

Storage Temperature Range —65°Cto +150°C

Maximum Power Dissipation* at 25°C

Cavity Package 1433 mW
Molded DIP Package 1362 mW

Lead Temperature (Soldering, 4 seconds) 260°C

*Derate cavity package 9.6 mW/°C above 25°C; derate molded DIP package

10.9 mW/°C above 25°C; derate SO package 8.01 mW/°C above 25°C.

Electrical Characteristics (Notes 2, 3and 4)

Symbol Parameter Conditions Min Typ Max Units
Vil High-Level Input Voltage (Figure 1) 3 \
ViL Low-Level Input Voltage (Figure 1) -3 \
Vr4+ Positive-Going Threshold Voltage (Figure 1) Normal Operation 0.8 2.2 3 \

Fail-Safe Operation 0.8 2.2 3 \
Vy— Negative-Going Threshold Voltage (Figure 1) Normal Operation -3 —-1.1 0 \
Fail-Safe Operation 0.8 1.4 3 \
Vr4-V1- Hysteresis (Figure 1) Normal Operation 0.8 3.3 6 \
Fail-Safe Operation 0 0.8 2.2 \'/
Vou High-Level Output Voltage loy= —400 pA, (Figure 1) 2.4 3.5 \
VoL Low-Level Output Voltage loL=16 mA, (Figure 1) 0.23 0.4 \
n Input Resistance (Figure 2) AV|=—25Vto —14V 3 5 7 kQ
AVy= —14Vto —3V 3 5 7 kO
AV|=—3Vto +3V 3 6 kQ
AV|=3Vto 14V 3 5 7 kQ
AV|=14V to 25V 3 5 7 kQ
Vi(oPEN) Open-Circuit Input Voltage 1,=0, (Figure 3) 0 0.2 2 Vv
los Short-Circuit Output Current Vcc1=5.5V, V)= —5V, (Figure 4) —10 _20 _10 mA
(Note 5)
lccq Supply Current From Vcgq Veoc1=5.5V, Ta=25°C, (Figure 5) 20 35 mA
lcca Supply Current From Voo Veooe=13.2V, Tao=25°C, (Figure 5) 23 40 mA

Switching Characteristics (vcci=5v, TA=25°0)

Symbol Parameter Conditions Min Typ Max Units

PLH Propagation Delay Time, Low-to-High C_ =50 pF, R_=390Q, (Figure 6) 22 ns
Level Output

tPHL Propagation Delay Time, High-to-Low CL =50 pF, R =3909, (Figure 6) 20 ns
Level Output

TLH Transition Time, Low-to-High Level CL =50 pF, R_=3909, (Figure 6) 9 ns
Output

tTHL Transition Time, High-to-Low Level CL =50 pF, R_L=23909, (Figure 6} 6 ns
Output

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75154. All typical values are for To=25°C and V¢gy=5V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown
as max or min on absolute value basis.

Note 4: The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic and threshold levels
only, e.g., when —3V is the maximum, the minimum limit is a more-negative voltage.

Note 5: Only one output at a time should be shorted.
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Typical Performance Characteristics = Connection Diagram

Dual-In-Line Package
Output Voltage vs

THRESHOLD OUTPUTS
4 Input Voltage ALT  NORM  CONT
Ve, Ver s W 2v 3y av A1
- 16 15 18 13 12 1 10 9
s 3 FAIL-SAFE 1]
w OPERATION
&
9
5
s 2
< (NOTEZ) A Vr- | -Vrd NV
5 h
E [ noRMAL | 1
g 1 l\DE"A'[IﬂII v
<
<
0
-3 -2 4 0 1 2 3
INPUT VOLTAGE (V)
1 2 3 4 5 6 7 |u
TL/F/5795-10
3T o 1T 1A 2 3a A GND
fh RN
THRESHOLD _INPUTS
Y=A

CONTROLS
TL/F/5795-2
Top View
Order Number DS75154J, DS75154M or DS75154N
See NS Package Number J16A, M16A or N16A

DC Test Circuits and Truth Tables

S5V O onav
OPEN O OPEN
sV o108V

OPEN

5 16
- —Vcc1| Veez - JR.‘ —I wlou
Ve “to _'ﬂu
L e
I Vou
l L
+t T LI
- T T T TL/F/5795-3
Veet Veez
Test Measure A T Y (Pin 15) (Pin 16)

Open-Circuit Input VoH Open Open IoH 4.5V Open
(Fail-Safe) VoH Open Open loH Open 10.8V
V14 min, VoH 0.8V Open loH 5.5V Open
Vt_ (Fail-Safe) Vou 0.8V Open loH Open 13.2V
V714 min (Normal) VoH (Note 1) Pin 15 loH 55Vand T Open
VoH (Note 1) Pin 15 loH T 13.2V
Vi max, VoH -3V Pin 15 loH 55Vand T Open
V71— min (Normal) VoH -3V Pin 15 loH T 13.2V
V|H min, V14 max, VoL 3V Open loL 4.5V Open
V71— max (Fail-Safe) VoL 3V Open loL Open 10.8V
V|H min, V14 max, VoL 3V Pin 15 loL 45Vand T Open
(Normal) VoL 3V Pin 15 loL T 10.8V
V1 - max (Normal) VoL (Note 2) Pin 15 loL 55Vand T Open
VoL (Note 2) Pin15 loL T 13.2V

Note 1: Momentarily apply —5V, then 0.8V,

Note 2: Momentarily apply 5V, then ground.
FIGURE 1. Vi, Vi, VT1+, VT, Vou: VoL
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DS75154

DC Test Circuits and Truth Tables (continued)

VO 172V
Oopen T Veed Veez
(Pin 15) (Pin 16)
| Open 5V Open
= Open Gnd Open
OFEN Open Open Open
= —l Pin 15 Tand 5V Open
Gnd Gnd Open
y: O OPEN Open Open 12v
Open Open Gnd
I | Pin 15 T 12v
I Pin 15 T Gnd
Pin 15 T Open
Avy TL/F/5795-4
=
Aly
FIGURE 2.1}

OO0 132V

T Veel Veez
open (Pin 15) (Pin 16)
— e Open 5.5V Open
Vcc' Vccz m Pin15 5.5V Open
Yy Open Open 13.2V
T—O0PEN Pin 15 T 13.2V
Vuovzm ___I______I
TLIF/5795-5
FIGURE 3. Vi(oPEN)
5.5V OO0 132V
lecz
OPEN ﬂFEN OPEN
— _L — e OPEN l OPEN
I_ Veeor Vccz R1 i1 .
. A vy 7 Vees A1
v 4 Y16 open

L___;___Jrl

TL/F/5795-6

Each output is tested separately.
FIGURE 4. los

L__.__:;_.__._l

TL/F/5795-7

All four line receivers are tested simultaneously.

FIGURE 5. I
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AC Test Circuit and Switching Time Waveforms

121 T 7A ¢

INPUT ouTPUT
(o]
OPEN OPEN
Vcc1 Vccz R1 I
PULSE
GENERATOR A v=
NOTE 1
( ) ALL DIODES ARE 1N3064
m—deee G, =50 pF
CI? (NOTE 2)
TL/F/5795-8
——l‘——4o¢2m ——‘ 10 £2ns
5V
WV 90% 90%
INPUT v

0, -
"y 10% v

tonL |ty [
V —
oH v
QUTPUT 15 1.5V
0. BV 0.8V
Voo
— [t ~=—trim
TL/F/5795-9

Note 1: The pulse generator has the following characteristics: Zoyt =509, tw =200 ns, duty cycle < 20%.

Note 2: C_ includes probe and jig capacitance.

FIGURE 6
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DS75176A/DS75176AT

National
Semiconductor

PRELIMINARY

DS75176A/DS75176AT Multipoint

RS-485/RS-422 Transceivers

General Description

The DS75176A 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

m Meets EIA standard RS485 for multipoint bus transmis-
sion and RS422. :

® Small Outline (SO) Package option available for mini-
mum board space.

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

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

| Single +5V supply.

W -7V to +12V bus common mode range permits =7V
ground difference between devices on the bus.

m Thermal shutdown protection.

| Power-up down glitch-free driver outputs permit live in-
sertion or removal of transceivers.

W 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 DS3695 and SN75176A.

m 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.

m 70 mV typical receiver hysteresis.

Connection and Logic Diagram

[ os751768
Ro—H B vee
RE—2 o——++— 55 /R
DE—3 § po/mi
o4 B onp
TL/F/8759-1
Top View

Order Number DS75176AN, DS75176AM,
DS75176AJ-8, DS75176ATN
See NS Package Number NOSE, MOBA or JOSA
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Absolute Maximum Ratings (Note 1) g
If Military/Aerospace specified devices are required, Storage Temperature Range —65°Cto +150°C ;,"
contact the National Semiconductor Sales Office/ Lead Temperature (Soldering, 4 seconds) 260°C g
Distributors for availability and specifications. [
Supply Voltage, Vco v Recommended Operating 3
Control Input Voltages 7v Conditions o
Driver Input Voltage v Min Max Units 3
Driver Output Voltages +15V/ —10V Supply Voltage, Ve 475 525 V 2
Receiver Input Voltages (DS75176A) +15V/ —10V Voltage at Any Bus Terminal -7  +12 \ =
Receiver Output Voltage 5.5V (Separate or Common Mode)
Continuous Power Dissipation @25°C Operating Free Air Temperature Ta

for M Package 675 mW (Note 5) DS75176A 0 +70 °C
Continuous Power Dissipation @25°C DS75176AT —40 +85 °C

(for N Package) 900 mW (Note 4) Differential Input Voltage,

VID (Note 6) +12v

Electrical Characteristics (Notes2and3)
0°C < Ta < 70°C, 4.75V < Vg < 5.25V unless otherwise specified

Symbol Parameter Conditions Min (Typ| Max |Units
Vopi |Differential Driver Output lo=0 5 v
Voltage (Unloaded)
Vopz |Differential Driver Output (Figure 1) R = 500; (RS-422) (Note 4)| 2 \')
Voltage (with Load) R = 270; (RS-485) 15 v
AVop [Change in Magnitude of Driver
Differential Output Voltage For 0.2 \
Complementary Output States
Voc Driver Common Mode Output y _
Voltage (Figure 1) R =270 3.0 \
AlVog| |Change in Magnitude of Driver
Common Mode Output Voltage 0.2 v
For Complementary Output ’
States
Vi Input High Voltage 2 \'J
ViL Input Low Voltage DI, DE, 0.8
VoL Input Clamp Voltage RE E N = —18mA —-1.5
i Input Low Current ViL = 0.4V —-200| pA
K Input High Current ViH = 2.4V 20 | pA
N Input DO/RI, DO/RI|Vce = OVor5.25V  |Viy = 12V +1.0| mA
Current BE = 0V Vin = =7V —08]| mA
VTH Ditferential Input Threshold -7V <Vgpm < + 12V 02 +o2!| v
Voltage for Receiver
AV |Receiver Input Hysteresis VoM = 0V 70 mV
VoH Receiver Output High Voltage loq = —400 pA 2.4 \
VoL Qutput Low RO loL = 16 mA (Note 7) 0.5 \
Voltage iF loL = 8 mA 045 | V
lozr OFF-State (High Impedance) Ve = Max £20 A
Output Current at Receiver 0.4V < Vg < 2.4V s
RiN Receiver Input Resistance -7V < Vom £ +12V 12 kQ
lcc Supply Current No Load Driver Outputs Enabled 35| 50 | mA
(Note 7) Driver Outputs Disabled 27 | 40 mA
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DS75176A/DS75176AT

Electrical Characteristics (Notes2and3)
0°C < Ta < 70°C, 4.75V < Vg < 5.25V unless otherwise specified (Continued)

Symbol Parameter Conditions Min | Typ Max Units

losp Driver Short-Circuit Vo = —7V (Note 7) —250 mA
Output Current Vo = +12V (Note 7) +250 | mA

losr Receiver Short-Circuit Vo = 0V 15 -85 mA
Output Current

Note 1: “Absolute Maximum Ratings” are those beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device should
be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation.

Note 2: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to device ground unless otherwise

specified.

Note 3: All typicals are given for Voo = 5V and Tp = 25°C.
Note 4: Derate linearly at 5.56 mW/°C to 650 mW at 70°C.
Note 5: Derate linearly @ 6.11 mW/°C to 400 mW at 70°C.

Note 6: Differential - Input/Output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B.
Note 7: All worst case parameters for which note 7 is applied, must be increased by 10% for DS75176AT. The other parameters remain valid for —40°C < Tp

< +85°C.

Switching Characteristics 4.75v < vee < 5.25v;0°C < T < 70°C

Symbol Parameter Conditions Min Typ Max Units
tPLH Driver Input to Output Rippe = 6002 22 ns
tPHL Driver Input to Output Cu1 = G2 = 100 pF 22 ns
tSKEW Driver Output to Output (Figures 3 and &) 8 ns
tr Driver Rise Time Rippe = 600 10 ns
t Driver Fall Time Cu1 =Cr2 = 100 pF 10 ns
(Figures 3 and 5)
tzH Driver Enable to Output High CL = 100 pF (Figures 4 and 6) S1 Open 35 ns
tzL Driver Enable to Output Low CL = 100 pF (Figures 4 and 6) S2 Open 35 ns
tLz Driver Disable Time from Low CL = 15 pF (Figures 4 and 6) S2 Open 15 ns
tHz Driver Disable Time from High C| = 15 pF (Figures 4 and 6) S1 Open 15 ns
tPLH Receiver Input to Output CL = 15 pF (Figures 2and 7) 25 ns
tPHL Receiver Input to Output §1 and S2 Closed 25 ns
tzL Receiver Enable to Output Low CL = 15 pF (Figures 2 and 8) S2 Open 15 ns
tzH Receiver Enable to Output High CL = 15 pF (Figures 2 and 8) S1 Open 15 ns
tLz Receiver Disable from Low G = 15 pF (Figures 2 and 8) S2 Open 12 ns
thz Receiver Disable from High CL = 15 pF (Figures 2 and 8) S1 Open 12 ns
AC Test Circuits
o0 TEsT
%
y 5 B —ad
$h VI: 3
INCLUDES PROBE
m ‘ AND JI0
¥ CAPACITANCE)
= TL/F/8759-2
FIGURE 1
= TL/F/8759-3
Note: S1 and S2 of load circuit are closed except as otherwise mentioned.
FIGURE 2
0% 0 81
— —
s €Ly =100pt 5000 o
o b3 3Ln FROM OUTPUT
S Plowe UNDER TEST 2
e =600 C2=100p0 = [
X | T = (%%zt PROBE T —_I_
= TL/F/8759-4 CAPACITANCE) % = TL/F/8759-5
FIGURE 3

Note: Unless otherwise specified the switches are closed.

FIGURE 4
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Switching Time Waveforms

ki)
f=1MHz 1, < 10ns
1.5V £ < 10ns 15¢v
]
o
‘ 5 B | 1PHL |e— *
Vf 172V ‘ 1/2vp
T
P t
—>| 1 SKEwW <1 SKEW
TL/F/8759-6
Vo 907 POINT
ov 90% POINT Voirr=Vpo=Voo
107 POINT 107 POINT
-vo
tF

FIGURE 5. Driver Propagation Delays

TL/F/8759-10

W — &
/ f= 1MHz:t, < 10ns \
DE o ty< 10ns
15V 15¢ R
o
— 2L
5V — W
00, 60 oUTPUT 2.3V
Vot NORMALLY LOW vy 05V
LY
VoH )
\GRY
05V
00, 00 QUTPUT 23
M, IGH
o NORMALLY HIG — W
— 1IN
TL/F/8759-7
FIGURE 6. Driver Enable and Disable Times
Vou
1.5V 15V ouTRUT
g
VoL
| tew l‘ - f= 1MHz: t, < 10ns PLH e
25V [ = 10ns
— INWT
RI-AI -0V ov
25V

TL/F/8759-8

Note: Differential input voltage may may be realized by grounding Rl and pulsing Rl between +2.5V and —2.5V
FIGURE 7. Receiver Propagation Delays
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DS75176A/DS75176AT

Switching Time Waveforms (continued)

) )

¥ f IM} hS 10
= z: t, ns
RE > ' :t;sll]ns |5><
o —
—] - w
sv o
ouTPUT ¥
NORMALLY LOW
. /] osv ol
~ y
AR \J 05V Yok
Ro
QUTPUT
NORMALLY HIGH
- W
TL/F/8759-9
FIGURE 8. Receiver Enable and Disable Times
Function Tables
DS75176A Transmitting
Inputs Line Outputs
RE DE DI Condition Do Do
X 1 1 No Fault 0 1
X 1 0 No Fault 1 0
X 0 X X 4 4
X 1 X Fault 4 Zz
DS75176A Receiving
Inputs Outputs
RE DE RI-RI RO
0 0 > +0.2V 1
0 0 < -0.2Vv 0
0 0 Inputs Open** 1
1 0 X V4
X — Don't care condition
Z — High impedance state
Fault — Improper line conditons causing excessive power dissipation in the driver, such as shorts or bus contention situations
**This is a fail safe condition
Typical Application
DS75176A/DS3695/DS3696 DS3697/D53698 DS75176A
{ ) )
) J 1 ¢
SRk Rr S :: Ry Rrs
{ ¢ ) )
) ¥ ¢

DS3697/DS3698 ? j:

DS75176A/DS3696 DS75176A

TL/F/8759-11
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National
Semiconductor

DS7820/DS8820 Dual Line Receiver

General Description Features

The DS7820, specified from —55°C to +125°C, and the Operation from a single +5V logic supply
DS8820, specified from 0°C to +70°C, are digital line re- Input voltage range of £15V

ceivers with two completely independent units fabricated on Each channel can be strobed independently
a single silicon chip. Intended for use with digital systems High input resistance

connected by twisted pair lines, they have a differential in- Fan out of two with TTL integrated circuits
put designed to reject large common mode signals while wyn

responding to small differential signals. The output is direct- Strobe low forces output to 1" state
ly compatible with TTL or LS integrated circuits.

The response time can be controlled with an external ca-
pacitor to eliminate noise spikes, and the output state is
determined for open inputs. Termination resistors for the
twisted pair line are also included in the circuit. Both the
DS7820 and the DS8820 are specified, worst case, over
their full operating temperature range, for +10-percent sup-
ply voltage variations and over the entire input voltage
range.

