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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.

Al

Charles E. Sporck
President, Chief Executive Officer
National Semiconductor Corporation




Wir fiihlen uns zu Qualitét und
Zuverlassigkeit verpflichtet

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

Wir sind stolz auf unseren Erfolg, der Standards setzt, die
fir andere erstrebenswert sind. Auch ihre Anspriiche steig-
en stindig. Sie als unser Kunde kénnen 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 durée de vie des produits.
Depuis les matiéres 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 8tes
notre client, pouvez toujours faire confiance & National
Semiconductor Corporation, en produisant des systémes
d’une trés grande qualité standard.

Un Impegno Societario di Qualitae
Affidabilita

National Semiconductor Corporation & un'industria al ver-
tice nella costruzione di circuiti integrati di aita qualita 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.

Al

Charles E. Sporck

President, Chief Executive Officer
National Semiconductor Corporation
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Following is the most current list of National Semiconductor Corporation’s trademarks and registered trademarks.
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TRI-CODE™
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Unibus™ is a trademark of Digital Equipment Corporation

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 COR-

PORATION. 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 2300 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 Interface design
and production teams have produced technically advanced products
unparalleled in the semiconductor industry.
Growing from a line of early drivers and receivers, which pioneered
the introduction of the TRI-STATE® function, National Semiconduc-
tor's Interface product line today is the most comprehensive avail-
able—with over 200 devices in a variety of product categories.
Based on its advanced design and process capabilities, National's
Interface product line includes:
* The industry’s most advanced RS-232 drivers and receivers.
® The industry’s most advanced RS-422 drivers, receivers, and
transceivers
® The industry’s most advanced RS-485 transceivers
® The industry's only offering of over 16 devices incorporating pow-
er 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 incorporating
a major breakthrough in current sensing and shut down circuitry.
In addition to the detailed Interface product datasheets included in
this databook, complete product selection guides can be found at the
beginning of each section for quick reference.
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 Nationals ad-
vanced VLSI APPS™ product families. These Advanced Peripheral
Processing Solutions or APPS products are families of VLSI peripher-
al circuits designed to serve a variety of applications. The APPS prod-
ucts are especially well suited for microcomputer and microprocessor
based systems such as graphic workstations, personal computers,
and many others. National Semiconductor’'s APPS devices are fully
described in a series of databooks and handbooks.
Among the APPS books are the following titles:
MASS STORAGE
MEMORY SUPPORT
LOCAL AREA NETWORKS AND DATACOMMUNICATIONS
GRAPHICS .
All the APPS products currently provided by National Semiconductor
and their appropriate APPS Databook title are listed in the Table of
Contents of this Databook.
For more information on National Semiconductor's INTERFACE and
APPS products contact your local National authorized sales repre-
sentative or distributor.
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DP8216 4-Bit Bidirectional Bus TransCeIVer. . ... vttt iii ittt iiere e eaeaniieaeaerinnas 6-13
DP8216M 4-Bit Bidirectional Bus TranSCeIVEr . .. ...ttt ettt et ettt iiinaansiecaanerenns 6-13
DP8224 Clock Generator and DIiVEr . . ... ..uutettee et e et e aeaaie e e enienaeeesrans 6-18
DP8226 4-Bit Bidirectional Bus TranSCeIVEr . . ...t vvre ittt iiie e ieiee i eenaeans 6-13
DP8226M 4-Bit Bidirectional BUS TransCeiver . .....oov ittt i e 6-13
DP8228 System Controller and BUs DIiVer. . ...ttt ettt iiiieseaerarananonass 6-24
DP8228M System Controller and BuS Driver . ......ooii i ittt e 6-24
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DP8238 System Controller and BUS Driver. .. ..ot vttt ettt iieeee et nnnaeerenans 6-24
DP8238M System Controller and BUSDIIVEF . .. ... vvttit ittt et e iienniiiaerasanannns 6-24
DP8303A 8-Bit TRI-STATE Bidirectional TransCeiVer. . ......coiitiierieereiiiinererannneeenenn 2-6
DP8304B 8-Bit TRI-STATE Bidirectional TransCeIiver ........cvvierininnerriiiiieernneennenns 2-11
DP83BC04 Bipolar CMOS Octal Low Power Bus TransCeiver ... ....ovvveiierrrenvinneneenannns 2-16
DP83BCO08 Bipolar CMOS Octal Low Power Bus TranSCeiver . .....coveveeitiniiniineernenunnnns 2-29
DP8307A 8-Bit TRI-STATE Bidirectional Transceiver ..........ooeeiiiiiiiiiiiiiiiiiiieennenns 2-21
DP8308 8-Bit TRI-STATE Bidirectional Transceiver. ........c.ovvriiiiiieeeerennnanann. P 2-25
DP8310 Octal Latched Peripheral Drivers ........o ittt iiiiiien e 3-5
DP8311 Octal Latched Peripheral DIivers ..........oiiiiiiiiiiiiiiiiiiiiiiiiiiinienaeninnans 3-5
DP8340 (IBM 3270) Serial Bi-Phase Transmitter/Encoder ..........ccooviiiiiieenian, LAN/Datacom
DP8341 (IBM 3270) Serial Bi-Phase Receiver/Decoder ............c.cooviiiiiieennnn... LAN/Datacom
DP8342 High-Speed Serial Transmitter/Encoder... ... e, LAN/Datacom
DP8343 High-Speed Serial Receiver/Decoder .......cooeviiiiiiiiiinineiiiineennnnn. LAN/Datacom
DP8344 Bi-Phase Communications Processor .......oovviiiiiiiiiiinetiiineennaens LAN/Datacom
DPB8350 Series CRT Controller . . .o .vvv ittt ittt ittt e iiieeiareanaenans 4-8
DP8390 IEEE 802.3 (Ethernet/Cheapernet) Network Interface Controller................ LAN/Datacom
DP8391 IEEE 802.3 (Ethernet/Cheapernet) Serial Network Interface ................... LAN/Datacom
DP8392 IEEE 802.3 (Ethernet/Cheapernet) Coax Transceiver Interface ................. LAN/Datacom
DP8400-2 E2C2 Expandable Error Checker/Corrector. .......ovvviriieneennnnenennn Memory Support
DP8402A 32-Bit Parallel Error Detector and Corrector (EDAC) .........covvviivvennn. Memory Support
DP8403 32-Bit Parallel Error Detector and Corrector (EDAC) ......covvvieeeneninnann. Memory Support
DP8404 32-Bit Parallel Error Detector and Corrector (EDAC) .......covivvennieennn.. Memory Support
DP8405 32-Bit Parallel Error Detector and Corrector (EDAC) .........ccvviennevinen.n. Memory Support
DP8408A 16k/64k Dynamic RAM Controller/Driver. .........cooiiiiiiiiiiieeiinnnn. Memory Support
DP8408A-2 16k/64k Dynamic RAM Controller/Driver .....c.ovvviiive i ieirnnnnnnn Memory Support
DP8409A 64k/256k Multi-Mode Dynamic RAM Controller/Driver ..................... Memory Support
DP8409A-2 64k/256k Multi-Mode Dynamic RAM Controller/Driver ................... Memory Support
DP8417-70 64k/256k High Speed Dynamic RAM Controlier/Driver (TRI-STATE) ....... Memory Support
DP8417-80 64k/256k High Speed Dynamic RAM Controller/Driver (TRI-STATE) ....... Memory Support
DP8418 64k/256k High Speed Dynamic RAM Controller/Driver (32-Bit Systems) . ... ... Memory Support

DP8418-70 64k/256k High Speed Dynamic RAM Controller/Driver (32-Bit Systems) . . . . Memory Support
DP8418-80 64k/256k High Speed Dynamic RAM Controller/Driver (32-Bit Systems) . . .. Memory Support
DP8419-70 64k/256k High Speed Dynamic RAM Controller/Driver (16-Bit Systems) . . .. Memory Support
DP8419-80 64k/256k High Speed Dynamic RAM Controller/Driver (16-Bit Systems) . . . . Memory Support

DP8419X-70 256k to 1 Megabit Dynamic RAM Controller/Driver Bridge ............... Memory Support
DP8419X-80 256k to 1 Megabit Dynamic RAM Controller/Driver Bridge ............... Memory Support
DP8420 1 Megabit Programmable Dynamic RAM Controller/Driver ................... Memory Support
DP8422 1 Megabit Programmable Dynamic RAM Controller/Driver ..........ccovvue... Memory Support

DP8428-70 1 Megabit High Speed Dynamic RAM Controller/Driver (32-Bit Systems) . . .. Memory Support
DP8428-80 1 Megabit High Speed Dynamic RAM Controller/Driver (32-Bit Systems) . . . . Memory Support
DP8429-70 1 Megabit High Speed Dynamic RAM Controller/Driver (16-Bit Systems) . . . . Memory Support
DP8429-80 1 Megabit High Speed Dynamic RAM Controller/Driver (16-Bit Systems) . . . . Memory Support

DP8451-3 Winchester Hard Disk Data Synchronizer (10 MBit/Sec) ..........coovvvenen., Mass Storage
DP8451-4 Winchester Hard Disk Data Synchronizer (5 MBit/Sec) .........ccovvvvviiv.e.. Mass Storage
DP8455-3 Winchester Hard Disk Data Synchronizer (10 MBit/Sec) .........c..coovvvnnnn.. Mass Storage
DP8455-4 Winchester Hard Disk Data Synchronizer (5 MBit/Sec) ........c.ccvvuevvnne.. Mass Storage
DP8460 Winchester Hard Disk Data Separator ..........covvieiernrinrinrneenneeneennns Mass Storage
DP8461-3 Winchester Hard Disk Data Separator (10 MBit/Sec) . .........cccvvevuvnrnnn.. Mass Storage
DP8461-4 Winchester Hard Disk Data Separator (5 MBit/Sec) . .....ovvviveeninnnennnan. Mass Storage
DP8462-3 Winchester Hard Disk Data Synchronizer for 2, 7 Codes (10 MBit/Sec) .. ....... Mass Storage

DP8462-4 Winchester Hard Disk Data Synchronizer for 2, 7 Codes (5 MBit/Sec) .......... Mass Storage
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DP8463B Winchester Hard Disk 2, 7 Code to NRZ Encoder/Decoder. .......ceeveeenn.. Mass Storage
DP8464B-2 Winchester Hard Disk Pulse Detector ...........ccoviiiiniiiaiiniinnns, Mass Storage
DP8464B-3 Winchester Hard Disk Pulse Detector . .........cooviiiiiiiiiiiiinnnnn, Mass Storage
DP8465-3 Winchester Hard Disk Data Separator (10 MBit/Sec)..........ccvvviinnnt. Mass Storage
DP8465-4 Winchester Hard Disk Data Separator (5 MBit/Sec) ..........covevivinnnn. Mass Storage
DP8466 Disk Data Controller . ........covuuueiini ittt iiiiieeiieteneeeennane, Mass Storage
DP8466-12 Disk Data Controller (12 MBit/SecData) ...........cccviiiiiiinnnnn. Mass Storage
DP8466-20 Disk Data Controller (20 MBit/SecData) ........coeiviviierininnnneennnenn Mass Storage
DP8466-25 Disk Data Controller (25 MBit/SecData) ..........ooiviiiii i, Mass Storage
DP8470 Floppy Disk Data Separator and Write Precompensation ....................... Mass Storage
DP8472 Floppy Disk Controller PIUS . . ..o oot v ittt it eeannns Mass Storage
DP8474 Floppy Disk Controller PIUS . . . ..o oottt ciie i ennens Mass Storage
DP8480 10k ECLto TTL Level Translatorwith Latch ........ooouueeriiiiiiiiii ittt i i iineeiaenn 7-5
DP8481 TTLto 10k ECL Level TranslatorwithLatch ...........coooiiiiiiiiiiiii ittt 7-8
DP8482 100k ECL to TTL Level TranslatorwithLatch...............ooiiviiiiiiiiiiiiiines, 7-11
DP8483 TTL to 100k ECL Levei TranslatorwithLatch. ... e, 7-14
DP8500 Raster Graphics ProCessor .. ..o vvntiiiit ittt ininerineecennnnes Graphics
DP8506 Video Plane Controller . ... oottt ittt et iiiiee e s eninnaninnnens Graphics
DP8510 BITBLT ProcessingUnit . .......oouitiiiinriiiiiiiiii ittt inianennns Graphics
DP8512 Video ClocK GENerator . . ... oottt ittt e iiiniee et enrannaennnannes Graphics
DP8515 Video Shift Register . ........ovttiiiiii ittt ieeiariteeenrsnnnnnnnnennnsn Graphics
DP8516 Video ShiftRegister ..o Graphics
DP8520 Video DRAM Controller . .......coiiiii i ittt eeiieeianeees Graphics
DP84240 Octal TRI-STATE MOS DIiVEr . ..ottt e et ieee e taeessanetannnesenansanns 5-4
DP84244 Octal TRI-STATE MOS DIiVEN . .o oot ttii ittt inatessatesennsesoanennns 5-4
DP84300 Dynamic Ram Controller Programmable Refresh Timer ..................... Memory Support
DP84322 Dynamic RAM Controller Interface Circuit for 68000/008/010 CPU(s) ........ Memory Support
DP84412 Dynamic RAM Controller Interface Circuit for 32008/016/032 CPU(s) ........ Memory Support
DP84422 Dynamic RAM Controller Interface Circuit for 68000/008/010 CPU(s) ........ Memory Support
DP84432 Dynamic RAM Controller Interface Circuit for 8086/88/186/188 CPU(s) . ..... Memory Support
DP84512 Dynamic RAM Controller Interface Circuit for 32332CPU ...........ccvv... Memory Support
DP84522 Dynamic RAM Controller Interface Circuit for 68020 CPU ................... Memory Support
DP84532 Dynamic RAM Controller Interface Circuit for 80286 CPU ................... Memory Support
DS0025C Two Phase MOS CloCK DIIVET .. ..cnuetttti et eii e iieieenaernaeenrraneraeenas 5-9
DS0026 5 MHz Two Phase MOS CIOCK DIIVEr. . ..o v vt et eenteieeetenienersnessnnennesaceanss 5-13
DS0026C 5 MHz Two Phase MOS CloCK DFIVEr . ...v.viieeiit i it iraeneernnerneaeesannss 5-13
DS0056 5 MHz Two Phase MOS ClocK Driver. . . ..vvvii it iee e iveiiaeetnecrnneennnonncns 5-13
DS0056C 5 MHz Two Phase MOS Clock Driver . ......ivueittirieneiineneeranerareneeannns 5-13
DS1488 Quad LiNe DIiVer ...ttt ittt ettt ettt iene s naeeanraneeananenanananns 1-11
DS14C88 CMOS Quad RS232C DHIVer. . . vt vt et tteee e eeeaneaseeanesneesnesanesanennes 1-15
DS1489 Quad LINE RECEIVET ..ottt it ittt e i eiasesestranaresansaoens 1-21
DS1489A QUAd LiNEB RECEIVET ... ottt ittt ettt ittt et e e neeanneeeennnesannenenns 1-21
DS14C89A CMOS QuUad RS232C RECEIVEN . . . oo e evv et vt eeeiene et aeaeenneeeanneenaanaanns 1-15
DS1603 Dual LINE RECAIVET .. ..ot ittt ittt e et iaeiirenenretanarenanseenns 1-52
DS1628 Octal TRI-STATEMOS DIIVEr . . ...ttt t ettt et iet i e et eae et enrennsnnennes 5-24
DS1630 Hex CMOS Compatible Buffer. .. .....oouiriiii it iieiieeei i ianaeenannennns 7-17
DS1631 CMOS Dual Peripheral DIiver . ...ttt ittt e tireeeeeernaettanneannns 3-12
DS1632 Dual Peripheral Drver. ... .o. oottt it e it iene e nreaaarssenncssennaocns 3-12
DS1633 Dual Peripheral Driver. ... .. oottt ettt it enteieaneaannsaneneeraenssoenensnes 3-12
DS1634 Dual Peripheral DIVEr. ... oo vttt ittt e e eeanieesanttsaanasasnnesans 3-12
DS1645 Hex TRI-STATE MOS LatCh/ Driver . ..ottt ettt it eaiieeeeeenanesaanananns 5-27
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DS1648 TRI-STATE TTL-t0-MOS MUltipleXer/DriVer . . ... oot iviiii e it ineinanannss 5-38
DS1649 Hex TRI-STATE TTL-t0-MOS DrivVer . .ovvtiiiiiiiint it ieeneereereerennnsorannnennss 5-43
DS1650 Quad Differential Liner RECEIVEI . . ...ttt iet ittt tieieieetranetenannnnnns 1-60
DS1651 Quad High Speed MOS Sense AMPIifier .. ...c.vvve ittt iiie i iiieeanns 5-47
DS1652 Quad Differential LiIn@ ReCaIVEr ... vttt it it ettt iie e etnnneeaaneneas 1-60
DS1674 Quad TTL-10-MOS CloCK DIVEr « v vi it iittiiii ittt i etereeennnnsseannneesenaeens 5-53
DS1675 Hex TRI-STATE MOS LatCh/Driver . ..o v vviiiieete it eeeeennerenaraoannaeess 5-27
DS1678 TRI-STATE TTL-t0-MOS MUltiplexer/Driver. . . ...c.ovvii it iiiiiiiii i 5-38
DS1679 Hex TRI-STATE TTL-0-MOS Driver . ..viittiiie ittt ttteeeeietennieeannnnnns 5-43
DS1687 Negative Voltage Relay Driver ... ...ttt i i ettt ieeaaans 3-38
DS1691A (RS-422/RS-423) Line Driverwith TRI-SSTATE ... oot ettt eiiiiiiinnnrernennnnas 1-68
DS1692 TRI-STATE Differential Lin@ Driver. ... .vvvvttiiiiiiiiiiieientiiiereerenetereennnnns 1-74
DS16149 HeX MOS DVEE . oo vttt ittt ittt taanenreereeeesensenannssennnsonsnnnnnes 5-58
DS16179 HEX MO S DVT .« v it e ettt ettt eeee et eeeennnnnneeroseroseeneeeseaneseeennnnnns 5-58
DS26C31C CMOS Quad RS422 Differential Driver ......coviiviieiiiiiiiieeirenennrernananass 1-28
DS26C32C CMOS Quad RS422 Differential Receiver . ...covvivret i inieiiinirenereenannenes 1-35
DS26LS31C Quad High Speed Differential LineDriver ..........coiiiiiiiiiiiiiiiiiiiiieenn. 1-25
DS26L.S31M Quad High Speed Differential LINe Driver ........oovtviiiiiiiiiiiiiiiiiiiiieeennns 1-25
DS26L.S32C Quad Differential LIn@ RECEIVEr .. ..vvviereiir i iiiiittiernanaessieeeronesaanens 1-32
DS26LS32AC Quad Differential Line ReCEIVEr . ...ttt it tieieiiinnnranannennns 1-32
DS26L.S32M Quad Differential LIne ReCeIiVer ... vvivtni ittt ittt eiiieeeeeennnennnns 1-32
DS26LS33C Quad Differential LiIne ReCEIVEN .. ..vviteiiiitrieteteetciinnnnirineninnsneaneas 1-32
DS26LS33AC Quad Differential Lin@ ReCaiVer .....vvvvtriiieiie i viernnrinenenennnnens 1-32
DS26L.S33M Quad Differential LIn@ ReCeiVer ...ttt it iitiaeneriinnnreennnnenss 1-32
DS26S10C QUAad BUS TraNSCEIVET . . .ottt tetaneteeeeaeaeeennnsenssoneaensoannaeess 2-34
DS26S10M QUAd BUS TranSCaIVEE oottt vttt reerneneseseeeeenennanansnnensonannenans 2-34
DS26S11C QUAd BUS TranSCeOIVET . . .ottt etetteteeeninnnneaneeeereseannnnassesnnnesaseeeess 2-34
DS26ST11M QUAd BUS TraNSCEIVEE .« . vvvttttttitittteteeeetereeanestosneesesesesesseeasnenns 2-34
DS3245 QUad MOS CloCK DIVET .« o vttt it ettt ettt et etiieiaaeseesaannnesaennnnns 5-21
DS34C86 CMOS Quad RS422 Differential RECEIVET ...ttt ittt ieniiieerennieeeeeeeean 1-42
DS34C87 CMOS Quad RS422 Differential DIiver .. ...vviiiriitiiee it treeninneeeenneeeeeennns 1-48
DS3486 Quad RS422, RS428 LiNe RECEIVET . ..ttt ettt ettitieinneeenennaesaseoneenns 1-38
DS3487 Quad TRI-STATE LINE DrIVEr .. ottt ittt ittt eniieeeraenieeeeeerann 1-45
DS3587 Quad TRI-STATE LINE DriVer ..ottt ittt trerennnnaeeeeerneeseeeens 1-45
DS3603 DUal LiNE RECEIVEL ...\ttt ittt ittt eetee et eeeeennneeeeesonnneesseeeenn 1-52
DS3628 Octal TRI-STATE MOS DIVEr . . oottt ettt ittt iettanneteeeenaniassseenanns 5-24
DS3630 Hex CMOS Compatible BUffer. . .....vuteer it ie e et rrereeninennaeeannns 7-17
DS3631 CMOS Dual Peripheral DIiVEr ... ...vvtteeirt ittt reniaeannneraneerrasennnnens 3-12
DS3632 CMOS Dual Peripheral DIiVEr .. ...ovuueetentteinteerenneereanerniseeonseennsennnnns 3-12
DS3633 CMOS Dual Peripheral Diver . ..ottt ttiiiiiiieeeteeetennnnnseeeeennsnnnnnes 3-12
DS3634 CMOS Dual Peripheral DIiVer ... ...o.teeeritteeiienentetnaneeanaesaneeensssrannns 3-12
DS3645 Hex TRI-STATE MOS LatCh/Driver . .. vvvvvttiiiineiet et eeeerinnanneesrnnneaeaeenes 5-27
DS3647A Quad TRI-STATE MOS Memory I/ORegister . ......covvviiiiiniiiiiiiiiiinninn.s 5-32
DS3648 TRI-STATE TTL-10-MOS MUltipleXer/Driver. . ... .o.oueeerie i teea e ineeenneereerannnes 5-38
DS3649 Hex TRI-STATE TTL-t0-MOS DriVer ..o vttt ittt iientiiiineiinennnanenaens 5-43
DS3650 Quad Differential Line RECEIVEr ... ...ttt et ienianereennannnnnns 1-60
DS3651 Quad High Speed MOS Sense AmMPlifier. .. ... voeevnenitiiiieiiiiiineriiineeneeanens 5-47
DS3652 Quad Differential Line ReCEIVEr ... ..cviiiii ittt ittt iineieeeerenenneanens 1-60
DS3654 Printer Solenoid DIiVer ...ttt ittt ettt i titiet ettt e eaaaann 3-17
DS3656 Quad Peripheral DriVer . . ....ovviri it ittt it e e s iaanneeeenannnaaaanes 3-21
DS3658 Quad High Current Peripheral Driver .........coutiiutiitiiieieniiinieneearennenens 3-23
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DS3662 Quad High Speed Trapezoidal Bus TranSCeIVer ..........ceveeeutirereneneenncrreanss 2-39
DS3666 |IEEE-488 GPIB TranSCeIVET ..\ viverrreereeereeeeesonusnseseeeseeeessseisacasssnnnns 2-57
DS3667 TRI-STATE Bidirectional TranSCeIVEr . ....vvvettiererrrinneeeeerreasnnrereesonannanss 2-65
DS3668 Quad High Current Peripheral Driver . .....c.ovviiiiiiiiiiiiiiiiiiiienieinesinneeness 3-26
DS3669 Quad High Current Peripheral DIVEr . .....coiuiieiiie it iaeineianesaeiiens 3-29
DS3674 Quad TTL-t0-MOS CloCK DIVeE . v vvvtttten ittt eittieieeeerrerereseeeesaseenananns 5-53
DS3675 Hex TRI-STATE MOS LatCh/Driver .. oo vv ettt iiieietiiieeenerrereerroeennneonnanns 5-27
DS3678 TRI-STATE TTL-10-MOS Multiplexer/Driver. . ... vviiiiiiietieeeeirreeeereeasseneennns 5-38
DS3679 Hex TRI-STATE TTL-t0-MOS DIVl . .oviitiitiiiiiiiiiiieeeeeterereaereennennennnnns 5-43
DS3680 Quad Negative Voltage Relay Driver ..........c.uiiitiiiiiiiiiiiineneenneassreeennns 3-32
DS3686 Dual Positive Voltage Relay Driver . .......c.vvriiiiieiiniiieiiiiiieiarnnsanerotennss 3-35
DS3687 Negative Voltage Relay DIver .........oeviiiieiiiiieniineririnensssnsasseneeanas 3-38
DS3691 (RS-422/RS-423) Line Driverwith TRI-STATE ... iiiiii ettt ittt iiiiiereennnnnnnns 1-68
DS3692 TRI-STATE Differential Line Driver. . ..o vvtiiiiiiiiiie e eererrnesnnssnsnnnennnnnns 1-74
DS3695 Differential TRI-STATE Bus/Ling TranSCeIVEr .. ..vvvvveerninetrreaennreeeseanannenns 1-79
DS3695T Differential TRI-STATE Bus/Line TransCeIVer . ...ovvvrivreenreereeanneeereeesnannnns 1-79
DS3696 Differential TRI-STATE Bus/Line TransCeiVer . ...cvviiiierrreietererenereneonnnnnnnnes 1-79
DS3696T Differential TRI-STATE Bus/LiNe TranSCeiVer . .. .vvviiiiiiieiiiiireeeeeerenenanannnns 1-79
DS3697 Differential TRI-STATE Bus/Line Transceiver/Repeater. .........ccoviviiiiiiiiieennes 1-79
DS3698 Differential TRI-STATE Bus/Line Transceiver/Repeater...........covveivieeivnniennans 1-79
DS3862 Octal Trapezoidal Bus TranSCeIVer ... .ivvtiitiiiiitieieereerreeeronaneeenossnananns 2-70
DS3890 Octal FUIUIEDUS DIVET .« v ittt ittt ieeietiieesrereeerosasonssonsnnnsnnnnnns 2-76
DS3892 Octal FUtUrEbUS RECEIVET ...\ttt ittt et ieteerririenereeerennnnneeenonnanannnns 2-76
DS3893 Quad Futurebus Turbo TransSCeiver .. ..ot ot i ittt tennineeenerrinnnnnns 2-82
DS3896 Octal Futurebus Transceiver . ....oovvveeiennee.s et eeeeeetaeet et aesananan 2-87
DS3897 Quad FUtUrebUs TransCeIVer . . ...vv it i ittiit et eneeennnnnnneeeeeasnnnseesenennsans 2-87
DS3898 Octal FUtUrebUS REpeater ... ..vvetit vt iiit e eeneerintrarenarsnenneransaeronsanns 2-76
DS3BT149 HEX MO S DIVEr . . ittt ittt it ittt eeeeeettanranannsseseenosensssonnanns 5-58
DSBBT1 7O HEX MO S DIiVer. . .ottt ittt iiie et e teeneneeeenennasseesesnnnsensonnnannnns 5-58
DS7640 Quad NOR Unified BUS RECEIVET . ..cvutit it iiieteenneeennaarennerenneraanennnns 2-107
DS7641 Quad Unified BUS TraNSCeIVET .. .vuvvt it itiiiiiererterstssennnsseseonsnnseeenens 2-109
DS7800 Dual Voltage Level Translator. . .....o.vvutveieiieteeiiineennastennerenaeeanesnnnneess 7-21
DS7820 Dual Line RECEIVET ...\ttt ieri ittt ittt itaeeenneeennnensassransseroaneeanns 1-131
DS7820A DUAI LiNE RECEIVET . . .ttt ittt it etneerenneeeeansoeneorenesoannennns 1-135
DS7830 Dual Differential Line DRVer. ... ovtriiie ittt iiiieteeniiienaneennnrannerenasaanns 1-144
DS7831 Dual TRI-STATE LINe DIVl ..o vt vvi ittt ittt ieiiree e tenannnseerenennnnnens 1-148
DS7832 Dual TRI-STATE LINE DIVET vt it vtittietnieteneeeneeneeeneensroseneerasanannns 1-148
DS7833 Quad TRI-STATE BUS TranSCOIVET .. v\vi et irieneeanneeeeeeneeresreanessennesnns 2-112
DS7834 Quad TRI-STATE BUS TranSCeIVEr .. .vvvtitertiirniieetneeeeeeseessssesennnnsnsess 2-116
DS7835 Quad TRI-STATE BUS TTaNSCOIVET . ...viitetriirrinnnerrereeeennroneosennnnnssnsens 2-112
DS7836 Quad NOR Unified BUS RECEIVET ...t ov'vt ittt vverrienreesiraeenassesesssannanns 2-120
DS7837 Hex Unified BUS RECEIVEN . ...viiiit ittt iiii it iieennreenneennserennsnenns 2-122
DS7838 Quad Unified BUS RECEIVET - . .vviii ittt ieiieteiriiianeeeeernennseeeeasoennnnnns 2-125
DS7839 Quad TRI-STATE BUS TraNSCeIVET .. vvvtrtteteineninerineeeeisennnsseennnannnnnees 2-116
DS7880 High Voltage 7-Segment Decoder/DIVer .. .....cvuevntiniierneitaeeneiienseeasnsans 4-134
DS7889 8-Segment High Voltage Cathode Driver (Active-High Inputs) ...........c.coveeeievnenn. 4-145
DS7897A 8-Digit High Voltage Anode Driver (Active-Low Inputs) ........oovvvvienennenirieneans 4-145
DS78C20 Dual CMOS Compatible Differential Line Receiver. .. ......ccvviiiveiiiennnreenneenss 1-140
DS78C120 Dual CMOS Compatible Differential Line Receiver .........coveviiiiriienienereneanas 1-155
DS78L12 Hex TTL-MOS Inverter/Interface Gate ... ....vvureennreeriierennereneenonseeannnns 7-24
DS78LS120 Dual Differential Line Receiver (Noise Filtering and Fail-Safe ....................... 1-163
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DS8614 130/225 MHz Low Power Dual Modulus Prescaler . .....cooveiiienennnierinerneeennnans 8-6
DS8615 130/225 MHz Low Power Dual Modulus Prescaler . ....ocovviiviveinnieineerrnnnenenns 8-6
DS8616 130/225 MHz Low Power Dual Modulus Prescaler ......ccvviieiieennriennrnneenenns 8-6
DS8617 130/225 MHz Low Power Dual Modulus Prescaler .......oovviiiiiiiiniiininnnrennnnses 8-6
DS8621 275 MHz/1.2 GHZ VHF/UHF Prescaler . .....veeiiiiiiiiiiiieeieietinniisnssonnannns 8-10
DS8622 500 MHz/1.2 GHz Dual Modulus VHF/UHF Prescaler. .......coviiieiiiiniininronnannns 8-13
DSB8627 130/225 MHz Low POWer PresCaler . .....vureeeieierierisesreserocconnsnssesossansns 8-17
DS8628 130/225 MHzZ LOW POWET PresSCaler . ..uvvueteieieriieiereeeeeeereeannnnssaneeeannnns 8-17
DSB8629 120 MHz Divide-by-100 PreSCaler .. .......vveeeeretineeeenetteenaesirnaeeeneoannns 8-20
DS8640 Quad NOR Unified BUS RECEIVET . ..ot ettt etttierereerereeenennnnenensanesonnanen 2-107
DS8641 Quad Unified BUS TranSCeIVEr .. ..vvuiitiiiietiiriesesrieessertnnansssssssssssssans 2-109
DS8654 8-Output Display Driver (LED, VF, Thermal Printer) .........covviiiiiiiiieiinnininenes 4-115
DS8669 2-Digit BCD to 7-Segment Decoder/Driver. . ..o.oovveiiiriiiiiiiiiiiennne, e 4-119
DS8800 Dual Voltage Level Translator. . .......ouveet ittt i iiiieeenannns 7-21
DS8820 Dual LiNG RECEIVEF . ..ottt iiiinannienaeerososesasssssonsasanosssasssesnosssacs 1-131
DSB8820A Dual Ling ReCeIVEr. . ...ttt iiiieie ittt eeteeereeeorerosnnannnosssonesessassonss 1-135
DS8830 Dual Differential LIne DIiVer. . ... v vttt eteteeeeeerreeeeennsnonesaassonsanerons 1-144
DSB8831 Dual TRI-STATE LINE DriVer « v vttt ittt ieiiieeeeetreranesassesesenensosaeanens 1-148
DS8832 Dual TRI-STATE LiNe DrVET . ..o e vttt e et irenereresteeannronunraeseneoaneess 1-148
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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 mest 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

INTERFACE l

DATA DATA
IN out

.