028850/028.5a

Connection Diagram

Dual-In-Line Package

1 N 14
INPUT | —
2 13
TERMINATION INPUT
3 12
INPUT TERMINATION
+ - 4
STROBE - 2 INPUT
- +
5 10
RESPONSE TIME cosmmmened e STROBE
6 9
OUTPUT mmemnd b RESPONSE TIME
1
GROUND vy ouTPUT
TL/FI5796-2
Top View

Order Number DS7820J, DS8820J or DS8820N
See NS Package Number J14A or N14A
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DS7820/DS8820

Absolute Maximum Ratings (ote 1)
If Military/Aerospace specified devices are required,

Maximum Power Dissipation* at 25°C

contact the National Semiconductor Sales Office/ Cavity Package 1308 mW
Distributors for avalilability and specifications. Molded Package 1207 mwW
Supply Voltage 8.0V *Derate cavity package 8.7 mW/°C above 25°C; derate molded package
Input Voltage +20V 9.7 mW/°C above 25°C.
Differential Input Voltage +20V 0perating Conditions
Strobe Voltage 8.0v Min Max Units
Output Sink Current 25 mA Supply Voltage (Vo)
Storage Temperature Range —65°C to +150°C DS7820 4.5 55 M
Lead Temperature (Soldering, 4 sec.) 260°C TeernSBBZO 4.78 525 v
perature (Ta)
DS7820 —55 +125 °C
DS8820 0 +70 °C
Electrical Characteristics (Notes 2 and 3)
Symbol Parameter Conditions Min Typ Max Units
VTH Input Threshold Voltage Vom = 0V —-0.5 0 0.5 \
—15V < Vgm < 15V -1.0 0 1.0 \
VoH High Output Level louT < 0.2mA 2.5 55 \"
VoL Low Output Level IsINK < 3.5 mA 0 0.4 \
R~ Inverting Input Resistance 3.6 5.0 ko
R+ Non-Inverting Input Resistance 1.8 2.5 kQ
Ry Line Termination Resistance Ta = 25°C 120 170 250 [0
tr Response Time CpeLAy = 0 pF 40 ns
Cpetay = 100 pF 150 ns
IsT Strobe Current VsTROBE = 0.4V -1.0 -1.4 mA
VstRoBE = 5.5V 5.0 RA
lcc Power Supply Current Vin = 15V 3.2 6.0 mA
ViN = OV 58 10.2 mA
VN = —15V 8.3 15.0 mA
Int Non-Inverting Input Current ViN = 16V 5.0 7.0 mA
ViN = 0V -1.6 -1.0 mA
VN = —15V —-9.8 -7.0 mA
N~ Inverting Input Current ViN = 15V 3.0 4.2 mA
ViN = OV 0 —0.5 mA
ViN = —15V —4.2 -3.0 mA

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: These specifications apply for 4.5V < Vgg < 5.5V, =15V < Vg < 15V and —55°C < Tp < +125°C for the DS7820 or 0°C < Tp < +70°C for the

DSB820 unless otherwise specified; typical values given are for Voo = 5.0V, T4 = 25°C and Vcm = 0 unless stated differently.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown
as max or min on absolute value basis.

Note 4: The specifications and curves given are for one side only. Therefore, the total package dissipation and supply currents will be double the values given when
both receivers are operated under identical conditions.
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Typical Performance Characteristics (Note 3) ]
N
03 Supply Voltage Sensitivity Common Mode Rejection 5 Transfer Function Q
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TIME (us} TEMPERATURE (°C} TEMPERATURE (°C)
TL/F/5796-5
0 Positive Supply Current 0 Internal Power Dissipation
[ ] Vee =50V
s Vee =5V OUTPUT LOW
H A D —f; \
= 6 v, = 200
z W, 2 \
« N =
< 3 ) & L4
3 \\0’)0’ | a \ 126° /
z 2 N, | IN < 100 ik
& oS 25°C
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u o
| /
=
-2 0
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DS7820/DS8820

Typical Application

af
0.01uF

Line Driver and Receiver
1/2 DS7830

INPUTS TWISTED PAIR LINE 1

& W -

c2*

Ill‘lﬂ oF

TL/F/5796-3

TExact value depends on line length.
*Dptional to control response time.

STROBE

Schematic Diagram

RESPONSE-TIME

CONTROL
| o
NON-INVERTING
INPUT
OUTPUT
TERMINATION
GROUND
INVERTING
INPUT STROBE

TL/F/5796-1
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National
Semiconductor

DS7820A/DS8820A Dual Line Receiver

General Description

The DS7820A and the DS8820A are improved performance
digital line receivers with two completely independent units
fabricated on a single silicon chip. Intended for use with
digital systems connected by twisted pair lines, they have a
differential input designed to reject large common mode sig-
nals while responding to small differential signals. The out-
put is directly compatible with TTL or LS integrated circuits.

The response time can be controlled with an external ca-
pacitor to reject input noise spikes. The output state is a
logic **1” for both inputs open. Termination resistors for the
twisted pair line are also included in the circuit. Both the
DS7820A and the DS8820A are specified, worst case, over

their full operating temperature range (—55°C to +125°C
and 0°C to 70°C respectively), over the entire input voltage
range, for £10% supply voltage variations.

Features

Operation from a single + 5V logic supply
Input voltage range of +15V

Strobe low forces output to “1" state
High input resistance

Fanout of ten with TTL integrated circuits
Outputs can be wire OR’ed

Series 54/74 compatible

Connection Diagram

Dual-In-Line Package

1 V 14
— INPUT Vee
2 3
TERMINATION — INPUT
3 f 2
+ INPUT TERMINATION
+ = 3
4 1
STROBE ==l + INPUT
-+
5 0
RESPONSE TIME e Vs STROBE
/
6 ]
QUTPUT e RESPONSE TIME
1 8
GROUND =it b QUTPUT

Note: Pin 7 connected to bottom of cavity package.

TL/F/5797-2

Top View

Order Number DS7820AJ, DS8820AJ or DS8820AN
See NS Package Number J14A or N14A
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DS7820A/DS8820A

Absolute Maximum Ratings (Note 1)

Operating Conditions

If Military/Aerospace specified devices are required, Min Max Units
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc)
Distributors for avallability and specifications. DS7820A 4.5 55 M
Supply Voltage 8.0V Te?nspae?:?upr‘e (Ta) 475 5.2 v
Diferotal it Voltage v DSTe0A A
Strobe Voltage 8.0V
Output Sink Current 50 mA
Storage Temperature Range —65°C to 150°C
Maximum Power Dissipation* at 25°C
Cavity Package 1308 mW
Molded Package 1207 mwW
Lead Temperature (Soldering, 4 sec.) 260°C
*Derate cavity package 8.7 mW/°C above 25°C; derate molded package
9.7 mW/°C above 25°C.
Electrical Characteristics (Notes2,3,and 4)
Symbol Parameter Conditions Min [ Typ | Max [ Units
VTH Differential Threshold Voltage lout = —400 pA, | —3V < Vgy < +3V 0.06 0.5 v
Vour = 2.5V —15V < Voy < +15V 006 | 1.0 | V
loutr = +16 mA, —-3V<Vom < +3V —0.08| -05| V
Vour < 0.4V —1BV < Vo < +15V —008| —10| Vv
R~ Inverting Input Resistance —15V < Vgm £ +15V 3.6 5 kQ
Rt Non-Inverting Input Resistance | —15V < Vgy < +15V 1.8 25 kQ
Rt Line Termination Resistance Ta = 25°C 120 170 250 Q
W~ Inverting Input Current Vem = 15V 3.0 4.2 mA
Vom = OV 0 —-0.5| mA
Vom = —15V —-30 | —42| mA
Wt Non-Inverting Input Current VoM = 15V 50 | 70 | mA
Vom = OV -1.0 | —1.6| mA
Vom = —15V -70 | —9.8| mA
lcc Power Supply Current lout = Logical “0” | Vpjpr = —1V | Vom = 15V 39 6.0 mA
One Side Only Vom = —15V 92 | 140 ] mA
Vpirr = —0.5V, Vgm = OV 6.5 10.2 | mA
VoH Logical “1" Output Voltage lout = —400 pA, Vpjpg = 1V 25 4.0 5.5 \
VoL Logical “0” Output Voltage louTr = +16 mA, Vpjrr = —1V 0 0.22 0.4 v
VsH Logical “1” Strobe Input Voltage | loyt = + 16 mA, Vout < 0.4V, Vp|pr = —3V 21 \
VsL Logical “0” Strobe Input Voltage | loyt = —400 pA, Vout = 2.5V, Vpjpg = —3V 0.9 "
IsH Logical “1” Strobe Input Current | Vstrose = 5.5V, VpIrr = 3V 0.01 5.0 pA
IsL Logical “0” Strobe input Current | Vgtroge = 0.4V, Vprr = —3V —1.0 ) —-14| mA
Isc Output Short Circuit Current Vo = OV, Vgc = 5.5V, VstROBE = OV —28| —45 | -6.7| mA

Note 1: “Absolute Maximum Ratings™ are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: These specifications apply for 4.5V < Vgg < 5.5V, —15V < Vg < 15V and —565°C < Tp < +125°C for the DS7820A or 4.75V < Vge < 5.25V,0°C <
Ta < +70°C for the DS8820A unless otherwise specified. Typical values given are for Vog = 5.0V, Ta = 25°C and Vom = OV unless stated differently.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown

as max or min on absolute value basis.
Note 4: Only one output at a time should be shorted.

1-168




Switching Characteristics Ta = 25°C, Ve = 5V, unless otherwise noted

()
]
N
B
Symbol Parameter Conditions Min Typ Max Units g
. " . S
todo Propaga‘t‘lo.r: Delay, Differential 30 45 ns o
Input to “0” Output g
. I X 3
tod1 ﬁroliat%altllfp g:,'tlaz; Differential 27 40 ns 8
Ld P Ry = 400 Q, C_ = 15 pF, see Figure 1 >
t Propagation Delay, Strobe
pdo pag y, Stro
Input to *0”” Output 16 2 ns
tpd1 Propagation Delay, Strobe 18 30 ns

Input to *“1”” Output

AC Test Circuit and Waveforms

DIFF.
INPUT Vee =5V
1 ouTPUT
PULSE
GEN.
50
3
*Includes Jig and Probe Capacitance
Pgé:E STROBE =
: INPUT
t,=t;=10ns
PRR = 1 MHz —
- TL/F/5797-7
+2.5V ———
DIFF z - &
INPUT / \
2.5V —] \_\
2.6V

STROBE
INPUT
ov
QUTPUT — | A\13V ] B

A = Differential Input to ‘0" Output
B = Differential Input to 1" Output
C = Strobe Input to 0" Output
D = Strobe Input to “1”* Qutput

FIGURE 1

TL/F/5797-8
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DS7820A/DS8820A

Typical Performance Characteristics (vote 3)

SUPPLY CURRENT (mA) OUTPUT VOLTAGE (V) DIFFERENTIAL THRESHOLD VOLTAGE (V)

OIFFERENTIAL DELAY (ns}

Supply Voltage Sensitivity

1
Tp = 25

02 Vow = OV
01 Vour = 25V, loyy = -400 A |

0 T ]

Vour = 0.4V, Ioyr = 16 mA
=01
-0.2
45 8.0 55 6.0

SUPPLY VOLTAGE (V)

Transfer Function

5 —TT
FANOUT = 10 wl | |
Vee = 5.0V 1251
4 FVem=0v 7
J D
=5
s . i

—ioEde
0
04 -02 0 02 04
DIFFERENTIAL INPUT VOLTAGE (V)
Power Supply Current
10 T
Vee = 5V
8 ht LTy =25c_]
N,
\\"(’(o
6 by
\0(,,1 N
4 \\’o,/’l
\i“/y
2 AN
]
20 -1 ] 0 e20
COMMON-MODE VOLTAGE (V)
Differential Input Delays
82 FV . =5\}
i va
8
1
[ DIFFERENTIAL p}r/
4 g
3100 uumnr\‘ >
30 = Vi
|
2 V/
2 FFERENTIAL
2 I\m “1" QUTPUT
1 [ T 1]
475 -50 25 0 25 §0 75 100 125

Tal0)

POWER DISSIPATION (mW) TERMINATION RESISTANCE (22) DIFFERENTIAL THRESHOLD VOLTAGE (V)

STROBE DELAY (ns)

Common-Mode Voltage
Sensitivity Temperature Sensitivity
< 100
T 7T =
04 : n-st] % o Yoo 0¥
= em *
"Tﬁ LB W S 25
= Tloup3
0.2 TN A 2 ~ 0
259, Yo > 0 “q
Vout” oA ]
|| 2 |
g w0 r—-« D
g .
E Ouy '0.\
5
- < -100 Oup 3
-04 = = I ,"'}
E -150 I
-20 -10 0 +10 +20 ; -75 -50 -25 0 25 S50 75 100 125
a

COMMON-MODE VOLTAGE (V)

Termination Resistance

190
P
/
180 L
A
>
0
—
160
75 -50 -25 0 25 50 75 100 125

Tal0)

Internal Power Dissipation

30 T 1
Vee = 5.0V
\ OUTPUT LOW ]
)
200
\
) WS
N //
\) 7
100 4
\ 4
)
d
=
0
-20 -10 0 10 20
COMMON-MODE VOLTAGE (V)
Strobe Delays
38 ——r—
L Vec =5V
]
30 1 "
26 -STROBE TO “1” OUTPUT ,/
1\ A
2 W
3
" 77~ STROSE TO “0” OUTPUT
s S R |
I O
-15 -50 -25 O 25 S0 75 100 125

Tal'0)

INPUT CURRENT {mA}

Tal’0)

Input Characteristics

L} T T
6 b Veo=8v
Tp = 25°C y
4
Y

2 ya

U I ieur Y
2 LA
=
8 < INPUT

+

Mann
-10

-20 -10 0 10 20

INPUT VOLTAGE (WITH RESPECT TO GROUND) (V)

OUTPUT VOLTAGE (V)

MAX. NOISE PULSE WIDTH (ns)

Output Voltage Levels
5 |l
o
4 ==
LOGICAL "1 OUTPUT,
lout = 400 KA
i =
03
Foutrut
Ty OV
02— TSI
9
) /
215 -50 -25 0 25 SO 75 100 125
a0
Noise Rejection
1000 ¢
Voo = 5V
LTy =25 C 111
I Vowr = 2.5V PULSE y.
100 :
V4
Y
10
10 100 1000 10,008

Cresponse Time convo (BF)

TL/F/5797-6
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Schematic Diagram

RESPONSE TIME
CONTROL

NON-INVERTING
INPUT
(+)

TERMINATION

INVERTING
INPUT ]
(-} STROBE

Typical Applications

Differential Line Driver and Receiver

Veo

auTPuT

GROUND

Note: Schematic shows one-half of unit.

TL/F/5797-1

0 = 01 pf

TWISTED
PAIR LINE

5
AND OUTPUT
1/2 0S7830
6
NAND OUTPUT

IEEE
—
INPUTS

QuTPUT

*Optional to control response time. STROBE = TL/F/5797-3

Single Ended (EIA-RS232C) Receiver with Hysteresis

1N914 4V
TWISTED PAIR LINE Vour
+
02V | -
1/2 DS7820A ouTPUT 0 1 !
1 0.8v Vin 2.5V
1

c2*
100 pF

STROBE =

TL/F/5797-4

TL/F/5797-5
(Output = **1" for Open Input)
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DS78C20/DS88C20

National
Semiconductor

DS78C20/DS88C20 Dual CMOS Compatible

Differential Line Receiver

General Description

The DS78C20 and DS88C20 are high performance, dual
differential, CMOS compatible line receivers for both bal-
anced and unbalanced digital data transmission. The inputs
are compatible with EIA and Federal Standards.

Input specifications meet or exceed those of the popular
DS§7820/DS8820 line receiver, and the pinout is identical.

A response pin is provided for controlling sensitivity to input
noise spikes with an external capacitor. Each receiver in-
cludes a 1800 terminating resistor, which may be used op-
tionally on twisted pair lines. The DS78C20 is specified over
a —55°C to +125°C operating temperature range, and the
DS88C20 over a 0°C to +70°C range.

Features

m Meets requirements of EIA Standards RS-232-C RS-
422 and RS-423, and Federal Standards 1020 and
1030

m Input voltage range of =15V (differential or common-

mode)

Separate strobe input for each receiver

% Ve strobe threshold for CMOS compatibility

5k typical input impedance

50 mV input hysteresis

200 mV input threshold

Operation voltage range = 4.5V to 15V

DS7830/DS8830 or MM78C30/MM88C30 recommend-

ed driver

Connection Diagram

Dual-In-Line Package

TERMI- RESPONSE
Vee —INPUT  nyaTION  +INPUT  STROBE TIME ouTPUT
l 18 13 I 12 1 10 | 3 I 8
+ ~
1 2 3 4 5 |s |7
-INPUT TERMI- +INPUT  STROBE RESPONSE OUTPUT GND
NATION TIME

TL/F/5798-1

Top View

Order Number DS78C20J, DS88C20J or DS88C20N
See NS Package Number J14A or N14A
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Q
. . . e [72]
Absolute Maximum Ratings (Note 1) Operating Conditions ]
If Military/Aerospace specified devices are required, Min Max Units S
contact the National Semiconductor Sales Office/ Supply Voltage (Vce) 4.5 15 \ o
Distributors for availability and specifications. Temperature (Ta) B
Supply Voltage 18V DS78C20 -55 +125  °C fa
Common-Mode Voltage +25V DS88C20 0 +70 °C 8
Differential Input Voltage +25V Common-Mode Voltage (Vo) -15 +15 Vv 8
Strobe Voltage 18V
Output Sink Current 50 mA
Maximum Power Dissipation* at 25°C
Cavity Package 1364 mW
Molded Package 1280 mW
Storage Temperature Range —65°Cto +150°C
Lead Temperature (Soldering, 4 seconds) 260°C
*Derate cavity package 9.1 mW/°C; derate molded package 10.2 mW/°C
above 25°C.
Electrical Characteristics (Notes 2and 3)
Symbol Parameter . Conditions Min Typ Max |Units
VTH Differential Threshold Voltage lout = —200 pA, —=10V < Vgpm < 10V 0.06 02| V
Vour = Vog —1.2V —15V < Vgy < 15V 006 |03]| Vv
lout = 1.6 MA, Voyt < 0.5V [—10V < Vgpm < 10V —-0.08 [—-02| V
—15V < Vo < 15V -0.08 |-03| V
RiN Input Resistance ~15V < Vgpm < 15V 5 kQ
Rt Line Termination Resistance Ta = 25°C 100 180 300 | Q
inD Data Input Current (Unterminated)|Vgoy = 10V 2 3.1 | mA
Vem = OV 0 —0.5| mA
Vem = —10V -2 —-3.1| mA
Vtug |Input Balance loyt = 200 pA, Vout = —-7V<Vom <7V
Vce — 1.2V, Rg = 50042, 0.1 04 | V
(Note 5)
lout = 1.6 MA, Voyt < 0.5V, | -7V < Vem < 7V —0. _oa4| v
Rs = 5000, (Note 5) : ’
VoH Logical ““1” Output Voltage loyt = —200 pA, Vpirg = 1V Vee — 1.2|Vgec — 0.75 v
VoL Logical “‘0” Output Voltage lout = 1.6 MA, Vpjpg = —1V 0.25 05| V
lcc Power Supply Current 15V < Vopm < —15V, Vce = 5.5V 8 15 | mA
VoiFF = —0.5V Voo = 15V 15 30 | maA
(Both Receivers)
Ny |Logical “1” Strobe Input Current  |VsTrose = 15V, Vpirr = 3V Voo = 15V 15 100 | pA
IiNn)  |Logical **0” Strobe Input Current  |VstroBE = OV, VpIFr = —3V|Vcoe = 15V -0.5 ([—100] pA
ViH Logical **1" Strobe Input Voltage |loyt = 1.6 mA, Vo < 0.5V |Vgg = 5V 3.5 25 \
Vge = 10V 8.0 5.0 \
Ve = 15V 125 7.5 %
ViL Logical “0” Strobe Input Voltage |loyt = —200 pA, Vec = 5V 2.5 151 V
Vor = Vec —1.2V Vog = 10V 50 |20V
Ve = 15V 7.5 25 | V
los Output Short-Circuit Current Vout = 0V, Vg = 15V, VsTROBE = 0V, (Note 4) -5 ~20 —40 | mA
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DS78C20/DS88C20

Switching Characteristics vec = 5v, 14 = 25°C

Symbol Parameter Conditions Min Typ Max Units
todo(D) Differential Input to ““0”" Output C_ = 50pF 60 100 ns
tpd1(D) Differential Input to *“1”" Output CL = 50 pF 100 150 ns
todo(s) Strobe Input to “0” Output CL = 50pF 30 70 ns
thd1(S) Strobe Input to “1” Output Cp = 50 pF 100 150 ns

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS78C20 and across the 0°C to +70°C range for
the DSB8C20. All typical values are for Ta = 25°C, Voo = 5V and Vg = OV,

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown
as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.
Note 5: Refer to EIA-RS-422 for exact conditions.