CH1-1

EIA RS-423 Application

I‘_ INTERFACE
OATA >____$_.1>__

>

2!

DATA
out

Cl1-2




Differential Data Transmission (Continued)
EIA RS-422 Application

RS422
INTERFACE——I
A\ AN
77 P4
DATA DATA
N OPTIONAL| Ry ouT
AN \>—$—
77 7

The key features of RS-485:

m Implements a truly multipoint bus consisting of up to 32
drivers and 32 receivers

B An extended common-mode range for both drivers and
receivers in TRI-STATE and with power off (—7V to
+12V)

Ci11-3

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.

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
NN\ AN
RT | v M/ 4 /4 d T RT
120 120
OHMS N\ A\ OHMS
V4 77
]
D — Driver R
R — Receiver
T — Transceiver
Cihit1-4

Specification RS-232C RS-423 RS-422 RS-485
Mode of Operation Single-Ended Single-Ended Differential Differential
Number of Drivers and Receivers 1 Driver, 1 Driver, 1 Driver, 32 Drivers,
Allowed on One Line 1 Receiver 10 Receivers 10 Receivers 32 Receivers
Maximum Cable Length 50 feet 4000 feet 4000 feet 4000 feet
Maximum Data Rate 20 kb/s 100 kb/s 10 Mb/s 10 Mb/s
Driver Output Maximum Voltage +25V 6V —0.25Vto +6V —7Vto +12V
Driver Output Signal Level Loaded +5V +3.6V +2V +1.5V

Unloaded +15V 6V +5V 5V

Driver Load Impedance 3kQto 7 kQ 4500 min 10002 540
Maximum Driver Output Current Power On —_— —_— —_— +100 nA
(High Impedance State) Power Off | Vuax/3000 £100 pA £100 pA £100 pA
Slew Rate 30 V/us max Controls Provided —_— —_—
Receiver Input Voltage Range +15V +12Vv —7Vto +7V —-7Vto +12V
Receiver Input Sensitivity +3V +200 mV +200 mV +200 mV
Receiver Input Resistance 3k to 7 kN 4 kO min 4 k2 min 12 kQ min
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Line length 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.

10k

4k

-
=

-
=
=]

RECOMMENDED \

OPERATING
AREA

N

LINE LENGTH (FT)

N

10

100 1k 10K 100k
DATA MODULATION {BAUD RATE}
c112-1
UNBALANCED DRIVERS
Device Number ircuit: -Coll ;

Circuits Powt.er Open-Co! Ie: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 () TRI-STATE (mA) (\))] (ns) :

RS-232 DS1488 4 t9or £15 108/C +6 | £6or +9 200 1-11
RS-232 DS14C88 t9or £15 Internal +6 |+7o0r 11 1-15
RS-232 DS75150 +12 10S/C +10 +5 60 1-117
RS-423 DS3691 DS1691A +50r £5 TRI-STATE Yes CEXT +20 +2 200 1-68
MIL-188-114| DS3692 Ds1692 +5o0r £5 TRI-STATE Yes CEXT +20 +2 200 +10V Common-Mode 174

Range
3601/0 DS75121 Ds55121 Emitter Yes —100 2.4 10 500 Coax Driver 1-102
3601/0 DS75123 Emitter Yes —100 2.4 10 500 Coax Driver (IBM) | 1-104
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




Ll

UNBALANCED RECEIVERS

Device Number

Circuits

Power

Strobed

Input

Threshold

Propagation

Standard | commercial Military Per Supplies or Rg:':‘::je Hy::‘r;)a sis Range | Sensitivity Delay Comments P:g.e
0°Cto +70°C | —55°C to +125°C | Package () TRI-STATE V) v (ns)
RS-232 | DS1489 4 5 CEXT 250 +25 30 1-21
RS-232 DS1489A 4 5 CEXT 1150 +25 30 Preferential in 121
Applications to DS1489
RS-232 DS14C89A 4 5 +25 1-15
RS-232 DS75154 4 S5or15 CEXT 800 +25 22 1-121
RS-423 | DS26C32 4 5 TRI-STATE 1-35
RS-423 | DS26LS32C | DS26LS32M 4 5 TRI-STATE 100 7 +0.2 17 1-32
RS-423 | DS26LS32AC 4 5 TRI-STATE 100 +7 +0.2 23 Fail-Safe 1-32
RS-423 DS3486 4 5 TRI-STATE 100 *15 +0.2 25 1-38
RS-423 | DS34C86 4 5 TRI-STATE 1-42
RS-423 | DS88C20 DS78C20 2 5 Strobed CEXT 50 +25 +0.2 50 1-140
RS-423 DS88C120 DS78C120 2 5 Strobed CEXT 50 +25 *0.2 50 Fail-Safe 1-165
RS-423 DS88LS120 DS78LS120 2 5t015 Strobed CEXT 50 +25 +0.2 50 Fail-Safe 1-163
3601/0 | DS75124 3 5 Strobed 400 7 0.8t02 20 500 Coax. Receiver (IBM) | 1-106
3601/0 DS75125 7 5 —2/7 | 0.7t01.7 16 IBM Coax. Receiver 1-109
3601/0 | DS75127 7 5 —2/7 | 0.7t01.7 16 IBM Coax. Receiver 1-109
3601/0 | DS75128 8 5 Strobed —-2/7 | 0.7t01.7 16 IBM Coax. Receiver 1-113
3601/0 DS75129 8 5 Strobed —2/7 | 0.7t01.7 16 IBM Coax. Receiver 1-113
DS261.S33C | DS26LS33M 4 5 TRI-STATE 200 +15 +0.5 17 1-32
DS26LS33AC 4 5 TRI-STATE 200 +15 +0.5 23 Fail-Safe 1-32
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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- 1K
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.
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BALANCED DIFFERENTIAL TRANSMISSION LINE DRIVERS AND RECEIVERS (continued)

BALANCED DRIVERS
Device Number
; - cnf:r“s s';::lf;s Party-Line | 1o, sraTE | YOH (V) IVOI(}SQ) Pros:?aaﬂon Comments Page
Standard | Commercial Military Open Collector Application lox (MA) oL \ No.
0°Cto +70°C | —55°C to +125°C | Package | (V) v) (ns)
RS-422 | DS26C31 1-28
RS-422 DS26LS31C | DS26LS31M 4 5 Yes Yes 2.5/—20| 0.5/40 12 1-25
RS-422 | DS3487 DS3587 4 5 Yes Yes 2.0/—50] 0.5/48 15 1-45
RS-422 | DS34C87 1-48
RS-422 | DS3691 DS1691A 2 +50r £5 Yes Yes 2/—20 | —2/20 200 1-68
RS-422 | DS8921, 21A 1 5 No No 25/—-20] 0.5/20 12 Transceiver 1-170
RS-422 | DSB922 2 5 Yes Yes 25/—20| 0.5/20 12 Dual Transceiver with
DS8922A Driver/Receiver Pair | 1-175
Disable
RS-422 | DS8923 2 5 Yes Yes 2.5/—20| 0.5/20 12 Dual Transceiver with
DS8923A Separate Driverand | 1-175
Receiver Disables
RS-485 | DS3695 1 5 Yes Yes 15 Transceiver 1-79
RS-485 DS3686 1 5 Yes Yes 15 Transceiver with Line
N 1-79
Fault Reporting
RS-485 | DS3697 1 5 Yes Yes 15 Repeater 1-79
RS-485 DS3698 1 5 Yes Yes 15 Repeater with Line
" 1-79
Fault Reporting
RS-485 | DS75176A 1 5 Yes Yes Transceiver 1-126
DS8830 DS7830 2 5 No No 1.8/—40| 0.5/40 10 1-144
DS8831 DS7831 2 5 Yes Yes 1.8/—40| 0.5/40 10 1-148
DS8832 DS7832 2 5 Yes Yes 1.8/—40| 0.5/40 10 DS8831 without Voo
. 1-148
Clamp Diode
DS8924 4 5 Yes Yes 2.0/—48| 0.5/48 12 1-181
DS75113 DS55113 2 5 Optional Yes Yes 2.0/—40| 0.4/40 13 1-85
DS75114 DS55114 2 5 Optional 2.0/—40| 0.4/40 15 1-92
MM88C29 MM78C29 2 50r15 29/—-57| 0.4/11 100 CMOS
MM88C30 MM78C30 2 5or15 29/—57| 0.4/11 100 CMOS
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BALANCED RECEIVERS

Device Number Circuits | Power | Strobed Response | Hysteresis Common-Mode | Threshold | Propagation Page
Standard Commercial Military Per [Supplies or Control (mv) Range Sensitivity Delay Comments No.
0°C to +70°C|{ —55°C to + 125°C|Package (\)] TRI-STATE (\)] (\)] (ns)
RS-422 |DS26C32 4 . TRI-STATE 1-35
RS-422 [DS26LS32C |DS26LS32M 4 5 TRI-STATE 100 +7 +200 17 1-32
RS-422 [DS26LS32AC 4 5 TRI-STATE 100 +7 +200 17 Fail-Safe 1-32
RS-422 |DS3486 4 5 TRI-STATE 80 +10 +200 17 1-38
RS-422 |DS34C86 4 5 | TRI-STATE 1-42
RS-422 |DS88C20 DS78C20 2 5t015 | Strobed Yes 50 +10 +200 60 Fail-Safe CMOS Compatible | 1-140
RS-422 |DS88C120 DS78C120 2 5to 15 Strobed Yes 50 +10 +200 60 1-155
RS-422 |DS88LS120 |DS78LS120 2 5 Strobed Yes 50 +10 +200 50 1-163
RS-422 |DS8921 1 5 50 +7 +200 1-170
RS-422 |DS8921A 1 5 50 +7 +200 Low Skew 1-170
RS-422 |[DS8922 2 5 TRI-STATE 50 +7 +200 1-175
RS-422 (DS8922A 2 5 TRI-STATE 50 +7 +200 Low Skew 1-175
RS-422 |DS8923 2 5 TRI-STATE 50 +7 +200 1-175
RS-422 |DS8923A 2 5 TRI-STATE 50 +7 1200 Low Skew 1175
RS-485 |DS3695 1 5 TRI-STATE 70 +12/-7 +200 22 Transceiver 1-79
RS-485 | DS3696 1 5 TRI-STATE 70 +12/-7 +200 22 Transc.eiver with Line Fault 1-79
Reporting
RS-485 |[DS3697 5 TRI-STATE 70 +12/-7 +200 22 Repeater 1-79
RS-485 |DS3698 1 5 TRI-STATE 70 +12/-7 +200 22 Hepeayer with Line Fault 1-79
Reporting
RS-485 |[DS75176A 1 5 TRI-STATE 70 +12/-7 +200 Transceiver 1-126
DS3603 DS1603 2 t5 TRI-STATE +3 +25 17 1-52
DS3650 DS1650 4 +5 TRI-STATE +3 +25 10 1-60
DS3652 DS1652 4 +5 Strobed +3 +25 10 1-60
DS8820 DS7820 2 5 Strobed Yes +15 +1000 40 1-131
DS8820A DS7820A 2 5 Strobed Yes +15 +1000 30 1-135
DS75107 DS55107 2 - x5 Strobed *3 +25 17 1-52
DS75108 DS55108 2 - x5 Strobed *3 +25 17 1-52
DS75115 DS55115 2 5 Strobed Yes +15 +500 20 1-97
DS75208 2 +5 Strobed +3 +10 17 1-52
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DS 1488 Quad Line Driver

General Description

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

Features
m Current limited output
W Power-off source impedance

£10 mA typ

3000 min

m Simple slew rate contro! with external capacitor

| Flexible operating supply range
m Inputs are TTL/LS compatible

Schematic and Connection Diagrams
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[
INPUT o—f—$
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Typical Applications

Dual-In-Line Package
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Top View

I 7
GND
TL/F/5776-2

Order Number DS1488J, DS1488M or DS1488N
See NS Package Number J14A, M14A or N14A
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DS1488

Absolute Maximum Ratings (Note 1)

Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the assoclated

Storage Temperature Range

Maximum Power Dissipation® at 25°C

—-65°Cto +150°C

reliability electrical test specifications document. Cavity Package 1364 MW
Supply Voltage Molded DIP Package 1280 mwW
v+ +15V SO Package 974 mW
V- —18v Lead Temperature (Soldering, 4 sec.) 260°C
Input Voltage (Vi) —15V < Vjy £ 7.0V *Derate cavity package 9.1 mW/°C above 25°C; derate molded DIP pack-
Output Voltage +15V age 10.2 mW/°C above 25°C; derate SO package 7.8 mW/*C above 25°C.

Operating Temperature Range 0°Cto +75°C

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

Symbol Parameter Conditions Min Typ Max Units
L Logical ‘0" Input Current ViN = 0V -1.0 -1.3 mA
i1 Logical! “1” Input Current ViN = +5.0V 0.005 10.0 HA
VoH High Level Output Voltage | Ry = 3.0k, | V+ =9.0V,V— = —9.0V 6.0 7.0 \
\ VIN=08V | y+—132v,v-=-132v | 00 105 v
VoL Low Level Output Voltage RL=38.0k), | V+ =90.0V,V- = —0.0V —6.0 —6.8 \'/
VN=18V [ y+ —132v,v-=-132v | 0.0 | —105 v
+ i = =
" | shonoreutcumens | 0T TN 08 ~60 | -100 | -120 | mA
Rout Output Resistance V+ =V- =0V,Voyt = 2V 300 Q
lcct Positive Supply Current ViN = 1.8V vVt =9.0V,V—- = —9.0V 15.0 20.0 mA
(Output Open) V+ = 12V,V= = —12V 19.0 250 | mA
-] vt =18V,v- = —15v 25.0 34.0 mA
VN = 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
oo™ Negative Supply Current VIN = 1.8V V+ =90V,V- = —9.0V —13.0 -17.0 mA
(Output Open) e | vE = 12v,v- = —1av -180 | -230 | mA
V+ = 16V,V— = —15V —25.0 -34.0 mA
Vin = 0.8V V+ =g0V,V—- = —9.0V —0.001 | —0.015 | mA
V+ =12V,V- = —12V —0.001 —0.015 mA
V+ = 15V,V- = —15V —0.01 -25 mA
Py Power Dissipation V+ =90V,V- = —-9.0V 252 333 mW
) V+ =12V,V—- = —12V 444 576 mwW
Switching Characteristics (v = 9v, veg = ~9v, Tp = 25°0)
Symbol Parameter Conditions Min Typ Max Units
tpd1 Propagation Delay to a Logical ““1” R = 3.0kQ,C_ = 15pF, Tp = 25°C 230 350 ns
todo Propagation Delay to a Logical “0" RL = 3.0kQ,CL = 15pF, T4 = 25°C 70 175 ns
13 Rise Time R = 3.0k, C = 15pF, T4 = 25°C 75 100 ns
1 Fall Time R = 3.0kQ,C = 15pF, Ty = 25°C 40 75 ns
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be g d. Except for “Operating T 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 (AT7AV)
where C is the required capacitor, Isc is the short circuit
current value, and AV/AT is the slew rate. -

Typical Applications (continued)

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-MOS Transiator DTL/TTL-to-HTL Transiator
v "2V
1/6 DS1488 14 081400
oTL/TTL MOS QuTPUT oTL/TTL RTL QUTAUT
INPUT M -1V Tll -4V lm -LIVT0 1oV
10k
-12v = ~12v
TUF/5T76-4 TUF/57768-5
DTL/TTL-to-RTL Transiator
+12v
1/4 031438
oTLTTL RTL OUTPUT
INPUT % % =0 Zwvroaaw
-12v Qv <
TL/FI5776-8
AC Load Circuit and Switching Time Waveforms
‘ v

Vour

TL/FIST78-7
*C,, includes probe and jig capacitance.

e

Vout ey r

—= Y | Y
t and Y are measured 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
Load Capacitance
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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 or CCITT V.24 stan-
dards.

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 pA 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 or CCITT V.24 standard
B Low power consumption
m Pin-for-pin equivalent to DS1488/MC1488 and
DS1489/MC1489
m Low Delay Slew
B DS14(C88 Driver
— Power-off source impedance 3002 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 hysterisis

Connection Diagrams
DS14C88 Dual-In-Line Package

Iu 13 12 ln 10 9 3

I1 l 3 [ I 5 | ] |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 ouTPUT INPU1 OUTPUI
D

TTTTTT

INPUI NC  QutPuT IN'U'I NC ouTteur  GNO
A 8

TL/F/8508-2

Order Number DS14C89AJ, DS14C89AM or DS14C89AN
See NS Package Number J14A, M14A or N14A
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DS14C88/DS14C89A

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

Operating Conditions

Specifications for Military/Aerospace products are not Min Max
contained in this datasheet. Refer to the associated Supply Voltage V+ (GND = 0V) +4.5V +12.6V
reliability electrical test specifications document. Supply Voltage V- (GND = 0V) —45V —12.6V
Voltage at Any Input Pin (V1+)+0.3Vto GND—0.3V Temperature Range 0°C +70°C
Voltage at Any Output Pin —25Vto +25V
Storage Temp. —65°C to +150°C
Power Dissipation (See Note 2)
Junction Temperature +150°C
Lead Temp. (Soldering 10 seconds) +260°C
DC Electrical Characteristics
Ta = 0°Cto +70°C, Vt = 4.5V to 12V, GND = 0V, V— = —4.,5V to —12V unless otherwise specified
Symbol Parameter Conditions Min Max Units
(T Maximum Input Current Vin = GNDorv™* —10 10 pA
Vin High Level Input Voltage 2.0 Vop \
Vi Low Level Input Voltage vt >7v, v~ < -7V GND 0.8 v
vt <7V,V™ 2> -7V GND 0.6 v
VoH High Level Output Voltage VIN=ViL
Ry = 3kQ or 7kN
V+ = +45V,V—- = —45V 3.0 \
V+ = 4+9V,V—- = -9V 6.5 v
V+ = +12V,V— = —12V 9.0 \'4
VoL Low Level Output Voltage VIN = VH
RL = 3kQ or 7k
V+ = +45V,V- = —45V -3.0 \
V+ = +9V,V- = -9V —6.5 \
V+ = +12V,V- = —12V —9.0 \)
lost+ High Level Output VIN = ViL +45 mA
Short Circuit Vout = GND
Current (Note 3) Vt+ = +12V,V— = —12V
los— Low Level Output VIN = VIH —45 mA
Short Circuit Vout = GND
Current (Note 3) V+ = +12V,V~ = 12V
Rout Output Resistance VvVt =V- =0V 300 Q
—2V < Vpyt S 2V
lcc+ Positive Supply Current Vin = Vi, RL = open
(per package) V+ = +4.5V,V- = —4.5V 10 pA
V+ = +9V,V—- = —gV 30 nA
V+ = +12V,V- = —12V 60 kA
ViN = Vi, RL = open
V+ = +45V,V— = —45V 30 pA
V+ = +9V,V—- = —gV 190 RA
CVE = 4+12V,V- = —12V 425 pA
lcc— Negative Supply ViN = VL, RL = open
Current (per V+ = +45V,V- = —45V -10 pA
package) V+ = +9V,V- = -9V -10 pA
vVt = +12V,V- = —12V —-10 pA
Vin = ViH, RL = open
V+ = +45V,V—- = —45V -30 RA
vVt = 4+9V,V- = -9V -30 pA
V+ = +12V,V- = —12V —60 pA

Note 1: “Absoclute 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: log+ and log— values are for one output at a time. If more than one ocutput is shorted simultaneously, the device dissipation may be exceeded.
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DS14C88 Quad CMOS Line Driver
AC Electrical Characteristics 15 = 0°Cto +70°C, v+ = +4.5Vto 12V, GND = 0V,

V- = —45Vto —12V, RL = 3 k2, C_ = 50 pF unless otherwise specified (Notes 4 and 5).
Symbol Parameter Conditions Min Typ Max Units
tpd1 Propagation Delay Vt = +45V,V- = —45V 6.0 us
to a Logic “1" Vt = +9V,V- = -9V 5.0 s
Vt = +12V,V- = —12V 4.0 us
tpdo Propagation Delay Vt = +45V,V- = —4.5V 6.0 us
to a Logic “0"” Vt+ = 4+9V,V— = -9V 5.0 us
vVt = +12V,V- = —12V 4.0 us
t t Output Rise and Fall Time (Note 6) 0.2 us
tsk Typical Propagation Delay Skew vVt =12V,Vv- = —12V 400 ns
Sp Output Slew Rate RL=3kQto7kn 30 V/ps
(Note 6) 156pF < C £ 25nF
Note 4: AC input wavetorms for test purposes:
t =t < 20 s, Vjy = 20V, Vi = 0.8V (0.6VatV? = 45 V™ = —45V)

Note §: Input rise and fall times must not exceed 5 ps.

Note 6: 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

Vin Vour
K S0pF*

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

Switching Time Waveforms

1.5V 1.5V

20V
08v

Vin A—-\ L
PHL ‘PLH“]
50%

t, and t are measured 0%

between +3V and
—3V of the output
waveform.

TL/F/8508-8
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DS14C88/DS14C89A

DS14C89A Quad CMOS Line Receiver

Absolute Maximum Ratings (Note 1) Operating Conditions

Specifications for Military/Aerospace products are not Min Max
contained In this datasheet. Refer to the associated Supply Voltage Vg (GND=0V) +4.5V +5.5V
reliability electrical test specifications document. Temperature Range 0°C +70°C
Voltage at Any Input Pin —30Vto +30V

Voltage at Any Output Pin (Vco) +0.3Vto GND — 0.3V

Storage Temperature —65°C to +150°C

Power Dissipation 500 mW at +70°C

Junction Temperature +150°C

Lead Temp. (Soldering 10 sec) +260°C

DC Electrical Characteristics
Ta = 0°Cto +70°C, +4.5 < Vgc < 5.5V, GND = 0V, unless otherwise specified

Symbol Parameter Conditions Min Typ Max Units

V14 Input High Threshold Voltage 13 2.5 \

V1L Input Low Threshold Voltage 0.5 1.7 \

VH Typical Input Hysteresis 1.0 \

IiN Input Current ViN = +25V 3.6 8.3 mA
VIN = —28V —3.6 —8.3 mA
ViN = +3V +0.43 +1.0 mA
VN = =3V ~0.43 -1.0 mA

VoH Output High Voltage VN = V7L (min) 2.8 \"
loutr = —3.2mA

VoL Output Low Voltage ViN = VTH(max) 0.4 \
lour = +3.2mA

lcc Supply Current RL = open +900 pA
ViN = V1H (max)
or V1 (min)

AC Electrical Characteristics
Ta = 0°Cto +70°C, +4.5V < Voo < +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 us 6.5 ps
tPHL Propagation Delay to a Logic “0"” Input pulse width = 10 us 6.5 us
tsk Typical Propagation Delay Skew 400 ns
t Output Rise Time 300 ns
tf Output Fall Time 300 ns
thw Pulse Width Assumed to be Noise 1.0 us

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; = t = 200 ns, Vi = +3V, V) = —3V, f = 20 kHz.




DS14C89A AC Test Circuit
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Typical Applications for DS14C88 and DS14C89A
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DS14C88/DS14C89A

Block Diagrams
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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 DS1489/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

W “Fail safe” operating mode

B Inputs withstand +30V

Schematic and Connection Diagrams

Dual-In-Line Package

RESPONSE RESPONSE
INPUT  CONTROL DUI”JPUT IM":UT CONTROL nu‘rtm'l
) C

(V4 of unit shown)

CONTROL

A&

INPUT
>
<
> 10k
b3

'P
Re H ouTeUT
RESPONSE AAA
V

Vee [)
13 |12 ||| ||u l 3

),‘ TH
']

Q GND

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

TL/F/8777-1

1 lz |3 |4 |5 |e |7
INPUT  RESPONSE  OUTPUT  INPUT  RESPONSE OUTPUT  GND
A CONTROL A B CNTROL B
A B

TUF/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
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TL/F/5777-4

v68¥1SA/68¥1SA




DS1489/DS1489A

Absolute Maximum Ratings (ote 1)

Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the assoclated

reliability electrical test specifications document.

Power Supply Voltage i0v
Input Voltage Range 30V
Output Load Current 20 mA
Power Dissipation (Note 2) 1w

Operating Temperature Range
Storage Temperature Range

Maximum Power Dissipation* at 25°C

Cavity Package 1308 mW
Molded DIP Package 1207 mW
SO Package 1042 mW
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.

0°Cto +75°C -

—65°Cto +150°C

Electrical Characteristics (Notes2,3and 4)
DS1489/DS1489A: The following apply for Voo = 5.0V £1%, 0°C < Ta < +75°C unless otherwise specified.