Typical Applications

Vee

I

1/2 MM78C30/
MM88C30
DS§8830

INPUT

17179

1

Note 1: (Optional internal termination resistor.)
a) Capacitor in series with internal line termination resistor, terminates the line and saves termination power. Exact value depends on line length.
b) Pin 1 connected to pin 2; terminates the line.
¢) Pin 2 open; no internal line termination.

d) Transmission line may be terminated elsewhere or not at all.
Note 2: Optional to control response time.
Note 3: Ve 4.5V to 15V for the DS78C20. For further information on line drivers and line receivers, refer to applicaton notes AN-22, AN-83 and AN-108.

RS-422/RS-423 Application

LINE DRIVER AND RECEIVER (NOTE 3)

AND
OuTPUT

TWISTED PAIR LINE

NAND
ouTPUT

4

0.01 xF

{NOTE 1)

Vee

1/2 DS78C20/

Ds8ac20

RS-232-C Application with Hysteresis

INPUT

0878020/ gl ouTPUT

Ds88C20

STROBE

TL/F/5798-3

For signals which require fail-safe or have slow rise and
fall times, use R1 and D1 as shown above. Otherwise,
the positive input (pin 3 or 11) may be connected to

ground.

Vee | R1£5%
5V 4,3kQ
1ov 15kQ
15V 24 kO

QUTPUT

TL/F/5798-2

(OUTPUT =
“1” FOR
OPEN INPUT)

TL/F/5798-4
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. . [72]
AC Test Circuit ]
(2]

DIFF INPUT Vee 8

(o] ~

(=)

[72]

PULSE 8

GEN 3

N

o

OUTPUT

50 pF*

PULSE
GEN

=t =< 10ns
PRR = 1 MHz TL/F/5798-5
*Includes probe and jig capacitance

Switching Time Waveforms

25V

i

Vee /_—\
STROBE .
INPUT 50%
500 ns
ov

| S————
90% 0%

ouTPUT

10% 10%

= tpd0(D) [ tpd1(D) [~ tpdo(s) = tpd1(8)

TL/F/5798-6
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DS7830/DS8830

National
Semiconductor

DS7830/DS8830 Dual Differential Line Driver

General Description

The DS7830/DS8830 is a dual differential line driver that
also performs the dual four-input NAND or dual four-input
AND function.

TTL (Transistor-Transistor-Logic) multiple emitter inputs al-
low this line driver to interface with standard TTL systems.
The differential outputs are balanced and are designed to
drive long lengths of coaxial cable, strip line, or twisted pair
transmission lines with characteristic impedances of 502 to
5000. The differential feature of the output eliminates trou-
blesome ground-loop errors normally associated with sin-
gle-wire transmissions.

Features

m Single 5V power supply

m Diode protected outputs for termination of positive and
negative voltage transients

B Diode protected inputs to prevent line ringing

m High speed

| Short circuit protection

Connection Diagram

Dual-In-Line and Flat Package

Vee
I|4 13 12

AND NAND
OUTPUT  QUTPUT
n 10 9 8

1 2 3 a 5 6 I7
AND NAND GND
OUTPUT  QUTPUT
TL/F/5799-2
Top View

Order Number DS7830J, DS8830J or DS8830N
See NS Package Number J14A or N14A

Typical Application

Digital Data Transmission

1/2 DS7830

INPUTS

O

TWISTED PAIR LINE

6 TExact value depends on line length.
*Optional to control response time.

ot
0.01 pf

c2*

Ilﬂﬂp‘

STROBE
TL/F/5799-3

1-176




=}

Absolute Maximum Ratings (Note 1) Operating Conditions ‘ﬁ
If Military/Aerospace specified devices are required, Min Max Units =
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) =
Distributors for availability and specifications. DS8730 4.5 55 Vv 8
Vee 7.0V DS8830 4.75 5.25 v -
Input Voltage 5.5V Temperature (Ta) b=
Storage Temperature —-65°Cto +150°C DS7830 —55 +125 °C
Lead Temperature (Soldering, 4 sec.) 260°C Ds8s30 0 +70 °C
Output Short Circuit Duration (125°C) 1 second
Maximum Power Dissipation* at 25°C

Cavity Package 1308 mW

Molded Package 1207 mW

*Derate cavity package 8.7 mW/°C above 25°C; derate molded package
9.7 mW/°C above 25°C.

Electrical Characteristics (Notes2 and 3)

Symbol Parameter Conditions Min Typ Max Units
ViH Logical “‘1” Input Voltage 2.0 \
ViL Logical ‘0" Input Voltage 0.8 \
VoH Logical “*1” Output Voltage ViN = 0.8V louT = —0.8mA 2.4 \
louT = 40 MA 1.8 3.3 \
VoL Logical “0” Output Voltage ViN = 2.0V louT = 32mA 0.2 0.4 \)
louT = 40 MA 0.22 0.5 \

M Logical ‘1" Input Current ViN = 2.4V 120 pA
ViN = 5.5V 2 mA

I Logical “‘0” Input Current ViN = 0.4V —48 mA
Isc Output Short Circuit Current Vce = 5.0V, Tp = 125°C, (Note 4) —40 —100 —-120 mA

lec Supply Current ViN = 5.0V, (Each Driver) 11 18 mA
Vi Input Clamp Vee = Min, Iy = — 12mA -1.0 -15 \

Switching Characteristics 14 = 25°C, Vo = 5V, unless otherwise noted

Symbol Parameter Conditions Min Typ Max Units

tpd1 Propagation Delay AND Gate RL= 4009, C| = 15pF 8 12 ns

todo (Figure 1) 11 18 ns

tpd1 Propagation Delay NAND Gate RL= 4009, C_ = 15pF 8 12 ns

tpdo (Figure 1) 5 8 ns

t4 Differential Delay Logd, 1000 and 5000 pF, 12 16 ns
(Figure 2)

to Differential Delay Lo;ad, 1009 and 5000 pF, 12 16 ns
(Figure 2)

Note 1: “Absolute Maximum Ratings™ are those values beyond which the safety of the device cannot be gt d. Except for “Operating Temperature Rangs™

they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics™ provides conditions for actual device
operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS7830 and across the 0°C to +70°C range for
the DS8830. Typical values for To = 25°C and Vg = 5.0V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown
as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.
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DS7830/DS8830

AC Test Circuit and Switching Time Waveforms

250 —
. J 15V
& INPUT
w0 le-tod 1 a0
1.5V L iw_
thd1
}I.SV

awn -

-

.I. G AND QUTPUT

- = NAND OUTPUT
—
SAME LOAD

TL/F/5799-4

I

1.5V

— %o

f=1MHz TL/F/5799-9
t =t < 10 ns (10% to 90%)
Duty cycle = 50%

FIGURE 1

ov o
Va—-Vp
TLIF/5799-8 TL/F/5793-10
FIGURE 2
Typical Performance Characteristics
Output High Voltage
(Logical “1”) Differential Delay vs Threshold Voltage
vs Ouput Current Temperature vs Temperature
o T T T T 11
N [ = GUARANTEED LOGICAL 11—
Q> 125°C z 2 E 20 INPUT VOLTAG
2 N \25°¢ e 15 - IRE]
2 2 - > 14
> = N L~ 5]
= N Z o 12 = NAND
& _gee < Z 1 AND GATE = GATE |
2 & s
I [ +—f—t
GUARANTEED LOGICAL 0"
I mrull V?lT:lGEI
0 20 40 60 80 100 120 140 50 25 0 25 50 75 100 125 -S0-25 0 25 50 75 100 125
OUTPUT SOURCE CURRENT (mA} TEMPERATURE (°C) TEMPERATURE (°C)
Differential Output Voltage Output Low Voltage
(IVaND - VNanD!) vs Power Dissipation (No Load) (Logical “0”) vs
Differential Output Current vs Data Input Frequency Output Current
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DS7831/DS8831/DS7832/DS8832

National
Semiconductor

DS7831/DS8831/DS7832/DS8832

Dual TRI-STATE® Line Driver

General Description

Through simple logic control, the DS7831/DS8831,
DS7832/DS8832 can be used as either a quad single-end-
ed line driver or a dual differential line driver. They are spe-
cifically designed for party line (bus-organized) systems.
The DS7832/DS8832 does not have the Vgg clamp diodes
found on the DS7831/DS8831.

The DS7831 and DS7832 are specified for operation over
the —55°C to +125°C military temperature range. The
DS8831 and DS8832 are specified for operation over the
0°C to +70°C temperature range.

Features

B Series 54/74 compatible

® 17 ns propagation delay

m Very low output impedance—high drive capability

W 40 mA sink and source currents

m Gating control to allow elther single-ended or differen-
tial operation

B High impedance output state which allows many out-
puts to be connected to a common bus line

Connection and Logic Diagram
Dual-In-Line Package

- DIFFERENTIAL/
AISATPUT  QUTPUT INPUT  DUTPUT INPUT SINGLEENDED
Vee A2 A2 Al Al MODECONTROL

Iu 15 Iu Iu Iu Iu Iw

1 2 |: Il Is 6 1 Il

“B” QUTPUT

QUTPUT INPUT OUTPUT INPUT DIFFERENTIAL/ GND
DISABLE B2 B2

B1  SINGLE-ENDED

Order Number DS7831J, DS8831J,
DS7832J, DS8832J, DS8831N or DS8832N
See NS Package Number J16A or N16A

MODE CONTROL
TL/F/5800-1
Top View
Truth Table (Shown for A Channels Only)
. Differential/
“A” Output Disable | Single-Ended Input A1 Output A1 Input A2 | Output A2
Mode Control
0 0 0 0 Logical “1” or| Sameas |Llogical “1” or( Same as
Logical “0” Input A1 Logical “0” Input A2
0 0 X 1 Logical ““1” or | Opposite of | Logical “1” or} Same as
1 X Logical “0” Input A1 Logical “'0” Input A2
1 X High High
X 1 X X X Impedance X Impedance
State State
X = Don't Care
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Absolute Maximum Ratings (Note 1)

Operating Conditions

It Military/Aerospace specified devices are required, Min Max Units
contact the National Semiconductor Sales Office/ Supply Voltage (Vce)
Distributors for availability and specifications. DS7831/DS7832 4.5 5.5 v
Supply Voltage 7v . DSSB31/D?$8)32 4.75 5.25 \
emperature (Tp
Input Voltage S8V DS7831/DS7832 —55 +125 °C
Output Voltage 5.5V DS8831/DS8832 0 +70 °C
Storage Temperature Range —65°Cto +150°C
Lead Temperature (Soldering, 4 sec.) 260°C
Maximum Power Dissipation* at 25°C
Cavity Package 1433 mW
Molded Package 1362 mW
*Derate cavity package 9.6 mW/°C above 25°C; derate molded package
10.9 mW/°C above 25°C.
Electrical Characteristics (Notes 2 and 3)
Symbol Parameter Conditions Min | Typ Max Units
ViH Logical “1” Input Voltage Vce = Min 20 \)
ViL Logical “0” Input Voltage Vee = Min 0.8 \
Vou Logical ““1” Output Voltage | DS7831/DS7832 lo = —40mA 18 | 23 v
lo=-2mA 24 | 27 v
Vee = Min
DS8831/DS8832 lo = —40mA 1.8 2.5 \
lo = —5.2mA 24 | 29 v
VoL Logical “‘0” Output Voltage | DS7831/DS7832 lo = 40mA 0.29 0.50 \
lo =32mA 0.40 \'
Vce = Min
DS8831/DS8832 lo = 40mA 0.29 0.50 \
lo =32mA 0.40 v
I Logical ““1” Input Current Vce = Max DS7831/DS7832, V)N = 5.5V 1. mA
DS8831/DS8832, Viy = 2.4V 40 pA
i Logical “‘0” Input Current Voo = Max, Viy = 0.4V -1.0 —-1.6 mA
lop Output Disable Current Vce = Max, Vo = 2.4V or 0.4V —40 40 nA
Isc Output Short Circuit Current | Voo = Max, (Note 4) —40| —100 —-120 mA
lcc Supply Current Vcc = Maxin TRI-STATE 65 90 mA
Veu Input Diode Clamp Voltage | Vcg = 5.0V, Tp = 25°C, Iy = —12mA -1.5 \
VeLo Output Diode Clamp Voltage | Vcc = 5.0V, loutr = —12mA | DS7831/DS8831 15 v
Ta = 25°C DS7832/DS8832 i
louT = 12mA | DS7831/DS8831 Vec+ 15| V
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DS7831/DS8831/DS7832/DS8832

Switching Characteristics 7, = 25°c, Voo = 5V, unless otherwise noted

Symbol Parameter

Conditions Min Typ Max Units

todo Propagation Delay to a Logical “0”
from Inputs A1, A2, B1, B2
Differential Single-ended Mode
Control to Outputs

toa1 Propagation Delay to a Logical 1"
from Inputs A1, A2, B1,B2
Differential Single-ended Mode
Control to Outputs

t1H Delay from Disable Inputs to High
Impedance State (from Logical *“1”
Level)

toy Delay from Disable Inputs to High
Impedance State (from Logical “0”
Level)

tH1 Propagation Delay from Disable Inputs
to Logical “1" Level (from High
Impedance State)

tHo Propagation Delay from Disable Inputs
to Logical “0” Level (from High
Impedance State)

(See Figures 4 and 5)

13 25 ns

13 25 ns

14 22 ns

14 22 ns

18 27 ns

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of ““Electrical Characteristics” provides conditions for actual device

operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to +125°C temperature range for the DS7831 and DS7832 and across the 0°C to
+70°C range for the DS8831 and DS8832. All typical values are for To = 25°C and Vgc = 5V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltage referenced to ground unless otherwise noted. All values shown as

max or min on absolute value basis.

Note 4: Applies for To = 125°C only. Only one output should be shorted at a time.

Mode of Operation

To operate as a quad single-ended line driver apply logical
“0"s to the output disable pins (to keep the outputs in the
normal low impedance mode) and apply logical “0"’s to both
Differential/Single-ended Mode Contro! inputs. All four
channels will then operate independently and no signal in-
version will occur between inputs and outputs.

To operate as a dual differential line driver apply logical
“0"’s to the Output Disable pins and apply at least one logi-
cal “1” to the Differential/Single-ended Mode Control in-
puts.

The inputs to the A channels should be connected together
and the inputs to the B channels should be connected to-
gether,

In this mode the signals applied to the resulting inputs will
pass non-inverted on the Az and By outputs and inverted on
the Aq and B4 outputs.

When operating in a bus-organized system with outputs tied
directly to outputs of other DS7831/DS8831’s, DS7832/
DS8832’s (Figure 1), all devices except one must be placed

in the “high impedance” state. This is accomplished by en-
suring that a logical “1” is applied to at least one of the
Output Disable pins of each device which is to be in the
“high impedance” state. A NOR gate was purposely chosen
for this function since it is possible with only two DM5442/
DM7442, BCD-to-decimal decoders, to decode as many as
100 DS7831/DS8831’s, DS7832/DS8832’s (Figure 2).

The unique device whose Disable inputs receive two logical
“0" levels assumes the normal low impedance output state,
providing good capacitive drive capability and waveform in-
tegrity especially during the transition from the logical *“0” to
logical "'1” state. The other outputs—in the high impedance
state—take only a small amount of leakage current from the
low impedance outputs. Since the logical ‘1" output current
from the selected device is 100 times that of a conventional
Series 54/74 device (40 mA vs. 400 pA), the output is easily
able to supply that leakage current for several hundred oth-
er DS7831/DS8831's, DS7832/DS8832's and still have
available drive for the bus line (Figure 3).
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DS7831/DS8831/DS7832/DS8832

Typical Performance Characteristics

Propagation Delay from Input

Propagation Delay from Input

Propagation Delay from Input

to Output (Channel 1) to Output (Channel 1) to Output (Channel 2)
30 — 30 — u T
l Ve = 50V | vee=sov Vee =5.0V
P ] DIFFERENTIALISINGLE{ND'EDMIJIJE R 1] BIFFERENTIALISINGI.E{NDEDIA?DE = 25
z CONTROL INPUTS AT LOGICAL "0 z °°"‘“°l""|““" LOGICAL 1 £
> > 20
Zn I N 1 3
H a8 od! L~ o tao
z 15 . z 15— z 1
g a0 dﬁ’ 2 — E
S w0 toar S w0 1500 ] 10 o
s g s thar
g g s g s 1
0 0 o
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20 20 e =z @
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Total Supply Current vs Logical “1” Output Voltage Logical “0” Output Voltage
Frequency vs Source Current vs Sink Current
| s r~—
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DS7831/DS8831/DS7832/DS8832

AC Load Circuit Symbol | SwitchS1 Switch S2 cL
b toat closed closed 50 pF
tpdo closed closed 50 pF
[} toH closed closed *5 pF
tH closed closed *5 pF
tHo closed open 50 pF
0 tH1 open closed 50 pF

*Jig capacitance

DS7832/

sasx2 JI-c,_ :: T

.,
]

TL/F/5800-9
FIGURE 5
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National
Semiconductor

DS78C120/DS88C120 Dual CMOS Compatible

Differential Line Receiver

General Description

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.

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

The line receiver will discriminate a +200 mV input signa!
over a common-mode range of +10V and a %300 mV sig-
nal over a range of £15V.

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 18002 terminating
resistor and the output gate contains a logic strobe for time
discrimination. The DS78C120 is specified over a —55°C to
+ 125°C temperature range and the DS88C120 from 0°C to
+70°C.