Symbol Parameter Conditions Min Typ Max | Units
VTH Input High Thresho!d Voltage | Vout < 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 \
V1L Input Low Threshold Voltage | Vour = 2.5V, Ta = 25°C 0.75 1.00 1.25 \"
lout = ~0.5mA 0.65 135 | v
IIN Input Current ViN = +25V +3.6 +56 | +83 mA
ViN = —25V -86 | —56 | —83 | mA
ViN = +3V +0.43 | +0.53 mA
ViN = —3V —0.43 | —0.53 mA
Vou Output High Voltage loutr = —0.5mA | Viy = 0.75V 2.6 3.8 5.0 Vv
Input = Open 2.6 3.8 5.0 \
VoL Output Low Voltage ViN = 3.0V, oyt = 10mA 0.33 0.45 \
Isc Output Short Circuit Current | V)y = 0.75V -3.0 mA
lcc Supply Current ViN = 5.0V 14 26 mA
Pgq Power Dissipation ViN = 5.0V 70 130 mW
Switching Characteristics vcc = 5v, T4 = 25°C
Symbol Parameter Conditions Min Typ Max Units
tpd1 Input to Qutput “High” Ry = 3.9k, (Figure 1) (AC Test Circuit) 28 85 ns
Propagation Delay
tpdo Input to Qutput “Low” R = 3909, (Figure 1) (AC Test Circuit) 20 50 ns
Propagation Delay
t Output Rise Time RL = 3.9k, (Figure 1) (AC Test Circuit) 110 175 ns
ts Output Fall Time RL = 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 Characteristics vcc = 5.0Vpc, Ta = +25°C unless otherwise noted
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DS1489/DS1489A

Typical Characteristics vcc = 5.0 Vpg, Ta = +25°C unless otherwise noted (Continued)
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DS26LS31C/DS26LS31M Quad High

Speed Differential Line Driver

General Description

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

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

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

Features

m Output skew—2.0 ns typical

m Input to output delay—10 ns

m Operation from single 5V supply

| 16-pin hermetic and molded DIP package

m Outputs won't load line when Vg = 0

& Four line drivers in one package for maximum package
density

m Output short-circuit protection

m Complementary outputs

B Meets the requirements of EIA Standard RS-422

m Pin compatible with AM26LS31

| Available in military and commercial temperature range

m Glitch free power up/down

Logic and Connection Diagrams

ENABLE ENABLE INPUT D INPUTC

INPUT B INPUT A

@ .

GND Vg OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT  OUTPUT
D2 D1 ©2 (3] B2 B A2 a1
TL/F/5778-1
Dual-In-Line Package
INPUT A — — 5v
2 LS. input
CHANNEL A | | uro
OUTPUTS| 3 14
}CHANNELD
S—— 13 [ outputs
5 12
CHANNEL B ENRBLE
ouTPUTS | 6| 1
]I:HANNELC
— 10 [outpuTs
8
ano— L2 InpuT C

TL/F/5778-2

W1£S79250/01€S192S0

Top View
Order Number DS26LS31CJ, DS26LS31CM,
DS26LS31CN or DS26LS31MJ
See NS Package Number J16A, M16A or N16A
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DS26LS31C/DS26LS31M

Absolute Maximum Ratings (Note 1)

Operating Conditions

Specifications for Military/Aerospace products are not Min Max Units
contained in this datasheet. Refer to the associated Supply Voltage, Vcc
reliabllity electrical test specifications document. DS26LS31M 4.5 5.5 v
Supply Voltage v . DszeL‘sm . 4,75 5.25 A
emperature, Ta
Input Voltage v DS26LS31M -85 +125 °c
Output Voltage 5V DS261L.831 0 +70 °C
Qutput Voltage (Power OFF) —0.25to 6V
Maximum Power Dissipation* at 25°C
Cavity Package 1509 mW
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 (Notes 2, 3and 4)
Symbol Parameter Conditions Min Typ Max Units
VoH Output High Voltage loH = —20mA 2.5 v
VoL Output Low Voltage loL = 20mA 0.5 \
VIH Input High Voltage 2.0 \Y
ViL Input Low Voltage 0.8 Vv
hL Input Low Current Vin = 0.4V —40 —200 HA
IH Input High Current ViN = 2.7V 20 pA
h Input Reverse Current VIN=7V 0.1 mA
lo TRI-STATE Output Current Vo = 2.5V 20 pA
Vo = 0.5V -20 pA
VoL Input Clamp Voltage Iin= —18 mA -1.5 \
Isc Output Short-Circuit Current —-30 —-150 mA
lcc Power Supply Current All Ou.tputs Disabled a5 60 mA
or Active
Switching Characteristics vqc = 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 = 30pF 2.0 6.0 ns
Wz Enable to Output CL = 10 pF, S2 Open 15 35 ns
tHz Enable to Output CL = 10 pF, S1 Open 15 25 ns
tz2L Enable to Output C_ = 30 pF, S2 Open 20 30 ns
tzH Enable to Output CL = 30pF, 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 DS26LS31. All typicals are given for Vo = 5V and T4 = 25°C.

Note 3: Ali 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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AC Test Circuit and Switching Time Waveforms
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Note: S1 and S2 of Ioad circuit are closed except where shown.

FIGURE 1. AC Test Circuit

v ENABLE DISABLE
INPUT v
[I.av X ENABLE INPUT - \
uv—} \
—] 1PLH tPHL ov
tpzL
OUTPUT 1.3V
—_— tpLz — 0.5V
OUTPUT "av PLZ !
— $2 OPEN -
VoL T
OUTPUT 13v Vou
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TL/F/5778-4 -

f=1MHz, t, <15ns, i < 6ns

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

FIGURE 3. Enable and Disable Times

Typical Applications

Two-Wire Balanced System, RS-422

ENABLE _
| 1/4 DS26L532
DATA
DATA ouTPUT
1/4 DS26LS31

E
S IO o
1T
N
[
S

TL/F/5778-6
*Ry is optional although highly recommended to reduce reflection.
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DS26C31C
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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 DS26L.S31.
Allinputs are protected against damage due to electrostatic
discharge by diodes to V¢ and ground.

Features

B TTL input compatible

m Typical propagation delays: 10 ns

| Typical output skew: 0.5 ns

m Outputs won't load line when Vg = OV

B Meets the requirements of EIA standard RS-422

B Operation from single 5V supply

| TRI-STATE outputs for connection to system buses
B Low quiescent current

Logic and Connection Diagrams

Dual-In-Line Package
ENABLE  ENABLE INPUT D INPUT C INPUT B INPUT A
T T INPUTA—‘- .‘I_S_“
2 ALETY
CHANNELA
outPuTS| 3 14
- lcnmn:w
4 13 [ outputs
® > g ENABLE ~=—t —
5 12 NReE
L L tNMNELBl ‘ "
T
GND vee ou;;ut ougur ouguv oug:’ut ou;;ur ou:lrur qu;ur oux:uv ouTPUTS| 6 ] —l CHANNELE
7 10 [ outputs
TL/F/8574-2 INPUT 8 e p—
P L
Truth Table
TL/F/8574-1
Active High|Active Low Input Non-Inverting| Inverting Top View
Enable Enable 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 = Irelevant

Z = TRI-STATE (high impedance)
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Absolute Maximum Ratings (Notes 1&2) Operating Conditions n
Specifications for Military/Aerospace products are not Min  Max Units 8
contained in this datasheet. Refer to the associated Supply Voltage (Vo) 475 525 \" purrd
rellability electrical test specifications document. DC Input or Output Voltage o
Supply Voltage (Vcc) ~0.5t0 7.0V Vine Vour) 0 Vee \
DC Input Voltage (V|n) —1.56t0 Vo +1.5V Operating Temperature Range (T4) —40 +85 °C
DC Output Voltage (Vout) —0.5t0 Vg +0.5V Input Rise or Fall Times (t, t;) 500 ns
Clamp Diode Current (I|k, lok) +20 mA
DC Output Current, per pin (loyt) +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 Vce = 5V £5% (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 = Vigor Vi,
25 \
louT = —20 mA
VoL Low Level Output VIN=Vigor Vi, 05 v
Voltage lour = 20 mA )
Vr Differential Output RL = 100Q 20 v
Voltage (Note 5) '
vyl = [Vl Difference In RL = 1000 04 v
Differential Output (Note 5) ’
Vos Common Mode RL = 1000 3.0 v
Output Voltage (Note 5) ’
[Vos — Vosi Difference In RL = 1000 04 v
Common Mode Output (Note 5) ’
N Input Current VIN = Vce, GND, Vi, or V)i +1.0 pA
lec Quiescent Supply lout = 0 pA,
Current ViN = Vcgor GND 200 pA
VIN = 2.4V or 0.5V (Note 6) 0.8 mA
loz TRI-STATE OQutput Vourt = Ve or GND
Leakage Current ENABLE = V|, +0.5 +0.5 HA
ENABLE = V|4
Isc Output Short ViN = Vcgor GND _ _
Circuit Current (Note 7) 30 150 mA
lorr Output Leakage Current Vec =0 Vour = 6V 100 pA
Power Off Vour = —0.25V ~100 A
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 p (] ing~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 Vo = 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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DS26C31C

Switching Characteristics vqc = 5V £5%,t, = t; = 6 ns (Figures 1, 2, 3and 4) (Note 4)

Symbol ) Parameter Conditions Min Typ Max Units
tPLH, tPHL Propagation Delay CL = 50pF 8 ns
Input to Output
Skew (Note 8) CL = 50 pF 0.5 ns
tLH, tTHL Differential Output Rise CL = 50 pF 4 ns
And Fall Times
tpzH Output Enable Time CL = 50 pF
18 ns
S1 Open
tpzL Output Enable Time CL = 50 pF
19 ns
S2 Open
tpHZ Output Disable Time CL = 50 pF 9 ns
(Note 9) 81 Open
tpLz Output Disable Time CL = 50pF 9 ns
(Note 9) S2 Open
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. The added delay is typically 1 ns for tp; z and 0.6 ns for tpz.

Note 10: Cpp determines the no load dynamic power consumption, Pp = Cpp Vo2 f + Icc Viee, and the no load dy ic current ¢
Icc

AC Test Circuit and Switching Time Wavefo_rms

TEST |

POINT Vee
100
FROM OUTPUT ,_o{
UNDER TEST -
‘D
Cy (INCLUDES P&l
b3

PROBE AND JIG
CAPACITANCE)

Is = CppVcef +

\

[

g

g !

tPHZ = "}l a5V

TL/F/8574-3
Note: S1 and S2 of load circuit are closed except where shown.
FIGURE 1. AC Test Circuit
ENABLE DISABLE
ENABLE INPUT 3V
v : f=1MHz, t; <6ns, 1.3v
INPUT ( tr<6ns
f=1MHz, t;<6ns, 13v v
ty<6ns ov ; tpzL
- tPLH tPHL
OUTPUY 13v
OuTPUT 1.3v §2 OPEN )
—_— : VoL
OUTPUT 13V
OUTPOT 13v $1 OPEN :
tPHL =] tPLH tPzH

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

TL/F/8574-5

FIGURE 3. Enable and Disable Times
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AC Test Circuit and Switching Time Waveforms (continued)

v

INPUT / \
oV
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FIGURE 4. Differential Rise and Fall Times

AL
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Input pulse; f =1MHz, 50%; ty=t¢<6ns.
TL/F/8574-7

Typical Applications

Two-Wire Balanced System, RS-422
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DS26LS32C/DS26L.S32M/DS26LS32AC/DS26LS33C/DS26LS33M/DS26LS33AC
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DS26LS32C/DS26LS32M/DS26LS32AC/DS26LS33C/
DS26LS33M/DS26LS33AC Quad Differential Line

Receivers

General Description

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

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

Both the DS26LS32A and DS26LS33A differ in function
from the popular DS26L.832 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

® High differential or common-mode input voltage ranges
of £7V on the DS26LS32 and DS26LS32A and 15V
on the DS26L.S33 and DS26LS33A

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

® Input fail-safe circuitry on the DS26LS32A and
DS26LS33A

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

® 6k minimum input impedance

®m 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

full military and commerical operating temperature ranges. m Pin replacement for Advanced Micro Devices
AM26LS32
Logic Diagram
ENABLE N DI Ill D1 IN CI Ill c1 INB2 INB1 IN Al IM Al
GND Vgc OUTPUT D 0I.ITIUT 14 :IUYHIT B GUI‘PUT A
TL/F/5255-1
Connection Diagram Truth Table
Dual-In-Line Package ENABLE ENABLE Input Output
i-Z
A U o e 1 1 X Hi
.m.m{ 5] " See Vip2 ViH(Max) | 1
_3 - :] INPUTS B Note Below Vip < V14 (Min) 0
oUTPUT A - : Open 1*
ENABLE —5@ -‘-z-mm’u'r B HZ = TRISTATE
ouTRUTC - ENAELE *DS26L.532A and DS26LS33A only
al . 1L outeut 0 Note: Input conditions may be any combination not defined for ENABLE
INPUTS c{ 7 ]%4 10 and ENABLE.
ono= - 1.} TS0 Order Number DS26L.S32MJ, DS26L§32CJ,
DS26LS32CM, DS26LS32CN, DS26L.S32ACJ,

TL/F/5255-2
Top View

DS26LS32ACN, DS26LS32ACM, DS26LS33MJ,
DS261.S33CJ, DS26LS33CN, DS26LS33ACJ
or DS26LS33ACN
See NS Package Number J16A, M16A or N16A

1-32




Absolute Maximum Ratings (Note 1)

Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the associated
reliabllity electrical test specifications document.

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 DS26L.532 1002 mW
DS26LS232A 1051 mW

*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 DS26LS32

8.41 mW/°C for DS26L.S32A

Storage Temperature Range

Lead Temperature (Soldering, 4 seconds)

Operating Conditions
Min
Supply Voltage, (Vo)
DS26L.S32M, DS26L.S33M 45
(MIL)
DS26LS32C, DS26LS33C 4.75
DS26LS32AC, DS26LS33AC
(COML)
Temperature, (Ta)
DS26LS32M, DS26LS33M —-55
(MIL)
DS26L.S32C, DS26LS33C 0
DS26LS32AC, DS26LS33AC
(COML)

Max

55

5.25

+125

+70

—65°Cto +165°C
260°C

Units

v

v

°C

°C

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

JVEEST192SA/NEEST9TSA/IE€ST92SA/OV2ESTITSA/NZEST92SA/I2€5192Sd

Symbol Parameter Conditions Min Typ Max | Units
VTH Differential Input VouTt = Vo | DS26LS32, DS26LS32A, —7V < Voy < +7V | —0.2| £0.07| 0.2 '
Voltage orVoL DS26L.S33, DS26LS33A, —15V < Vom 15V | —0.5 | £0.14 0.5 \
Rin Input Resistance —15V < Vgom < + 15V (One Input AC GND) 6.0 8.5 kQ
IIN Input Current (Under | Vi = 15V, Other input —15V < V|y < +15V 23 mA
Test) Viy = —15V, Other Input —15V < Vi < + 15V -28 | mA
VoH Output High Voltage | Voo = MIN, AVin = 1V, Commercial 2.7 4.2 Y
VENABLE = 0.8V, lon = —440 pA | \pjtary 25 | 42 v
VoL Output Low Voltage | Voc = Min, AV)Ny = —1V, loL =4mA 04 v
VENABLE = 0.8V loL = 8 mA 045 | V
ViL Enable Low Voltage 0.8 v
Vil Enable High Voltage 2.0 v
V| Enable Clamp Voc = Min, jy = —18 mA 15 v
Voltage
lo OFF-State (High Vce = Max Vo = 2.4V 20 pA
Impedance) Output
Current Vo = 0.4V —20 | pA
e Enable Low Current | V)y = 0.4V —0.36 | mA
I Enable High Current | V)N = 2.7V 20 pA
Isc Output Short-Circuit | Vo = 0V, Voo = Max, AV|y = 1V —15 -85 | ma
Current
lcc Power Supply Voo = Max, All Viy = GND, DS26LS32, DS26LS32A 52 70 mA
Current Outputs Disabled DS26L.533, DS26LS33A 57 | 80 | ma
I Input High Current VIN = 5.5V 100 pA
VHysT | Input Hysteresis Ta = 25°C, Voo = 5V, DS26LS32, DS26S32A 100 mV
Vem = OV DS26L.533, 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 Vcg = 5V, T4 = 25°C.
Note 4: Only one output at a time should be shorted.
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DS26LS32C/DS26LS32M/DS26LS32AC/DS26LS33C/DS26LS33M/DS26LS33AC

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

Symbol Parameter Conditions DS26L.532/DS26LS33 DS26LS32A/DS26LS33A Units
Min Typ Max Min Typ Max
tpLH Input to Output CL= 15pF 17 25 23 35 ns
tPHL 17 25 23 35 ns
iz 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
TEST
POINT Vee
FROM QUTPUT 0—-‘\2‘/\«—T
UNDER TEST

ALL DIODES
1N916 OR
1N3064

>
¢, INCLUDES on
PROBE AND JIG &5k

CAPACITANCE

Propagation Delay (Notes 1 and 3)

Vou v

TL/F/5255-3

Enable and Disable Times (Notes 2 and 3)

ENABLE / \
OUTPUT . 13v INPUT 13v ‘
oL
tLH thHL, ‘2L Lz
25V ouTPUT ~45V b 0.5v
OPPOSITE PHASE o NORMALLY ‘1.3V d ~1.5v
INPUT TRANSITION LOW VoL N =7
-2V v tzn thz { f
TL/F/5255-4 OH L
OUTPUT \
Note 1: Diagram shown for ENABLE low. NORMALLY ) 0PEN7£ c}—~1 5V
Note 2: S1 and S2 of load circuit are closed HIGH gy 05V
except where shown. TL/F/5255-5
Note 3: Pulse generator for all pulses: Rate < 1.0
MHz; Zo = 50Q;t, < 15 ns; 4 < 6.0 ns.
Typical Applications
Two-Wire Balanced Systems, RS-422
ENABLE ! I
|r | 1/4 DS26LS3ZA
z Z DATA
DATA o1 2 ouTPUT
1/4 DS26LS31 ! !
1 ] -
| |
TL/F/5255-6
Single Wire with Common Ground Unbalanced Systems, RS-423
1/4 053891 | |
DATA } 1/4 DS2605328
7| |2, + DATA
_L : P OUTPUT

GROUND RETURN COMMON
TO SEVERAL SIGNAL WIRES

TL/F/5255-7
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National
Semiconductor
Corporation

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

m Low power CMOS design

B +0.2V sensitivity over the entire common mode range
m Typical propagation delays: 15 ns

m Typical input hysteresis: 50 mV

m Input fail-safe circuitry

| Inputs won't load line when Vg = OV

m Meets the requirements of EIA standard RS-422

® TRI-STATE outputs for connection to system buses

Logic Diagram

ENABLE IND2 IND1

N

ENABLE

IN C2

INC1 INB2 [NB1 INA2 INA1

Loy

GND vee OUTPUT D
Connection Diagram
Dual-In-Line Package
_ — Vce
mrursn[ 2 % s
%]_ INPUTS B
OUTPUT A 2 * -1]
ENABLE —L@ 3 outeute
QUTPUT C = 1 12 EABLE
iy 1L utputD
INPUTS C [ - 1o
INPUTS D
I i ==

TL/F/8674~2
Top View

Order Number DS26C32CJ, DS26C32CM,

DS26C32CN, DS26C32MJ or DS26C32MN
See NS Package J16A, M16A or N16A

?v'
Ao

OUTPUT C OUTPUT B OUTPUT A
TL/F/8674-1
Truth Table
ENABLE ENABLE Input Output
0 1 X Hi-Z

See Vip 2 VrH (Max) 1

Note Below Vip < V14 (Min) 0

Open 1

Hi-Z = TRI-STATE
Note: Input conditions may be any combination not defined for ENABLE and
ENABLE.
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DS26C32C

Absolute Maximum Ratings (Notes 12 2)

Operating Conditions

Specifications for Military/Aerospace products are not Min Max Units
contained In this datasheet. Refer to the associated Supply Voltage (Vo) 475 525 v
reliability electrical test specifications document. Operating Temperature Range (Ta) —40  +85 oc
Supply Voltage (Vcc) v Enable Input Rise or Fall Times 500 ns
Common Mode Range (Vcm) +14v
Differential Input Voltage (Vpirr) 14V
Enable Input Voltage (ViN) v
Storage Temperature Range (TsTg) —65°C to +150°C
Lead Temperature (Soldering 4 sec.) 260°C
DC Electrical Characteristics Vee = 5V £ 5% (unless otherwise specified) (Note 3)
Symbol Parameter Conditions Min Typ Max Units
VTH Minimum Differential Vout = VoH or VoL —02 +02 v
Input Voltage
RiN Input Resistance —15V <Vgm < +15V 10 kO
(One Input AC GND)
IN Input Current ViN = +10V, Other Input = GND -1.1 mA
(Under Tes) ViN = —10V, Other Input = GND +16 mA
VoH Minimum High Level Ve = Min, Vpirg = +1V 384 42 v
Output Voltage loutr = —6.0mA
VoL Maximum Low Level Vcec = Max, Vpjgr = + 1V 0.2 0.33 v
Output Voltage louT = 6.0 MA " )
ViH Minimum Enable High 20 v
Input Leve! Voltage )
ViL Maximum Enable Low v
Input Level Voltage
loz Maximum TRI-STATE Vout = Vcg or GND,
Output Leakage Current ENABLE = Vy, +0.5 +5.0 pA
ENABLE = V|y
h Maximum Enable Input VIN = Vgo or GND £1.0 pA
Current
Isc Output Short Circuit Vece = Max,
Current Vpirg = +1V 65 mA
lcc Quiescent Power Vce = Max, 12 mA
Supply Current Vpirg = +1V
VHysT Input Hysteresis 50 mV
AC Electrical Characteristics vcc = 5v £5% (Note 3)
Symbol Parameter Conditions Min Typ Max Units
PLH, Propagation Delay Cp = 50pF 15 ns
tPHL Input to Output
tpLz, Propagation Delay CL = 50 pF
tPHZ ENABLE to Output R = 10009 12 ns
Vpirr = 2.5V
tpzL, Propagation Delay CL = 50pF
tpzH ENABLE to Output Ry = 10000 14 ns
VpIFr = 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

@ range. All typicals are given for Vog = 5V and Ty = 25°C.
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Test and Switching Waveforms

Propagation Delay
Von
ouTPUT 1- A ! S0%
:—_ VoL
tPHL L. ‘I tPHL
—-‘ +1.0V
V= INPUT v
\ /. Nov
V4= OV INPUT

TL/F/8674-3

Test Circuit for TRI-STATE
Output Tests

VCC 3 1

=y

INPUT O— R
DEVICE t

INPUTO——] UNDER
TEST

— L

TL/F/8674-4
C_ includes load and test jig capacitance.

S1 = Vg for tpzL, and tp z measurements.
S1 = Gnd for tpzH and tpz Measurements.

TRI-STATE Output Enable and Disable Waveforms

OUTPUT
CONTROL
(LOW ENABLING)

OUTPUT

OUTPUT

TL/F/8674~5

T4 L TAN()




DS3486

National
Semiconductor
Corporation

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 charactersitics 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

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

m Fast propagation times —18 ns (typ)

B TTL compatible

| Single 5V supply voltage

m Pin compatible and interchangeable with MC3486

Block and Connection Diagrams

TIAL TRISTATE®
RS conTRoL
I — INPUT OUTPUT
INPUT
NETWORK
Jv AMPLIFIER
HYSTERESIS - Ali!EvaEAI:run
LEVEL @
TRANSLATOR
AMPLIFIER
TL/F/5778-1
Dual-In-Line Package
1 u 16
= — Vee
INPUTS A 2r s
Qt‘l INPUTS B
ouTPUT A = C 2_]
TRI-STATE ._LTD4 13
CONTROL A/C OUTPUT B
5 12 TRISTATE
ouTPUTE— G_"‘ CONTROL B/D
1. 1 outeuro
neutscy | - 0
_— S
8 ﬁ . ] INPUTS D
GND = .

TL/IF/5779-2

Top View

Order Number DS3486J, DS3486M or DS3486N
See NS Package Number J16A, M16A or N16A
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Absolute Maximum Ratings (Note 1)

Operating Conditions

98vesa

Specifications for Military/Aerospace products are not Min Max Units
contained In this datasheet. Refer to the assoclated Power Supply Voltage, Ve 4.75 5.25 v
reliability electrical test specifications document. Operating Temperature, Tp 0 70 c
Power Supply Voltage, Vco 8v Input Common-Mode Voltage ~ —7.0 7.0 v
Input Common-Mode Voltage, Vicum +25V Range, VicR

Input Differential Voltage, V|p +25V

TRI-STATE Control Input Voltage, V, 8V

Output Sink Current, lo 50 mA

Storage Temperature, TsTg —65°C to +150°C

Maximum Power Dissipation* at 25°C

Cavity Package 1433mwW
Molded Dip Package 1362 mW
SO Package 1002 mW

*Derate cavity package 9.6 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 Tp = 25°C, Vg = 5V and V|c = 0V. See Note 2.)

Symbol Parameter Conditions Min | Typ Max | Units
ViH Input Voltage—High Logic State 2.0 v
(TRI-STATE Control) .
viL Input Voltage—Low Logic State 08 v
(TRI-STATE Control) ’
VTH(p) | Differential Input Threshold Voltage =7V < Vg < 7V, V|4 TRI-STATE = 2V 0070 | o2 v
lo = —0.4mA, Vo = 2.7V . i
lo = 8mA, Vg 2 0.5V 0.070 | —0.2 \
IiB (D) Input Bias Current Ve = 0V or 5.25V, Other Inputs at 0V
V= —10V —3.25| mA
V= -3V —1.50 | mA
V) =3V 1.50 mA
Vi =10V 325 | mA
Input Batance —7V < Vg <7V, Viyae) = 2V,
(Note 4)
VOH lo = —0.4mA,V|p = 04V 2.7 \
VoL lo=8mA,Vp = —04V 0.5 \
loz Output TRI-STATE Leakage Current Vip) = 3V, VjL = 0.8V, Vg = 0.5V —40 rA
Vip) = —3V, V)L = 0.8V, Vo = 2.7V 40 pA
los Output Short-Circuit Current V|(D)_ = 3V, V|4 TRI-STATE = 2V, 15 ~100 | mA
Vo = 0V, (Note 3)
IR Input Current—Low Logic State VL = 0.5V 100 A
(TRI-STATE Control) B
hH Input Current—High Logic State Vi = 2.7V 20 nA
(TRI-STATE Control) VL = 5.25V 100 A
Vic Input Clamp Diode Voltage IN= —10mA 15 v
(TRI-STATE Control) ’
loc Power Supply Current All Inputs V| = 0V 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 EJA RS-422/3 for exact conditions.
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DS3486

Switching Characteristics (Unless otherwise noted, Vog = 5V and Tp = 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
trrz TRI-STATE Control to Output

Output Low to TRI-STATE ’ 23 35 ns
tpHZ 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

T0 SCOPE T0 SCOPE

(INPUT
' DirreRenTIAL (ouTPUT)

INPUTS

Cp=15pF
INCLUDES PROBE
AND STRAY

L capacimance

PULSE
GENERATOR

TRISTATE® CONTROL

TL/F/5779-3

v
INPUT 1.5V
ov
tPLH(D) PLH(D)

Vou

OUTPUT
VoL
o

TL/F/5779-4
Input pulse characteristics:
triH = trHL = 6 ns (10% to 90%)
PRR = 1 MHz, 50% duty cycle

FIGURE 1. Propagation Delay Differential Input to Output
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[
. . . [72]
AC Test and Switching Time Waveforms (continued) @
[
0 SCOPE e
(INPUT) TRI-STATE
4 CONTROL
>
PULSE S
GENERATOR :; TO SCOPE
(0UTPUT)
O 2k
(o] -0 a s O—O 5V
_| DIFFERENTIAL
= INPUTS
Cy = 15 pF INCLUDES
PROBE AND STRAY 5k ALL DIDDES 1N916 OR
CAPACITANCE EQUIVALENT
1.5V for tpyz and tp z
—1.5V for tp z and tpz|. sw2
Input pulse characteristics:
tTLH = tyHL = 6 ns (10% to 90%)
PRR = 1 MHz, 50% duty cycle =
TL/F/5779-5
tpz tpHz
W v
INPUT EiN
: SW1 CLOSED
o e o Recioed
|=—tpL2 |=—tpHz
IV ——1 Vou o
oUTPUT 7 Egur
vor 0.5V ~13V
o ] o
TL/F/5779-6 TL/F/5779-7
tpzn tozL
k1 v
INPUT SW10PEN INPUT SW1 CLOSED
o SW2 CLOSED o SW2 OPEN
tpzH tpzL
Vo ~§V ~Vpg
1.5V OuTPUT 15V
v — Vot
TL/F/5779-8 ov
TL/F/5779-9
FIGURE 2. Propagation Delay TRI-STATE Control Input to Output
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DS34C86

National _ PRELIMINARY
Semiconductor
Corporation

DS34C86 Quad CMOS Differential Line Receiver

General Description Features

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

meet the RS-422, RS-423, and Federal Standards 1020 and m +0.2V sensitivity over the entire common mode range
1030 for balanced and unbalanced digital data transmis-  ® Typical propagation delays: 15 ns

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

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

common mode input voltage range of £7V. Hysteresis is @ Meets 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 A1 IN CZ IN C1 ENABLE ENABLE IN BZ IN Bi IN DZ |ND1
N Y
O 5 $

GND Vee  OUTPUT A OUTPUT C OUTPUT B OUTPUT D

TL/F/8699-1

Connection Diagram
Dual-In-Line Package

~ 16
! 4 — Veo
INPUTS A[ 1T | -] 15
INPUTS B
+ Tl . ]
3
OUTPUT A — +
13
TRI-STATE 4 — OUTPUT B
CONTROL A/C __G_ -
QUTPUT € —] CONTROL B/D
1 .
6|+ — OUTPUT D
INPUTS c[ ; s +| 0
71 |, ] INPUTS D
8
GND ——
TL/F/8699-2

Top View

Order Number DS34C86J, DS34C86M, and DS34C86N
See NS Package Number J16A, M16A and N16A
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Absolute Maximum Ratings (Notes 1&2) Operating Conditions W
Specifications for Military/Aerospace products are not Min Max Unit 8
contained in this datasheet. Refer to the assoclated Supply Voltage (Vo) 475 525 V »
rellability electrical test specifications document. Operating Temperature Range (Tp) —40 +85 °C
Supply Voltage (Vcc) v Enabls Input Rise or Fall Times 500 ns
Common Mode Range (Vcm) +14V
Differential Input Voltage (Vpirr) 14V
Enable Input Voltage (V) A"
Storage Temperature Range (TsTg) —65°Cto +150°C
Lead Temperature (Soldering 10 sec) 260°C
DC Electrical Characteristics Voo = 5V 5% (unless otherwise specified) (Note 3)
Symbol Parameter Conditions Min Typ Max Units
VIH Minimum Differential Vout = Von or VoL 02 +0.2 v
Input Voltage
RiN Input Resistance =7V <Vem < +7V 10 Q.
(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 Vee = Min, Vipipr) = +1V 384 42 Vv
Output Voltage lout = —6.0mA
VoL Maximum Low Level Vcc = Max, Vprr) = +1V 0.2 0.33 Y
Output Voltage lout = 6.0 MA
ViH Minimum Enable High 20 v
Input Level Voltage )
ViL Maximum Enable Low 08 v
Input Leve! Voltage )
loz Maximum TRI-STATE Vout = Vgc or GND,
Output Leakage Current TRI-STATE Control = V). +0.5 +5.0 RA
I Maximum Enable Input VIN = Vg or GND £1.0 A
Current
Isc Output Short Circuit Vee = Max, Vporr) = +1V 65 mA
Current
lcc Quiescent Power Vee = Max., Voirp) = +1V 12 mA
Supply Current
VHYST Input Hysteresis 50 mV
AC Electrical Characteristics Voo = 5V £ 5% (unless otherwise specified) (Note 3)
Symbol Parameter Conditions Min Typ Max Units
tpLH, Propragation Delay CL = 50 pF 15 ns
tPHL Input to Output
tpLz, Propagation Delay CL = 50pF
tpHZ TRI-STATE Control RL = 10009 12 ns
to Output VpIFF = 2.5V
tpzL, Propagation Delay CL = 50 pF
tpzH TRI-STATE Control R = 1000Q 14 ns
to Output 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 Vog = 5V and Ty = 25°C.
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DS34C86

Propagation Delay _ Test Circuit for TRI-STATE Output Tests
__ VoH Vee
OUTPUT - N— 507 Q 54
v,
tPLH tPHL oL ——\°
+1.0V
WpoT —X 7 ov
=-1.0v
Ry
Ve =0V INPUTO—]  DEVICE
INPUT INPUT O——1  UNDER
TL/F/8699-3 TEST C
Tz I
TL/F/8699-4
CL Includes load and test jig capacitance.
S1 = Vg for tpz), and tp z measurements.
S1 = GND for tpz, and tpyz measurements.
TRI-STATE Output Enable and Disable Waveforms
t t ..|
OUTPUT CONTROL 3.0v
070N 1.3v 1.3v F;-O?i
(LOW ENABLING) 10% A10% GND
=~ tpLz — o — VoH
OUTPUT To% 50%
) VoL

l—tPHz ——|
OUTPUT &Q%

fe——tpzH

Yo
50%

VoL
TL/F/8699-5
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National
Semiconductor
Corporation

DS3587/DS3487 Quad TRI-STATE® Line Driver

General Description Features

National's quad RS-422 driver featrues four independent M Four independent driver chains
driver chains which comply with EIA Standards for the elec- ® TRI-STATE outputs
trical characteristics of balanced voltage digital interface cir-  m PNP high impedance inputs (PIA compatible)
cuits. The outputs are TRI-STATE structures which are @ power up/down protection
forced to a high impedance state when the appropriate out- g paqt propagation times (typ 10 ns)
put control pin reaches a logic zero condition. All input pins m TTL compatible
are PNP buffered to minimize input loading for either logic .
one or logic zero inputs. In addition, internal circuitry as- ™ Single 5V supply voltage
sures a high impedance output state during the transition ™ Output rise and fall times less than 20 ns (typ 10 ns)
between power up and power down. | Pin compatible with DS8924 and MC3487
m Output skew—2 ns typ

28v€S0/.85€S0

Block and Connection Diagrams

Dual-In-Line Package

g U e
INPUT A et b— V(e
NON-INVERTING
2 |15, INPUTD
QUTPUTS A | 3 1
INPUT OUTPUTS — ]
4 13 { UTPUTS D
INVERTING A/B CONTROL e =
I.ﬁ. 1'2 ¢/ conthoL
| OUTPUTS B
OuTPUT | | 6 11
controL O~ D_ — L
7 10 (OUTPUTSC
TL/F/5780-1 INPUT B el e
GND == L INPUTC
TL/F/5780-2
Top View
Order Number DS3587J, DS3487J,
DS3487M or DS3487N
See NS Package Number J16A, M16A or N16A
Truth Table
Inout Control Non-Inverter Inverter
P Input Output Output
H H H L
L H L H
X L z z

L = Low logic state

H = High logic state

X = lrrelevant

Z = TRI-STATE (high impedancs)
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DS3587/DS3487

Absolute Maximum Ratings (Note 1)

Specifications for Military/Aerospace products are not Lead Temperature (Soldering, 4 seconds) 260°C
contained in this datasheet. Refer to the associated SO Package 1051 mW
reliabllity electrical test specifications document.
Supply Voltage 8v Operating Conditions
Input Voltage 5.5V Min Max Units
Storage Temperature —65°C to +150°C Suggg/s\gc;ltage, Vee 45 55 v
Maximym Power Dissipation* at 25°C DS3487 4_'75 5_‘25 v
Cavity Package 1509 mW
Molded DIP Package . 1476 mW Teénspsesrgt;re T - 1125 o
e o Dy S5 s e G DSoA87 I
Electrical Characteristics (otes 2,3, 4 and 5)

Symbol Parameter Conditions Min Typ Max Units
ViL Input Low Voltage 0.8 v
VIH Input High Voltage 2.0 \
TN Input Low Current ViL = 0.5V —200 pA
v Input High Current ViH = 2.7V 50 pA

Vi = 5.5V 100 nA
VeoL Input Clamp Voltage Ilcp = —18 mA -1.5 \'
VoL Output Low Voltage loL =48mA 0.5 \%
Vo Output High Voltage loH= —20 mA 25 \%
los Output Short-Circuit Current —40 —140 mA
loz Output Leakage Current (TRI-STATE) Vo = 0.5V ~100 rA
Vo = 5.5V 100 nA
loFr Output Leakage Current Power OFF Veg = 0 Vo = 6V 100 HA
Vo = —0.25V —100 RA
[Vos-Vios| | Difference in Qutput Offset Voltage 0.4 \'
Vvt Differential Output Voltage 2.0 \"
vy -V Difference in Differential Output Voltage 0.4 \'
lcc 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
teHL Input to Output 10 15 ns
trLH Input to Output 10 15 ns
tTHL Differential Fall Time 10 15 ns
tTLH Differential Rise Time 10 15 ns
tPHZ Enable to Output RL = 200Q, C| = 50 pF 17 25 ns
tpLz Enable to Output Ry = 200Q, C_ = 50 pF 15 25 ns
tpzH Enable to Output Rp = o, C| = 50 pF, S1 Open 1 25 ns
tpzL Enable to Output RL = 200Q, C_ = 50 pF, S2 Open 15 25 ns

Note 4: Only one output at a time should be shorted.
Note 5: Symbols and definitions correspond to EIA RS-422, where applicable.

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 Voo = 5V and T4 = 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.
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AC Test Circuits and Switching Time Waveforms
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Ve
R

1/4 DS3487 L .
/ 2000 INPUTOV 7
md

INPUT
OUTPUT
CL=50pF
INCLUDES PROBE suwur |
AND JIG CAPACITANCE _J
tenL:
-_— —_— TL/F/5780~-4
TL/F/5780-3 Input pulse: f = MHz, 50%; t, = % < 15 ns.

FIGURE 1. Propagation Delays

R
1/4 DS3487 L
/ 2008 IV—

OUTPUT \
3V OR OV St CONTROL

INPUT N o ;‘
CONTROL CL tozy
> VO e— _L Yop —oI
INPUT :l: Sk TP \[osv M ?r
- & <F
toyz o] —

ourPuL | flosv Vou #1.5v
O gl | tozL

TL/F/5780-6

w

N O—¢

S1 and S2 closed except as noted.

Cy includes probe and jig capacitance. Input pulse: f = MHz, 50%; t; = t < 15 ns.

S1 = open for tpzy
S2 = open for tpz|

FIGURE 2. TRI-STATE Enable and Disable Delays

TL/F/5780-5

v

RL INPUT / \
ouTPuT 100 o

INPUT TEMCT2
CURRENT TRANSFORMER
/4 083487 OR EQUIVALENT
OUTPUT
(DIFFERENTIAL)

C
15

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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DS34C87

National
Semiconductor
Corporation

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

W TTL input compatible

m Typical propagation delays: 10 ns

B Typical output skew: 0.5 ns

B Outputs won't load line when Vg = OV

B Meets the requirements of EIA standard RS-422

B Operation from single 5V supply

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

Connection and Logic Diagrams

Dual-In-Line Package
J YU s
INPUT A et e VOO
2 1S, weutD
OUTPUTS A I 3 i
OUTPUTS D
A/8 CONTROL —1 13,
5 12 ¢ /0 conthoL
OUTPUTS B 6 11
QUTPUTS C
INPUT B =t 10
9
GND =t e INPUT C
TL/F/8576-1
Top View
Order Number DS34C87J,
DS34C87N or DS34C87M
See NS Package Number
J16A, M16A or N16A

NON-INVERTING

INPUT OUTPUTS

QO INVERTING

QUTPUT (o ‘
CONTROL }

TL/F/8576-2
Truth Table
Input Control Non-Inverting Inverting
P Input Output Output
H H H L
L H L H
X L z z

X = lrrelevant
Z = TRI-STATE (high impedance)

L = Low logic state
H = High logic state
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Absolute Maximum Ratings (Notes 142)

282v€Sd

Specifications for Military/Aerospace products are not H HH

cgntalned In this datasrl{eet. Re'f,er ttf the assoclated oPeratmg Condltlons

rellabllity electrical test specifications document. Min Max Units
Supply Voltage (Vce) -0.5t0 7.0V Supply Voltage (Vco) 475 5.25 v
DC Voltage (V|n) —1.5t0 Vg +1.5V DC Input or Output Voltage 0 Vec v
DC Output Voltage —0.51t0 Vg +0.5V Vin, Vour)

Clamp Dpiode CU?rer?t, ?Ill::)lo,() coi 20mA Operati.ng Tempergture Range(Ta) —40 +85 °C
DC Output Current, per pin (lout) +£140 mA Input Rise or Fall Times (t, t) 500 ns
DC Vgg or GND Current (Icc) +140 mA

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

Power Dissipation (Note 3) (Pp) 500 mW

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

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

Symbol Parameter Conditions Min Typ Max Units
VIH High Level Input 2.0 v
Voltage
ViL Low Level Input 08 v
Voltage
VoH High Level Output VIN = VigorVy, 25 v
Voltage lour = —20 mA i
VoL Low Level Output VIN = VigorVy, 05 Vv
Voltage lour = 48 mA ) )
VT Differential Output RL = 100 Q 20 v
Voltage (Note 5) ’
|vl- V7l Difference In RL = 100 04 v
Differential Output (Note 5) ’
Vos Common Mode R =1000Q 3.0 v
Output Voltage (Note 5) ’
[Vos-Vosl| Difference In Ry = 100 0.4 v
Common Mode Output (Note 5) :
N Input Current Vin = Vce, GND, Vi, or Vi +1.0 pA
lcc Quiescent Supply lout = O pA,
Current VIN = Vccor GND 200 pA
Vin = 2.4V or 0.5V (Note 6) 0.8 mA
loz TRI-STATE Output Vout = Ve or GND
+0. .
Leakage Current Control = V)L 05 £50 rA
Isc Output Short VIN = Vo or GND _ _
Circuit Current (Note 7) 40 140 mA
loFr Output Leakage Current Vec=0 Vour = 6V 100 pA
Power Off Vout = —0.25V —100 RA

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 Vcc = 5V and Tp = 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 £5%, t, = t; = 6 ns (Figures 1, 2, 3, and 4) (Note 4)

Symbol Parameter Conditions Min Typ Max Units
tPLH, tPHL Propagation Delay CL = 50 pF 8 ns
Input to Output
Skew (Note 8) : C_ = 50 pF 0.5 ns
tTLH, tTHL Ditferential Output Rise CL = 50 pF 4 ns
And Fall Times
tpzH Output Enable Time CL =50 pF
13 ns
S1 Open
trzL Output Enable Time CL = 50 pF 15 ns
S2 Open
tpHZ Output Disable Time CL = 50 pF 9 ns
(Note 9) S1 Open
tpLz Output Disable Time CL = 50 pF 10 ns
(Note 9) S2 Open
CpD 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. The added delay is typically 1 ns for tp z and 0.6 ns for tpHz.

Note 10: Cpp determines the no load dynamic power consumption, Pp = Cpp V2¢¢ f + Icc Vee, and the no load dynamic current consumption, Is = Cpp Voo f +

Icc.

AC Test Circuit and Switching Time Waveforms

TEST
POINT Ve
100
FROM OUTPUT o
UNDER TEST
CL (INCLUDES 75

PROBE AND JIG

CAPACITANCE)
o

TL/F/8576-3

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

FIGURE 1. AC Test Circuit
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AC Test Circuit and Switching Time Waveforms (continued)

ENABLE DISABLE

\

ENABLE npuT 3V
v 1=1MHz, t,<6ns,
INPUT

ti<6ns
1=1MHz, Y <6ns, j[rav } o
t<6ns o -\ —
——

13v
tpzL
tPLH tPHL .
TOTFOT pLZ 0.5v
OUTPUT
13v 52 0PEN 1.3v jc':
7|f 13v

[

OUTPUT
VoL I
Vou i
OUTPUT 3
OUTPUT 13v S1 0PEN —

tPHZ

0.5v
tpHL —J PLH

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

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

AL v
OUTPUT 100 INPUT / \
INPUT ov

b= TEM CT2
CURRENT TRANSFORMER

1/40834C87 =0 OR EQUIVALENT

ouTPUT
(DIFFERENTIAL)

CL
S0pF

INCLUDING PROBE
AND JIG CAPACITANCE
TL/F/8576-6

FIGURE 4. Differential Rise and Fall Times

LW THL

Input pulse; f =1MHz, 50%; ty = tf<6ns.
TL/F/8576-7

Typical Applications

Two-Wire Balanced System, RS-422

ENABLE ! I
i | 1/4 DS34C85
" - HHER
/4 DS34C87 ! !
| I
I (.

TL/F/8576-8
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DS1603/DS3603/DS55107/DS55108/DS75107/DS75108/DS75208

National
Semiconductor
Corporation

DS1603/DS3603/DS55107/DS55108/DS75107/DS75108/

DS75208 Dual Line Receivers

General Description

The seven 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 receivers of MOS sensing, any of the products
may effectively be used as voltage comparators, level trans-
lators, window detectors, transducer preamplifiers, and in
other sensing applications. As digital line receivers the prod-
ucts are applicable with the SN55109/SN75109 and
SN55110/SN75110 companion drivers, or may be used in
other balanced or unbalanced party-line data transmission
systems. The improved input sensitivity and delay specifica-
tions of the DS75208 make it ideal for sensing high perform-
ance MOS memories as well as high sensitivity line receiv-
ers and voltage comparators. TRI-STATE® products en-
hance bused organizations.

Input protection diodes are incorporated in series with the
collectors of the differential input stage. These diodes are

useful in certain applications that have multiple Voc+ sup-
plies or Ve + supplies that are turned off.

Features

m Diode protected input stage for power “OFF” condition

m 17 ns typ high speed

W TTL compatible

B 10 mV or £25 mV input sensitivity

B 3V input common-mode range

m High input impedance with normal Vgg, or Voo = OV

m Strobes for channel selection

B TRI-STATE outputs for high speed buses

| Dual circuits

B Sensitivity gntd. over full common-mode range

m Logic input clamp diodes—meets both “A” and “B"
version specifications

m 5V standard supply voltages

Connection Diagrams

Dual-In-LIne Package

INPUT  INPUT OUTPUT  STROBE
Vec* Vec™ 27 28 NC 2y 26
Iu 13 12 i
T 3 3 0 g g T
INPUT  INPUT NC  OUTPUT STROBE STROBE  GND
1A 8 1Y 16

TL/F/5781-1
Top View

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

Selection Guide

Dual-In-Line Package

N INPUT INPUT QUTPUT  STROBE
Vec Vee™ 2A 28 NC 2y 26
14 IIJ lil 1" 10 9 L
+,
1 2 3 4 5 6 ?
INPUT INPUT NC OUTPUT  STROBE  DISABLE GND
1A 18 v ]

TL/F/5781-2
Top View
Order Number DS1603J, DS3603J or DS3603N
See NS Package Number J14A or N14A

Temperature = | —55°C < Ta < +125°C| 0°C < Tp < +70°C
Package — Cavity Dip Cavity or Molded Dip
Input Sensitivity — +25mV +26mV | t10mV
Output Logic |
TTL Active Pull-Up DS55107 DS75107
TTL Open Collector DS55108 DS75108 | DS75208
TTL TRI-STATE DS1603 DS3603
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Absolute Maximum Ratings (Notes 1, 2and 3)

Specifications for Military/Aerospace products are not Strobe Input Voltage 5.5V
contained in this datasheet. Refer to the associated Storage Temperature Range —65°Cto + 150°C
reliability electrical test specifications document. Maximum Power Dissipation* at 25°C

Supply Voltage, Vcot ™ Cavity Package 1308 mW
Supply Voltage, Vcc™ -7V Molded Package 1207 mW
Differential Input Voltage 6V Lead Temperature (Soldering, 4 sec) 260°C
Common Mode Input Voltage +5Vv *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
DS1603 DS3603
Min Nom Max Min Nom Max
Supply Voltage Voot 4.5V 5V 5.5V 4.75V 5V 5.25V
Supply Voltage Voo™ —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 actua! device
operation.

Note 2. Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS1603, DS55107 and DS55108 and across the
0°C to +70°C range for the DS3603, DS75107, DS75108. All typical values are for T = 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.

8025250/8015250/2015250/80156SA/20155SA/€09€SA/€091SA

Typical Applications

Line Recelver Used in a Party-Line or Data-Bus System

RECEIVERS
’ )
STROBE
TWISTED-PAIR
TRANSMISSION
.\
) ]
Z2p/2 \ ’ ‘ ,
\AI \
= n I
B S I I
i 1
o o
Line receivers are
DS75107/DS75108
INHIBIT or DS3603
Line drivers are
SN75109/SN75110
or DS8831
| E— 7

DRIVERS
TL/F/5781-3




DS1603/DS3603/DS55107/DS55108/DS75107/DS75108/DS75208

Typical Applications (continued)
Line Receiver Used in MOS Memory System

<
100 &

-

100

>
o> = .

)
LA A

=z
-3 100
050055 a
-
=
2
a
<
100
T0 DUMMY
SENSE LINE
= o
THRESHOLD STROBE  DISABLE
SET
VOLTAGE
\—— ~ 7/ ~ y) | — 7
m 'tvnz»;gs MM5262 MOS MEMORY ARRAY MOS TO TTL RECEIVERS (DS3604)

Schematic Diagrams
DS55107/DS75107, DS55108/DS75108, DS75208

Ve O——p—p——— ————————  @p——@p———QP—— ——— -~

Note 1: 12 of the dual circuit is shown.
Note 2: *Inidcates connections common to second half of dual circuit.
Note 3: Components shown with dash lines are applicable to the DS55107, DS75207 and DS75107 only.

TL/F/5781-4

ouTPUT

GND

O STROBE G

; - STROSE S
— & .

TL/F/5781-5
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Schematic Diagrams (continued)

DS1603/DS3603

¢

;

—C—oourpur

INPUTB O

80262.50/8015250/2015250/8015550/201.5650/£09€SA/€091SA

550 ¢
INPUTA O
ﬁ —@—O GND
O STROBE G
&
- r(‘ L0 DIsSABLE O
Vee ™ O

TL/F/5781-6
Note 1: 1 of the dual circuit is shown,
Note 2: *Indicates connections common to second half of dual circuit.
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DS1603/DS3603/DS55107/DS55108/DS75107/DS75108/DS75208

ol T e e Nw” - o
DS55107/DS75107, DS55108/DS75108
Electrical Characteristics (ryn < Ta < Tuax
Symbol Parameter Conditions Min | Typ | Max | Units
IH High Level Input Current Veeo+ = Max, Vog— = Max, 30 75 A
Into A1, B1, A2 or B2 Vip = 0.5V, Vic = —3V1t0 3V ®
i Low Level Input Current Veo+ = Max, Veo— = Max, 10 A
Into A1, B1, A2 or B2 Vip= —2V,V|c = —3Vto3V P
i High Level Input Current Vec+ = Max, ViHs) = 2.4V 40 mA
Into G1 or G2 Vec— = Max ViHs) Max Vo + 1 mA
TR Low Leve! Input Current Vec+ = Max, Voo— = Max, _16| mA
Into G1 or G2 Viys) = 0.4V !
hH High Level Input Current Into S | Voo 4+ = Max, Vib) = 2.4V 80 pA
Vee- = Max Vines) = Max Voo + 2 mA
L Low Level Input CurrentInto S | Vg4 = Max, Voo~ = Max, —32| mA
Viys) = 0.4V )
VoH High Level Output Voltage Vce+ = Min, Vgo- = Min,
ILoAap = —400 pA, Vip = 26 mV, 2.4 \
Vic = —3Vto 3V, (Note 3)
VoL Low Level Output Voltage Vec+ = Min, Vg = Min,
IsiINk = 16 MA, Vip = —25mV, 0.4 \
Vic = —3Vto3V
lon High Level Output Current Vec+ = Min, Vog— = Min 250 A
VoH = MaxVcg+, (Note 4) B
los Short Circuit Output Current Vco+ = Max, Voo = Max, _ _
(Notes 2 and 3) 18 70 mA
IcCH+ High Logic Level Supply Vec+ = Max, Vgg—- = Max, 18 30 mA
Current From Vg Vip =25mV, Tp = 25°C
lccH— High Logic Level Supply Veo+ = Max, Voo— = Max, 84| -15 mA
Current From Vo Vip = 26mV, T = 25°C ’
\] Input Clamp Voltageon G or S | Vgo+ = Min, Vog— = Min, —1 | -15 v
IN= —12mA, Tp = 25°C :
Switching Characteristics (vec: = 5V, Veo- = 5V, Ta = 25°C)
Symbol Parameter Conditions Min Typ Max Units
tPLH(D) Propagation Delay Time, Low to RL = 3909, C|_ = 50 pF, (Note 3) 17 25 ns
High Level, From Differential (Note 1) 4 19 25
Inputs A and B to Output (Note 4) ns
tPHL(D) Propagation Delay Time, High to RL = 3909, C; = 50 pF, (Note 3) 17 25 ns
Low Level, From Differential (Note 1)
Inputs A and B to Output (Note 4) 19 % ns
tPLH(S) Propagation Delay Time, Low to RL = 3909, 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 = 3900, C| = 50 pF (Note 3) 8 15 ns
Low Level, From Strobe Input G
or S to Output (Note 4) 13 20 ns

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.
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DS75208
Electrical Characteristics (o:c < 75 < +70°0)
Symbol Parameter Conditions Min Typ Max Units
v High Level Input Current Vee+ = Max, Voo = Max, 30 75 A
Into A1, B1, A2 or B2 Vip = 0.5V, Vig = —3Vto 3V s
L Low Level Input Current Vec+ = Max, Voo~ = Max, -10 A
Into A1, B1, A2 or B2 Vip = =2V, Vig = —3V10 3V a
i1 High Level Input Current Voo+ = Max, ViHg) = 2.4V 40 pA
Into G1 or G2 Vco- = Max Vins) = Max Ve + 1 mA
i Low Level Input Current Vce+ = Max, Voo- = Max, 16 mA
Into G1 or G2 Viyg) = 0.4V :
v High Level Input Current Into S Veec+ = Max, ViHg) = 2.4V 80 pA
Vec- = Max ViHgs) = Max Voo + 2 mA
iL Low Level Input Current Into S Vec+ = Max, Voo~ = Max,
—-3.2 mA
Viyg) = 0.4V
VoL Low Level Output Voltage Vce+ = Min, Vg~ = Min,
IsINK = 16 MA, Vip = —10mV, 0.4 v
Vic = —3Vto3Vv
loH High Level Output Current Vee+ = Min, Voo~ = Min, 250 LA
Vo = Max Vo +
lccH+ High Logic Level Supply Vec+ = Max, Vgo— = Max, 18 30 mA
Current From Vge + Vip =10mV, Tp = 25°C
lccH- High Logic Level Supply Vee+ = Max, Veo- = Max, —84 —15 mA
Current From Voo — Vip = 10mV, Ta = 25°C ’
\ Input Clamp Voltage on G or S Vcc+ = Min, Vge—- = Min, 1 15 Y
IN= —12mA, Tp = 25°C ’
Switching Characteristics (vcc. = 5V, Voo— = —5V, Ta = 25°C)
Symbol Parameter Conditions Min Typ Max Units
tPLH(D) Propagation Delay Time, Low-to- R = 470%, C_ = 15 pF, (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- Ry = 470Q,C_ = 15pF
High Level, From Strobe Input G 17 ns
or S to Output
tPHL(S) Propagation Delay Time, High-to- RL = 470Q,C_ = 15pF
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.
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DS1603/DS3603/DS55107/DS55108/DS75107/DS75108/DS75208

Dl i o Nt i e
DS1603/DS3603
Electrical Characteristics ryn < Ta < Tuax
Symbol Parameter Conditions Min | Typ | Max | Units
IH High Level Input Current Veeo+ = Max, Vog—- = Max, 30 75 A
Into A1, B1, A2 or B2 Vip = 05V, Vic = —3V 1o 3V »
I8 Low Level Input Current Veo+ = Max, Voo~ = Max, —10 A
Into A1, B1, A2 or B2 Vip= —2V,Vig = —3Vto 3V i
IIH High Level Input Current Veo+ = Max ViHs) = 2.4V 40 pA
Into G1, G2 orD Vec— = Max Vis) = Max Voo + 1 mA
IR Low Level Input Currentinto D | Vco+ = Max, Voo = Max,
—-16| mA
Viyp) = 0.4V
L Low Level Input Current Vec+ = Max, ViHp) = 2V —40 pA
Into G1 or G2 Vcc- = Max, v, _
L) = 0.8V —1.
VoH High Level Output Voltage Vec+ = Min, Vgg—- = Min,
ILoAD = —2mA, V|p = 25mV, 2.4 \
Viyp) = 0.8V, Vic = —3Vto 3V
VoL Low Level Output Voltage Vec+ = Min, Voo— = Min,
Isink = 16 mA, Vip = —25mV, 0.4 \
Viyp) = 0.8V, Vic = —3Vto3V
lop Output Disable Current Veo+ = Max, Vour = 2.4V 40 pA
Veo- = Max, v, _
ouT = 0.4V -
ViHp) = 2V 0] KA
los Short Circuit Output Current Veoc+ = Max, Viyp) = 0.8V, _18 ~70 | ma
Vec— = Max, (Note 2)
lccH+ High Logic Level Supply Vee+ = Max, Vog— = Max, 28 40 mA
Current From Voo + Vip=256mV, Tp = 25°C
lccH- High Logic Level Supply Vec+ = Max, Veo- = Max, —84| —15| mA
Current From Voo — Vip = 25mV, Tp = 25°C ’
' Input Clamp Voltageon G or D | Vco+ = Min, Veo— = Min, -1 15 v
In= —12mA, Ta = 25°C :
Switching Characteristics (vcc+ = 5v, Voo = -5V, Ta = 25°C)
Symbol Parameter Conditions Min Typ Max Units
tPLH(D) Propagation Delay Time, Low-to- Ry = 3900, G, = 50 pF, (Note 1)
High Level, From Differential 17 25 ns
Inputs A and B to Output
tPHL(D) Propagation Delay Time, High-to- RL = 39090, 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- RL = 390, C| = 50 pF
High Level, From Strobe Input G 10 15 ns
to Output
tPHL(S) Propagation Delay Time, High-to- Ry = 3900, C = 50 pF
Low Level, From Strobe Input G 8 15 ns
to Output
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Switching Characteristics (vcc+ = 5V, Voc— = —5V, Ta = 25°C) (Continued)

Symbol Parameter Conditions Min Typ Max Units
t1H Disable Low-to-High to Output R = 390Q,C_ = 5pF 20 ns
High to Off
ton Disable Low-to-High to Output R = 3900, C| = 5pF
30 ns
Low to Off
tH1 Disable High-to-Low Output R = 1kto OV, C_ = 50 pF
. 25 ns
Off to High
tHo Disable High-to-Low to Output RL = 3909, 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.
Note 2: Only one output at a time should be shorted.
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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
m High speed
W TTL compatible

® Input sensitivity +25 mvV
B TRI-STATE outputs for high speed busses
m Standard supply voltages +5V

m Pin and function compatible with MC3450 and MC3452

Connection Diagram
Dual-In-Line Package

Vee  -INB HNEB  OUTB  VEE  OUTD +ND -IND
IiB Ils Iu Iu lu In lm Is
1 2 |3 |4 5 0 7 'l
-INA  #NA DUTA STB  OUTC +INC -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

Typical Applications

Implied “AND” Gating

VREF
o
A0 5V
ADD 10— T ]
|
Rt
| Bha
ADD 20— [}
| |
:
wrso o T
! 1
|
pe=0-4
|
d

——O QUTPUT
ADD &

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

STROBE b
|—0—
|—0—
—0—
00—

oD

D$1650/
083650

081650/

Output
Input Strobe | pg1gs0/ | DS1652/
DS3650 DS3652
Vp 2 25mV L H Open
H Open Open
—25mV < Vip < 25 mV 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

DATA
LINES

D$3650

O DATA
OUTPUT

DS1650/
DS3650

9

T

;

a1 a2} a3

051850/
DS3650

]
O  STROBE O-OW4

0

TL/F/5782-3
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Absolute Maximum Ratings (Note 1) Operating Conditions 2
Specifications for Military/Aerospace products are not Min Max Units ‘-Q"'
contalned In this datasheet. Refer to the assoclated Supply Voltage, Vec S~
rellabllity electrical test specifications document. DS1650, DS1652 45 5.5 Vb 8
Power Supply Voltages DS3650, DS3652 4,75 5.25 Vpe 3

Vee +7.0Vpe Supply Voltage, Veg 3

VEE —=7.0Vpc DS1650, DS1652 —45 -55 Vbc S
Differential-Mode Input Signal Voltage DS3650, DS3652 —4.75 —5.25 Vb w

Range, Vipr +6.0Vpc Operating Temperature, Ta 8
Common-Mode Input Voltage Range, V|cr +5.0Vpe DS1650, DS1652 —55 +125 °C g'
Strobe Input Voltage, Vi) 5.5Vpg DS3650, DS3652 0 +70 °C o
Storage Temperature Range —65°Cto +150°C Output Load Current, lo. 16 mA A4
Lead Temperature (Soldering, 4 seconds) 260°C Differential-Mode Input ?’,,
Maximum Power Dissipation® at 25°C Co\::rlxt:)gne-:::eg?r;:zln?n —50 +5.0 Voc L

Cavity Package 1509 mW

Molded DIP Package 1476 MW Voltage Range, Vicr —30  +30  Vpc

SO Package 1051 mw Input Voltage Range (Any
*Derate cavity package 10.1 mW/°C above 25°C; derate molded DIP pack- input to GND), Vi —5.0 +3.0 Vo

age 11.8 mW/°C above 25°C; derate SO package 8.41 mW/°C above 25°C.