Features

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

Input voltage range of +15V (differential or common-
mode)

Separate strobe input for each receiver

1/2 Vg strobe threshold for CMOS compatibility

5k typical input impedance

50 mV input hysteresis

200 mV input threshold

Operation voltage range = 4.5V to 15V

Separate fail-safe mode

Connection Diagram

Dual-In-Line Package

FAIL-SAFE TERMI-

Vee

|1s 15 14 13

OFFSET ~INPUT NATION +INPUT STROBE

RESPONSE
TIME  QUTPUT
12 1 10 9
) /s

1 2 3

-

OFFSET —INPUT TERMI-
FAIL-SAFE NATION

+INPUT STROBE RESPONSE OUTPUT
TIME

5 6 7 8

GND

TL/F/5801-1

Top View

Order Number DS78C120J, DS88C120J or DS88C120N
See NS Package Number J16A or N16A
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DS78C120/DS88C120

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/

Storage Temperature Range

—65°Cto +150°C

Lead Temperature (Soldering, 4 seconds) 260°C
Distributors for availability and specifications.
Supply Voltage 18V Operating Conditions
Input Voltage +25V Min Max Units
Strobe Voltage 18V Supply Voltage (Vcc) 4.5 15 v
Output Sink Current 50 mA Temperature (Ta)
. - o DS78C120 —55 +125 °C
Maximum Power Dissipation* at 25°C o
. Ds88C120 o] +70 C
Cavity Package 1433 mW
Molded Package 1362 mW Common-Mode Voltage (Vo)  —15 415 v
*Derate cavity package 9.6 mW/°C above 25°C; derate molded package
10.9 mW/°C above 25°C.
Electrical Characteristics (Notes 2and 3)
Symbol Parameter Conditions Min Typ Max |Units
VTH Differential Threshold loutr = —200 pA, -7V <V <7V 0.06 02| V
Voltage Vout = Vee — 1.2V —15V < Vgy < 15V 006 | 03| vV
VL Differential Threshold lout = 1.6 MA,Voyt < 0.5V —-7V<Vom <7V —-0.08 |—-02| V
Voltage —15V < Vo < 15V —008 |-03| V
VTH Ditferential Threshold lout = — 200 pA, -7V<Vom <7V 0.47 07 | v
Voltage Fail-Safe Vout 2 Ve — 1.2V ) )
V1L Offset = 5V lout = 1.6 mA, Voyt < 0.5V —7V<Vom <7V 0.2 0.42 \
Rin Input Resistance —15V <Vpm < 15V, 0V < Ve < 15V 4 5 kQ
Rt Line Termination Resistance|Ta = 25°C 100 180 300 | Q
Ro Offset Control Resistance |Tp = 25°C 56 kQ
linD Data Input Current 0V < Vg < 15V Vem = 10V 3.1 [ mA
(Unterminated) Vom = OV —05| mA
Vom = —10V -2 —-3.1] mA
Viug  |Input Balance lout = 200 pA, Vout 2 —-7V<Vem <7V 01 04 | v
(Note 5) Vee — 1.2V, Rg = 5000 ) ’
lout = 1.6 mA, VoyT < 0.5V —7V<Vom 7V
-0. —-04( V
Rs = 5000 01
VoH Logical “1” Output Voltage |lout = —200 pA, Vpjpr = 1V Vee — 1.2|Vee — 0.75 \
VoL Logical “0” Output Voltage |loyt = 1.6 mA, Vpjpg = —1V 0.25 05 | V
lcc Power Supply Current 15V < Vopm < —15V, Voo = 5.5V 8 15 [ mA
Vpigr = —0.5V (Both Receivers) Vg = 15V 15 30 | mA
Iingy  [Logical “1” Strobe Input Vstrose = 15V, Vpjrr = 3V 15 100 | wA
Current
hnw)  {Logical “0” Strobe Input VsTROBE = OV, VpIFE = —3V —05 ~100| pA
Current
ViH Logical *“1” Strobe Input VoL < 0.5V, lpyt = 1.6 mA Vee = 5V 3.5 25 \
Voltage Voo = 10V 8.0 5.0
Vee = 15V 12.5 7.5 \'%
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Electrical Characteristics (Notes 2 and 3) (Continued)

Symbol Parameter Conditions Min | Typ | Max | Units
ViL Logical 0" Strobe Input VoH Veg — 1.2V, Vee = 5V 2.5 1.5 v
Voltage lour = —200 pA Ve = 10V 5.0 2.0 v
Vog = 15V 7.5 | 25 v

los Output Short-Circuit Current | Vout = 0V, Voo = 15V, VstRose = 0V, (Note 4) -5 | —-20 | —-40 | mA

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Rangs”
they are not meant to imply that the devices should be operated at these limits. The table of "‘Electrical Characteristics™ provides conditions for actual device
operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS78C120 and across the 0°C to +70°C range
for the DS88C120. All typical values for T4 = 25°C, Voc = 5V and Vgy = OV.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown
as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.
Note 5: Refer to EIA-RS422 for exact conditions.

Switching Characteristics vec = 5v, 74 = 25°C

Symbol Parameter Conditions Min Typ Max Units
todo(D) Differential Input to “‘0" Output CL = 50pF 60 100 ns
tpd1(D) Differential Input to *1” Output C_ = 50 pF 100 150 ns
tpdo(s) Strobe Input to ““0” Output CL = 50 pF 30 70 ns
tpd1(s) Strobe Input to *“1” Output C_ = 50pF 100 150 ns

AC Test Circuit and Switching Time Waveforms
Differential and Strobe Input Signal

DIFF.INPUT
O OUTPUT
OPEN O- 50 pF*
- oPen STROBE ___E-
*Includes probe and test fixture capacitance - INPUT - TL/F/5801-3
2.5V
DIFF / \
INPUT o
[=+—— 500 ns ——{
-2.5V
" /—\
STROBE ’
INPUT S0%
500 ns-
ov
90%:
OUTPUT
10%
t =t < 10ns F— d0(S) = tpd1(S)
PRR = 1 MHz TL/F/5801-4

Note: Optimum switching response is obtained by minimizing stray capacitance on Response Control pin (no external connection).
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DS78C120/DS88C120
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Application Hints

Balanced Data Transmission

1/2 MM78C30
LINE DRIVER
j— 1/2 DS78C120
TWISTED PAIR LINE RECEIVER
O OUTPUT
STROBE
TL/F/5801-5
Unbalanced Data Transmission
1/4 051488
OR 1/4 DS3691
1/2 DS78C120
LINE RECEIVER

©

-

— [o Sa—

TL/F/5801-6

Logic Level Translator

1 Vou
1/2 DS78C120
ECL GATE LINE RECEIVER
ECL THRESHOLD O—1
: o]
—_— s

Vo

OUTPUT VOLTAGE

vie V7 VW

/F/5801-8
INPUT VOLTAGE TLIF/S

TL/F/5801-7

The DS78C120/DS88C120 may be used as a level transistor to interface between 12V MOS, ECL, TTL and CMOS. To configure, bias either input to a voltage
equal to 5 the voltage of the input signal, and the other input to the driving gate.
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DS78C120/DS88C120

Application Hints (continued)

LINE DRIVERS

Line drivers which will interface with the DS78C120/
DS88C120 are listed below.

Balanced Drivers

DS26LS31 Quad RS-422 Line Driver

DS7830, DS8830 Dual TTL

DS7831, DS8831 Dual TRI-STATE® TTL

DS7832, DS8832 Dual TRI-STATE TTL

DS1691A, DS3691 Quad RS-423/Dual RS-422 TTL

DS1692, DS3692 Quad RS-423/Dual TRI-STATE
RS-422 TTL

DS3587, DS3487 Quad TRI-STATE RS-422

Unbalanced Drivers

DS1488 Quad RS-232

DS14C88 Quad RS-232

DS75150 Dual RS-232

RESPONSE CONTROL AND HYSTERESIS

In unbalanced (RS-232/RS-423) applications it is recom-
mended that the rise time and fall time of the line driver be
controlled to reduce cross-talk. Elimination of switching
noise is accomplished in the DS78C120/DS88C120 by the
50 mV of hysteresis incorporated in the output gate. This
eliminates the oscillations which may appear in a line receiv-
er due to the input signal slowly varying about the threshold
leve! for extended periods of time.

High frequency noise which is superimposed on the input
signal which may exceed 50 mV can be reduced in ampli-
tude by filtering the device input. On the DS78C120/
DS88C120, a high impedance response control pin in the
input amplifier is available to filter the input signal without
affecting the termination impedance of the transmission
line. Noise pulse width rejection vs the value of the re-
sponse control capacitor is shown in Figures 1 and 2. This
combination of filters followed by hysteresis will optimize
performance in a worse case noise environment.

TRANSMISSION LINE TERMINATION

On a transmission line which is electrically long, it is advisa-
ble to terminate the line in its characteristic impedance to
prevent signal reflection and its associated noise/cross-
talk. A 1800 termination resistor is provided in the
DS78C120/DS88C120 line receiver. To use the termination
resistor, connect pins 2 and 3 together and pins 13 and 14
together. The 1809 resistor provides a good compromise
between line reflections, power dissipation in the driver, and
IR drop in the transmission line. If power dissipation and IR
drop are still a concern, a capacitor may be connected in
series with the resistor to minimize power loss.

The value of the capacitor is recommended to be the line
length (time) divided by 3 times the resistor value. Example:
if the transmission line is 1,000 feet long, (approximately
1000 ns) the capacitor value should be 1852 pF. For addi-
tional application details, refer to application notes AN-22
and AN-108.
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Application Hints (continued)

FAIL-SAFE OPERATION

Communication systems require elements of a system to
detect the presence of signals in the transmission lines, and
it is desirable to have the system shut-down in a fail-safe
mode if the transmission line is open or shorted. To facilitate
the detection of input opens or shorts, the DS78C120/
DS88C120 incorporates an input threshold voltage offset.
This feature will force the line receiver to a specific logic
state if presence of either fault is a condition.

Given that the receiver input threshold is 200 mV, aninput
signal greater than +200 mV insures the receiver will be in
a specific logic state. When the offset control input (pins 1
and 15) is connected to Vg = 5V, the input thresholds are
offset from 200 mV to 700 mV, referred to the non-inverting
input, or —200 mV to —700 mV, referred to the inverting
input. Therefore, if the input is open or shorted, the input will
be greater than the input threshold and the receiver will
remain in a specified logic state.

The input circuit of the receiver consists of a 5k resistor
terminated to ground through 12092 on both inputs. This net-
work acts as an attenuator, and permits operation with com-
mon-mode input voltages greater than +15V. The offset
control input is actually another input to the attenuator, but
its resistor value is 56k. The offset control input is connect-
ed to the inverting input side of the attenuator, and the input
voltage to the amplifier is the sum of the inverting input plus
0.09 times the voltage on the offset control input. When the
offset contro! input is connected to 5V the input amplifier will
see VIN(NVERTING) t 0.45V or ViNgNvERTING) + 0.9V
when the control input is connected to 10V. The offset con-
trol input will not significantly affect the differential

performance of the receiver over its common-mode operat-
ing range, and will not change the input impedance balance
of the receiver.

It is recommended that the receiver be terminated (5009 or
less) to insure it will detect an open circuit in the presence
of noise.

The offset control can be used to insure fail-safe operation
for unbalanced interface (RS-423) or for balanced interface
(RS-422) operation.

For unbalanced operation, the receiver would be in an inde-
terminate logic state if the offset control input was open.
Connecting the offset to 5V offsets the receiver threshold
0.45V. The output is forced to a logic zero state if the input
is open or shorted.

For balanced operation with inputs shorted or open, receiv-
er C will be in an indeterminate logic state. Receivers A and
B will be in a logic zero state allowing the NOR gate to
detect the short or open condition. The strobe will disable
receivers A and B and may therefore be used to sample the
fail-safe detector. Another method of fail-safe detection
consists of filtering the output of the NOR gate D so it would
not indicate a fault condition when receiver inputs pass
through the threshold region, generating an output transient.

In a communications system, only the control signals are
required to detect input fault condition. Advantages of a bal-
anced data transmission system over an unbalanced trans-
mission system are:

1. High noise immunity

2. High data ratio

3. Long line lengths

Unbalanced RS-423 and RS-232 Fail-Safe

LINE DRIVER

LINE RECEIVER
1/2 D878C120

=

w

(L)

<<

=3

-

s (OFFSET CONTROL
5 INPUT OPEN)
.

=

=2

o

[
INPUT VOLTAGE

5V O—f

(OFFSET CONTROL
INPUT = §V)

QUTPUT VOLTAGE

0 045V
INPUT VOLTAGE

TL/F/5801-12
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DS78C120/DS88C120

Application Hints (continued)

Balanced RS-422 Fail-Safe

D OUTPUT VOLTAGE

BALANCED
LINE DRIVER
11/2 DS78C120
LINE RECEIVERS
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INPUT VOLTAGE INPUT VOLTAGE

TL/F/5801-14

Truth Table (rorBatanced Fail-Safe)

TL/F/5801-15

O
STROBE

Input | Strobe | A-OUT | B-OUT | C-OUT | D-OUT
0 1 0 1 0 0
1 1 1 0 1 0
X 1 0 0 X 1
0 0 1 1 0 0
1 0 1 1 0 0
X 0 1 1 0 0

—_—
INPUT VOLTAGE

TL/F/5801-13
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National
Semiconductor

DS78LS120/DS88LS120 Dual Differential
Line Receiver (Noise Filtering and Fail-Safe)

021578850d/021S1828d

General Description

The DS78LS120 and DS88LS120 are high performance, Input specifications meet or exceed those of the popular
dual differential, TTL compatible line receivers for both bal-  DS7820/DS8820 line receiver.
anced and unbalanced digital data transmission. The inputs

are compatible with EIA, Federal and MIL standards. Features

The line receiver will discriminate a +200 mV input signal m Meets EIA standards RS232-C, RS422 and RS423,
over a common-mode range of +10V and a £300 mV sig- Federal Standards 1020, 1030 and MIL-188-114

nal over a range of +15V. m Input voltage range of *15V (differential or common-
Circuit features include hysteresis and response control for mode)

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

m Separate strobe input for each receiver
]
[}
be open or short. Each receiver includes an optional 1800 -
n
]

5k typical input impedance
Optional 1809 termination resistor
50 mV input hysteresis

200 mV input threshold

Separate fail-safe mode

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 0°C to +70°C.

Connection Diagram

Dual-In-Line Package

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

lﬂi 15 14 13 12 1 10 |9

1 2 3 4 5 6 7 8

FAIL-SAFE -INPUT TERMI- +INPUT STROBE RESPONSE OUTPUT  GND

OFFSET NATION
TL/F/7499-1

Top View

Order Number DS78LS120J, DS88LS120J or DS88LS120N
See NS Package Number J16A or N16A
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DS78LS120/DS88LS120

Absolute Maximum Ratings (Note 1) Operating Conditions
If Military/Aerospace specified devices are required, Min  Max  Units
contact the National Semiconductor Sales Office/ Supply Voltage (Vce) 4.5 5.5 v
Distributors for availability and specifications. Temperature (Ta)
Supply Voltage 7V DS78LS120 —55 +125 °C
Input Voltage +25V DS88LS120 0 +70 °C
Strobe Voltage v Common-Mode Voltage (Vo)  —15 +15 v
Output Sink Current 50 mA
Storage Temperature Range —65°Cto +150°C
Maximum Power Dissipation* at 25°C

Cavity Package 1433 mV

Molded Package 1362 mW
Lead Temperature (Soldering, 4 sec) 260°C

*Derate cavity package 9.6 mW/°C above 25°C; derate molded package
10.9 mW/°C above 25°C.

Electrical Characteristics (Notes2and 3)

Symbol Parameter Conditions Min [ Typ | Max | Units
V1 Differential Threshold Voltage louTr = —400 pA,VouTr 2 25V | =7V < VoM <7V 006 | 0.2 \
—15 < Vg <15V 006 | 03 | V
VIL Differential Threshold Voltage louT = 4 mA, Vour < 0.5V -7V < Vgm <7V —-0.08| —0.2{ V
—15V < Vgm < 15V —-0.08] —03( V
ViH Differential Threshold Voltage louT = —400 pA,VoyT 2 25V | =7V < Vo £ 7V 047 | 0.7 \"
Vi | with Fail-Safe Offset = 5V louT = 4 MA, VouT < 0.5V —V<Veus<7V |—-02|-042 v
Rin Input Resistance —156V < Vg € 15V,0V < Vg £ 7V 4 5 kQ
Rt Line Termination Resistance Ta = 25°C 100 | 180 | 300 Q
Ro Offset Control Resistance Ta = 25°C 42 56 70 kQ
IinD Data Input Current (Unterminated) | Vo = 10V 2 3.1 mA
Vom = OV 0V < Voo <7V 0 —-0.5( mA
Vom = =10V -2 | =31} mA
VTHB Input Balance lout = —400 pA,VouT 2 2.5V, | -7V <Vem 7V 04 0.4 v
(Note 5) Rg = 5000
::?su'r: 5040?;/\, Vout £ 0.5V, V<V <7V 04| —04| v
VOH Logical “1” Output Voltage lout = —400 pA, Vpirr = 1V, Voo = 4.5V 25 3 \
VoL Logical *'0” Output Voltage lout = 4 A, Vpirr = —1V, Voo = 4.5V 035 [ 0.5 \
Icc Power Supply Current Vce = 6.5V Vom = 15V 10 16 mA
Vpirr = —0.5V, (Both Receivers) Vom = —15V 10 16 mA
IIN (1) Logical “1” Strobe Input Current | VgtRoe = 5.5V, VpIrr = 3V 1 100 | pA
IIN (0) Logical “0" Strobe Input Current | VsTROBE = OV, VDIFF = —3V —290 [ —400| pA
VIH Logical “1” Strobe Input Voltage |Vor < 0.5, loyT = 4mA 20 | 112 \
ViL Logical “‘0” Strobe input Voltage |Von = 2.5V, loyT, = —400 nA 112 § 0.8 \"
los Output Short-Circuit Current VouT = OV, Vge = 5.5V, VgTROBE = 0V, (Note 4) —30| —100{ —170| mA

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for *‘Operating Temperature Range"”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device
operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS78LS120 and across the 0°C to +70°C for the
DS88LS120. All typical values are for Ty = 25°C, Vgc = 5V and Vgy = OV.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown
as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.
Note 5: Refer to EIA-RS422 for exact conditions.
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Switching Characteristics vec = sv, 74 = 25°C

Symbol Parameter Conditions Min Typ Max Units

tpdo(D) Differential Input to ‘0" Output 38 60 ns

t Differenti 1 . 8 60 ns
pd1(D) ifferential Input to *1” Output Response Pin Open, G, = 15 pF, R = 2k} 3

tpao(s) Strobe Input to “0" Output 16 25 ns
tpd1(s) Strobe Input to “1”* Output 12 25 ns

021S7188S0@/021S18250

AC Test Circuit and Switching Time Waveforms

Differential and Strobe Input Signal
ouTPUT Ve

STROBE
- OPEN INPUT —

- TL/F/7499-3
*Includes probe and test fixture capacitance

/0
INPUT w

500 ns ——
285V

Vee
STROBE / \

(24

INPUT 50%
~——— 500 ns——
o
t—
oUTPUT 1.5V 1.5V
t,=t< 10 ns t 1, t < 1 1
I d1(8]
PRR = 1 MHz 0d0(D) 1 pd{D) 1 'pd0(S) pd1(S)
Note: Optimum switching response is obtained by minimizing stray capacitance on Response Control pin (no external connection). TL/F/7499-4

Application Hints

Balanced Data Transmission

DS1691A/DS3891
LINE DRIVER
1/2 DS78L5120

TWISTED PAIR 1T LINE RECEIVER

STROBE

TL/F/7499-5
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DS78LS120/DS88LS120

Application Hints (continued)

Unbalanced Data Transmission

114 DS1488 OR
1/4051831A/083891

1/2 DS78L8120
LINE RECEIVER

=

39V110A 1NdLAO

Vie VT Vin

INPUT VOLTAGE TL/F/7499-7

The DS78L.S120/DS88LS120 may be used as a level trans-
lator to interface between =12V MOS, ECL, TTL and
CMOS. To configure, bias either input to a voltage equal to
% the voltage of the input signal, and the other input to the
driving gate.