Electrical Characteristics
(Vce = 5.0 Vpg, VEe = —5.0 Vpg, Min < Tp < 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 mvV
-3V VN<3Y) Min 2 Vgg 2 Max
T High Level Input Current to (Figure 5)
. 75 wA
Receiver Input
hLq) Low Level Input Current to (Figure 6)
K —-10 rA
Receiver Input
hH(s) High Level Input Current to (Figure 3) Vi) = 2.4V, 100 A
Strobe Input DS1650, DS1652 K
ViHg) = 24V,
DS3650, DS3652 40 BA
Vi) = Vee 1 mA
s) Low Level Input Current to ViH(g) = 0.4V 16 mA
Strobe Input
VoH High Level Output Voltage (Figure 1) 681650, DS3650 24 \
IcEX High Level Output Leakage Current (Figure 1) DS1652, DS3652 250 RA
Vou 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 RA
DS3650 40 pA
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Electrical Characteristics
(Vec = 5.0 Vpe, VEe = —5.0 Vpg, Min < Ta < 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 Vo

lEEH High Logic Level Supply Current (Figure 2) —17 —30 mA
from VEg

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 desigring 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 specified to a parameter called input sensitivity (Vis). This p takes into consi ion input offset currents and bias currents
and guarantees a minimum input differential voltage to cause a given output logic state with respect to a maximurn source impedance of 2000 at each input.

Switching Characteristics (vcc = 5Vpc, Vee = =5 Vpc, 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 18 2 ns
tPHO(S) High Logic Level to TRI-STATE DS1650/DS3650 7 18 ns
Propagation Delay Time (Strobe) (Figurs 9)
trovL(s) TRI-STATE to Low Logic Level
Propagation Delay Time (Strobe) DS1650/DS3650 1® 27 ns
tPLO(S) Low Logic Level to TRI-STATE
Propagation Delay Time (Strobe) DS1650/DS3650 4 2 ns
teHLS) gg';'t%h:’:('s':’gse';eve' Propagation DS1652/DS3652 16 | 25 ns
y (Figure 10)
tPLH(S) Low-to-!-llgh Logic Level Propagation | DS1652/DS3652 13 25 ns
Delay Time (Strobe)
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Electrical Characteristic Test Circuits >
3
1 15 o
VI O O OO MIN V. 2
V2 OO 15— >
oavo— I S
O— 051652/ -0~ O MIN Vgp »h
6 DS§3652 1"
VIO 0—7- —0 8
V4 O :)T o g
]
~
-EO—' [—-0—9 o
— [72]
- 1]
DS1652/ &
DS3652 L]
MAX
Voo °_®'°
Icex .
1 Vpr 0R Vg
DS1650/
053650 == =
TL/F/5782-4
vi v2 V3 V4
DS1650/ DS1652/ DS1650/ DS1652/ DS1650/ DS1652/ DS1650/ DS1652/ Iq
DS3650 DS3652 DS3650 DS1652 DS1650 DS1652 DS 1650 DS1652
VoH +2.975V +3.0V ' +3.0V GND —0.4 mA
—-3.0V —2975V GND -3.0v —0.4 mA
IcEX +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. Icgx, Vo and Vo,

1 16 MAX
o 2 15 Vee
IccH —-o-; T‘o——l r—o w
1 18
) 2 ™ @ O MaAX Ve 1 s [
pe o1 o [T ol
3 14 DS165:
o— —O— o
O osew [0 . 5| osies2 m Vee
4? DS3650, 1_20 IEEH IHOR Ny [ ;-oT Tno
DS1652/ O— L 0—¢
OT DS3652 :C @—O MAX Vg Vi 08 3 3
[ Wotd LY 1H(s) OR "=~ -0— —O
7 10 ViL(s)
e L
] 9 =
Inng o '
TLIF/5762-5 TLIF/5782-6
FIGURE 2. Iccy and lggy FIGURE 3. liys) and li(s)
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Electrical Characteristic Test Circuits (continued)

PIT X o S—

0.8v

fgs{ A

ZETRREXS

DS1650/
DS3650

- iﬂ*;&:*a&:#: }; @

MAX
Vee

o ki

O MAX

VEE

=

TL/F/5782-7

Note: Channel A shown under test, other channels are tested similiarly. Only
one output shorted at a time.

V1 -2v O—4¢

V1 O

o

FIGURE 4. log

"
@ o 155 o Max
2 15 Vee
= T ‘
4 081650/ 13
0— osasso, o
DS165: MAX
=1 oswm [;° O vee
1 [0
8 A
f— pO>
TLIF/5782-9

Note: Channel A(—) shown under test, other channels are tested
similarly. Devices are tested with V1 from 3V to —3V.

FIGURE 6. I),_

v1o—->—®—ozi -—o—-o:z 3::
V1 -2V Om= gz m
=v ol ma 1o
ofl ool
= 0o
OT ;—o—o
IO—

TL/F/5782-8

Note: Channel A(—) shown under test, other channels are tested similarly.

Devices are tested with V1 from 3V to —3V.

FIGURE 5. Ijy
1
3V Ot ! 1_:0__03::
o3 D
o _OT
4 pseso/ |13
o . Ds36s0, 0 ax
DS165
1 s 2 Vee
YIS (DX
[ o 1
V= —0— ~O-
TL/F/5782-10

Note: Output of Channel A shown under test, other outputs are tested

similarly for V1 = 0.4V and 2.4V.
FIGURE 7. lorr
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AC Test Circuits and Switching Time Waveforms
100 mv v 200mv
T BN 0%
R .
e sy PLH(D) PHL(D)
3 m 300 van =
4 13 _ [ *uv
200 150 " — m st ,
=0—  0s36&2 o-5 1 oL
= - LLPY TU/F/5782-12
Ein o—’. .Eo-o & T Note: Eyy waveform characteristics:
60 Ll L < = oR E‘;‘ﬂ,‘: trH and tty < 10 ns measured
I 10% to 90%
1.1 = PRR = 1 MHz
- = — Duty Cycle = 50%

Ep

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

Cp = 15 pF total for DS1652/DS3652
Cy = 50 pF total for DS1650/DS3650

FIGURE 8. Receiver Propagation Dealy tp (p) and tpy(D)

V1 Ot
V2O

|ll—-@—

051650/
DS1850

390

i)

O -5V

G

1[;

]

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

TL/F/5782-11

TL/F/5782-13

VAl 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.

Eyn waveform characteristics: tr y and tyyp < 10 ns measured 10% to 90%

PRR = 1 MHz
Duty Cycle = 50%

v
BN 50%
ov

~ 15V
Eo
VoL
TL/F/5782-14
v
En 50%
oV
tPHO(S)
Vou
Eg Vo -05V
15V
TL/F/5782-15
v
En 50%
ov

—'l tpoL(S)
5V -VO1
Eg 1.5V
Vot

TL/F/5782-16

v
50%
o
tPOHI(S)
Voy
Eg 15V
<0V

TL/F/5782-17

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

5V

100 my O———p—o W

" 7 | En 50%
o3 390 ¢ ov

. o% DS1652/ ok VoL tPHLIS)
DS3652 0 -5V
Ein %ﬁn »-g]: 150F Eo v v
sea (TOTAL) o
= = -0~ 4 = TL/F/5782-19
Note: Ejn waveform characteristics:
_ triH and trHe < 10 ns measured 10% and 90%
PRR = 1 MHz
TL/F/5782-18 Duty Cycle = 500 ns

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

FIGURE 10. Strobe Propagation Delay tpiys) and tpyL(s)

Schematic Diagrams

DS1650/DS3650
Ve ©
;Em 3 I S 5k w3k 1203
v (e t—
L JY
Ly y Ny
¥ ¥ v V’—-ﬁ, Y, %
» y 580 o outrut
+°—L/‘_ Y W ¥
mrur{ sl ‘ 1
= O %l‘ = & 500 4% §

Y D 35k
Sy o GND

l('—q

&Y

VEg ©

1/4 of circuit shown p——0 STROBE

TO0 OTHER
CIRCUITS

TL/F/5782-20
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Schematic Diagrams (continued) =
a
DS1652/DS3652 3
O
Veg O— ?.3
$ S50 6k 35k S 1.6k a

> 850 2 3 .
i' ) v 1 g
r ™ 7]
o
»
o
L

580
+ ax —— OUTPUT 8
INPUT ! . @
[_ L Sk &
- £ N
S35k ! OGND
'\ﬂ_JW 1 4
Sa Sak
s* 3 f
N ] N L/
oL £ "
1/4 of circuit shown STROBE
b

TO OTHER
CIRCUITS

TL/F/5782-21
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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
m Dual RS-422 line driver with mode pin low, or quad RS-
423 line driver with mode pin high
| TRI-STATE control for individual outputs
W Short circuit protection for both source and sink outputs
m Outputs will not clamp line with power off or in TRI-
STATE
® Individual rise mode time control for each output
W 1009 transmission line drive capability
B Low Icc and Igg power consumption
RS-422 35 mW/driver typ
RS-423 26 mW/driver typ
m Low current PNP inputs compatible with TTL, MOS and
CMOS

Connection Diagram

With Mode Select LOW With Mode Select HIGH
{RS-422 Connection) (RS-423 Connection)
1 (% 16 1 ) 16
Voo == b= RISE TIME CONTROL A Voo = b=—"RISE TIME CONTROL A
INPUT A = 15 outruta INPUT A i——-&-ﬁ- OUTPUT A
INPUT B/DISABLE == 2 oureuts INPUT B/DISABLE = —-h L oureute
MODE SELECT =y 13, RISE TIME CONTROL B MODE SELECT =] LS pise TiME conTRoL 8
GND == 112 £ise TIME CONTROL € GND = L2 Rise TiME cONTROL [
INPUT C/DISABLE = L gureutc INPUT C/DISABLE = —§ L pureutc
INPUT D = LY oureut o INPUT D = —k 1% oureutp
VEE i L2, qise TimE conTROL D Vee A - 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 (o] 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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Absolute Maximum Ratings (ote 1) Operating Conditions o
Specifications for Military/Aerospace products are not Min Max Units | ©
contained In this datasheet. Refer to the associated Supply Voltage >
reliability electrical test specifications document. DS1691A S
Supply Voltage Vee 45 -y v 0
VEe —45 —5.5 v [
Vce N D
v, —7v DS3691 pr-3
EE o i Vee 475 5.25 v =
Maan.um Power Dissipation* at 25°C Veg 4.75 5.25 v
Cavity Package 1509 mW Temperature (Ta)
Molded DIP Package 1476 mW DSF’ u 25 c
SO Package 1051 mW 1691A —55 +1
DS3691 0 +70 °C
Input Voltage 15V
Output 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 (otes2,3,4and5)
Symbol l Parameter I Conditions l Min l Typ | Max I Units
RS-422 CONNECTION, Vg CONNECTION TO GROUND, MODE SELECT < 0.8V
ViH High Level Input Voltage 2 \
Vi Low Level Input Voltage 0.8 v
IH High Level Input Current VIN = 2.4V 1 40 pA
VIN < 15V 10 100 pA
I Low Level Input Current ViN = 0.4V -30 —200 LA
] Input Clamp Voltage IN= —12mA -1.5 \
Vo Differential Output Voltage R = oo ViN = 2V ' 3.6 6.0 \
Vo Vas Viy = 0.8V —-36 | —60 v
\%24 Differential Output Voltage RL = 10002 VIN = 2V 2 24 v
v Vag Vee 2 4.75V Viy = 0.8V -2 | -24 v
Vos, Vos Common-Mode Offset RL = 1000
25 3 \
Voltage
vl — [Vql Difference in Differential RL = 1000 0.05 04 y
Output Voltage
[Vos| — [Vos| | Ditference in Common- RL = 1000 0.05 0.4 v
Mode Offset Voltage
Vss vy = V7 RL = 1009, Vg = 4.75V 4.0 48 %
VeMR Output Voltage Common- VDISABLE = 2.4V
+10 v
Mode Range
IXA Output Leakage Current Vee = OV Vemg = 10V 100 pA
Ixa Power OFF VemR = —10V -100 | pA
lox TRI-STATE Qutput Current Vce = Max VcMR S 10V 100 /;,LA
VMR 2 —10V —-100 pA
Isa Output Short Circuit Current ViN = 0.4V Voa = 6V 80 150 mA
Vog = OV —-80 —150 mA
] Output Short Circuit Current | VN = 2.4V Voa = 0V —80 —150 mA
Vo = 6V 80 150 mA
lec Supply Current 18 30 mA
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AC Electrical Characteristics 1, = 25°C (Note 5)
Symbol l Parameter l Conditions l Min l Typ ' Max I Units
RS-422 CONNECTION, Vcc = 5V, MODE SELECT = 0.8V
t Output Rise Time RL = 1009, C|_ = 500 pF (Figure 1) 120 200 ns
t Output Fall Time RL = 100Q, C, = 500 pF (Figure 1) 120 200 ns
trDH Output Propagation Delay RL = 100Q, C_ = 500 pF (Figure 1) 120 200 ns
tpoL Output Propagation Delay R = 100Q, G| = 500 pF (Figure 1) 120 200 ns
tpzL TRI-STATE Delay Ry = 450Q, C = 500 pF, Cc = O pF (Figure 4) 250 350 ns
tpzH TRI-STATE Delay R = 4500, C| = 500 pF, Cc = O pF (Figure 4) 180 300 ns
tprz TRI-STATE Delay RL = 450Q, C| = 500 pF, Cc = O pF (Figure 4) 180 300 ns
tpHZ TRI-STATE Delay RL = 4500, C| = 500 pF, Cc = O pF (Figure 4) 250 350 ns
DC Electrical Characteristics (Notes 2,3, 4 and 5)

Symbol I Parameter | Conditions | Min I Typ | Max I Units

RS-423 CONNECTION, [Vcc| = |VEgl, MODE SELECT > 2V
VIH High Level input Voltage 2 \"
ViL Low Level Input Voltage 0.8 A
I High Level Input Current VIN = 2.4V 1 40 pA

' VN < 15V 10 100 MA
e Low Level Input Current ViN =104 —-30 —200 nA
\ Input Clamp Voltage N = —12mA -15 \
Vo Output Voltage RL = o, (Note 6) ViN =2V 4.0 4.4 6.0 \'
5 Ve = 4.75V Viy = 0.4V —40 | —44 | -60 v
Vvt Output Voltage RL = 4500 VN = 2.4V 3.6 4.1 \
Vi Vee = 475V Vin = 0.4V 36 | —41 v
vyl — [V7] | Output Unbalance Voc| = [Vee| = 4.75V, R = 4500 0.02 0.4 \Y
Ixt Output Leakage Power OFF Vee = VEg = OV Vo = 6V 2 100 nA
Ix Output Leakage Power OFF | Vgc = VEg = OV Vo= —6V -2 —100 nA
It Output Short Circuit Current | Vo = OV ViN = 2.4V —80 —150 mA
Ig~ Output Short Circuit Current Vo = 0V ViN = 0.4V 80 150 mA
IsLEw Slew Control Current +140 pA
Icc Positive Supply Current ViN = 04V,R_ = 18 30 mA
133 Negative Supply Current VIN = 0.4V,R_ = -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 Ta = 25°C. V¢ and Vgg 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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AC Electrical Characteristics 1, = 25:c(Note 5) g
Symbol | Parameter ' Conditions | Min I Typ l Max | Units <
RS-423 CONNECTION, V¢ = 5V, Vgg —5V, MODE SELECT = 2.4V S
t Rise Time R = 4509, C|_ = 500 pF, Cc = 0 (Figure 2) 120 300 ns 8
tf Fall Time RL = 4500, C| = 500 pF, Cc = 0 (Figure 2) 120 300 ns §
tr Rise Time RL = 450Q, C| = 500 pF C¢ = 50 pF (Figure 3) 3.0 us
te Fall Time RL = 4509, C|_ = 500 pF Cc = 50 pF (Figure 3) 3.0 s
tre Rise Time Coefficient RL = 4509, C| = 500 pF, Cc = 50 pF (Figure 3) 0.06 ps/pF
tpDH Output Propagation Delay Rp = 45090, C_ = 500 pF, Cc = 0 (Figure 2) 180 300 ns
teDL Output Propagation Delay RL = 450Q, C|_ = 500 pF, Cc = 0 (Figure 2) 180 300 ns

AC Test Circuits and Switching Time Waveforms

) w

<

VCCZ A INPUT < 10ns
O—1 ¢
INPUT | ov
SCOPE
D 8 09 Vgg/Ry

ouTPUT 0 .
UTPY
*TEK CT2 CURRENT 0.5 Vgg/RL
TRANSF. OR
EQUIVALENT

< 10ns

0.1 Vsg/R|

5
= our TL/IF/5783-4
<«
Vee TL/F/5783-3
FIGURE 1. Differential Connection
1 W
L
Vee INPUT < 10ms ty<10ns
O—1 A
INPUT oW
ouTPUT
CL Ry
; I 1
J___- Dyt
ouTPUT
8
Vee
TL/F/5783-5

TL/F/5783-6
FIGURE 2. RS-423 Connection
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DS1691A/DS3691

AC Test Circuits and Switching Time Waveforms (continued)

1 25V
o 16
cc
c)—z -1(:‘ INPUT t<S1ns <10 ns
INPUT T
. 4 O
15 | ouTPUT
o
CL R%
204 1 0 i
5 I —
I out = -
8
ouTtPUT

Vee
TL/F/5783-7

TL/F/5783-8
FIGURE 3. Rise Time Control for RS-423

1 v
‘—
veo
2 A
Ot ’ INPUT B
INPUT A
<
>
[ SR
INPUT B o ov
-] score — tPHZ —! tp2y
8
O o oUTPUT —i
*TEK CT2 CURRENT 0.9Vsy/A 0.5 Vgs/R
TRANSF. OR (INPUT A HIGK)
EQUIVALENT
5
_r — Lz OUuTPUT —==| tpz
- DUt
(INPUT A LOW) '
8 01 Veg/Ay 05 Vgg/Ry
—
Vee

TL/F/5783-10
TL/F/5783-9

FIGURE 4. TRI-STATE Delays

Switching Waveforms

o \

Veg =5V Vgg=-5V

UNBALANCED
MODE =1 UTPUT ov

Vee =5V Vgg = GND
B{C} £ £E

o BALANCED
MODE=0 ™4 yrput X

A{D)

v

Vee =5V, Ve = -5V

B(C)

v

BALANCED

MODE=0 UTPUT w ov

A(D)

TL/F/5783-11
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Typical Rise Time Control Characteristics

Rise Time vs External Capacitor
1%

100 ﬁﬁégs

RISE TIME {us)

10 100 1k 10k

CAPACITANCE (pF)
TL/F/5783-12
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DS1692/DS3692 TRI-STATE® Differential Line Drivers

General Description

The DS1692/DS3692 are low power Schottky TTL line driv-
ers electrically similar to the DS1691A/DS3691 but tested
to meet the requirements of MIL-STD-188-114. They feature
4 buffered outputs with high source and sink current capa-
bility with internal short circuit protection. A mode control
input provides a choice of operation either as 4 independent
line drivers or 2 differential line drivers. A rise time control
pin allows the use of an external capacitor to reduce rise
time for suppression of near end cross-talk to other receiv-
ers in the cable.

With the mode select pin low, the DS1692/DS3692 are dual
differential line drivers with TRI-STATE outputs. They fea-
ture £ 10V output common-mode range in TRI-STATE and
0V output unbalance when operated with +5V supply.

Features
m Dual differential line driver or quad single-ended line
driver
m TRI-STATE differential drivers meet MIL-STD-188-114
m Short circuit protection for both source and sink outputs
® Individual rise time control for each output
| 1009 transmission line drive capability
B Low Icc and Igg power consumption
Differential mode 35 mW/driver typ
Single-ended mode 26 mW/driver typ
W Low current PNP inputs compatible with TTL, MOS and
CMOS

Logic Diagram (v, Circuit Shown)

Cexr. A (D)
INPUT A (D) O 1'><> Q OUTPUT A (D}
INPUT B {C)
TRI-STATE® O—=gp
DISABLE ]
OUTPUT B (C)
MODE M
SELECT CexT. 8(C)
TL/F/5784-1
Connection Diagram Truth Table
Vee .L. U i RISE TIME CONTROL A Inpu‘s o‘“pu's
) - Mode | A(D) | B(©) A (D) B (C)
INPUT A =i = QUTPUT A 0 0 0 0 1
INPUT B/DISABLE ) 14, OUTPUT B 0 0 1 TRI-STATE | TRI-STATE
. 3 0 1 0 1 0
MODE SELECT —] L RISE TIME CONTROL B 0 1 1 TRI-STATE | TRISTATE
GND -i' 2 RISE TIME CONTROL C 1 0 0 0 Y
6 " 1 0 1 0 1
INPUT C/DISABLE — — outPuTC 1 1 0 1 0
INPUT D = 2 quteut 0 1 1 1 1 1
Ve == L RisE TIME CONTROL D

TL/F/5784-2

Top View

Order Number DS1692J, DS3692J or DS3692N
See NS Package Number J16A or N16A
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Absolute Maximum Ratings (ote 1) Operating Conditions g
Specifications for Military/Aerospace products are not Min Max Units 4
contalned in this datasheet. Refer to the assoclated Supply Voltage ~
reliabllity electrical test specifications document. DS1692 8
Supply Voltage Vee 4.5 5.5 Y S
Vee v VEE —45 -55 v 8
VEE —7v DS3692
Maximum Power Dissipation* at 25°C Vee 4.75 5.25 v
Cavity Package 1509 mwW Vee —475 =525 v
Molded Package 1476 mW Temperature (Ta)
Input Voltage 15V Bg;gg; ‘:5 ‘;‘72: g
Output Voltage (Power OFF) 15V
Storage Temperature —65°Cto +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 ps1692/Ds3692 (Notes 2, 3 and 4)
Symbol | Parameter I Conditions I Min I Typ Max Units
DS1692, Vg = 5V +10%, DS3692, Voo = 5V £5%, VEg CONNECTION TO GROUND, MODE SELECT < 0.8V
Vo Differential Output Voltage RL= o ViN = 2V 2.5 3.6 v
Vo Vas V=08V | —25 | -36 v
Vvt Differential Output Voltage R = 100Q Vin =2V 2 2.6 \
vt Vas Vec2 475V [y = o8V —2 —26 v
Vos. Vos Common-Mode Offset RL = 1000 25 3 v
Voltage
vy = VA gﬁftiﬁr:;:; t|;1glzlfferentlal RL = 1000 0.05 04 v
Vsl ~ Noel | e st vorage. oLl 005 | o4 | V
Vss vt — VA 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 = 0V —-80 —150 mA
Is Output Short Circuit Current VIN = 24V Voa = 0V -80 —150 mA
Vog = 6V 80 150 mA
lec Supply Current 18 30 mA
DS1692, Voc = 5V £10%, Vgg = —5V +10%, DS3692, Voo = 5V +5%, Veg = —5 +5%, MODE SELECT < 0.8V
Vo Differential Output Voltage RL = o ViN = 2.4V 7 8.5 \
Vo Vag Vin = 0.4V -7 -85 v
V1 Differential Output Voltage Rp = 200Q VIN = 2.4V 6 7.3 \
VT VaB ViN = 0.4V -6 -7.3 v
Vel — [Vl Output Unbalance [Veo| = [Vegl, 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
s+ Output Short Circuit Current Vo =0V VN = 2.4V —-80 —150 mA
Is™ ViN = 0.4V 80 150 mA
IsLEw Slew Control Current 1140 pA
lcc Positive Supply Current VIN = 04V,R_ = 18 30 mA
153 Negative Supply Current ViN = 0.4V,R_ = o0 -10 —-22 mA

1-75



DS1692/DS3692

e e T M N et - R et
Electrical Characteristics (Notes 2 and 3) vgg < ov
Symbol Parameter Conditions Min ' Typ Max Units
ViH High Level Input Voltage 2 v
ViL Low Level Input Voltage 0.8 Y
IiH High Level Input Current ViN = 2.4V 1 40 pA
Vin < 15V 10 100 pA
L Low Level Input Current VN = 0.4V —-30 —200 HA
\ Input Clamp Voltage IIN= —12mA -15 \
Ixa Output Leakage Current Vec=VEg=0 Vo = 15V 0.01 0.15 mA
Ix8 Power OFF Vo = —15V —0.01 -0.15 mA
Switching Characteristics 7, = 25c
Symbol l Parameter | Conditions | Min | Typ | Max l Units
Vce = 5V, MODE SELECT = 0.8V ’
t Differential Output Rise Time RL = 1009, Cy = 500 pF (Figure 1) 120 200 ns
t Differential Output Fall Time RL = 1009, C_ = 500 pF (Figure 1) 120 200 ns
tPDH Output Propagation Delay Ry = 1009, G = 500 pF (Figure 1) 120 200 ns
troL Output Propagation Delay RL = 1009, G, = 500 pF (Figure 1) 120 200 ns
tpzL TRI-STATE Delay Ry = 1009, C_ = 500 pF (Figure 2) 180 250 ns
tpzH TRI-STATE Delay RL = 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 RL. = 1009, C| = 500 pF (Figure 2) 80 150 ns
Vee = 5V, Vgg = —5V, MODE SELECT = 0.8V
t Differential Output Rise Time RL = 200Q, C, = 500 pF (Figure 1) 190 300 ns
4 Differential Output Fall Time Ry = 2009, C_ = 500 pF (Figure 1) 190 300 ns
trDL Output Propagation Delay RL = 2000, C = 500 pF (Figure 1) 190 300 ns
tPDH Output Propagation Delay Ry = 2009, C| = 500 pF (Figure 1) 190 300 ns
tpzL TRI-STATE Delay RL = 2009, Gy = 500 pF (Figure 2) 180 250 ns
tpzH TRI-STATE Delay Ry = 20002, C_ = 500 pF (Figure 2) 180 250 ns
tpLz TRI-STATE Delay RL = 200Q, C, = 500 pF (Figure 2) 80 150 ns
tpHzZ TRI-STATE Delay R = 2000, C_ = 500 pF (Figure 2) 80 150 ns

Note 1: “Absolute Maximum Ratings" are thoss 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” 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 Voc = 5V and Ta = 25°C. V¢ and Vi 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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AC Test Circuits and Switching Time Waveforms

kL

Vee INPUT 4, <10
2

Qrmed

INPUT I > w

| score 09 vsg/A
ouTPUT 0.5 Vg/Ry
*TEK CT2 CURRENT
TRANSF, OR 01 Vss/Ry
EQUIVALENT
5
—r TL/F/5784-4
= out
'
<
VEE
TL/F/5784-3

FIGURE 1. Differential Connection

1 w
v
(] . A
O— o9 INPUT B
INPUT A )
>
O—ti SR
INPUT B a w
| score —
8
D O ouTPUT
*TEK CT2 CURRENT
TRANSF. OR
EQUIVALENT (INPUT A HIGH)
5
L .
= Ut
]
P (INPUT A LOW)
Vee
TLIF/5784-5

-

PHZ = zH
09 Vss/Ry 0.5 Vgg/Ry
tptz ouTPUT —=l 2
0.1 Vsg/RL 05 Vss/PL
TL/F/5784-6

FIGURE 2. TRI-STATE Delays for DS1692/DS3692
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Switching Waveforms

INPUT [
JRE—_— \———>
Veg =S5V Veg=GND R
B(C) »
=g BALANCED
MODE=0 " gyrpur - x R
A(D) — oV v
TL/F/5784-7
Vee =5V, VEE = -5V
B(C) >
_ BALANCED
MODE=0 OUTPUT ov oV
A(D) v .
TL/F/5784-8
Typical Rise Time Control Characteristics
1k
:
g 10 gaj
¢ I
5 i
10 /
T T
101/ Tif
' i/ Al
10 100 1 10k
CAPACITANCE (pF)
TL/F/5784-9
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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, 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 DS3696
and DS3698 provide an output pin which reports the occur-
rence of a line fault causing thermal shutdown of the device.
This is an “open collector” pin with an internal 10 k€ 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.

m 15 ns driver propagation delays with 2 ns skew (typical).