LINE DRIVERS

Line drivers which will interface with the DS78LS120/
DS88LS120 are listed below.

Balanced Drivers

DS26LS31 Quad RS-422 Line Driver
Dual CMOS
DS7830, DS8830 Dual TTL

DS7831, DS8831
DS7832, DS8832
DS1691A, DS3691
DS1692, DS3692

Dual TRI-STATE TTL
Dual TRI-STATE TTL
Quad RS-423/Dual RS-422 TTL

Quad RS-423/Dual TRI-STATE
RS-422 TTL

DS3487 Quad TRI-STATE RS-422
Unbalanced Drivers

DS1488 Quad RS-232
DS75150 Dual RS-232

RESPONSE CONTROL AND HYSTERESIS

In unbalanced (RS-232/RS-423) applications it is recom-
mended that the rise time and fall time of the line driver be
controlled to reduce cross-talk. Elimination of switching
noise is accomplished in the DS78LS120/DS88LS120 by
the 50 mV of hysteresis incorporated in the output gate.
This eliminates the oscillations which may appear in a line
receiver due to the input signal slowly varying about the
threshold level for extended periods of time.

High frequency noise which is superimposed on the input
signal which may exceed 50 mV can be reduced in ampli-
tude by filtering the device input. On the DS78LS120/
DS88LS120, a high impedance response control pin in the
input amplifier is available to filter the input signal without

TL/F/7499-6
Logic Level Translator

1/2 DST8LS120
LINE RECEIVER

ECL GATE

ECL THRESHOLD O
O——n]

TL/F/7499-8

affecting the termination impedance of the transmission
line. Noise pulse width rejection vs the value of the re-
sponse control capacitor is shown in Figures 1 and 2. This
combination of filters followed by hysteresis will optimize

performance in a worse case noise environment.
100k

10k

¥ >

ITIVE INPU

SIS

il
ZI0

ENEGATIVE INPUT]

NOISE PULSE WIDTH (ns}
(FIGURE 2)
T

100 L14
1 100 * 10K

RESPONSE CONTROL CAPACITOR (pF)

TL/F/7499-9
FIGURE 1. Noise Pulse Width vs
Response Control Capacitor

RESPONSE CONTROL

I- CAPACITOR

NEGATIVE INPUT
NOISE PULSE

=2V

4——1— NOISE PULSE WIDTH

v

POSITIVE INPUT
NOISE PULSE

0
-0.5V

TL/F/7499-10
FIGURE 2
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Application Hints (continued)

TRANSMISSION LINE TERMINATION

On a transmission line which is electrically long, it is advisa-
ble to terminate the line in its characteristic impedance to
prevent signal reflection and its associated noise/cross-
talkk. A 1800 termination resistor is provided in the
DS78L.S120/DS88LS120 line receiver. To use the termina-
tion resistor, connect pins 2 and 3 together and pins 13 and
14 together. The 1800 resistor provides a good compro-
mise between line reflections, power dissipation in the driv-
er, and IR drop in the transmission line. If power dissipation
and IR drop are still a concern, a capacitor may be connect-
ed in series with the resistor to minimize power loss.

The value of the capacitor is recommended to be the line
length (time) divided by 3 times the resistor value. Example:
if the transmission line is 1,000 fest long, (approximately
1000 ns), and the termination resistor value is 1809, the
capacitor value should be 1852 pF. For additional applica-
tion details, refer to application notes AN-22 and AN-108.

FAIL-SAFE OPERATION

Communication systems require elements of a system to
detect the presence of signals in the transmission lines, and
it is desirable to have the system shut-down in a fail-safe
mode if the transmission line is open or shorted. To facilitate
the detection of input opens or shorts, the DS78LS120/
DS88LS120 incorporates an input threshold voltage offset.
This feature will force the line receiver to a specific logic
state if presence of either fault is a condition.

Given that the receiver input threshold is =200 mV, an input
signal greater than £200 mV insures the receiver will be in
a specific logic state. When the offset control input (pins 1
and 15) is connected to Vgc = 5V, the input thresholds

are offset from 200 mV to 700 mV, referred to the non-in-
verting input, or —200 mV to —700 mV, referred to the
inverting input. Therefors, if the input is open or shorted, the
input will be greater than the input threshold and the receiv-
er will remain in a specified logic state.

The input circuit of the receiver consists of a 5k resistor
terminated to ground through 1202 on both inputs. This net-
work acts as an attenuator, and permits operation with com-
mon-mode input voltages greater than +15V. The offset
contro! input is actually another input to the attenuator, but
its resistor value is 56k. The offset control input is connect-
ed to the inverting input side of the attenuator, and the input
voltage to the amplifier is the sum of the inverting input plus
0.09 times the voltage on the offset control input. When the
offset control input is connected to 5V the input amplifier will
see V|N(NVERTING) +0.45V or ViNgNVERTING) + 0.9V when
the control input is connected to 10V. The offset control
input will not significantly affect the differential performance
of the receiver over its common-mode operating range, and
will not change the input impedance balance of the receiver.

It is recommended that the receiver be terminated (50082 or
less) to insure it will detect an open circuit in the presence
of noise.

The offset control can be used to insure fail-safe operation
for unbalanced interface (RS-423) or for balanced interface
(RS-422) operation.

For unbalanced operation, the receiver would be in an inde-
terminate logic state if the offset control input was open.
Connecting the fail-safe offset pin to 5V, offsets the receiver
threshold to 0.45V. The output is forced to a logic zero state
if the input is open or shorted.

Unbalanced RS-423 and RS-232 Fail-Safe

LINE RECEIVER

1/2 057818120
LINE DRIVER
TL/F/7499-11
w w
g g
B =
2 2
> (OFFSET CONTROL > (OFFSET CONTROL
5 INPUT OPEN) 5 INPUT = 5V)
a o
= =
=3 >
o =1
l
0 (1] 045v
INPUT VOLTAGE INPUT VOLTAGE

TL/F/7499-12
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DS78LS120/DS88LS120

Application Hints (Gontinued)

Balanced RS-422 Fail-Safe

BALANCED
LINE DRIVER

[ 24"2"A'n

11/2 DS78LS120

LINE RECEIVERS

8V O

@
>
A/B QUTPUT VOLTAGE

O
STROBE
TL/F/7499-13

D OUTPUT VOLTAGE
C OUTPUT VOLTAGE

INPUT VOLTAGE

For balanced operation with inputs open or shorted, receiv-
er C will be in an indeterminate logic state. Receivers A and
B will be in a logic zero state allowing the NOR gate to
detect the open or short condition. The strobe will disable
receivers A and B and may therefore be used to sample the
fail-safe detector. Another method of fail-safe detection
consists of filtering the output of NOR gate D so it would not
indicate a fault condition when receiver inputs pass through
the threshold region, generating an output transient.

Truth Table (For Balanced Fail-Safe)

INPUT VOLTAGE

INPUT VOLTAGE
TL/F/7499-14

In a communications system, only the control signals are
required to detect input fault conditions. Advantages of a
balanced data transmission system over an unbalanced
transmission system are:

1. High noise immunity
2. High data ratio
3. Long line lengths

Input Strobe A-Out B-Out C-Out D-Out
0 1 0 1 0 0
1 1 0 1 0
X 1 0 0 X 1
0 0 1 1 0 0
1 0 1 1 0 0
X 0 1 1 0 0
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DS78LS120/DS88LS120
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DS8921/DS8921A

National
Semiconductor

DS8921/DS8921A Differential Line Driver

and Receiver Pair

General Description

The DS8921, DS8921A are Differential Line Driver and Re-
ceiver pairs designed specifically for applications meeting
the ST506, ST412 and ESD! 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-

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

m QOutput skew - 0.5 ns typical

m Meet the requirements of EIA Standard RS-422

m Complementary Driver Outputs

| High differential or common-mode input voltage ranges
of =7V

| +0.2V receiver sensitivity over the input voltage range

m Receiver input fail-safe circuitry

® Receiver input hysteresis-70 mV typical

m Glitch free power up/down

Connection Diagram

1
VCC —

2
RO —

3
DI =

4
GND =

8
— R+
e RI-

6
[~ DO+

5
l— DO-

TL/F/8512-1

Order Number DS8921M, DS8921N, DS8921AM, DS8921AN, DS8921J or DS8921AJ
See NS Package Number JO8BA, MOSA or NOSBE

Truth Table
Receiver
Input Vourt
Vip = V1 (MAX) 1
Vip < V1H (MIN) 0

Driver
Input | Vour | Vour
1 1 4]
0 0 1

For complete specifications see the Interface Databook.

1-202




o
Absolute Maximum Ratings (Note 1) (é?
If Military/Aerospace specified devices are required, Storage Temperature Range —65°Cto +165°C '_\2
conte_lct the Natlopal .Semlconductor Sales Office/ Lead Temperature (Soldering, 4 sec.) 260°C a
Distributors for availability and specifications. wn
Supply Voltage v Recommended Operating e
Driver Input Voltage —-0.5Vto +7V Conditions N
Output Voltage 5.5V Min Max Units >
Receiver Output Sink Current 50 mA Supply Voltage 45 5.5 \Y;
Receiver Input Voltage 10V Temperature (Ta) 0 70 °C
Differential Input Voltage +12v

DS8921/DS8921A Electrical Characteristics (notes2,3and 4)

Symbol | Conditions L Min I Typ Max Units
RECEIVER
VTH —7V<Vom < +7V —200 +35 +200 mV
VHYST —-7V<Vem < +7V 15 70 mV
RiN -7V<Vom < +7V 4.0 6.0 kQ
N ViN = 10V 3.25 mA

ViN = —10V —-3.25 mA

VoH loy = —400 pA 25
VoL loL = 8 mA 0.5 Y
Isc Vec = MAX, Voyt = 0V -15 —100 mA
DRIVER
Vi 2.0 \
ViL 0.8 v
i Voo = MAX, Viy = 0.4V —40 —200 pA
liH Voo = MAX, Viy = 2.7V 20 pA
Iy Voo = MAX, V|y = 7.0V 100 pA
VoL Vee = MIN, Iy = —18 mA -1.5 \
VoH Vee = MIN, loy = —20 mA 25 \
VoL Vee = MIN, IgL = +20 mA 0.5 \
loFr Veog = 0V, Vout = 5.5V 100 pA
vl - (VT 0.4 v
Vr 2.0 \
IVos - Vos| 0.4 v
Isc Vee = MAX, Voyt = 0V —30 —-150 mA
DRIVER and RECEIVER
lcc I Vec = MAX, Voyt = Logic 0 35 mA
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DS8921/DS8921A

Receiver Switching Characteristics (Figures 7and 2

Symbol Conditions Min Typ Max Units
8921 8921A
TpLH CL = 30pF 14 22.5 20 ns
TpHL CL = 30pF 14 225 20 ns
[TotH-Tpuul CL = 30pF 05 5 35 ns
Driver Switching Characteristics (cigures 3and 9
SINGLE ENDED CHARACTERISTICS
Symbol Conditions Min Typ Max Units
8921 8921A
TopLH C_ = 30pF 10 15 15 ns
TpHL CL = 30pF 10 15 15 ns
TTLH CL = 30pF 5 8 8 ns
TTHL C_ = 30pF 5 8 8 ns
Skew CL = 30 pF (Note 5) 1 5 3.5 ns
Driver Switching Characteristics (Figures 3and 5)
DIFFERENTIAL CHARACTERISTICS (Note 6)
Symbol Conditions Min Typ Max Units
8921 8921A
ToLH CL = 30pF 10 15 15 ns
TpHL CL = 30pF 10 15 15 ns
[ToLH-Tptl CL = 30pF 0.5 6 2.75 ns

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
should be operated at these limits. The Table of “‘Electrical Characteristics” provides conditions for actual device operation.

Note 2: All currents into device pins are shown as positive values; all currents out of the device are shown as negative; all voltages are referenced to ground unless
otherwise specified. All values shown as max or min are classified on absolute value basis.

Note 3: All typical values are Voo = 5V, T = 25°C.

Note 4: Only one output at a time should be shorted.

Note 5: Difference between complementary outputs at the 50% point.

Note 6: Differential Delays are defined as calculated results from single ended rise and fall time measurements. This approach in establishing AC performance
specifications has been taken due to limitations of available Automatic Test Equipment (ATE).

The calculated ATE results assume a linear transition between measurement points and are a result of the following equations:
- (Tt X Trb) — (Tra X Tta)
To=Tra—Tra t T
Where: T, = Crossing Point
Trar Trb Tra @and Ty are time measurements with respect to the input. See Figure 6.

Ter
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AC Test Circuits and Switching Diagrams

Vee

v1268S0/1268Sd

OUTPUT
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FIGURE 6

Typical Applications
ST506 and ST412 Application

DS8921A ! DS8922
re———— ) | Fm—————— b
| 1 1 | |
! ] |
' D> READ DATA 1 1| &
1 +
! v t I
i ! | I !
DRIVE 1 | | 1
1
] M I 1
] T |
l R é WRITE DATA 1 1 <ot +
| |
| T
2 b [ : I! §
DSBI21A | | |
re-=——a | | I
| | N ! |
| T i 1 MFM READ DATA
' D> READ DATA 2 g I T
1
)
! ! | i ] wew werre oara
DRIVE 2 | ! 4
1 | ] }
| 1 1 [}
| ] ] |
R | WRITE DATA 2 1 <02 t+
1 h + ]
| [} ! 1
[ MR ] | )
DISK DRIVES | | :
| ! |
[}
| 1 1
I L e o o - 4
]

CONTROLLER TL/F/8512-8

1-205



DS8923

ESDI Application

DSB8923
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| Applications (continued)

Typica

TL/F/8512-9

CONTROLLER

DRIVE

V126850/1268Sa

1-206



National
Semiconductor

DS8922/22A/DS8923/23A TRI-STATE® RS-422
Dual Differential Line Driver and Receiver Pairs

General Description

The DS8922/22A and DSB8923/23A are Dua! Differential
Line Driver and Receiver pairs. These devices are designed
specifically for applications meeting the ST506, ST412 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
17V 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.

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

m 12 ns typical propagation delay

m Output skew—=0.5 ns typical

m Meets the requirements of EIA Standard RS-422

m Complementary Driver Outputs

m High differential or common-mode input voltage ranges
of £7V

m +0.2V receiver sensitivity over the input voltage range

8 Receiver input fail-safe circuitry

| Receiver input hysteresis—=+70 mV typical

m Glitch free power up/down

m TRI-STATE outputs

Connection Diagrams
DS8922A Dual-In-Line

RO1 4

& Rit+

‘—5 Rit=

14
= DO1+

'3 oot

12
|— 002-

11
}— D02+

1 Rio-

el

8
RO2 —1 i Ri2¢

TL/F/B511-1
Order Number DS8922N, J, M,
DS8922AN, AJ, AM
See NS Package Number N16A, J16A or M16A

Truth Tables

DS8923A Dual-In-Line

RO1 4

16
[— R+

L.

14
p~= D01+

13
— po1-

12
L= po2-

1
[— D02+

10
— Ri2-

E‘ Ri2¢

]

RO2 g

TL/F/8511-2
Order Number DS8923N, J, M
DS8923AN, AJ, AM
See NS Package Number N16A, J16A or M16A

DS8922/22A DS8923/23A
ENT | EN2 | RO1 RO2 DO1 D02 DEN | REN | RO1 RO2 DO1 DO2
0 0 ACTIVE | ACTIVE | ACTIVE | ACTIVE 0 0 ACTIVE | ACTIVE | ACTIVE | ACTIVE
1 0 HI-Z | ACTIVE | HI-Z | ACTIVE 1 0 | ACTIVE | ACTIVE | HI-Z HI-Z
0 1 | ACTIVE | HIlZ | ACTIVE | HI-Z 0 1 HI-Z HI-Z | ACTIVE | ACTIVE
1 1 HI-Z HI-Z HI-Z HI-Z 1 1 HI-Z HI-Z HI-Z HI-Z

For complete specifications see the interface Databook.
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DS8922/DS8922A/DS8923/DS8923A

Absolute Maximum Ratings (Note 1) Differential input Voltage =12y
If Military/Aerospace specified devices are required, Storage Temperature Range —65°Cto +165°C
contact the National Semiconductor Sales Office/ Lead Temp. (Soldering, 4 seconds) 260°C
Distributors for availability and specifications. .
Supply Voltage - Recommended Operating
Drive Input Voltage —05Vto +7V Conditions
Output Voltage 5.5V Min Max Units
Receiver Output Sink Current 50 mA Supply Voltage 4.5 5.5 A
Receiver input Voltage 10V Temperature (Ta) Y 70 °C
DS8922/22A and DS8923/23A Electrical Characteristics (Notes2,3,and 4)
Symbol | Conditions | Min I Typ | Max Units
RECEIVER
VT1H —-7V<Vou < +7V —200 +35 +200 mV
VHysT —7V<Vom < +7V 15 50 mv
AN —7V<Vom < +7V 4.0 6.0 kQ
In Vin = 10V 3.25 mA
Vin= —10V —-3.25 mA
VoH Vec = MIN, Ioy = — 400 pA 25 \"
VoL Ve = MAX, loL = 8 mA 0.5 v
Isc Veoc = MAX, Voyr = 0OV —-15 —100 mA
DRIVER
VoH Vee = MIN, loy = —20 mA 25 \
VoL Voo = MIN, gL = +20 mA 0.5 v
lore Ve = 0V, Voyt = 5.5V 100 pA
[vT|-[VT]| 0.4 v
vT 2.0
[Vos-Vos| 0.4 Vv
Isc Vce = MAX, Voyt = OV —30 —150 mA
DRIVER and RECEIVER
loz Vout = 2.5V 50 pA
o |
oo Voo = MAX ACTIVE 76 mA
TRI-STATE 78 mA
DRIVER and ENABLE INPUTS
ViH 2.0 v
ViL 0.8 v
i Vec = MAX, Viy = 0.4V —40 —200 rA
I Veg = MAX, Viy = 2.7V 20 pA
I Veo = MAX, Viy = 7.0V 100 pA
VoL Veec = MIN, iy = —18 mA —1.5 \

Note 1: “Absolute Maximum Ratings™ are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
should be operated at these limits. The Table of *Electrical Characteristics” provides conditions for actual device operation.

Note 2: Ali currents into device pins are shown as positive values; all currents out of the device are shown as negative; all voltages are referenced to ground unless
otherwise specified. All values shown as max or min are classified on absolute value basis.

Note 3: All typical values are Ve = 5V, Ty = 25°C.
Note 4: Only one output at a time should be shorted.
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Receiver Switching Characteristics (Figures 7, 2and 9)

Parameter Conditions Min Typ i Units
8922/23 8922A/23A
TpLH CL = 30 pF 12 225 20 ns
TpHL CL = 30pF 12 225 20 ns
ITpLH=TpH CL = 30 pF 0.5 5 3.5 ns
Skew (Channel to Channel) CL = 30 pF 0.5 3.0 2.0 ns
TpLz CL = 15 pF S2 Open 15 ns
TpHz CL = 15 pF S1 Open 15 ns
TpzL CL = 30 pF S2 Open 20 ns
TpzH CL = 30 pF S1 Open 20 ns
Driver Switching Characteristics (Figures 4 5and )
Parameter Conditions Min Typ Max Units
8922/23 8922A/23A

SINGLE ENDED CHARACTERISTICS
TpLH CL = 30 pF 12 15 15 ns
TpHL CL = 30 pF 12 15 15 ns
TTLH CL = 30 pF 5 10 10 ns
TTHL CL = 30 pF 5 10 10 ns
I TpLH-TpHLl CL=30pF 0.5 ns
Skew CL = 30 pF (Note 5) 0.5 5 35 ns
Skew (Channel to Channel) 0.5 3.0 2.0 ns
TpLz CL = 30 pF 15 ns
TpHz CL = 30 pF 15 ns
TpzL CL = 30 pF 20 ns
TpzH CL = 30 pF 20 ns
Differential Switching Characteristics (ot s, Figure 7)

Parameter Conditions Min Typ Max Units

8922/23 8922A/23A

TpLH CL = 30 pF 12 15 15 ns

ToHL CL = 30pF 12 15 15 ns

[ToLH-Tph CL = 30pF 0.5 6.0 2.75 ns

Note 5: Difference between complementary outputs at the 50% point.

Note 6: Differential Delays are defined as calculated results from single ended rise and fall time measurements. This approach in establishing AC performance

specifications has been taken due to limitations of available Automatic Test Equipment (ATE).

The calculated ATE results assume a linear transition between measurement points and are a resuit of the following equations:

_ (Tfb X Trb) — (Tra X Tfa)
© Tib—Tra—Tia + Tfb
Where: Ter = Crossing Point
Tra, Trb, Tfa and Tfb are time measurements with respect to the input.

Ter

Switching Time Waveforms

15v;|£ St---—it,b
INPUT

!
! '
A ' O
o ta :«--ﬁ ' (fa:"'":'
Do T \ v o
X
DO 0 (i ¥ 11
tg 1w L et ]
tfb :<—--->: Qﬂ) :q---->[

TL/F/8511-3
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DS8922/DS8922A/DS8923/DS8923A

AC Test Circuits and Switching Waveforms

TEST
POINT Vee
FROM QUTPUT |
UNDER TEST
2K
CL INCLUDES ALL DIODES
PROBE AND JIG 1N914 OR

CAPACITANCE EQUIVALENT

TL/F/8511-4

FIGURE 1

+2.5V
viD %Ov %
=25V =~ =~ .
| |

|
|
RO ! %1.3v: Sk
| | 1
|
[}

|-— -] - |
TpLH TpHL
P P TL/F/8511-5
FIGURE 2
3QOV—*_f_
0.0V—=~=; ;
I [}
Vou ————1 Vo= 0.1V
-—=—-Vou
' 1.3v | b
-0V ‘ i ~1.5V
TpzHi=--=t  TpHZ |-
—4.5V ; : -1.5V
1.3v co—-Vo #04V
VoL -~ =-| | T o

TpZL 1=-~-»1 TpLZ |- — |
TL/F/8511-6

FIGURE 3

NOTE: C1=C2=C3=30 pF,R1=R2=500 ,R3=500 0

TL/F/8511-7

FIGURE 4
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AC Test Circuit and Switching Waveforms (continued)

| = | :<—-->:

DO TpLH DO TpHL

DO TpHL D0 TpLH
FIGURE 5

1.5V —— -
Yo : YOL+.3V | )
TpLZ :<—-->| TpZL :4—-—>l

Vou . VOH= 3V |
1.5V —— - ' : \
TpHZ === Y -

0.8V

2.0V

FIGURE 6

W -
D % 54‘
ov

i i
_ I |
DO -
I CcP ]
Do ! ).( T )ic
| | | |
[pra—— [ m———
TpLH TpHL
FIGURE 7

TL/F/8511-8

TL/F/8511-9

TL/F/8511-10
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National
Semiconductor

DS8924 Quad TRI-STATE® Differential Line Driver

General Description

The DS8924 is a quad differential line driver designed for
digital data transmission over balanced lines. The outputs
are TRI-STATE® 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 DSB8924 is pin and functionally compatible with
DS3487. It features improved performance over 3487-type
circuit as outputs can source and sink 48 mA. 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.

Features

m Four independent driver chains

o TRI-STATE outputs

m PNP high impedance inputs

m Power up/down protection

| Fast propagation times (typ 12 ns)

W TTL compatible

B Single 5V supply voltage

m Output rise and fall times less than 20 ns (typ 10 ns)
| Pin compatible with DS3487 and MC3487
m Output skew—2 ns typ

Block and Connection Diagrams

Dual-In-Line Package

NON-INVERTING
) W
INPUT A= 16 vee
INPUT = 15 \nput 0
OUTPUTSA{ 4 “
O INVERTING 4 14
s 13 OUTPUTS D
- A/B CONTROL =i 13,
OUTPUT
ot } —54 2. ¢/0 conTroL
TL/F/8507-1 OUTPUTS B 6 "
QUTPUTS C
10
INPUT B _]
oND = 5 inpuTC

TL/F/8507-2

Top View

Order Number DS8924J or N
See NS Package J16A or N16A

Truth Table
Input Control Non-Inverter Inverter
P Input Output Output
H H H L
L H L H
X L z Z

L = Low logic state
= High logic state
X = lrrelevant
Z = TRI-STATE (high impedance)
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DS8924

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Maximum Power Dissipation* at 25°C

Cavity Package
Molded Package

1550 mwW
1560 mW

Supply Voltage 7V *Derate cavity package 10.3 mW/°C above 25°C; derate molded package
Input Voltage 5.5V 12.5 mW/°C above 25°C.
Storage Temperature —65°Cto +160°C Operating Conditions
Lead Temperature (Soldering, 4 sec.) 260°C Min Max Units
Supply Voltage (Vce)
DS8924 4.75 5.25 \
Temperature (Ta)
DS8924 0 70 °C
Electrical Characteristics (Notes 2,3, 4 and 5)

Symbol Parameter Conditions Min | Typ Max Units
ViL Input Low Voltage 0.8 \
ViH Input High Voltage 2.0 Vv
[T Input Low Current VL = 0.5V —200 pA
hn Input High Current Vi = 2.7V 50 pA

Vi = 5.5V 100 pA
VoL Input Clamp Voltage IcL = —18 mA —1.5 \']
VoL Qutput Low Voltage loL = 48 mA 0.5 \')
Vou Output High Voltage loy = —20 mA 2.5 \')
VoH Output High Voltage loH = —48 mA 2.0 v
los Output Short-Circuit Current —80 —260 mA
loz Output Leakage Current (TRI-STATE) Vo = 0.5V —100 pA
Vo = 5.5V 100 pA
loFF Output Leakage Current Power OFF Veg =0V | Vo =6V 100 pA
Vo = —0.25V —100 pA
[Vos - Vos| | Difference in Output Offset Voltage 0.4 '
vVt Differential Output Voltage 2.0 \4
Vel - [V7l Difference in Differential Output 0.4
Voltage
lcc Power Supply Current Active 50 80 mA
TRI-STATE 35 60 mA
Switching Characteristics vec = 5v, 14 = 25°C
Symbol Parameter Conditions Min Typ Max Units
tPHL Input to Output 12 20 ns
tpLH Input to Output 12 20 ns
Skew Output to Output CL = 50 pF 2.0 5.0 ns
tTHL Differential Fall Time 10 20 ns
tTLH Differential Rise Time 10 20 ns
tpHz Enable to Output RL = 2009, C = 50 pF 17 25 ns
tpLz Enable to Output R = 2009, C_ = 50 pF 20 30 ns
tpzH Enable to Output R = o, C_ = 50 pF, S1 Open 13 25 ns
tpzL Enable to Output Ry = 2009, C_ = 50 pF, S2 Open 17 30 ns

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics™ provide conditions for actual device operation.

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70°C range for the DS8924. All typicals are given for Vcc = 5V and Ty = 25°C.
Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified.

Note 4: Only one output at a time should be shorted.

Note 5: Symbols and definitions correspond to EIA RS-422, where applicable.
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AC Test Circuits and Switching Time Waveforms

v
INPUT [st \
?0"0 ov __-Z

1/4 DSB924
tPLH

1.5V 5 1.5V

tpHL

OUTPUT

INPUT
ouTPUT

C) =50 pF
INCLUDES PROBE Ly {
AND JIG CAPACITANCE oUTPOT 1.5V 1.5V
1PHL ~

Input pulse: f = 1 MHz, 50%; t, = t; < 15 ns,

TL/F/8507-~3
FIGURE 1. Propagation Delays

5V
1/4 DS8924 200
OUTPUT
IV
CONTROL S 1.5V
INPUT ; ;
o
i |=—tezn
Von o5 Vou
ouTPUT — #I.SV
tpHZ— —
OUTPUT Yoy /[ osv VoL
Lz i |tz
Input pulse: f =1 MHz, 50%; t, = tf < 15 ns.
S1 and S2 closed except as noted. S1 = open for tpz
Cy includes probe and jig capacitance. §2 = open for tpz|_

TL/F/8507-4
FIGURE 2. TRI-STATE Enable and Disable Delays

R
OUTPUT 100 ki
INPUT / \
TEMCT2 o

CURRENT TRANSFORMER
OR EQUIVALENT

INPUT

1/4 DS8924

o OUTPUT
16 pF (DIFFERENTIAL)

INCLUDING PROBE
AND JIG CAPACITANCE tTLH 'THL
- = Input pulse: = 1 MHz, 50%; ty = t§ < 15 ns.
TL/F/8507-5

FIGURE 3. Differential Rise and Fall Times
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rA9622/DS9622

National
Semiconductor

nA9622/DS9622 Dual Line Receiver

General Description

The pA9622/DS9622 is a dual line receiver designed to
discriminate a worst case logic swing of 2V from a +10V
common mode noise signal or ground shift. A 1.5V thresh-
old is built into the differential amplifier to offer a TTL com-
patible threshold voltage and maximum noise immunity. The
offset is obtained by use of current sources and matched
resistors.

The pnA9622/DS9622 allows the choice of output states
with the input open, without affecting circuit performance by
use of S3. A 1309} terminating resistor is provided at the
input of each line receiver. An enable is also provided for
each line receiver. The output is TTL compatible. The output

high level can be increased to 12V by tying it to a positive
supply through a resistor. The output circuits allow wired-OR
operation.

Features

m TTL compatible threshold voltage

Input terminating resistors

Choice of output state with inputs open
TTL compatible output

High common mode

Wired-OR capability

Enable inputs

Logic compatible supply voltages

Connection Diagram

14-Lead DIP

TL/F/9760-2

Top View

Order Number nA9622DM or DS9622MJ
See NS Package Number J14A*

* For most current package information, contact product marketing.
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=
Absolute Maximum Ratings (ote 1) o
If Military/Aerospace specified devices are required, Voltage Applied to Outputs S
contact the National Semiconductor Sales Office/ for Output High State —0.5Vto +13.2V Q
Distributors for availability and specifications. V- to GND —0.5Vto —12V o
Storage Temperature Range —65°Cto +175°C Enable to GND —0.5Vto +15V 8
Operating Temperature Range ~55°Cto +125°C 3
Lead Temperature (Soldering, 60 sec.) 300°C Operatlng Conditions ~
Internal Power Dissipation 400 mW Min Max Units
V+ to GND —0.5Vto +7.0V Supply Voltage, Voc 4.5 55 M
Input Voltage £15V Temperature, T —55 +125 °C
Electrical Characteristics (otes 2, 3)
Symbol Parameter Conditions Min Max Units
VoL Output Voltage LOW vVt =83 =45V,V- = —11V,
Vpirr = 2.0V, lgL = 124 mA, 0.4 \
EN = Open
VoH Output Voltage HIGH V+ =45V,V- = —-9.0V,
83 = 0V, Vpjrr = 1.0V, 2.8 \
loy = —0.2mA, EN = Open
IcEx Output Leakage Current vVt =45V,V- = —11V,
S3 = 0V, Vpjrr = 1.0V, 200 pA
Vo = 12V, EN = Open
los Output Short Circuit vVt =50V,V- = —10V,
Current (Note 4) Vpirr = 1.0V, Vo = 83 = 0V, —3.1 -1.4 mA
EN = Open
IR(EN) Enable Input V+t =83 = 45V,V- = —11V, 5.0 A
Leakage Curent In = Open, EN = 4.0V i ®
IF(EN Enable Input V+ =55V,V- = —-9.0V 15 mA
Forward Current V| = Open, EN = S3 = 0V .
Ig(+IN) + Input Forward Current V+ =50V,V- = —10V,
Vit =0V, V|~ = GND, —-23 mA
EN = S3 = Open
IF(—IN) —Input Forward Curent V+ =83 =50V,V- = —10V,
Vit = GND, V|~ =0V, —2.6 mA
EN = Open
VIL(EN) Input Voltage LOW 45V < V+ <55V, +25°C 1.0 \'
-1V < V- < ~-9.0V o
, + .
EN = Open 125°C 0.7 \')
~55°C 1.3 Vv
VTH Differential Input 4.5V, < V+ <55V,
Threshold Voltage -1V <V—- < —9.0V, 1.0 2.0 \
EN = Open
Vem Common Mode Voltage v+ =50V,V- = —10V, 25°C —10 +10
1.0V < Vpjgg < 2.0V
Rt Terminating Resistance 25°C 91 215 0
I+ Positive Supply Current v+ =83 =Vt =55V, 25°C 229 mA
I- Negative Supply Current =NV VT =0V —11.1 mA
SWITCHING CHARACTERISTICS Tp = 25°C
tpLH Propagation Delay v+ =50V, RL = 3.9k 50 ns
to High Level V= = —10V,
tpHL Propagation Delay oV =V, < 3.0V, AL = 3900
to Low Level CL = 30pF 50 ns
(See Figure 1)
Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics™ provide conditions for actual device operation.
Note 2: Unless otherwise specified Min/Max limits apply across the —55°C to + 125°C temperature range. All typicals are given for Voo = 5V and Ty = 25°C.
Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified.
Note 4: Only one output at a time should be shorted.
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A9622/DS9622

Switching Time Test Circuit and Waveforms

3.0v
Vi NFI Y 1.5V
ov

——‘ toLy tpHL

Vo 1.5V 1.5V

TL/F/9760-4 ov
TL/F/9760-5

FIGURE 1
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National
Semiconductor

nA9627/DS9627 Dual Line Receiver

General Description

The pA9627/DS9627 is a dual-line receiver which meets
the electrical interface specifications of EIA RS-232C and
MIL-STD-188C. The input circuitry accommodates +25V in-
put signals and the differential inputs allow user selection of
either inverting or non-inverting logic for the receiver opera-
tion. The nA9627/DS9627 provides both a selectable hys-
teresis range and selectable receiver input resistance.
When pin 1 is tied to V—, the typical switching points are at
2.6V and —2.6V, thus meeting RS-232-C requirements.
When pin 1 is open, the typical switching points are at
50 nA and —50 pA, thus satisfying the requirements of MIL-
STD-188C LOW level interface. Connecting the RA and/or
RB pins to the (—) input yields an input impedance in the
range of 3 k2 to 7 k2 and satisfies RS-232-C requirements;
leaving RA and/or RB pins unconnected, the input resist-
ance will be greater than 6 k2 to satisfy MIL-STD-188C.

The output circuitry is TTL/DTL compatible and will allow
“collector-dotting” to generate the wired-OR function. A
TTL/DTL strobe is also provided for each receiver.

Features

m EIA RS-232-C input standards

m MIL-STD-188C input standards

B Variable hysteresis control

® High common mode rejection

m R control (5 k2 or 10 k)

B Wired-OR capability

m Choice of inverting and non-inverting inputs
m Outputs and strobe TTL compatible

Connection Diagram

16-Lead DIP
1 / 16
HYSTERESIS —— —V+
2 15
OUT A = —0UT B
3 14
STROBE A — —STROBE B
4 13
NC el A B ——NC
=-m+ +7- 12
~-IN A s -IN B
RA RB
7 10
+IN A +IN B
GND—8 V=
TL/F/9761-1
Top View

Order Number 1A9627DM or DS9627MJ
See NS Package Number* J16A

*For most current package information, contact product marketing.
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1A9627/DS9627

Absolute Maximum Ratings (vote 1)

If Military/Aerospace specified devices are required, Input Voltage Referred to GND +25V

contact the National Semiconductor Sales Office/ Strobe to GND —0.5Vto +5.5V

Distributors for availability and specifications. Applied Output Voltage —05Vto +15V

Storage Temperature Range —65°Cto +175°C

Operating Temperature Range —55°Cto +125°C Operating Conditions

Lead Temperature (Soldering, 60 sec.) 300°C Min Max Units

Internal Power Dissipation 400 mwW Supply Voltage (Vce) 45 5.5 v

V+ to GND 0Vio +15V Temperature (Ta) —55 +125 °C

V- to GND 0Vto —15V

Electrical Characteristics

Hysteresis, —IN A, —IN B, RA and RB Open for MIL-STD-188C, unless otherwise specified (Notes 2 and 3)

Symbol Characteristics Conditions Min Max Units

VoL Output Voltage LOW V+ = 10.8V,V— = —13.2V, 0.4 v
Vit = 0.6V,lg. = 6.4 mA )

VoH Output Voltage HIGH v+ =10.8V,V- = —13.2V, 24 v
Vit =06V, loqy = —0.5mA -

los Output Short Circuit VT =13.2V,Vv~ = —10.8V, _30 mA

Current (Note 4) v, = 06V,Vo = 0V -
IH(ST) Input Current HIGH v+ =10.8V, Vgt = 2.4V 40 nA
(Strobe) V- = —13.2V, V|+ = 0.6V Vgr = 5.5V 1.0 mA

R Input Resistance v+ =13.2v,V- = —13.2V, 6.0 kQ
—3.0V< v+ <3.0V )

[ Ths Positive Threshold Current +10.8V < Voo € £13.2V, 100 A
Vo = 2.4V ®

It~ Negative Threshold Current +10.8V < Voo < £13.2V, ~100 A
Vo = 0.4V B

VIL(ST) Input Voltage LOW (Strobe) Vit = —0.6V 0.8 Y

VIH(ST) Input Voltage HIGH (Strobe) V+ =13.2V,V—- = —10.8V, 20 Vv
Vit = —0.6V ’

I+ Positive Supply Current +10.8V < Voo < £13.2V 18 mA
Vit = —0.6V

1= Negative Supply Current +10.8V £ Voo < £13.2V 16 mA
Vit = 0.6V

Electrical Characteristics -+iNAand —IN B connected to ground, RA and RB connected to —IN A and —IN B
and Hysteresis connected to V— for RS-232C, unless otherwise specified

Symbol Characteristics Conditions Min Max Units
R Input Resistance 3.0V < V| < 25V 3.0 7.0 kQ
—3.0V <V < —25V 3.0 7.0 kQ
\/ Input Voltage —2.0 2.0 Vv
VTH+ Positive Threshold Voltage 3.0 \
VTH- Negative Threshold Voltage —3.0 \

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics™ provide conditions for actual device operation.