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

m Single + 5V supply.

m -7V to +12V bus common mode range permits £7V
ground difference between devices on the bus.

m 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 Line fault reporting capability on DS3696 and DS3698
allows automated fault location and re-routing under
processor control.

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.

® 70 mV typical receiver hysteresis.

Connection and Logic Diagrams

835
s ’Fvu
it ——-m/i
8us
o | —1—oo/m
-4 5 on
TL/F/5272-1
Top View
053607 \J
Vee [
BUS N
rsu - ]
e 1] ®
BUs Ut
[ 0

TL/F/5272-3
Top View

05368 N/

no—Y L
[
-2 o———osi
U8
-3 ] 1 so/n
o4 [ LI

TL/F/5272-2

Top View

153638 \J

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 M0SA or NOSE
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Absolute Maximum Ratings (Note 1)
Specifications for Military/Aerospace products are not

Continuous Power Dissipation @ 25°C

contained In this datasheet. Refer to the assoclated N Package 900 mW (Note 4)
reliability electrical test specifications document. M Package 675 mW (Note 5)
Supply Voltage, Vcc v Storage Temp. Range -65°C to +150°C
Control Input Voltages v Lead Temp. (Soldering 4 seconds) 260°C
Driver Input Voltage ™ .
Driver Output Voltages +15V/—10V Recommended OPeratmg
Receiver Input Voltages Conditions
(DS3695, DS3696) +15V/—-10V Min Max Units
Receiver Common Mode Voltage Supply Voltage, Voo 4,75 5.25 v
(DS3697, DS3698) +25V Bus Voltage -7 +12 \
Receiver Output Voltage 5.5V Operating Free Air Temp. Ta —40 +85 °C

Electrical CharacteristiCs o°C < Ta < 70°C, 4.75V < Vg < 5.25V unless otherwise specified (Notes 2 & 3)

Symbol Parameter Conditions Min | Typ | Max | Units
Vobi Differential Driver Output lo=0 5 v
Voltage (Unloaded)
Vobz Differential Driver Output (Figure 1) R = 500; (RS-422) (Note 6) 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 Voltage | (Figure 1) R =270 3.0 A
AlVog| | Change in Magnitude of Driver
Common Mode Output Voltage 0.2 \"
For Complementary Output States
ViH Input High Voltage 2 \"
ViL Input Low Voltage DI, DE, 0.8 \"
VoL Input Clamp Voltage RE,E IN= —18mA -1.5 \
TR Input Low Current VL= 0.4V —200| pA
N Input High Current ViH = 2.4V 20 pA
N Input Current DO/RI, DO/RI | Voo = OV or5.25V | Vi = 12V +1.0 | mA
Ri, RI DE/E = 0V ViN= -7V —0.8 | mA
lozp TRI-STATE Current | DO, DO Ve = OVor 5.25V, E = OV +100 A
DS3697 & DS3698 —7V < Vo < +12V s
VT1H Differential Input Threshold -7V <Vgm £ +12V —02 +0.2 v
Voltage for Receiver
AVTy Receiver Input Hysteresis Vem = 0V 70 mV
VoH Receiver Output High Voltage loH = —400 pA 2.4 \
VoL Output Low Voltage | RO loL = 16 mA (Note 6) 0.5 \
LF loL = 8mA 0.45 Vv
lozr OFF-State (High Impedance) Vce = Max +20 A
Output Current at Receiver 0.4V < Vo < 24V B P
RiN Receiver Input Resistance —-7V<Vpom € +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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Electrical Characteristics
0°C < Tp < 70°C, 4.75V < Vgc < 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 = +12V (Note 6) +250 | mA
losr Receiver Short-Circuit Vo = 0V, _ _
Qutput 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 actua! 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 at 6.11 mW/°C to 400 mW at 70°C.

Note 6. All worst case parameters for which Note 6 Is applied, must be increased by 10% for DS3695T and DS3696T. Other parameters remain the same for these
extended temperature range devices for —40°C < Tp < +85°C.

Switching Characteristics 4.75v < v < 5.25v;0°C < Tp < 70°C (Note 7)

Symbol Parameter Conditions Min Typ Max Units
tPLH Driver Input to Output RLprr = 600 9 15 22 ns
tPHL Driver Input to Output Gt = CL2 = 100pF 9 15 22 ns
tSKEW Driver Output to Output (Figures 3 and 5) 0 2 8 ns
tr b Driver Rise or Fall Time 6 10 18 ns
tzH Driver Enable to Output High CL = 100 pF (Figures 4 and 6) S1 open 30 35 50 ns
tz2L Driver Enable to Output Low CL = 100 pF (Figures 4 and 6) S2 open 30 35 50 ns
tLz Driver Disable Time from Low C = 15 pF (Figures 4 and 6) S2 Open 7 15 30 ns
tHz Driver Disable Time from High CL = 15 pF (Figures 4 and 6) S1 Open 7 15 30 ns
tPLH Receiver Input to Output CL = 15 pF (Figures 2 and 7) 15 25 37 ns
tPHL Receiver Input to Output $1and S2 Closed 15 25 37 ns
tz2L Receiver Enable to Output Low CL = 15 pF (Figures 2 and 8) S2 Open 7 15 20 ns
tzH Receiver Enable to Output High CL = 15 pF (Figures 2 and 8) S1 Open 7 15 20 ns
tLz Receiver Disable from Low CL = 15 pF (Figures 2 and 8) S2 Open 5 12 16 ns
tHz Receiver Disable from High CL = 15 pF (Figures 2 and 8) S1 Open 5 12 16 ns
Note 7. Derate worst case ac parameters by 10% for DS3695T and DS3696T.
AC Test Circuits st
POINT ) Ik
RE
B v
[ S #lmﬂ
prgg >
IhcLuoes st > T s
CAPACITANCE)
2
TL/F/5272-5 1 ° |
FIGURE 1 = =
Note: S1 and S2 of load circuit are closed TL/F/5272-6
except as otherwise mentioned.
FIGURE 2
8l
D€ 00 — Ve
p
L CLy = 100pf FROM QUTPUT
o 2 Rugwe :E__-L UNDER TEST "
_ - - O
[ TN e < INCLUDES PROBE T I
AND JIG
= CAPACITANCE) = =
TL/F/5272-7 Note: Unless otherwise specified TL/F/5272-8
FIGURE 3 the switches are closed.

FIGURE 4
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DS3695/DS3695T/DS3696/DS3696T/DS3697/DS3698
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Switching Time Waveforms

k%
t=1MHz: t < 10ns
Dl 1.5V < 10ns 1.5V
tPHL !
1/2Vg
4
tsKew
90% POINT
Voirr =Vpo = Vo
10% POINT

e

) TL/F/5272-9
FIGURE 5. Driver Propagation Delays

W — =
/ f=1MHz: t; < 10ns
DEor E 21 < 10ns
/- 1.5¢ 1.5V
ov
—» 17l
sv —= 2
Do, 00 .
; oS
VoL = 0.;\'
Yo : 2 +
0.5v
00, 00 W
QUTPUT 3
NORMALLY HIGH
v a1
—>

TL/F/5272-10
FIGURE 6. Driver Enable and Disable Times

Vou
1! oUTRUT
fo v 15¢
voL
—>| wuLlc- P f—

{=1MHz: 1 < 10ns
(2 i stgs10ns

AR ov ov
25¢

INPUT

TL/F/85272-11
Note: Differential input voltage may be realized by grounding RI and pulsing Rl between +2.5V and —2.5V

FIGURE 7. Recelver Propagation Delays
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Switching Time Waveforms (continued) @
[7-]
W 3 Q
RE {o = MKz & < T0ns 150 9
oR : s 1< 10ns g
[=2]
or = - ©
—> - -
v =
ougnrur g
NOAMALLY LOW /1 (I g
(1]
= vou -3
g D) ‘ a
B \ 05V Yo w»
Ro ’ 3
OUTPUT o
NORMALLY HIGH | »
W2 -
TL/F/5272-12 a
FIGURE 8. Recelver Enable and Disable Times »
(21
. (<2
Function Tables <
~
DS3695/DS3696 Transmitting 8
Inputs Outputs 8
Line F g
RE Condition Do
RE DE DI DO DO (DS3696 Only)
X 1 1 No Fault 0 1 H
X 1 0 No Fault 1 0 H
X 0 X X 4 z H
X 1 X Fault 4 Z L
DS3695/DS3696 Recelving
Inputs Outputs
RI-RI LF*
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 V4 H
DS3697/DS3698
Inputs Outputs
Line —
-Ri Condition DO RO/DI LF*
E RI-RI Do Do (DS3697 Only) (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 V4 z H
1 >+40.2V Fault z 4 1 L
1 <-0.2Vv Fault 4 4 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 kQ pull-up resistor
** This is a fall safe condition
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DS55113/DS75113 Dual TRI-STATE® a
Differential Line Driver &
General Description Features
The DS55113/DS75113 dual differential line drivers with B Each circuit offers choice of open-collector or active
TRI-STATE outputs are designed to provide all the features pull-up (totem-pole) outputs

of the DS55114/DS75114 line drivers with the added fea- ® Single 5V supply

ture of driver output controls. There are individual controls  m Differential line operation

for each output pair, as well as a common control for both g pyal channels

B e oot m TILALS compatby

output is in a high-impedance sta utpu i- A . o
therpdrive nor Iogd th(laJ bus. This permits many dgvices to be . ngh-lm'ped'ance out.put state for party-line applications
connected together on the same transmission line for party- n Short-c:rcwt protection

line applications. m High current outplfts '

The output stages are similar to TTL totem-pole outputs, but ™ Single-ended or differential AND/NAND outputs
with the sink outputs, YS and ZS, and the corresponding ® Common and individual output controls

active pull-up terminals, YP and ZP, available on adjacent M Clamp diodes at inputs

package pins. m Easily adaptable to DS55114/DS75114 applications

Connection Diagram

Dual-In-Line Package

n

Vee 2zp 278 2Y$§ 2YP 2A C cc

s | "ﬁ'_‘" !:Q‘
] R

Positive logic: Y = AB
Z=AB

Output is OFF when

CorCCis low

1 I 2 l 3 4 5 |s | 7 I 8
12P 128 1Ys 1Yp 1A 18 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 Outputs
Output Control Data AND NAND
C cC A B* Y z
H = high level
L X X X z Z L = low level
X = irrelevant
X L X X 4 z Z = high impedance (OFF)
H H L X L H* *B input and 4th line of truth
H H X L L H table applicable only to
H H H H H L driver number 1
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Absolute Maximum Ratings (Note 1)

Specifications for Military/Aerospace products are not Storage Temperature Range —65°Cto +150°C

contained in this datasheet. Refer to the assoclated Lead Temperature (1/16” from case for

reliability electrical test specifications document. 60 seconds): J Package 300 °C

Supply Voltage (Vcc) (Note 1) w Lead Temperature (1/16" from case for

Input Voltage 5.5V 4 seconds): N Package 260°C

OFF-State Voltage Applied to . re

Open-Collector Outputs 12v Operatlng Conditions
Maximum Power Dissipation* at 25°C Min  Max  Units
Cavity Package 1433 mW Supply Voltage (Vcc)
Molded DIP Package 1362 mW DS85113 45 55 M
SO Package 1002 mW DS75113 4.75 5.25 \Y)
Operating Free-Air Temperature Range High Level Output Current (o) —40  mA
DS55113 —-55°C to +125°C Low Level Output Current (Iop) 40 mA
DS75113 0°Cto +70°C Operating Free-Air Temperature (Ta)

*Derate cavity package 9.6 mW/°C above 25°C; derate molded DIP pack- DS55113 —55 125 °C
age 10.9 mW/°C above 25°C; derate SO package 8.01 mW/°C above 25°C DS75113 0 70 °C
(Note 2).

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

DS55113 DS75113
Symbol Parameter Conditions (Note 3) Units
Min Typ Max | Min Typ Max
(Note 4) (Note 4)
ViH High Level
Input Voltage 2 2 v
ViL Low Level
Input Voltage 08 08| V
Vi Input Clamp Voltage Ve = Min, || = —12mA —-09 | —15 -09 |-15| V
VoH High Level Ve = Min, Viy = 2V, loH= —10mA|24| 34 24| 34 v
Output Voltage VL= 0.8V loy= —40mA| 2 3.0 2 30
VoL Low Level Vece = Min, Vig = 2V, Vi = 0.8V, lgL = 40 mA 0.23 0.4 023 o4l v
Output Voltage
Vok Output Clamp Voltage |Voc = Max, ip = —40mA =11 [-15 -11 |[—-15| V
lof) |Off-State Ve = Max VoH = 12V |Ta = 25°C 1 10
Open-Collector Ta = 125°C 200
Output Current kA
VoH = 5.25V|Ta = 25°C 1 10
Ta = 70°C 20
loz Off-State (High- Voo = Max, |Ta=25°C,Vg=0toVcg £10 +10
Impedance-State) Output Controls Vo = 0V —150 —20
Output Current at0.8v Ta = Max
Vo = 0.4V +80 +20| pA
Vo = 2.4V +80 +20
Vo = Vece 80 20
I Input Current at| A, B, C|Vcc = Max, V| = 5.5V 1
. mA
Maximum Input ce 2 2
Voltage
IIH High Level A, B,C|Vce = Max, V) = 2.4V 40 40 A
Input Current cc 80 80 g
IiL Low Level A, B,C|Vcc = Max, V) = 0.4V -1.6 -1.6
mA
Input Current cc —-3.2 -3.2
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Electrical Characteristics

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

DS55113 DS75113
Symbol Parameter Conditions (Note 3) Units
Min Typ Max | Min Typ Max
(Note 4) (Note 4)
los Short-Circuit Output Vce = Max, Vo = 0V _ _ _ _ _ _
Current (Note 5) 40 90 120| —40 90 120] mA
lcc Supply Current All Inputs at 0V, No Load Ve = 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 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 T4 = 25°C and Vg = 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.
Switching Characteristics vcc = 5v, ¢ = 30pF, Ta = 25°C
DS55113 DS75113
Symbol Parameter Conditions 1 s7 Unit
Min | Typ | Max | Min | Typ | Max
tPLH F‘l;opagatlon 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 QOutput Enable Time to High Level | R = 180Q, (Figure 2) 7 15 7 20 ns
tpzL. Output Enable Time to Low Level Ry = 250, (Figure 3) 14 30 14 40 ns
tPHZ Output Disable Time from High RL = 1809, (Figure 2) 10 20 10 30 ns
Level
tpLz (L):\:;;ut Disable Time from Low RL = 2509, (Figure 3) 17 a5 17 a5 ns
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DS55113/DS75113

881

w
INPUT 18 O— —O IRPUT 1A O
(5] ts) o ns)v g
[
e du S0+ < 3
Pl < £ 600 P&} Q0
1» o 1» b3 -
(=1
4 p—{ 10 0THER 9 o
— | DRIVER O
M
[
> * (.{_2l
> >
¢ < 600 :’ 600 L [V]
< \l J’/ < 3
b4 L A & Q9 =
W N Y ™ ] o
‘ )
= = @
AND _u_)J (1) NAND a
PULL-UP < 3 ) 9 b—  PuLLup g
1ve p Jm :: %0 :; 900 ¢ 1z @
; < 1
. ) E
b - 4; 4 =
<33 A Q
» g
‘:,,m i g 100 -
S 5k _]_ 5k :P
AW - \AA
ANDSINK (3 (2) NAND SINK
OUTPUT —e » ouTPUT
s 128
» !
< 500 100 100 < 500
g

i}

COMMON QUTPUT (9)

CONTROL [ =———r—

(COMMON TO BOTH SIDES)

OUTPUT (7)
CONTROL s
1c
*These components common to both drivers.
Resistor values shown are typical and in Q.
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AC Test Circuits and Switching Time Waveforms a
-
— w— — —— o— —h
1] r Shm cé,
n
INPUT - a
LH =
NAND 15V b
OuTRUT
GENERATOR
(NOTE 1) Vou bl H
ourrut 18V 8V
Vou
TL/F/5785-3
INPUT
PULSE
GENERATOR
(NOTE 1) L
30 pF v
(NOTE2) INPUT
ouTPUT

AND

!
! e ouTPUT You
- [ ! Vore~0V
-:—LJL____N_J T, =
= 1

U |

TL/FI5785-4
FIGURE 2. tpzH and tpyz
INPUT
PULSE r v
GENERATOR
{NOTE 1) CL INPUT
30pF NAND & 280
wl | [ T woTe)  Qoutrur
1 | | = anD ouTPUT
w o= UTPUTQ )
sV ]
i ouTPUT
CL
L J 30 pF !
_T_l _—— ——— ’_‘_Doumz) !
| - |

S |
TL/F/5785-5
FIGURE 3.tpz andtp 7z
Note 1: The pulse generator has the following characteristics: Zoyr = 501, PRR = 500 kHz, tyy = 100 ns.
Note 2: C; includes probe and jig capacitance.
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Typical Performance Characteristics®

Vg - OUTPUT VOLTAGE (v} Vg - OUTPUT VOLTAGE (V)

Igc — SUPPLY CURRENT (mA)

Output Voltage vs Output
Control Voltage

LOAD = 5002 TO GROUND |
5 pvec=5v

Ta=25°C
A
a /- Tp=125°C —|—
[ i |
I
]

e
Ta=-55°C
OISABLED] HIGH

[] 1 2 k] L}
V| - INPUT VOLTAGE (OUTPUT CONTROL) (V}

Output Voltage vs Free-Air
Temperature

T T T T T Ve
sl LIRS
2 Pty
; ——
24— T
2 [VgH gy = —40 mA}
18
1.2
(1]
04 |Vor VgL =40 mA)
) RN v | 1
~75-50 -25 0 25 50 75 100 125
Ta - FREE-AIR TEMPERATURE {*C)
Supply Current (Both
Drivers) vs Supply Voltage
w0 NO LOAD .
70 [ Tp=25°C
® | A
INPUTS GROUNDED &
50 Y
40 /
INPUTS OPEN
30
20 /
10 7
L]

0 1 2 3 4 5 6 7 8
Ve - SUPPLY VOLTAGE (V)

Vo - OUTPUT VOLTAGE (V)

Vou - OUTPUT VOLTAGE (V)

Igc - SUPPLY CURRENT (mA)

Output Voltage vs Output

Control Voltage
[}
T
Ve =55V
5 ——t
L—Vcc =5V
U
4 < V(e =4.5V
3
2 | OISABLED R LOW
y LOAD = 5000 T0 Ve
Ta=25°C
0 AP
] 1 2 3 a

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

High Level Output
Voltage vs Output
Current
s | Ta=25°C
4 ‘l’cc'SIV
- |
cc= 55V
3 —
— -
Vep =45V —
2 —
1
]
D -20 -40 -60 -80 -100 —120

IpH — OUTPUT CURRENT (mA)

Supply Current (Both
Drivers) vs Free-Air
Temperature

56 —
5 Veg =5V
INPUTS GROUNDED

62 FNO LOAI
50
[}
a8
“ h,
) N
1]
k]
6
-75-50 -25 0 25 50 75 100 125

Ta - FREE-AIR TEMPERATURE (°C)

Propagation Delay Times

from Data Inputs vs Free-Air

Temperature

Vg - OUTPUT VOLTAGE (V)

VgL - OUTPUT VOLTAGE (v)

Igg - SUPPLY CURRENT (ma)

Output Voltage vs Output
Control Voltage

LOAD = 5002 TO Vge
5 Vep=5v
4 1
f= T = 125°C
3 t—t
f=Ta=25°C
2 —t
Ta=-55°C
l l
1 T
DISABLED Low
0 1 ) &
0 1 2 3 .
V) - INPUT VOLTAGE (OUTPUT CONTROL) (v}
Low Level Output
Voltage vs Output
Current
08
Ta=25°C |
05
04 Vep=4.5 ﬁ
03 Z
02 lvcc- 55V
[X] /
4
0
0 20 4 60 8 100 120
1gL — OUTPUT CURRENT (mA)
Supply Current (Both
Drivers) vs Frequency
100
| Veg =5V AR
RL=o
80 € =30pF 1
INPUTS: 3V SQUARE WAVE __74.
50 [ Taz25°C A
I
40
20
0

0.1 0a 1 4 10
t - FREQUENCY (MHz)

40 100

Output Enable and Disable

Times vs Free-Air Temperature

Vee=5v

L =30¢F

Vg =5V
(FIGURES 2 AND 3)

16 H{FIGURE 1)

|t
14 = PLH

tPHL

tPHZ

PROPAGATION DELAY TIMES
FROM DATA INPUTS (ns)
3

zH |

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

OUTPUT ENABLE AND DISABLE TIMES {ns)

parameters were measured with the active pull-up connected to the sink output.

0

-75 -50 -25 0 25 S50 75 100 125
T - FREE-AIR TEMPERATURE (°C)

TL/IF/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
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Typical Performance Characteristics* (continueq)

Output Voltage vs Data Output Voltage vs Data
Input Voltage Input Voltage
]
NO LOAD 1 NO LOAD T
s g |TamowC /Vee=5v ~ g bveemsv [ Ta=28°C
= >
< )
g Vgg =55V =} Ta=125C| |
=~ = 4 =
] I 5 r o =
> g 3 11 1
3 - = —BE°P t—1
5 Voo 45V 5 Tpo=-55C
3, 5
! g
=]
> S o
0 0
] 1 2 3 4 0 1 2 3 4
V| — DATA INPUT VOLTAGE (V) Vi - DATA INPUT VOLTAGE (V)

Vg - OUTPUT VOLTAGE (V)

Output Voltage vs Output
Control Voltage

LOAD = 5000 TO GROUND
5 |Ta=25°C

,Vee =5V
Vee=6.5V _ |

L ]
3 |
Vee=4.5V

DISABLED § HIGH

0 1 2 3 L)
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 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 choice of open-collector or active
pull-up (totem-pole) outputs

| Single 5V supply

m Differential line operation

B Dual channels

m TTL/LS compatibility

m Design 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 2vs 2yp 2¢ 28 2A
Iﬂi 15 14 13 12 1 10 9
1 2 3 4 5 6 7 ln
1P 128 1Ys 1P 1A 18 1c 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

Truth Table
Inputs Outputs
A B [ Y ¥4
H H H H L
All Other Input Combinations L H
H = high level
L = low level
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Absolute Maximum Ratings (Note 1)
Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the associated
reliability electrical test specifications document.

Lead Temperature (V46" 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).

Supply Voltage (Vcc v

Input Voltage ' 55V Operating Conditions

OFF-State Voltage Applied to Min Max Units
Open-Collector Outputs 12v

. o Supply Voltage (Vo)

Maximum Power Dissipation* at 25°C DS55114 45 5.5 v
Cavity Package 1433 mW DS75114 475 5.25 v
Molded Package 1362 mW High Level Output Current (Ion) ~40 mA

Operating Free-Air Temperature Range Low Level Output Current (Io) 40 mA
DS55114 —55°Cto +125°C Operating Free-Air
DS75114 0°Cto +70°C Temperature (Ta)

Storage Temperature Range —65°Cto +150°C DS55114 =55 125 °C

DS75114 0 70 °C

Lead Temperature (V4¢” from case
for 60 seconds): J Package

300°C

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

DS55114 DS75114
Symbol Parameter Conditions (Note 3) Typ Typ Units
Min (Note 4) Max | Min (Note 4) Max
ViH High Level Input Voltage 2 2 v
ViL Low Level Input Voltage 0.8 0.8
Vik Input Clamp Voltage Vce = Min, ) = —12mA -09 |15 -09 |—-15]| V
VoH High Level Output Voltage |Vcc = Min, Vi = 2V lon = —10mA| 24 3.4 24 3.4 v
VL = 0.8V lon= —40mA| 2 3.0 2 3.0
VoL Low Level Output Voltage |Vcc = Min, Vig = 2V, V)L = 0.8V, 02 0.4 0.2 045 | v
loL = 40 mA
Vok Output Clamp Voltage Ve = 5V, lp = 40 mA, Tp = 25°C 6.1 6.5 6.1 6.5 v
Veoe = Max, lp = —40mA, Tp = 25°C -1.1 [—-15 -1.1 | —-15
lofy |OFF-State Open-Collector Vou = 12V Ta =25 1 100
Output Current Ta = 125°C 200
Veo = Max A pA
VoH = 5.25V Ta = 25°C 1 100
Ta = 70°C 200
I Input Current at Maximum |Vcc = Max, V| = 5.5V
1 1 mA
Input Voltage
H High Level Input Current  |Vgo = Max, V| = 2.4V 40 40 | pA
IiL Low Level Input Current  |Vgg = Max, V| = 0.4V -11 |—-1.6 -11 | —1.6( mA
los Short-Circuit Output Vce = Max, Vo = 0V —40l —90 | 120 | =40 —s0 |-120| ma
Current (Note 5)
lcc Supply Current Inputs Grounded, No Load, |Vcc = Max 37 50 37 50
Both Drivers) Ta = 25°C mA
( A Voo = 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 T4 = 25°C and Vgg = 5V, with the exception of Igc 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 DS55114 DS75114 Units
Min Typ Max Min Typ Max
tpLH Propagation Delay Time, CL = 30 pF, (Figure 1)
Low-to-High-Level Output 5 20 15 30 ns
tPHL Propagation Delay Time
High-to-Low-Level Output 1 20 1 30 ns

AC Test Circuit and Switching Time Waveforms

INPUT Vee=5V
I_ —— e ey
< Y AND
Q% l oUTPUT
< | CL
30 pF
PULSE | ‘ | ’-,_].-.\ (NOTE2)
GENERATOR k| |

(NOTE 1)
l ZNAND
50 I —-k o ouTRUT
I E&pF
L l_______J d__\murez)

Note 1: The pulse tor has the following ch ristics: ZoyT = 500,
tw = 100 ns, PRR = 500 kHz.