Note 2: Unless otherwise specified Min/Max limits apply across the —55°C to + 125°C temperature range.
Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified.

Note 4: Only one output at a time should be shorted.
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Electrical Characteristics vcg = +12v for MIL-STD-188C and RS-232C, T = 25°C ©
Symbol Characteristics Conditions Min Max Units 5
tPLH Propagation Delay to High Level (See Figure 1) 250 ns 8
tPHL Propagation Delay to Low Level (See Figure 1) 250 ns 8
N
~
Yo -5.0V
1kQ
1%
]
T
= v4#=12y  STROBE 3.92k0 2 -;:1-5 PF
— 117 ¢
Ve==12v 1
HYS OPEN —
TL/F/9761-2

TL/F/9761-3
15 pF includes jig capacitance. All diodes are FD777 or equivalent.

PRR = 10 kHz
PW = 50 ps
tr=tt=5ns

FIGURE 1. Switching Time Test Circuit and Waveforms
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+N —e—] € ‘ D18 p
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o\

a5 Q4 X
- D6
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(W -]
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National
Semiconductor

DS9636A/1.A9636A

RS-423 Dual Programmable Slew Rate Line Driver

General Description

The DS9636A/nA9636A 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 DS9636A/uA9636A 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 DS9636A/
nAZ636A is designed for nominal power supplies of +12V.

Inputs are TTL compatible with input current loading low
enough (1710 UL) to be also compatible with CMOS logic.
Clamp diodes are provided on the inputs to limit transients
below ground.

Features

B Programmable slew rate limiting

m Meets EIA Standard RS-423

m Commercial or extended temperature range
| Output short circuit protection

m TTL and CMOS compatible inputs

Connection Diagram

8-Lead DIP
WAVESHAPE _1 | N R
CONTROL _l_bo'l_ 7
N A— — 0UT A
IN B——|_'._r——0UT B
4 O 5
GND — b — V-
TL/F/9620-1
Top View

*For most current package information, contact product marketing.

Order Number DS9636ACJ, nA9636ARC,
DS9636AMJ, pnA9636ARM or DS9636ACN, 1A9636ATC
See NS Package Number JOSA or NOSE
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DS9636A/1.A9636A

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availabllity and specifications.

Storage Temperature Range
Ceramic DIP
Molded DIP

Lead Temperature
Ceramic DIP (Soldering, 60 seconds)
Molded DIP (Soldering, 10 seconds)

—65°Cto +175°C
~65°Cto +150°C

300°C
265°C

Recommended Operating Conditions

Maximum Power Dissipation* at 25°C

Cavity Package 1300 mW

Molded Package 930 mW
V+ Lead Potential to Ground Lead V—to +15V
V— Lead Potential to Ground Lead +0.5Vto —15V
V+ Lead Potential to V— Lead 0V to +30V
Output Potential to Ground Lead +15V
Output Source Current —150 mA
Output Sink Current 150 mA

*Derate cavity package 8.7 mW/°C above 25°C; derate molded DIP package
7.6 mW/°C above 25°C.

Characteristics DS9636AM/LA9636AM DS9636AC/.A9636AC Units
Min Typ Max Min Typ Max
Positive Supply Voltage (V+) 10.8 12 13.2 10.8 12 13.2 \
Negative Supply Voltage (V—) —-13.2 -12 —10.8 —13.2 -12 -10.8 \
Operating Temperature (Ta) —55 25 125 0 25 70 °C
Wave Shaping Resistance (Rws) 10 500 10 1000 kQ

Electrical Characteristics over recommended operating temperature, supply voltage and wave shaping resist-

ance ranges unless otherwise specified (Notes 2 and 3)

Symbol Parameter Conditions Min Typ Max Units
VoH1 Output Voltage HIGH RLto GND (R = ) 5.0 5.6 6.0 \"
VoH2 Rp to GND (R = 3.0kQ) 5.0 5.6 6.0 \'
VoHs Ry to GND (R = 450Q) 4.0 5.5 6.0 Vv
VoLt Output Voltage LOW R to GND (R = ) -6.0 -57 -5.0 v
VoLz Ri. to GND (R = 3.0kQ) -6.0 ~5.6 -5.0 \"
VoLs R to GND (R = 450) —-6.0 —5.4 —4.0 \Y
Ro Output Resistance 4500 < R 25 50 0
los + Output Short Gircuit Current (Note 4) Vo =0V, V=0V —150 —-60 -15 mA
los— Vo = 0V, V) = 2.0V 15 60 150 mA
Icex Output Leakage Current Vo = £6.0V, Power-Off -100 +100 pA
VIH Input Voltage HIGH 2.0 v
ViL Input Voltage LOW 0.8 v
Vic Input Clamp Diode Voltage I|=15mA -15 -1.1 \
e Input Current LOW Vi = 0.4V —80 —-16 Vv
H Input Current HIGH V) =24V 1.0 10 LA
V| = 5.5V 10 100
iti = + = o0

1+ Positive Supply Current \F/zs\,(; ~ ; (: 02\':,QR|\_/ - 0\,/ 13 18 mA
— i =% = ®

| Negative Supply Current ;(V;é _ ;‘;02\':QR|\_/I _ 0\,/ _18 —13 mA

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation.

Note 2: Unless otherwise specified Min/Max limits apply across the —55°C to + 125°C temperature range for the DS9636AM and across the 0°C to +70°C range

for the DS9636AC. All typicals are given for Vog = 5V and Tp = 25°C.

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are reference to ground unless otherwise

specified.
Note 4: Only one output at a time should be shorted.
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Switching Characteristics vc = £12v £10%, Ta = 25°C, see AC Test Gircuit <
W
Symbol Parameter Condition Min Typ Max Units [
>
tr Rise Time Rws = 10kQ 0.8 1.1 1.4 =
Rws = 100 kQ 8.0 11 14 s >
(=13
Rws = 500 kQ 40 55 70 Q
Rws = 1000 kQ 80 110 140 >
tf Fall Time Rws = 10kQ2 0.8 1.1 14
Rws = 100 kQ 8.0 1 14 s
Rws = 500 k 40 55 70
Rws = 1000 kQ 80 110 140
(AL E LIl L L EE LT .
! WSC IN VoW
10 (] ]
OTHER < ’ v+
CHANNEL ] )
1 '
: “;‘0‘3 [] cus : R? Q31
1 ' 032
oo :
! Q26 '
i RS T
1 (] Ll
: o022 A0 028 : o
] D21 ' ¥,
1 1 Qs
H 23 H N
\ -iEn 07 H RIS ST
] ]
) 10 1 L
' A o1 1 & b 34
i RI7T & s o12 4
' 8s8ka S 2 o6 HY L ot
! T ! yos 1€
W o017
: T i ¥ o e S 1
1 1 \ 42 3
10 E ; o W SRS
OTHER ¢ L
v T A A
e ! __-]7_ ! '/r’)l_z .
H oND H Ny 2
' T ors Iom3 3u ” JL
: = Y T [
] [}
] ]
o) 3{ ' pas v
OTHER 4— r——} a7
i, Y R M N N
' 022 !
i a i
0ot an N — H pron
OTHER 1 = L | — Q18
CHANNEL ' cu 1 253k h
' RI3 & ' WA
! 10k 3 L !
' R12 R14 R15 g 1 < R < Re
' 5000 3900 10k S o 5k 2 9100
0 1 ! ]
OTHER + v=
CHANNEL e e e e e e e e e e i ‘l
----- = COMMON TO BOTH CHANNELS
D = CROSSUNDER
TL/F/9620-2
FIGURE 1. Equivalent Circuit
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DS9636A/.A9636A

Typical Performance Characteristics

Output Current vs
Output Voltage (Power On)

% Ve = £12V
4 Rys = 100kA ]
T, =25 |
E g L
! Vi =2v
E 10 !
% 0
-10
5 -0
5 V=0V
° -
-0 £
=0 | |
-10-80-60-40-200 20 40 60 80 10
OUTPUT VOLTAGE = V
Transition Time vs Rys
1000
=S59C £ oe
0
a
[ 25°C
™)
=
= -
- T
-t
2 70°C & 125°C
o
z 10 £3
% 5 Hr ]
¢ i

1.0
10K 20K50K 100K 300K 1.0M 3.0M

WAVE SHAPING RESISTANCE = @
TL/F/9620-3

+30Y —

Input/Output Transfer Input Current vs
Characteristic vs Temperature Input Voltage
Voo = 212V | [T T T ]-s50ck+]
Rys = 100ka O Ve = titv ]| zhoc
5 R_ = 4500 — 150 +— e~ Yoo ka
] WS 1250C +—o
160 . 100
W
S 4
= 1250} g%
° 20 ® 0
> 70%C =
5 0 provs ; =50 s ]
E .20 100 L3155
3 o 0% E_ o | |f=rese
60 -550CH— 200 — lzT"c
0 04 08 12 15 18 =10 0 10 20 30 40 50 60 70
INPUT VOLTAGE - V INPUT VOLTAGE - V
Output Current vs Supply Current
Output Voltage (Power Off) vs Temperature
100
LITTT] [ Voo = $12V |
Oy == || 40 Rys = 100k
5 %[ D600 DioDE CONNECTED s ¥ 106
40| IN SERIES WITH Ve PIN (—1—f— v 20 f——— A-—/ V= 0—
g2 g v I+ 7 JLocic
g o g 4 LoGIC Ge | |
3 3 vy = 7 V=1
2 -0 S -0 ‘ £
=2 ) = |
E -0 g -0 vLooic
S -5 ? =30 V=01
-80 -40 1 |
10 , J LT
=10 =80~60=40=20 0 20 40 60 80 10 =55 025 70 125
OUTPUT VOLTAGE = V TEMPERATURE - °C
+12V
A/
ov
DS9636A/
Yi —T 12AZ636A Yo
< < ¢ V) Yo
510 4500 L |
T 1 30pF Amplitude: 3.0V
Offset: OV
! Pulse Width: 500 ps
= — PRR: 1.0 kHz
=t <10ns

-12v
Note: C( includes jig and probe capacitance

Note: Use 1N4448 or equivalent.

TL/F/9620-4

FIGURE 2. AC Test Circuit and Waveforms

v TWISTED PAIR s.ov
oR
FLAT CABLE
DS9636A/ \
HASBIEA DS9637A/
4A9B3TA

FIGURE 3. RS-423 System Application

50% 50%
A‘ fe— teuL ~—] toy
90% 90%
Y f— — b
TL/F/9620-5
-Lr

TL/F/9620-6
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National
Semiconductor

DS9637A/1LA9637A

Dual Differential Line Receiver

General Description

The DS9637A/uA9637A 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 DS9637A/uA9637A satisfies the requirements of
MIL-STD 188-114 and is compatible with the International
Standard CCITT recommendations. The DS9637A/
»A9637A 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 DS9637A/
1A9637A has an operational input common mode range of
+7V either differentially or to ground.

Features

Dual channels

Single 5V supply

Satisfies EIA standards RS-422 and RS423
Built-in 135 mV hysteresis

High common mode range

High input impedance

TTL compatible output

Schottky technology

Extended temperature range

Connection Diagram
8-Lead DIP and SO-8 Package

1 ~ 8
Voot S 4IN A
out Al:’--lN A
our B 5 4N B
cNDii-lN B

TL/F/9621-1
Top View

Order Number DS9637ACJ, nA9637ARC,
DS9637AMJ, 1A9637ARM
See NS Package Number JOBA*

Order Number DS9637ACM, 1A9637ASC
See NS Package Number MOBA

Order Number DS9637ACN, nA9637ATC
See NS Package Number NOSBE

*For most current package information, contact product marketing.
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DS9637A/.A9637A

Absolute Maximum Ratings (ot 1)

If Military/Aerospace specified devices are required, Vcc Lead Potential to Ground —0.5Vto 7.0V
contact the National Semiconductor Sales Office/ Input Potential to Ground +15V
g:stnbu:?rs for ?vail;blllty and specifications. Differential Input Voltage +15V
orage Temperature Range : _
Ceramic DIP —65°C1o + 175°C Output P?tentlal to Ground 0.5V to +5.5V
Molded DIP —65°Cto + 150°C QOutput Sink Current 50 mA
Lead Temperature H
Ceramic DIP (Soldering, 30 seconds) ac ~ Recommended Operating
Molded DIP and SO Package Conditions
(Soldering, 10 seconds) 265°C DS9637AM/1A9637AM Min  Max  Units
Maximum Power Dissipation* at 25°C Supply Voltage (Vcc) 45 55 v
Cavity Package 1300 mW Operating Temperature (Ta)  —556  +125 °C
glglged: ackage 930 mw DS9637AC/LA9637AC
ackage 810
0 a9 . o~ mwW Supply Voltage (Voo) 4.75 5.25 v
erate cavity package 8.7 mW/°C above 25°C; derate molded DIP package " o
7.5 mW/°C above 25°C; derate SO package 6.5 mW/°C above 25°C. Operating Temperature (Ta) 0 +70 c

Electrical Characteristics

Over recommended operating temperature and supply voltage ranges, unless otherwise specified (Notes 2 and 3)

Symbol Parameter Conditions Min Typ Max Units
VTH Ditferential Input —7.0V < Vgy € +7.0V B
Threshold Voltage (Note 5) 0.2 +o2 v
VTHR) Differential Input —7.0V<Vgy € +7.0V
—0. +0.
Threshold Voltage (Note 6) 0.4 0.4 v
I Input Current Vi =10V, 0V £ Vgc < +5.5V 1.1 3.25
Note 7) mA
( Vi= —10V,0V < Voo < +55V | —325 | —16
VoL Output Voltage LOW loL = 20 mA, Voc = Min 0.35 0.5 \
Vou Output Voltage HIGH lon = —1.0 mA, Vgg = Min 25 | 35 v
los Output Short Circuit Vo = 0V, Ve = Max _ _ _
Current (Note 4) 40 75 100 mA
lcc Supply Current Voc = Max, Vj+ = 0.5V,
3 50 A
Vi= = GND 5 m
VHYST Input Hysteresis VoM = £7.0V (See Curves) 70 mV

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation.

Note 2: Unless otherwise specified Min/Max limits apply across the —55°C to +125°C temperature range for DS9637AM and across the 0°C to +70°C range for
the DS9637ASC. All typicals are given for Voo = 5V and Ta = 25°C.

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise
specified.

Note 4: Only one output at a time should be shorted.

Note 5: Vprr (Differential Input Voltage) = (Vi+) - (V;—). Vcm (Common Mode Input Voltage) = V|+ or V;—.

Note 6: 500Q +1% in series with inputs.

Note 7: The input not under test is tied to ground.
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Switching Characteristics v = 50v, 74 = 25°C o
w
Symbol Parameter Conditions Min Typ Max Units ;

tpLH Propagatilon Delay Time See AC Test Circuit 15 25 ns )
Low to High 5
tPHL Propagation Delay Time See AC Test Circuit 8
R 13 25 ns N
High to Low >

- * Vee

AA

<
S R14 S RIS

<
R23

v _
el
[
-~
A
A
A A4
o
G
A

>
< <
REG <
< <

‘P
:: R11

02 08

*+— 0UT

r— GND
: TL/F/9621-2
FIGURE 1. Equivalent Circuit
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DS9637A/A9637A

Typical Input/Output Transfer Characteristics

‘ |
Veg =475V
> 3 4 +
1 ' [
8 [}
= ' V| Vey=#v
jar} [l [}
e 2 T T
5 i '
E " Vc“=W/ [
] ]
o 1 N '
] ]
' ]
0

-100 ~50 0 S0 100

INPUT VOLTAGE = mV
TL/F/9621-3

AC Test Circuit and Waveforms

Vee=5.0V Vo Ve =50V
3920
v, + N
£
5102 g
- A )
€, Z<15pF 392k

T

TL/F/9621-5
Notes:
Cy includes jig and probe capacitance.
All diodes are FD700 or equivalent.

FIGURE 2

QUTPUT VOLTAGE =~V
N

Vo=

=100

-50 0 50 100

INPUT VOLTAGE = mV

TL/F/9621-4

Vi

Amplitude: 1.0V
Offset: 0.5V

Pulse Width: 100 ns
PRR: 5.0 MHz

tr =t <50ns

FIGURE 2a

TL/F/9621-6
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Typical Applications

TWISTED PAIR
+5V OR +5V
FLAT CABLE

J L

+

ey LTI !

DS9637A/
HAIESTA

L

DUAL RS=422 LINE DRIVER

TLIF/9621-7
FIGURE 3. RS-422 System Application (FIPS 1020) Differential Simplex Bus Transmission
Notes:
Rt = 500 for RS-422 operation.
Rt combined with input impedance of receivers must be greater than 9052.
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DS9638/.A9638

National
Semiconductor

DS9638/.A9638

PRELIMINARY

RS-422 Dual High Speed Differential Line Driver

General Description

The DS9638/.A9638 is a Schottky, TTL 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 50Q transmission lines at high speed. The mini-
DIP provides high package density.