Note 2: C_includes probe and jig-capacitance.

o I et

e tpLH —-’ (= tPHL
Vou
Y 15V 1.5V
ouTPUT
V| e
1
F PHL [e—tpLH
Vou
Z 15V 15V
ouTPUT \

Vou

TL/F/5786-3

TL/F/5786-4
FIGURE 1
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Typical Performance Characteristics*

Output Voltage vs Data
Input Voltage
8
mll lOAD
s 5|-Tas25C
g . Vg = 5.8 ‘cj:'“
g
'é 3 Vee =45V
'3: 2
E |
[
0 1 2 3 4

V) - DATA INPUT VOLTAGE (V)

Low Level Output Voitage

vs Output Current
04 T
Ta=25°C [ ]
E Vg = 5.5V,
w 03 mj
<
3 Voo =45V
= 02
E
3 7
oo -
g 4
5 /Z
0
0 10 20 30 40 50 60 70 80
1oL — OUTPUT CURRENT (mA)
Supply Current (Both Drivers)
vs Supply Voltage
0 T
NO LOAD
;'. 10 [Ty = 25°C
S ow
=
= 50
§ «© INPUTS GROUNDED 4
g % {NPUTS OPEN —|
a
|20
8
= 10
]

0 1+ 2 3 4 5 6 7 8
Ve - SUPPLY VOLTAGE (V}

Vg - OUTPUT VOLTAGE {V}

Vg - OUTPUT VOLTAGE (V)

Igc — SUPPLY CURRENT (mA)

. Input Voltage

5 |-Vec=5v

Output Voltage vs Data

| 1
NO LOAD

Ta=260c| Tax28°C

Ta=-55°C

0 1 2 3 4
Vi - DATA INPUT VOLTAGE (V)

Output Voltage vs Free-Air

Temperature
4

38
32
28
24

2
18
12
08
04

0
-75 -50 -25 O

2 T T

40 |-INPUTS GROUNDED

i

30

P I I

T
Ve i
VoK (lgn = -10 mA).

-
=T~ Vop {Igy = -40 mA)

|| Vot (lgL =40 mA)
111 |
25 50 75 100 125
Ta — FREE-AIR TEMPERATURE (°C}

Supply Current (Both Drivers)
vs Free-Air Temperature

1
Veg= bV

OUTPUTS OPEN

N

~75-60-26 0 26 50 75 100 125
Ta — FREE-AIR TEMPERATURE {°C)

PROPAGATION DELAY TIMES (ns) Vgu - OUTPUT VOLTAGE (V)

Igc — SUPPLY CURRENT (mA)

High Level Output Voltage

5 V8 Output Current

T
[ Ta=2sc]
1
4 Ve 58V
— Vg =5V T
3 — |
2 Voo = 4.5V
1
0 |
0 -20 -40 -60 -80 -100 -120

40

2

" Free-Air Temperature

Igy ~ OUTPUT CURRENT {mA)
TL/F/5786-5

Propagation Delay Times vs

Vc‘
(FI

-76-§0 -26 0 25 &0 75 100 126
Ta - FREE-AIR TEMPERATURE (°C)
TL/F/5788-8

Supply Current (Both Drivers)
vs Frequency

Ve

Rp==
:fr}?l.li: F-sz SOUARE WAVE E-"

Ta=25°C

T-TTTTImYT

40 100

[ A} 04 1 4 10
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

INPUTS
C B A T0 OTHER
o DRIVER
o, Js. Q.0 T2
1) |0 1 (16)
t Ll % o
< 600
>
? a
500 600
PRCAL (1,15)
ﬁl'l‘II.JL up NAND
. ¢ PULL-UP
e ’l »
(3,13) (2,14)
AND v NAND
SINK QUTPUT 3 |4 e SINK QUTPUT
Y$ <: 500 } > 333 500 43
*-0-& L g & 9 “’o GND
TL/F/5786-2

Resistor values shown are typical and in ohms.
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DS55115/DS75115 Dual Differential Line Receiver

General Description Features

The DS55115/DS75115 is a dual differential line receiver ~ ® Single 5V supply

designed to sense differential signals from data transmis- = High common-mode voltage range

sion lines. Designed for operation over military and commer- @ Each channel individually strobed

cial temperature ranges, the DS55115/DS75115 can typi-  m Independent response time control

cally receive £500 mV differential data with =15V com- g jncommitted collector or active pull-up option
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

Skiszsa/ssiisssa

W TTL compatible output
m Optional 130 termination resistors
m Direct replacement for 9615

available.
Connection Diagram Function Table
Dual-In-Line Package Diff.
g Strobe Output
2 2 RESP Input
Vee 2vs 2P STRB TIMECONT B2 2Rt A2
I L X H
16 15 14 13 12 1 10 9 H L H
H H L
H = V| 2 V|y min or V|p more positive than Vyy max
L = V; < V) max or Vip more negative than V1 max
X = irrelevant
+
Il | 2 I 3 4 5 ls 7 |s
1Ys e 1 1RESP  B1 1Ry Al GND
STRB TIME CONT
TL/F/5787-1
Top View

Order Number DS55115J, DS75115J or DS75115N
See NS Package Number J16A or N16A
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Absolute Maximum Ratings (ote 1)
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliability electrical test specifications document.

Storage Temperature Range

Lead Temperature
(Y46 inch from case for 4 seconds)

—65°Cto +150°C

260°C

Supply Voltage, Vg (Note 1) v *Derate cavity package 9.6 mW/°C above 25°C; derate molded package
Input Voltage at A, B and Rt Inputs +25V 10.9 mW/°C above 25°C.
Input Voltage at Strobe Input 5.5V Operating Conditions
Off-State Voltage Applied to Open-Collector Outputs 14V Min Max Units
Maximum Power Dissipation* at 25°C Supply Voltage, (Vcc)
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 (loH) -5 mA
DS55115 —55Cto +125°C Low Level Output Current (I ) 15 mA
DS57115 0°Cto +70°C R
Operating Temperature (Ta)
DS55115 —55 125 °C
DS75115 0 70 °C
Electrical Characteristics (Notes 2, 3and5)
Symbol Parameter Conditions DSS5115 pS75115 Units
4 Min | Typ | Max | Min [ Typ | Max
VTH Differential Input High- Vo =04V, lopL=15mA,Vic =0
Threshold Voltage 200 | 500 200 | 500 | mv
VL Differential Input Low- Vo= 24V,lpy= —5mA,Vic =0 _ _ _ _
Threshold Voltage 200| —500 200 —500| mv
Vicr Common-Mode Input Vip= %1V 15 24 15 24
Voltage Range to to to to v
—-15| —19 —-15| —19
VinsTroBE) | High-Level Strobe 2.4 24 v
Input Voltage ) i
ViLSTROBE) | Low-Level Strobe
) Input Voltage 0.4 0.4 v
VoH High Level Output Voltage | Voc = Min, Vip = —0.5V,|Ta = Min | 2.2 2.4
lon = —5mA Ta=25C| 24 | 34 24 | 34 v
Ta = Max | 2.4 2.4
VoL Low Level Output Voltage | Voc = Min, Vip = 0.5V, lg. = 15 mA 022 | 04 022 ) 045 | V
i Low Level Input Current | Vgg = Max, V| = 0.4V, Ta = Min —0.9 —0.9
Other Input at 5.5V Ta = 25°C —05 | 07 —05]| 07| mA
Ta = Max -0.7 —0.7
IsH High Level Strobe Current | Vo = Min, Vip = —0.5V,|Ta = 25°C 0.5 2 0.5 5
VsTROBE = 4.5V Ta = Max 5 10 BA
IsL Low Level Strobe Current |Vcc = Max, Vip = 0.5V, [Ta = 25°C —1.15| —2.4 —1.15| —2.4| mA
VstroBE = 0.4V ) ) ) )
lg, 112 Response Time Control  [Vge = Max. Vip = 0.5V, |Tp = 25°C| _ _ _ _
Current (Pin4orPin12) |VRc =0 1.2} —34 1.2} —34 mA
lo(oFF) Off-State Open-Collector |Vgg = Min, Vo = 12V, |Ta = 25°C 100
Output Current Vip = —4.5V Ta = Max 200
Ve = Min, Vou = 5.25V, | Ta = 25°C 100 | MA
Vip = —4.75V Ta = Max 200
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Electrical Characteristics (Notes 2, 3 and 5) (Continued) cgn

—h

Symbol Parameter Conditions Win DS:;'::S wax | Min Di;iﬂS Mox Units g

Rr Hhe Taminating Vee = 8V TA=25C| 27 | 130 | 167 | 74 | 130 | 179 | @ ‘é’

. . — — j— 0 ey

los gzcr)rr;-n(t)lrcun Output xﬁ)c; y(%,vY?N;t g\ii Ta=25C | _ 15| —40| =80 | =14 | =40 | =100 | ma >
lcc g:ggllz ;:rrent (Both x%c:olilllax Vip = 0.5V, { Tp = 25°C a2 50 32 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 typical values are for To = 25°C, Vgc = 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 v = sv,c_ = 30pF, Ta = 25°C

Symbol P Conditi DS55115 DS75115
ymbo| arameter onditions Min | Typ | Max | Min | Typ | Max Units
tpLH Propagation Delay Time, Low- R = 3.9k, (Figure 1)
to-High Level Output 18 50 18 5 ns
tPHL Propagation Delay Time, High- | Ry = 390Q, (Figure 1)
to-Low Level Output <0 50 0 75 ns
Schematic Diagram
e
Vee Ry Vcc  STROBE CONTROL Vee

? T ? T )
S $ b
skg :.2.7I( < 2k

1pF
r—l ﬁ r $u
PULL-UP
—0
INPUT A VWA~ [ Yp
8k 2 5k
A i

INPUT B O~

SINK
OUTPUT
Ys

COMMON TO
BOTH RECEIVERS

TL/F/5787-2
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Typical Performance Characteristics (Note 3)

Vgy - HIGH LEVEL OUTPUT VOLTAGE (V) 1) = INPUT CURRENT (mA)

Vg - OUTPUT VOLTAGE (V)

Igc ~ SUPPLY CURRENT (mA)

Input Current vs Input
Voltage
s Voo=5V |
4 INPUT NOT UNDER TEST AT 0 rﬁ_
Ta=25°C /
2
4
[]
-2 /
IV
-8

-25-20-15-10-5 0 5 10 15 20 25
V) - INPUT VOLTAGE (V)

High Level Output Voltage
. vs Output Current

[ ] Vin~-a3v |
' SE -’ Lv A;Tz:vf
1 A N
Voo =45V \‘

0 []
o -0 -20 -30 -4 -5
fgy — HIGH LEVEL OUTPUT CURRENT (mA)

Output Voltage
vs Differential Input Voltage
]

Vee =55V
|

5 Veg =5V

: |
2

LOAD = 2k TO V|
Ta=25°C

-2 -0 0 [ 2] 02
Vip — DIFFERENTIAL INPUT VOLTAGE (V)

-

Vor ~ LOW LEVEL OUTPUT VOLTAGE (V) Vg ~ QUTPUT VOLTAGE (V)

Vo — OUTPUT VOLTAGE (V)

Supply Current (Both Recelvers)

vs Supply Voltage
60 7
NO LOAD
50 |- To=25°C
BINPUT AT Vo
40 A INPUT AT OV
kL) / A
20 /ajn,rm ATOV
AINPUT AT Vg

1

]

9 1 2 3 &4 5 6 1 8
Vgg — SUPPLY VOLTAGE (V)

Igg — SUPPLY CURRENT (mA)

Output Voltage vs
. Temperature
4 _Vcc =45V
2
28 |

24 |—TVou tvip = -0.5v, 1gn = -5 ma) |

2
18
12

s
0 |-VoutVip =05V, 100 = 15 ma) |
! . .

o Lttt
-75 -50 -25 0 25 60 75 100 12§
Tp — AMBIENT TEMPERATURE {°C)

—

Low Level Output Voltage
L Output Current

1
Vip =05V
Ta-25°C Ve =45V,

/ﬁl- 55V
02 ,’

/|

0.3

01 =

0 § 10 155 2 25 30
lgL ~ LOW LEVEL OUTPUT CURRENT (mA}

Output Voltage vs
. Strobe Input Voltage

T 1
l NO LOAD

Vip=0.5V-
Vep =55V
_':E..\\ Ta=25°C

Vg = 5V
N Ve
veg=45V\

] 1 H 3 4
Vg — STROBE INPUT VOLTAGE (V)

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

Vg — OUTPUT VOLTAGE (V)

Supply Current (Both Receivers)

vs Temperature
“
35
30
25
20
15
10 [Fyge =65V
| BINPUTATE.SV
AINPUY AT OV

-15-50 =25 0 25 50 75 100 125
Ta — AMBIENT TEMPERATURE (°C)

PROPAGATION DELAY TIMES (ns)

1

Output Voltage vs
Common-Mode
Input Voltage

NO LOAD
Tp=25°C

!

Vg =55V

I
{
Z
I~ Vggs sv—f Vee =45V

LI
Vip=-1V

\73

[
Vip= 1V

-25-20-15-10-5 0 5 10 15 20 25

V|¢ - COMMON-MODE INPUT VOLTAGE (V)

Output Voltage vs
¢ Ditferential Input Voltage
Veg=5v
5 LOAD =2k to Ve
[}
Ta=125C
3 } .
A=25°C1] Ta=-55°C
2
) !
[}
02 -0 [] 01 02

Strobe Input Voltage
[}

30

0
-75 -50 -26 0 25 S0 75 100 125

V)p - DIFFERENTIAL INPUT VOLTAGE (V)

Output Voltage vs

T T
Vgp =05V
} NOLOAD
Tp=125°C Vip =05V

—

] 1 2 3 4
Vg — STROBE INPUT VOLTAGE (V)

Propagation Delay Times
vs Temperature

Vee =6V
(FIGURE 28)

I
tpyy, (R = 3900

7 lp"{(RL'l'l)"_‘

%

Ta — AMBIENT TEMPERATURE (°C)

TL/F/5787-4
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Frequency Response Control

STROBE

Frequency Response as a
Function of Capacitance

10M Vo oV ]
TA® =25°c]
™M
RESPONSE g
CONTROLPIN E 100k
&
C >
T R g 1k
o©
[ R
= il
TL/F/5787-5 *
Note: Cg (response control) > 0.01 uF may cause slowing of rise and fall 100

times of the output. 0.001 0.0 o1 1 10

Cp — CAPACITANCE («F)
TL/F/5787-6

AC Test Circuit and Switching Time Waveforms

OPEN 24V
R STROBE
INPUT r Y e — — a— w
PULSE
GENERATOR B + I YP R
(NOTE 1) |
Vo
l |vs
[
| - I 30pF
(NOTE2)
L —— — ——
A RESPONSE
= TIME CONTROL =
OPEN

TL/F/5787-7
Note 1: The pulse generator has the following characteristics: Zgyt = 509, PRR = 500 kHz/tyy = 100 ns
Note 2: C| includes probe and test fixture capacitance

t4<5ns

v
DIFFERENTIAL
INPUT
-
-’. tPHL —*l tPLH
Vou
ouTPUT 1.5V 1.5V
Voo

TL/F/5787-8
FIGURE 1. Propagation Delay Time

Typical Application

Basic Party-Line or Data-Bus Differential Data Transmission
I.OCATIUN 3 LOCATIONS
r

:ED;fl'_—

S |

TWISTED 3 F R !
PAIR *
LINE S %0 C 2

A

LOCATION B

_O{>—|—

Fr— =T~ 1

+
gy < |

| I —,
LOCATION 2 LOCATION 4

I i DS§75113 DRIVER $-— DS75115 RECEIVER

*Zp is internal to the DS55115/DS75115
A capacitor may be connected in series with Zp to reduce power dissipation.

TL/F/S787~3

SL1S2Sa/s11SSSA
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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 voitage 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
5009} coaxial cable, strip line, or twisted pair transmis-
sion lines

B TTL compatible

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

® Short-circuit protection

W 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 c2 B2 A2 Y2
| 16 15 14 13 | 12 11 10 9
) —
[ 2 3 [ 5 6 7 8
Al B c1 D1 E1 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

33V Vee
C— - 1

PULSE
GENERATOR
(NOTE 1)

OO0

I
—

i

Note 1: The pulse generators have the following characteristics:
Zoyt = 509, tw = 200 ns, duty cycle = §0%, t;, = t; = 5.0 ns.
Note 2: C_includes probe and jig capacitance.

TL/F/5788-3

Typical Performance
Characteristics

Output Current vs Qutput Voltage

-300 —
Vee = 5.0V
< -250 Vi = 2.0V o
f Ta=25°C
= ‘\
3
g N\
3 150
s
g 100
o -5
; \
0 0.51.0 1.5 202530 3.54.045 50
Vo - OUTPUT VOLTAGE (V)
TL/F/5788-2
Truth Table
Inputs Output
AlBlc|p|E|F| Y
H{H|H|H|X]|X H

XIX|X|X[H]JH| H

All Other input
Combinations

H=High Level, L=_Low Level, X=Irrelevant

<50ns <60ns

OUTPUT

90%
1.5V

90%
INPUT 1.5V

C
(NOTE2) 10% 10%

OUTPUT

TL/F/5788-4
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Absolute Maximum Ratings (note 1) Operating Conditions a
Specificatlons for Military/Aerospace products are not Min Max Units ~
contained In this datasheet. Refer to the associated Supply Voltage, Vcc 4.75 5.25 \ <
reliablility electrical test specifications document. Temperature, Ta o
Supply Voltage, Voo 6.0V DS55121 —55 +125 °C @
Input Voltage 6.0V DS75121 ] +75 °C o
Output Voltage 6.0V fard
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 t0 5.25V (unless otherwise noted) (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 Ve = 5.0V, I = —=12mA -1.5 v
] Input Current at Max Input Voltage | Vg = 5.25V, VN = 5.5V 1 mA
VoH High Level Output Voltage ViH = 2.0V, oy = —75 mA (Note 4) 2.4 \
loH High Level Output Current Vce = 5.0V, Vi = 4.75V, Vo = 2.0V, _ _
T = 25°C (Note 4) 100 250 | mA
loL Low Level Output Current ViL = 0.8V, VoL = 0.4V (Note 4) —800 RA
loorr) | Off State Output Current Vee = 0V, Vg = 3.0V 500 MA
IiH High Level Input Current V| = 4.5V 40 pA
L Low Level Input Current V= 0.4V —-0.1 —1.6 mA
los Short Circuit Output Current Ve = 5.0V, Tp = 25°C —30 mA
lccH Supply Current, Outputs High Vce = 5.25V, All Inputs at 2.0V, Outputs Open 28 mA
lcoL Supply Current, Outputs Low Vce = 5.25V, All Inputs at 0.8V, Outputs Open 60 mA
Switching Characteristics vec = 5.0v, T4 = 25°C
Symbol Parameter Conditions Min Typ Max Units
tPLH Propagation Delay Time, RL = 379, (See AC Test Circuit CL = 15pF " 20 ns
Low-to-High Level Output and Switching Time Waveforms) Cy = 1000 pF 22 50 ns
tPHL Propagation Delay Time, R = 379, (See AC Test Circuit C, = 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 Vg = SV.
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 Dual Line Driver

General Description Features

The DS75123 is a monolithic dual line driver designed spe-
cifically to meet the I/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.

m Meet IBM System 360 1/0 interface specifications for
digital data transmission over 50§ to 50002 coaxial ca-
ble, strip line, or terminated pair transmission lines

W TTL compatible with single 5.0V supply

| 3.11V output at loy = —59.3 mA

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

W Short circuit protection

B AND-OR logic configuration

M Plug-in replacement for the SN75123 and the 8T23

Connection Diagram

Dual-In-Line Package
Vee F2 E2 D2 c2 82 A Y2

I 16 15 14 13 | 12 11 10 9

1 2 3 [ 5 6 7 I 8
1A Bt ] Dt E1 F1 Y1 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

agv Vee
r— - 1

PULSE 1 |
GENERATOR |
(NOTE 1) |

> R
> 50

p—A AN

I
-

L~

Typical Performance

Characteristics
Output Current vs Output Voltage
-300 T
Vec £ 50V
< -250 Vi = 2.0V —
£ Tp =25°C
bt
E -200 h
o«
2 -150 \w
5 N
5 -0
S
o -50
: |
0 051015 202530354045 50
Vo - OUTPUT VOLTAGE (V)
TL/F/5790-3
Truth Table

INPUTS OUTPUT
AlB|c|Dp|E|F Y
Hin|u[x[x] w
x[x[x|[x|H|[H| H

All Other Input
Combinations

I

L

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

QUTPUT

C,
(NOTE 2)

TL/F/5790-2

TL/F/5790-4

Note 1: The pulse generators have the following characteristics: Zoyt = 5082, tw = 200 ns, duty cycle

= 50%.
Note 2: C| includes probe and jig capacitance.
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Absolute Maximum Ratings (Note 1)

Operating Conditions

Specifications for Military/Aerospace products are not Min Max Units
contained In this datasheet. Refer to the associated Supply Voltage, Vcc 4.75 5.25 v
rellabllity electrical test specifications document. High Level Output Current, —~100 mA
Supply Voltage, Voo 7.0V loH
Input Voltage 5.8v Temperature, TA 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°C to +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 2and 3)
Symbol Parameter Conditions Min | Typ | Max | Units
ViH High Level Input Voltage 2.0 \
ViL Low Level Input Voltage 0.8 \
\ Input Clamp Voltage Vo = 5.0V, I = —-12mA -1.5 v
I Input Current at Max Input Voltage | Voo = 5.25V, ViN = 5.5V 1 mA
VoH High Level Output Voltage Vo = 5.0V, Vi = 2.0V, | Tp =25C 3.1 \"
|OH = —59.3mA, (Note 4) TA = 0°Cto +75°C 2.9 ]
loH High Level Output Current Ve = 5.0V, V| = 4.5V, Tp = 25°C, _ _
Vo = 2.0V, (Note 4) 100 250 | mA
VoL Low Level Output Voltage ViL = 0.8V, loL = —240 pA, (Note 4) 0.15 \
loorF) | Off State Output Current Vec = 0,Vp = 3.0V 40 HA
liH High Level Input Current V| = 4.5V 40 pA
e Low Level Input Current V| = 04V -0.1 —16 | mA
los Short Circuit Output Current Vec = 5.0V, Ty = 25°C —30 mA
IccH Supply Current, Outputs High Vee = 5.25V, All Inputs at 2.0V, Outputs Open 28 mA
lcoL Supply Current, Outputs Low Vec = 5.25V, All Inputs at 0.8V, Outputs Open 60 mA
Switching Characteristics vcc = 5.0v, 7o = 25°c
Symbol Parameter Conditlons Min | Typ | Max | Units
tPLH Propagation Delay Time, Low- | R = 500, (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 CL = 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 Veg
= 5.0V, Tp = 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 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 . .. type propagation delay time 20 ns

m Independent channe! strobes

m Input gating increases application flexibility

| Single 5.0V supply operation

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

Connection Diagram and Truth Table
Dual-In-Line Package

Vee st R1 Yi A3 $3 R3 Y3

Iw 15 14 In 12 1 10 [

1 Iz Ia |a Is Ia 7 []
Al 1 R2 2 A2 B2 Y2 GND
TLIF/5792-1

Top View

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

Typical Application

F————"

oom>»

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

H = high level, L = low level, X = irrelevant
1B input and fast two lines of the truth table

are applicable to receivers 1 and 2 only

0N o

| I o o~ 95COAXIALCABLE

m

]
Cmem

I.__...__.'__.__

= L e _ |

TL/F/5792-2
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Absolute Maximum Ratings (ote 1)
Specifications tor Military/Aerospace products are not
contained in this datasheet. Refer to the assoclated
reliabllity electrical test specifications document.

0°Cto +75°C
—65°Cto +150°C
260°C

Operating Temperature Range
Storage Temperature Range
Lead Temperature (Soldering, 4 seconds)

Supply Voltags, Vcc 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 Ve 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 \
Output Current +100 mA High Level Output Current, —800 pA
Maximum Power Dissipation* at 25°C loH
Cavity Package 1433 mW Low Level Output Current, 16 mA
Molded Package 1362 mW loL
Operating Temperature, Ta 0 +75 °C
Electrical Characteristics (Notes 2and 3)
Symbol Parameter Conditions Min Typ Max Units
ViH High Level Input Voltage A,B,orS 20 \"
R 1.7 "
ViL Low Level Input Voltage A,B,orS 0.8 \"
R 0.8 \'
V14 —V1— | Hysteresis Ve = 5.0V, Ta = 25°C, R, (Note 6) 0.2 0.4 \'%
Vi Input Clamp Voltage Voo = 5.0V,lj= —12mA,A,B,or S —-1.5 \
I Input Current at Maximum Vce = 5.28V,V)y = 5.5V, A, B, or S 1 mA
Input Voltage A Vi =70V 5.0 mA
V)= 6.0V,Vcc =0 5.0 mA
VoH High Level Output Voltage VIH = ViHMING VIL = ViLMAX: 26 v
loy = —800 pnA, (Note 4) ’
VoL Low Level Output Voltage ViIH = VINMIN: VIL = VILMAX loL = 16 mA,
0.4 v
(Note 4)
I High Level Input Current V| = 4.5V,A B, orS 40 BA
V= 3.11V,R 170 pA
i 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
lcc Supply Current Vee = 5.25V 72 mA
Switching Characteristics Ta = 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 30 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 g operating P sre range of 0°C to +75°C for DS75124, unless otherwise specified. Typicals are for Vco
= 5.0V, Ty = 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, V14, and the negative going input threshold voltage, Vy_.
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AC Test Circuit and Switching Time Waveforms

Vee 26V

PULSE 1N3064

GENERATOR

OUTPUT

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

<50ns

26v 90% 90%
INPUT 1.5V 1.5V
10% 10%
ov
teLH tone
Vou /

TL/F/5792-4

Typical Performance Characteristics

Output Voltage vs
Recelver Input Voltage
W rTTT
1.5 Vcc'E.DV
s 7 NO LOAD
§ 3.0 |- Ta=25C
=i 1]
g
=20
2. Vi- Y A Vra
E 15
Q
Lo1o
>
0.5
0 ===

0 02040608 101214161820

V) ~ INPUT VOLTAGE (V)
TL/F/5792-5

TL/F/5792-3
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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

m Meets IBM 360/370 1/0 specification

m Input resistance—7 k1 to 20 k2

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

W Seven channels in one 16-pin package

m Standard Vg and ground positioning on DS75127

Connection Diagrams

DS75125 DS75127
Dual-In-Line Package Dual-In-Line Package
v Vee 3y 4y 5Y 6Y v 2y vee v 2y 3y 4y 5Y 6Y v
16 ||s 14 13 12 1 10 q 16 15 14 13 12 1 10 9

AAA

Z&MM{

1 2 3 4 5 6 7 8
1A 2A 3A 4A 5A 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 [] 5 Is 7 [s

1A 2A 3A 4A 5A A 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

T NS

Absolute Maximum Ratings (Note 1)
Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the associated
reliablility electrical test specifications document.

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

1509 mwW
1476 mW

Supply Voltage, Vg (Note 1) ra' *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°C to +150°C Min Typ Max Units
Lead Temperature (Soldering, 4 seconds) 260°C Supply Voltage, Ve 45 5 55 V
High-Level Output Current, oy —0.4 mA
Low-Level Output Current, 1o 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)
ViH High-Level Input Voltage 1.7 \
ViL Low-Level Input Voltage 0.7 v
VoH High-Level Output Voltage Vee = 4.5V, V)L =07V,lpy= —04mA | 24 3.1 \
VoL Low-Level Output Voltage Vee = 4.5V, Vi = 1.7V, gL = 16 mA 0.4 0.5 v
IH High-Level Input Current Voo = 6.5V, V| = 3.11V 0.3 0.42 mA
I Low-Level Input Current Vee = 5.5V, V; = 0.15V —-0.24 | mA
los Short-Circuit Output Current (Note 4) | Vocc = 5.5V,Vo =0 -18 —60 mA
n Input Resistance Vce = 4.5V, 0V, or Open,
AV} = 0.15V to 4.15V 7 20 kaQ
Icc Supply Current Veg = 6.5V, lopp = —0.4mA,
Al Inputs at 0.7V 15 2% | mA
Vee = 5.5V, loL = 16 mA,
A
All Inputs at 4V % a7 m
Switching Characteristics v = 5v, 74 = 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 R = 4'009, CL = 50 pF, 05 08 13 ns
teHL (See Figure 1)
trLH 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 d. Except for “Operating T 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 temperaturs, 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: Ali typical values are at Vgc = 6V, Tp = 25°C.
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Schematic (each receiven
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PUT
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|
1 |
_|_ |
3 3 > i
Now :: i: %: |
|
|
>—8 {—
GND - ! ;}ro OTHER
T [ cHanneLs
COMMON CIRCUITRY | g
TL/F/5781-3

AC Test Circuit and Switching Time Waveforms

Vee

/), =400
(SEE NOTE 3)

PULSE
GENERATOR
(SEEROTE 1)

CL=50pF

/_‘L\ (SEE NOTE 2)

TL/F/5791-4

— 10ns
" [

INPUT 0.7V
v 10%:!