Features

m Single 5V supply

| Schottky technology

TTL 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 5002 transmission lines
Meets EIA RS-422 specifications

Propagation delay of less than 10 ns

“Glitchless” differential output

Delay time stable with Voo and temperature variations
(<2.0 ns typical) (Figure 3)

m Extended temperature range

Connection Diagram

8-Lead DIP and SO-8 Package

/

i

N A-Z-—J—Bé
3

N B

oD

Top View

OUT A
OUT A
ouT B
ouT B

Wlmﬂm

TL/F/9622-1

Order Number DS9638MJ, nA9638RM,
DS9638CJ or pA9638RC
See NS Package Number JOBA*

Order Number DS9638CM or ©A9638SC
See NS Package Number M08SA

Order Number DS9638CN or 1A9638TC
See NS Package Number NOSE

*For most current package information: contact product marketing.
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Absolute Maximum Ratings (Note 1) e
If Military/Aerospace specified devices are required, Maximum Power Dissipation* at 25°C ‘ég
contact the National Semiconductor Sales Office/ Cavity Package 1300 mW .;
Distributors for availablility and specifications. Molded Package 930 mW >
Storage Temperature Range SO Package slomw | @
Ceramic DIP —65°Cto +175°C V¢c Lead Potential to Ground -5Vto 7V ‘o'g
Molded DIP and SO-8 —65°Cto +150°C Input Voltage —0.5Vto +7V
Lead Temperature *Derate cavity package 8.7 mW/°C above 25°C; derate molded DIP package
Ceramic DIP (Soldering, 60 sec.) 300°C 7.5 mW/°C above 25°C; derate SO package 6.5 mWC above 25°C.
Molded DIP and SO Package
(Soldering, 10 sec.) 265°C

Recommended Operating Conditions

DS9638M/1.A9638M DS9638C/1A9638C
Min Typ | Max .[ Min Typ Max Units

Supply Voltage (Vce) 45 5.0 55 | 475 | 50 | 5.25 v
Output Current HIGH (lon) —50 —-50 mA
Output Current LOW (loL) 40 50 mA

Operating Temperature (Tp) —55 25 125 0 25 70 °C

Electrical Characteristics over recommended operating temperature and supply voltage ranges, unless other-

wise specified (Notes 2 & 3)

Symbol Parameter Conditions Min Typ Max Units
VIH Input Voltage HIGH 2.0 v
ViL Input Voltage LOW 0°Cto +70°C 0.8 v

—55°Cto +125°C 0.5
Vic Input Clamp Voltage Ve = Min, | = —18 mA —-1.0 —-1.2 \"
VoH Output Voltage HIGH Vee = Min, lon = —10mA 25 3.5
ViH = ViH Min: lon = —40 mA 20 v
ViL = Vi Max
VoL Output Voltage LOW Vee = Min, Vig = VIH Mins 05 v
ViL = VIL Max loL = 40 mA :
Iy Input Current at Maximum Vee = Max, Vipmax = 5.5V 50 A
Input Voltage
IiH Input Current HIGH Vee = Max, Viy = 2.7V 25 pA
L Input Current LOW Vee = Max, Vi = 0.5V —-200 nA
los Output Short Circuit Current Vcc = Max, Vo = 0V (Note 4) —50 —150 mA
VT, V1 Terminated Output Voltage See Figure 1 2.0 \
V-Vt Output Balance 0.4 v
Vos, Vos Output Offset Voltage 3.0 v
Vos-Vos Output Offset Balance 0.4 v
Ix Output Leakage Current -[.Ao_252v5 <CVX <oV 100 A
Icc Supply Current Ve = 5.5V,
(Both Drivers) Allinput at 0V, 45 65 mA
No Load

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics provide conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS9638M and across the 0°C to -+ 70°C range for
the DS9638C. All typicals are given for Voo = 5V and T4 = 25°C.

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise
specified.

Note 4: Only one output at a time should be shorted.
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DS9638/1.A9638

Switching Characteristics v = 5.0v, 14 = 25:C.

Symbol Parameter Conditions Min Typ Max Units
tPHL Propagation Delay CL = 15pF 10 20 ns
toLy Ry = 1000, See Figure 2 10 20 ns
t Fall Time, 90%-10% 10 20 ns
t Rise Time, 10%-90% 10 20 ns
tro-tp0 Skew Between Outputs 1.0 ns
A/Aand B/B ’
Vee
SR19 b
$ 6000 <£ R4 1
Q18 S35k
A 41
Q19 LT\ 4
D16 R2 R5A
R20 \¥\ 8500 %» 65008 1500 9
35ka Q‘a }\25
R6
2500
- we—p—f o0
D6 !
p: E | [
3 Rs  SRI10
] ] 1000 3 5000 2500
p-out
oUT— 05 a5
Q
Q12
RI6 S 4
4000 > L I+ l\]

)\
GND

FIGURE 1. Equivalent Circuit

TL/F/9622-2
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DC Test Circuit

> 500
>

8£96V1/8£96S0

> 500
>

TL/F/9622-3
FIGURE 2. Terminated Output Voltage and Output Balance

Vo
i RL
31000
Vo
Note: TL/F/9622-4 TL/F/9622-5
The pulse generator has the following characteristics: FIGURE 3a
PRR = 500 kHz, tyy = 100 ns,
tr < 5.0 ns, Zo = 500.
Cy includes probe and jig capacitance.
FIGURE 3. AC Test Circuit and Voltage Waveform
16 !} 16
14 14
e 12 2 12
(0 __J 1
> >
3 10 — 3 o
o gt I [ ——t—
§ 8.0 é 8.0
3 6.0 3 6.0
<€ <<
o o.
I 40 8 40
o a.
20 20
0 0
=75 =50 =25 0 25 50 75 100 125 30 40 5.0 6.0 70
TEMPERATURE - °C . SUPPLY VOLTAGE=-V
TL/F/9622-6 TL/F/9622-7
FIGURE 4. Typical Delay Characteristics FIGURE 4a

1-235



DS9639A/.A9639A

National
Semiconductor

DS9639A/A9639A

Dual Differential Line Receiver

General Description

The DS9639A/nA9639A 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/nA9639A satisfies the
requirements of MIL-STD 188-114 and is compatible with
the International Standard CCITT recommendations. The
DS9639A/uA9639A 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/uA9639A has an operational input common
mode range of +7.0V either differentially or to ground.

Features

®m 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

Connection Diagram

8-Lead DIP

v ~ N A
4 =+
OUTcilz--lN A

8

-6-+IN B
5N B

TL/F/9623-1

Top View

Order Number DS9639ACN/.A9639ATC
See NS Package Number NOSE
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Absolute Maximum Ratings (Note 1) §
If Military/Aerospace specified devices are required, Output Sink Current 50 mA 8
contact the National Semiconductor Sales Office/ Maximum Power Dissipation* at 25°C >
Distributors for availability and specifications. Molded Package 930 mW ‘F\
Storage Temperature Range —-65°Cto +175°C *Derate molded DIP package 7.5 mW/°C above 25°C. g
Operating Temperature Range 0°Cto +70°C b
L:ad Teiperatpure ? Recommended Operating ]

Molded DIP (soldering, 10 sec.) 265°C Conditions >
Ve Lead Potential to Ground —0.5Vto +7.0V Min Typ Max Units
Input Potential to Ground Lead +25V Supply Voltage (Vco) 475 50 525 \Y
Differential Input Voltage +25V Operating Temperature (Ta) 0 25 70 °C
Output Differential to Ground Lead —0.5Vto 5.5V

Electrical Characteristics over recommended operating temperature and supply voltage ranges, unless other-

wise specified (Notes 2 & 3)
Symbol Parameter Conditions (Note 1) Min Typ Max Units
VTH Differential Input —-7.0V<Vgpm < +7.0V _
Threshold Voltage (Note 5) 0.2 +0.2 v
VTH(R) Differential Input —7.0V<Vpom < +7.0V _
Threshold Voltage (Note 6) 0.4 +04 v
I Input Current (Note 7) V) =10V, 0V < Vgg < 5.5V 1.1 3.25 mA
V| = —10V,0V < Vg < 5.5V -3.25 -1.6
VoL Output Voltage LOW loL = 20 mA, Vg = Min 0.35 0.5 \
Vor Output Voltage HIGH loH = —1.0mA, Vgc = Min 25 3.5 \
los Output Short Circuit Current (Note 4) Vo = 0V, Ve = Max —40 -75 —100 mA
lcc Supply Current Vco = Max, Vi+ = 0.5V, )
V= = GND 35 50 mA
VHYsST Input Hysteresis VoM = 7.0V (See Curves) 70 mv
Switching Characteristics v = 5.0v, T4 = 25°C
Symbol Parameter Conditions Min Typ Max Units
tpLH Propagat.ion Delay Time See AC Test Circuit 55 85 ns
Low to High
tPHL Pl:opagatlon Delay Time See AC Test Circuit 50 75 ns
High to Low

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS9639A. All typicals are given for Vcc = 5V and Tp = 25°C.
Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise
specified.

Note 4. Only one output at a time should be shorted.

Note 5: Vpirr (Differential Input Voltage) = (Vi+) — (V)-). Vom (Common Mode Input Voltage) = V)4 or V|—.

Note 6: 5000 £ 1% in series with inputs.

Note 7: The input not under test is tied to ground.
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DS9639A/.A9639A

Equivalent Circuit

Vee
| Swr 3ris s
RES  SR24 3R23 !
< < < <
Vv SR1
p2 I\o‘s 1 a19
S 5 T
$ |
D4 SR3 S
9 .H— a1 Q10 Y SR8
-N——AW—b
™ 01
Q15
+—our
=IN 0 AA S
R2

FIGURE 1. Equivalent Circuit

Typical Input/Output Transfer Characteristics

4
Voo =4.75V

> 3 + +
1 ' '
o ]
< ' =
= : } [
g 2 T
= ' '
=) ' '
B ' vcu=ov/ ]
3 1 ) ]

[ [

' ]

1 '

0
=100 =50 0 50 100

INPUT VOLTAGE = mV

FIGURE 2

TL/F/9623-3

QUTPUT VOLTAGE=-V

0

GND

TL/F/9623-2

V=525 ]

Veu =tV

LWt

=100 =50 0

50 100

INPUT VOLTAGE = mV

FIGURE 2a

TL/F/9623-4
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Vee =5.0V
3920
\]
5103
g 3.92k
TL/F/9623-6
— Vi
=y - Amplitude: 1.0V
TL/F/9623-5  Offset: 0.5V
Notes: Pulse Width: 500 ns
C_ includes jig and probe capacitance. PRR: 1 MHz
All diodes are FD700 or equivalent. tr=t%<50ns
FIGURE 3. AC Test Circuit and Waveforms FIGURE 3a
Typical Applications
TWISTED PARR
+5V OR +5V
FLAT CABLE

L

D59638/

14A9638 LI l

DS9639A/
WA9639A

L

DUAL RS-422 LINE DRIVER

TL/F/9623-7
Notes:

Ry > 500 for RS-422 operation.
Ry combined with input impedance of receivers must be greater than 900.

FIGURE 4. RS-422 System Application (FIPS 1020) Differential Simplex Bus Transmission
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DS96F172/DS96F 174

National
Semiconductor

DS96F172/DS96F 174

PRELIMINARY

RS-485/RS-422 Quad Differential Drivers

General Description

The DS96F172 and the DS96F174 are high speed quad
differential line drivers designed to meet EIA Standard RS-
485. The DS96F172 and the DS96F 174 offer improved per-
formance due to the use of new, state-of-the-art L-FAST
bipolar technology. The L-FAST technology allows for high-
er speeds and lower currents by utilizing extremely short
gate delay times. Thus, the DS96F172 and the DS96F174
feature lower power, extended temperature range, improved
RS-485 specifications, and meet SCS| specifications.

The DS96F172 and the DS96F174 have TRI-STATE® out-
puts and are optimized for balanced multipoint data bus
transmission at rates up to 15 Mbps. The drivers have wide
positive and negative common mode range for multipoint
applications in noisy environments. Positive and negative
current-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. The
DS96F172 features an active high and active low Enable,
common to all four drivers. The DS96F174 features sepa-
rate 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 DS96F173, DS96F175,
DS36F95, DS96F177 and DS96F178.

Features

B Meets EIA Standard RS-485 and RS-422A

m Meets SCSI specifications

® Monotonic differential output switching

W Transmission rate to 10 Mbps

m TRI-STATE outputs

W Designed for multipoint bus transmission

m Common mode output voltage range: —7.0V to +12V

B Operates from single + 5.0V supply

m Extended temperature range available

H Lower power version

B Thermal shutdown protection

m DS96F172 and DS96F174 are lead and function com-
patible with the SN75172/75174 or the AM26LS31/
MC3487 respectively

Connection Diagrams

16-Lead Dual-In-Line Package
and SO-16 Package

./

1 16
W—— —Vee
1Y—-2- Eu

D,
123 4y
27 5 1 12 =
Pyl LTS
B
n- 0 5y
L
N3 EEEN
TL/F/9625-1
Top View

TL/F/9625-2
Top View

Order Number DS96F172CJ, DS96F172MJ,
DS96F174CJ or DS96F174MJ
See NS Package Number J16A*

Order Number DS96F172CM or DS96F174CM
See NS Package Number M16A

Order Number DS96F172CN or DS96F174CN
See NS Package Number N16A

*For most current package information, contact product marketing.
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage
Enable Input Voltage

7.0V
5.5V

Storage Temperature Range
Ceramic DIP
Molded DIP and SO-16

Lead Temperature
Ceramic DIP (Soldering, 60 sec.)
Molded DIP and SO-16
(Soldering, 10 sec.)

Maximum Power Dissipation* at 25°C
Cavity Package
Molded Package
SO Package

—65°Cto +175°C
—65°Cto +150°C

*Derate cavity package 10 mW/°C above 25°C; derate molded DIP package
8.3 mW/°C above 25°C; derate SO package 7.7 mW°C above 25°C.

Recommended Operating

Conditions
300°C Min Typ Max Units
Supply Voltage (Vce)
265°C DS96F172C/DS96F174C 4.75 50 5.25 v
DS96F172M/DS96F174M 450 50 550
1500 mW Common Mode -7.0 +120 V
1040 mW Output Voltage (Voc) ’
960 mW Output Current HIGH (lop) —-60 mA
Output Current LOW (o) 60 mA
Operating Temperature (Ta)
DS96F172C/DS96F174C 0 +25 +70 oG
DS96F172M/DS96F174M —55 +25 +125

Electrical Characteristics over recommended operating conditions, unless otherwise specified (Notes 2 & 3)

Symbol Parameter Conditions Min (N?t’: 1) Max |Units
Viy Input Voltage HIGH 2.0 \
ViL Input Voltage LOW Ta = 0°Cto +70°C 0.8 v
Ta = —55°Cto +125°C 0.7
VoH Output Voltage HIGH loy = —55mA, Voo = 5.0V, 3.0 v
Ta = +25°Cto +70°C )
VoL Output Voltage LOW loL = 55 mA Ta = 0°Cto +70°C 2.0 \
Vic Input Clamp Voltage = —18mA —-15| V
Vop1l |Ditferential Output Voltage lo = 0mA 60 | V
|V002| Differential Output Voltage Ry = 540, Figure 1 15| 20 v
RL = 1009, Figure 1 20| 23
Vob Differential Output Voltage Vom = —7.0Vio +12V Ta = 0°Cto +70°C 1.0 Vv
AlVop! |Change in Magnitude of Differential R = 540 or 1000, Figure 1 02| v
Output Voltage (Note 4)
Voc Common Mode Output Voltage (Note 5) 30| V
AlVoc| |Change in Magnitude of Common +02!| v
Mode Output Voltage (Note 4)
lo Output Current with Power Off Vocc = 0V, Vo = —7.0Vto +12V +50 | pA
loz High Impedance State Output Current |Vo = —7.0Vto +12V +20 | £50 | pA
IIH Input Current HIGH V)= 24V 20 | pA
i Input Current LOW Vi = 0.4V —50| pA
los Short Circuit Output Current Vo = —7.0V —250
(Note 6) Vo = OV —150] o
Vo = Vco 150
Vo = +12V 250
Icc Supply Current (All Drivers) No Load Outputs Enabled 50 mA
lcex OQutputs Disabled 30
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DS96F172/DS96F 174

Switching Characteristics ve; = 5.0v, 15 = 25°C

Symbol Parameter Conditions Min Typ Max Units
top Differential Output Delay Time RL = 6090, Figure 2 15 20 ns
tro Differential Output Transition Time 15 22 ns
tPLH Propagat!on Delay Time, RL = 279, Figure 3 12 16 ns
Low-to-High Level Output
R e e | e | o
tzH Output Enable Time to High Level RL = 110Q, Flgure 4 25 32 ns
tzL Output Enable Time to Low Level R = 1100, Figure 5 25 32 ns
thz QOutput Disable Time from High Level R = 110Q, Figure 4 25 30 ns
tz Output Disable Time from Low Level RBL = 110Q, Figure 5 20 25 ns
tSKEW Driver Output to Output R = 6002 1.0 4.0 ns

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to +125°C temperature range for the DS96F172M/DS96F 174M and across the 0°C to
+70°C range for the DS96F172C/DS96F174C. All typicals are given for Voc = 5V and Tp = 25°C.

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are reference to ground unless otherwise
specified.

Note 4: A|Vop| and A|Vog] are the changes in magnitude of Vop and Vog respectively, that occur when the input is changed from a high level to a low level.
Note 5: In EIA Standards RS-422A and RS-485, VOC, which is the average of the two output voltages with respect to ground, is called output offset voltage, Vos.
Note 6: Only one output at a time should be shorted.

Parameter Measurement Information

Von2
ENABLED I

(Note 3) —

—
AA =@ AAA.
W
NES

A Ad
~l =

Voc

TL/F/9625-3
FIGURE 1. Differential and Common Mode Output Voltage

S ; —
)
- LT i "
GENERATOR ' n —
(Note 1) 500 : !
3v Y C =15pF 2y
- . N ;_E (Note 2) out
—— ENABLED - sy
= (Note 3)

/ -
TL/F/9625-4 TL/F/9625-5

FIGURE 2. Differential Output Delay and Transition Times
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Parameter Measurement Information (continued)
2.3y 3y

ll SV 1.5v 3

\_QV
~—tpLut~— - *PHL
GENERATOR
Y
(Note 1) out _7[ 2.3V 2.3V
—ttpLf— —=ltpLy
3V -— ENABLED
v
Note 3 z \ o
(Noto 3) out 2.3 2.3v
TLIF/9625-6 ‘
VoL
TL/F/9625-7
FIGURE 3. Propagation Delay Times
s1
oV or 3V out IN

CL=50pF R =1100 t

(Note 2) —L H ¢
VOH

GE:ERATOR s00 S our 2.3V 10.5
ote 1) b3 v,
3v orr_ov
(Note 4) TL/F/9625-9

TL/F/9625-8
FIGURE 4. tz and tyz

3v

IN 1.5V 1.5V
ov
7 Yzt
SV
ouT 2.3V /4 ;

VoL
0.5V
TL/F/9625-11

0V or 3V

GENERATOR
(Note 1)

AA
vV
wm
I=3
=3

- 3V
— (Note 4)
TL/F/9625-10

FIGURE 5.tz and t 7
Note 1: The input pulse is supplied by a generator having the following characteristics: PRR = 1.0 MHz, duty cycle = 50%, t, < 5.0 ns,
t; < 5.0 ns, Zg = 500
Note 2: C_ includes probe and jig capacitance.
Note 3: DS96F172