Vou
OUTPUT

1.2V,
0.8V a.8v

N ) S — ) S

Note 1: The pulse generator has the following characteristics: Zoytr = 509, PRR = 5 MHz.
Note 2: C includes probe and jig capacitance.
Note 3: All diodes are 1N3064 or equivalent.

FIGURE 1

TL/F/5791-5
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i | Typical Performance Characteristics
~
(/2]
Q Voltage Transfer Voltage Transfer Input Current vs
“& Characteristics Characteristics Mlnput Voltage
S 5 X
™ | L Vop =5V I Vo= 8V y
w i _ Ta=10°C - NG'LoAD - Ve =55V NO LOAD /
~1: 2 AP T z Ta = 25%C /|
[ - Ta=0C W Ll E o3
[= I —1— 1| = T Vgg = 4.5V e /
3 3 s 3 & 4
g | g £ /
5 oo 4 3 n 4
E 2 Ta=2 E 2 5 /
=1 o 3
1 1 n 01 /
S 2 ="
=25
0 o L Noroan 0
0 1 2 0 1 2 ] 1 2 3 a 5
V) - INPUT VOLTAGE (V) V| - INPUT VOLTAGE (V) Vy - INPUT VOLTAGE (V)
Low-Level Output Voltage Supply Current vs
vs Output Current Supply Voltage
S 06 30
= Vee = 5 ALL SEVEN CHANNELS /
S g | M= T, |NOLOWD /
’.;. P |Ta =25 f Ta = 25C
> 7 z 5 ALL INPUTS
o ) «© ATQV
g z ']
2 03 ,/ S
3 b
R | g |, [_ameuts éy
g H ;
z 4 7 ATO. Z v
@ (2]
< om 2 5 /
P 0 L
0 5 10 15 20 0 1 2 3 4 5 6

lg — OUTPUT CURRENT (mA)

Ve - SUPPLY VOLTAGE (V)
TL/F/5791-6
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DS75128/DS75129 Eight-Channel Line Receivers

General Description

The DS75128 and DS75129 are sight-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 kQ to 20 k2

m Output compatible with TTL

m Schottky-clamped transistors

® Operates from a single 5V supply

m High speed—low propagation delay

B Ratio specification—tp| 4/tpLH

m Common strobe for each group of four receivers

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

Connection Diagrams

DS75128 DS75129
Dual-In-Line Package Dual-In-Line Package

Vee 1y 2y 3y 4y 5Y  BY 1Y @Y 28 Ve¢ 1y 2y 3y 4y sY EY Iv 8y 28
Izu |19 |1a In ||s ||5 Iu Ia: |12 |n Izn Ils ||s Iu |1a IIE ||4 Iu IIZ |n
rerrerrererrerrrEorrrrrrrrr
15 fA 2A 3A 4A 5A GA 7A 8A GND 15 1A 2A 3A 4A 5A B6A JA B8R GND
positive logic: Y = AS TL/F/5793-1 positive logic: Y = AS TL/F/5793-2

Top View Top View

Order Number DS75128J or DS75128N
See NS Package Number J20A or N20A

Order Number DS75129J or DS75129N
See NS Package Number J20A or N20A
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o | Absolute Maximum Ratings (Note 1)
3 Specifications for Military/Aerospace products are not Lead Temperature 260°C
Q contained in this datasheet. Refer to the associated 146 Inch from Case for 4 Seconds: N Package
a reliability electrical test specifications document. *Derate cavity package 10.4 mW/°C above 25°C; derate molded package
- Supply Voltage, Vg 7V 13.5 mW/°C above 25°C.
2 Input Voltage Range —-0.15Vto 7V .
& 9e rang : Recommended Operating
(a1 Strobe Input Voltage N Conditi
Maximum Power Dissipation* at 25°C (Note 2) onditions
Cavity Package 1564 mW Min Typ Max Units
Molded Package 1687 mW Supply Voltage, Voo 45 50 55 V
Operating Free-Air Temperature Range 0°Cto +70°C High-Level Output Current, lon =04 mA
Storage Temperature Range —65°C to +150°C :.Jow-L?ve| '?utp:t' (flf’"em' 'f:‘- ™ o ;g T(':‘
Lead Temperature 300°C perating Free-Air femperature, 1a
14¢ Inch from Case for 60 Seconds: J Package
Electrical Characteristics over recommended operating free-air temperature range (Note 3)
Symbol Parameter Conditions Min Typ Max | Units
(Note 5)
ViH High-Level Input Voltage A 1.7 v
S 2
ViL Low-Level Input Voltage _A_ 0.7 v
S 0.7
Vou High-Level Output Voltage Vee = 4.5V, VL = 0.7V, oy = 0.4 mA 24 3.1 v
VoL Low-Level Output Voltage Ve = 45V, ViH = 1.7V, loL = 16 mA 0.4 0.5 \
\/ Input Clamp Voltage S| Vgc =4.5V,l|= —18 mA -15 \
IIH High-Level Input Current A| Vcc = 6.5V, V=311V 0.3 0.42 mA
S| Vee =55V, V = 27V 20 pA
IiL Low-Level Input Current A | Vgc = 5.5V, V| =0.15V -0.24 mA
S | Vgo = 5.5V, V) = 0.4V -0.4
los Short-Circuit Output Current Ve = 5.5V, Vg = 0V 18 —60 | mA
(Note 4)
] Input Resistance Vo = 4.5V, 0V, or Open, AV, = 0.16Vto4.15V | 7 20 kQ
Icc Supply Current DS75128 | Vgc = 5.5V, Strobe at 2.4V, All A Inputs at 0.7V 19 31
DS75129 Vec = 5.5V, Strobe at 0.4V, All A Inputs at 0.7V 19 31 mA
DS75128 Ve = 5.5V, Strobe at 2.4V, All A Inputs at 4V 32 53
DS75129 Ve = 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 Therma! 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 Vg = 5V, Ty = 25°C.
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Switching Characteristics v = 5v, 74 = 25°C

[
[72]
N
(1]
>

Symbol Parameter Conditions DS75128 DS75129 Units Q

Min [ Typ | Max | Min | Typ | Max o

(7]

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 :.é

tPLH Propagation Delay Time, Low-to-High-Level Output s 26 | 40 20 | 35 ns

tPHL Propagation Delay Time, High-to-Low-Level Output gl- = ;go‘(;' 22 | 35 16 | 30 ns

. . L = 20 pF,

tpLH Ratio of Propagation Delay Times Al seerigure | 05| 08| 13 | 05| 08 | 13

tPHL

trLH 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)

yvtc
* < < 150€
> >
| < s NOMS

<
eUT AAA p
H VWA
_____________ 4
r ¢ t 1 |
S I I
l ::uom | '
I 0375\2!' I
| LT < |
g | y cEEAN
NN | | I
M|
|NPI‘;°_ : l i- l
| | | 3 I |
| L N !
| ps ONE OF TWO | I |
b ] 4 ;
4 >
| LT 1]
Il
L femsimny {2 | |
v v 77 v
TOTHREE - /
CHARRELS OTHER CHARKELS

TL/F/5793-3
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DS75128/DS75129

AC Test Circuit and Switching Time Waveforms

outPur  Vee

400

(SEE NOTE 3)

50 pF —
T (SEE NOTE 2) -

TL/F/5793-4

FROM OUTPUT
UNDER TEST

v 0% 0%
INPUT
{SEE NOTES VREF1 100 ns VREF2
1,4, AND 5)
10% 10%
o le—=10ns 10 ns—»
v tpHL *PLH
OH = 2V
ouTPUT 1.5V 12v
Vot 08V 0.8V
-~ e mw

TL/F/5793-5

Note 1: Input pulses are supplied by a generator having the following characteristics: Zg = 50, 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: Vrer1 = 0.7V and Vrerz = 1.7V for testing data (A) inputs, VREry1 = VRerz = 1.3V for strobe inputs.

FIGURE 1

Typical Characteristics

Voltage Transfer Characteristics

From A Inputs
5
T 11 Vop =5V
cC
s Ta=70°C NG LOAD
= 4
&8 Tp=0C
5
=] 3
>
5 Tp = 25°C—
£ 2 g
=
=}
]
A |
0
0 1 2
V) — INPUT VOLTAGE (V)
TL/F/5793-6
Input Current vs
Input Voltage, A Inputs
04
Vee =6V y
NGO LOAD
= Ta=25%C //
E 03 4
=
= /
™
3 4
= /
3 02 L
5 /
=
[ 3 /
0

0 1 2 3 4 §
Vi — INPUT VOLTAGE {V)
TL/F/5793-8

Voltage Transfer Characteristics
From A Inputs
P11
Vpe =5.5V
« Ervem
— [ Vec =45V

Vg — OUTPUT VOLTAGE (V)

Ta=25°C
o NO LOAD =L__==

0 1 2
V| - INPUT VOLTAGE (V}

TL/F/5793-7

Low-Level Output Voltage
vs Output Current
06

Ve =5V
V| =5V
05 F1p=25°C

04 7

0.3 ]

//

02 [

VgL - LOW LEVEL OUTPUT VOLTAGE (V)

0 5 10 15 20
Ig - OUTPUT CURRENT (mA)
TL/F/5793-9
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DS75150 Dual Line Driver

General Description

The DS75150 is a dual monolithic line driver designed to
satisfy the requirements of the standard interface between
data terminal equipment and data communication equip-
ment as defined by EIA Standard RS-232-C. A rate of
20,000 bits per second can be transmitted with a full 2500
pF load. Other applications are in data-transmission sys-
tems using relatively short single lines, in level translators,
and for driving MOS devices. The logic input is compatible
with most TTL and LS families. Operation is from —12V and
+ 12V power supplies.

Features

B Withstands sustained output short-circuit to any low im-
pedance voltage between —25V and +25V

M 2 ps max transition time through the —3V to +3V tran-
sition region under full 2500 pF load

m Inputs compatible with most TTL and LS families

m Common strobe input

| Inverting output

| Slew rate can be controlled with an external capacitor
at the output

m Standard supply voltages +12v

Schematic and Connection Diagrams

+Vee ! !
10 OTHER 11k sk 10k
LINE DRIVER <

INPUT A

STROBE §

TO OTHER
LINE DRIVER

15k

Dual-In-Line Package

*ee 1 ¥ —Vee
O A O

47

ouTPUT

~

GND

TO OTHER
LINE DRIVER

>
<
10k
0 b3

TO OTHER
LINE DRIVER

1 2 3 4

STROBE INPUT  INPUT GND
N 1A 2A

TL/F/5794-2
Top View
Positive Logic C = AS

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

JOBA, MOBA or NOSE

Ve O—8

Component values shown are nominal.
1/2 of circuit shown

TL/F/5794-1
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Absolute Maximum Ratings (Note 1)

Operating Conditions

Specifications for Military/Aerospace products are not Min Max  Units
contained in this datasheet. Refer to the associated Supply Voltage (+ Vcc) 10.8 13.2 \Y
reliability electrical test specifications document. Supply Voltage (—Vcg) —10.8 —-132 Vv
Supply Voltage +Vgc 15V Input Voltage (Vi) 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°C to +150°C
Maximum Power Dissipation* at 25°C

Cavity Package 1133 mwW

Molded DIP Package 1022 mW

SO Package 655 mW
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/°C 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 +Veg = 10.8V,—Vgo = —13.2V, V)L = 0.8V, 5 8 v
RL = 3k to 7 k2 (Figure 2)

VoL Low-Level Output Voltage +Veg = 10.8V,—Vgo = —10.8V, Vg = 2V, -8 -5 v
RL = 3k to 7 kQ (Figure 1)

IIH High-Level Input Current +Vgeo = 13.2V,—Vgg = —13.2V, | Data Input 1 10 A
V) = 2.4V, (Figure 3) B
+Vge = 18.2V, —Vgo = —13.2V, | Strobe Input

, V| = 2.4V, (Figure 3) 2 | 20 | wA

L Low-Level Input Current +Vee = 13.2V,—Vcc = —13.2V, | Data Input 1| —16| ma
V| = 0.4V, (Figure 3) ’
+Vgo = 13.2V, —Vgg = —13.2V, | Strobe Input _ _

V| = 0.4V, (Figure 3) 2| -%2) mA

los Short-Circuit Output Current | +Vgg = 13.2V,—Vgg = —13.2V, | Vo = 25V 2 5 mA

(Figure 4), (Note 4) Vo = —25V 3| -6 | ma

Vo =0V,V| =3V 15 30 mA

Vo =0V, V| = 0V —-15] —30 | mA

+lccH | Supply Current From +Vgg, | +Vog = 13.2V, —Vgg = —13.2V,V, = 0V, 10 22 mA
High-Level Output Ry = 3k, Tp = 25°C, (Figure 5)

—lccH | Supply Current From —Vgg, | +Vgog = 18.2V, —Vgc = —13.2V, V) = 0V, -1 10 mA
High-Level Output RL = 3k, Ta = 25°C, (Figure 5)

+lccL | Supply Current From +Vgg, | +Veo = 13.2V, —Vgg = —13.2V,V, = 3V, 8 17 mA
Low-Level Output R = 3kN, Ta = 25°C, (Figure 5)

—lcoL Supply Current From —Vgg, | +Vog = 13.2V, —Vgg = —13.2V, V| = 3V, o | 220 | ma
Low-Level Output RL = 3kQ, Ta = 25°C, (Figure &)

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,

Voo = —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 output at a time should be shorted.

Note 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

—56V is the maximum, the typical value is more-negative voltage.
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AC Electrical Characteristics (+vcc = 12V, —Vgo = —12V, Tp = 25°C)

0516280

Symbol Parameter Conditions Min Typ Max Units

trLH Transition Time, Low-to-High Cp = 2500 pF, RL = 3k to 7k, 0.2 1.4 2 s
Level Output (Figure 6) : ’ ®

tTHL Transition Time, High-to-Low C| = 2500 pF, R = 3k to 7 k2, 0.2 15 2 s
Level Output (Figure 6) : : ®

tTLH Transition Time, Low-to-High CL = 15pF, R = 7 kQ, (Figure 6) 40 ns
Level Output

tTHL Transition Time, High-to-Low CL = 15 pF, RL = 7 kQ, (Figure 6) 20 ns
Level Output

tPLH Propagation Delay Time CL = 15 pF, RL = 7 kQ, (Figure 6) 60 ns
Low-to-High Level Output

tPHL Propagation Delay Time CL = 15pF, R = 7kQ, (Figure 6) 45 ns
High-to-Low Level Output

DC Test Circuits

'*f =Vee +Vee ~Vee
Vi v

TL/F/5794-3 . . TL/F/5794-4
FIGURE 1. lev VOL Each input is tested sepair:a;lG(aI{jRE 2 VOH
. )

+Vee =Vee v +Vee ~Vee

et L4 .
T oD+ ST o>+

OPEN

—_—

R
L

TL/F/5794-5 . TL/F/5794-6
Note: When testing Iy, the other input is at 3V; when testing I, the other los is tested for both input conditions at each of the specified output condi-
input is open. tions.
FIGURE 3. Iy, IiL FIGURE 4. los
+Vee “Vee
+eew, *Heel
=leen, =lec

Vi

k

L 13
I 1

TL/F/5794-7
FIGURE 5. IccH+s lccH—s lecL +5 leeL—
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AC Test Circuit and Switching Waveforms

v +Vee ~Vee

PULSE
GENERATOR
(SEE NOTE 1)

TL/F/5794-8

+3V

ouTPUT —.-l |-—tm|. trLH

Note 1: The pulse generator has the following characterstics:
duty cycle < 50%, Zoyt = 50Q.

Note 2: C_ includes probe and jig capacitance.

TL/F/5794-9

FIGURE 6

Typical Performance Characteristics

Output Current vs
Applied Output Voltage
20
Ve =12V |V, =24V
z 15 fVec=-12V
E Ta =25°C
= 1
E .
=3
§ 0 j [~ L—‘A
5 ot R =Tk
& -5 Ry = 3k~
=
S 10
[~}
~ 15
Vv, =04V
-20 e

-26 -15 -5 0 5§ 18 25

Vo — APPLIED OUTPUT VOLTAGE (V)
TL/F/5794-10

FIGURE 7
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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 Vg 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

m Input resistance, 3 k to 7 k2 over full RS-232C volt-
age range

Input threshold adjustable to meet “fail-safe” require-
ments without using external components

Inverting output compatible with TTL or LS

Built-in hysteresis for increased noise immunity

Output with active pull-up for symmetrical switching
speeds

Standard supply voltage—5V or 12V

Schematic Diagram

COMMON TO 4 CIRCUITS

ik 0 :- _}
32k

| I
| I

e O e | ]

GND CT l
| N —— = 10F 4 RECEIVERS
o = R L1 1L
|
| . s SE 1.8k 5: 1.6k :,

4
oo

| AAA
| 190
| ouTPUT
I - AN 9

INPUT c—}—‘:’:,l‘(‘- J/
l 3 H] :
I
| - L

TL/F/5795-1

Note: When using Vet (pin 15), Ve (pin 16) may be Isft open or shorted to Vg1, When using Voea, Voot must be left open or connected to the threshold

control pins.
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Absolute Maximum Ratings (ote 1) Operating Conditions ‘
Specifications for Military/Aerospace products are not Min Max  Units
contained in this datasheet. Refer to the associated Supply Voltage (Pin 15), (Vco1) 4.5 5.5 v
rellability electrical test specifications document. Alternate Supply Voltage
Normal Supply Voltage (Pin 15), (Vcc1) v (Pin 16), (Vce2) 10.8 13.2 \
Alternate Supply Voltage (Pin 16), (Vo) 14V Input Voltage +15 \'
Input Voltage £25V Temperature, (Ta) 0 +70 °C
Storage Temperature Range —65°C to +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 (Notes2,3and 4)

Symbol Parameter Conditions Min Typ Max Units
ViH High-Level Input Voltage (Figure 1) 3 Vv
ViL Low-Level Input Voltage (Figure 1) -3 \'
Vry Positive-Going Threshold Voltage (Figure 1) Normal Operation 0.8 2.2 3 Vv

Fail-Safe Operation 0.8 2.2 3 \'
Vr— 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 loH= —400 pA, (Figure 1) 2.4 3.5 \Y
VoL Low-Level Output Voltage loL=16 mA, (Figure 1) 0.23 0.4 \
] Input Resistance (Figure 2) AV|= —25V to —14V 3 5 7 kQ
AVj=—14V to —3V 3 5 7 kQ
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 11=0, (Figure 3) 0 0.2 2 v
los Short-Circuit Output Current Vcc1=5.5V, V|= —5V, (Figure 4) —10 —20 —40 mA
(Note 5)
Icct Supply Current From Vcoy Vce1=5.5V, TA=25°C, (Figure 5) 20 35 mA
lcc2 Supply Current From Voo Veca=13.2V, Ta=25°C, (Figure 5) 23 40 mA

Switching Characteristics (vcci=5v, Ta=25°C)

Symbol Parameter Conditions Min Typ Max Units

trLH Propagation Delay Time, Low-to-High CL =50 pF, R_=3909, (Figure 6) 22 ns
Level Output

tPHL Propagation Delay Time, High-to-Low CL =50 pF, R_=3909, (Figure 6) 20 ns
Level Output

trH Transition Time, Low-to-High Level C =50 pF, R_=390Q, (Figure 6) 9 ns
Output

tTHL Transition Time, High-to-Low Level C =50 pF, R_=390Q, (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 Vgg1=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 shest 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

Output Voltage vs
. Input Voltage

s 3 FAILSAFE 1

= OPERATION

(-]

<

5

2 2

- (NOTE3) M V- | -Vid WV
5 7

&= |_NORMAL |

g ‘ nDERAYI N

P
<«

-3 -2 - 0 1 2 3

INPUT VOLTAGE (V)
TL/F/5795-10

DC Test Circuits and Truth Tables

Connection Diagram

Dual-In-Line Package

THRESHOLD ouTPUTS
ALT NORM  CONT

Ve Ve AT Wy ey A

16 15 14 13 12 1 10 9

1 2 3 4 5 ] 7 l ]
3T 2T s 1A A k1Y an GND
< N
THRESHOLD INPUTS
CONTROLS
TL/F/5795-2
Top View

Order Number DS75154J, DS75154M or DS75154N
See NS Package Number J16A, M16A or N16A

55V O o132V
OPEN O OPEN
a5V o108V

Veer  Veez

OPEN

Vi Ve . ,l ] fou
I T By
I o
Vou L
LT LI
- T T T TU/F/5795-3
Veet Vcez
Test Measure A T Y (Pln 15) (PIn 16)

Open-Circuit Input VoH Open Open loH 4.5V Open
(Fail-Safe) VoH Open Open loH Open 10.8V
VT4 min, VoH 0.8v Open loH 5.5V Open
V7 — (Fail-Safe) VoH 0.8V Open loH Open 13.2V
V1 + min (Normal) VoH (Note 1) Pin15 loH 55Vand T Open
VoH (Note 1) Pin 15 loH T 13.2V
VL max, VoH -3V Pin 15 loH 55Vand T Open
V71— min (Normal) VoH -3V Pin 15 loH T 13.2V
V|4 min, V14 max, VoL 3v Open loL 4.5V Open
V1 max (Fail-Safe) VoL 3V Open loL Open 10.8V
ViH min, V1 4+ max, VoL 3v Pin 15 loL 45Vand T Open
(Normal) VoL i\ Pin 15 loL T 10.8V
V71— max (Normal) VoL (Note 2) Pin 15 loL 55Vand T Open
VoL (Note 2) Pin 15 loL T 13.2V

Note 1: Momentarily apply —5V, then 0.8V.
Note 2: Momentarily apply 5V, then ground.

FIGURE 1. Vi, Vi, V1+, VT, Vo VoL
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DC Test Circuits and Truth Tables (continued)
oPEN O oPEN T Veet Vcez
(Pin 15) (Pin 16)
Open 5V Open
ov Open Gnd Open
\ o Open Open Open
— Vcc vm Pin 15 Tand 5V Open
! Gnd Gnd Open
v.O ' “ ": O OPEN Open Open 12V
Open Open Gnd
—_— ___..J Pin 15 T 12V
I Pin 15 T Gnd
Pin 15 T Open
= _A_\|/_1 TL/F/5795-4
aly
FIGURE 2.1
o—0132v
T Veet Vce2
uveu (Pin 15) (Pin 16)
Open 5.5V Open
I_ T Vcc' Vel Pin 15 5.5V Open
V| Open Open 13.2V
T—Ooren Pin 15 T 13.2V
Vl(oPEm ____I_______I
TL/F/5795-5
FIGURE 3. Vi(oPEN)
55V O—0132V
I [
OPEN s OPEN OPEN w m
— _%5_ — _jag_ orm npsu
|_ Veor Veez B — 16
v A 7 ch Vccz
[_ -_i '“l VO ' I/ v= O OPEN

Each output is tested separately.
FIGURE 4. Ipg

TL/F/5795-6

L____:L_____I

TL/F/5795-7

All four line receivers are tested simultaneously.

FIGURE 5. Icc
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AC Test Circuit and Switching Time Waveforms

INPUT ouTPUT
Q

PULSE
GENERATOR
(NOTE 1)

I -‘jiN OPEN
15 16
T Vo Vccz RI —I
|
I
—_—— I —

——1 \«—w +2ns —-‘

R A 90%
INPUT ov " -
T -
— tone — toLy [
Voy ey
v
OUTPUT 15V 1.5V
ﬂ 8V 0. BV
Voo
— “IHL

Note 2: Cy includes probe and jig capacitance.
FIGURE 6

ALL DIODES ARE 1N3064

=l ¢, =50pF

T (NOTE 2)

= trm

TL/F/5795-9

Note 1: The pulse generator has the following characteristics: Zoyt="5011, tw=200 ns, duty cycle < 20%.

TL/F/5795-8

vs16280a
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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 O to
70°C temperature and 4.75V to 5.25V supply voltage range.

Features

B Meets EIA standard RS485 for multipoint bus transmis-

sion and RS422.
® Small Outline (SO) Package option available for mini-
mum board space.

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

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

m Single +5V supply.

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

m 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 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.

| 70 mV typical receiver hysteresis.

Connection and Logic Diagram

 Jos7s176a~ 8
ro—4 v
RE—2 o~ /7
pE =3 § _po/R
=4 B onp
TL/F/8759-1
Top View

Order Number DS75176AN, DS75176AM,
DS75176AJ-8, DS75176ATN
See NS Package Number NOSE, MOSA or JOBA
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Absolute Maximum Ratings (ote 1) g
Specifications for Military/Aerospace products are not Storage Temperature Range —-65°C to +150°C :
contained In this datasheet. Refer to the assoclated Lead Temperature (Soldering, 4 seconds) 260°C g
rellabllity electrical test speclifications document. <
Supply Voltage, Vcc v Recommended Operating a
Control Input Voltages v Conditions ?n‘
Driver Input Voltage v Min  Max Units ]
Driver Output Voltages +15V/ —10V Supply Voltage, Vco 475 5.25 v g
Receiver Input Voltages (DS75176A) +15V/ —10V Voltage at Any Bus Terminal -7  +12 \ |
Receiver Output Voltage 5.5V (Separate or Common Mods)
Continuous Power Dissipation @25°C Operating Free Air Temperature T  —40 +85  °C

for M Package 675 mW (Note 5) Differential Input Voltage,
Continuous Power Dissipation @25°C VID (Note 6) +12v

(for N Package) 900 mW (Note 4)

Electrical Characteristics (Notes2and3)
0°C < Tp < 70°C, 4.75V < Vgg < 5.25V unless otherwise specified

Symbol Parameter Conditions Min | Typ| Max [Units
Vop1 |Differential Driver Output lo=0 5 Y
Voltage (Unloaded)
Vopz |{Differential Driver Output (Figure 1) R = 500; (RS-422) (Note 4)| 2 Vv
Voltage (with Load) R = 270; (RS-485) 1.5 Y]
AVpp [Change in Magnitude of Driver
Differential Qutput Voltage For 0.2 \
Complementary Output States
Voc Driver Common Mode Output ' -
Voltage (Figure 1) R =270 3.0 \'
AlVocl [Change in Magnitude of Driver
Common Mode Output Voltage 0.2 v
For Complementary Output : ’
States
VIH Input High Voltage 2 Vv
ViL Input Low Voltage DI, DE, 0.8
Vou Input Clamp Voltage RE E N = —18 mA —-1.5
L Input Low Current VL = 0.4V —200( pA
I Input High Current ViH = 2.4V 20 | pA
N Input DO/RI, DO/RI|Veg = OV or5.25V |V = 12V +1.0] mA
Current DE = oV VIN = -7V —08| mA
VTH Differential Inputj’hreshold -7V <Vem £ + 12V 02 +o2| v
Voltage for Receiver
AVtH |Receiver Input Hysteresis Vem = 0V 70 mV
VoH Receiver Output High Voltage lo4 = —400 pA 2.4 \'/
VoL Output Low RO loL = 16 mA (Note 7) 0.5 \
Voltage F loL = 8 mA 045| V
lozr | OFF-State (High Impedance) Vcc = Max +20| wA
Output Current at Receiver 0.4V < Vo £ 24V a
Rin Receiver Input Resistance ) —7V < Vem £ +12V 12 kQ
lcc Supply Current No Load Driver Outputs Enabled 35| 50 | mA
(Note 7) Driver Outputs Disabled 27| 40 | mA

1-127



DS75176A/DS75176AT

et o N - el - Nmvet TS e W T Ve

Electrical Characteristics (Notes 2and 3)
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 -85 mA
-15
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 d to device ground unless otherwise
specified.
Note 3: All typicals are given for Vog = 5V and T4 = 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 < vec < 5.25v;0°C < Ta < 70°C
Symbol Parameter Conditions Min Typ Max Units
tPLH Driver Input to Output Rippr = 6002 22 ns
tPHL Driver Input to Output GL1 = Cr2 = 100 pF 22 ns
tSKEW Driver Output to Output (Figures 3and 5) ‘ 8 ns
tr Driver Rise Time Rippr = 600 10 ns
1 Driver Fall Time Cu1 =Ciz2 = 100 pF 10 ns
(Figures 3 and 5)
t7H 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 C = 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
tz1 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 CL = 15 pF (Figures 2 and 8) S2 Open 12 ns
tHz Recsiver Disable from High CL = 15 pF (Figures 2 and 8) S1 Open 12 ns
AC Test Circuits
. o
8 1
$ iy —
vm [
S | o s ()
SR Vo S
(INCLUDES PROBE
o i CAPACITANCE)
=  TL/F/B759-2
FIGURE 1 \g_-L
= = TL/F/8759-3
Note: S1 and S2 of load circuit are closed except as otherwise mentioned.
FIGURE 2
0 00 81
21 —_
{ CL1=100p! 500, ©
o S, { FROM QUTPUT
S Plowr UNOER TEST 2
o =600 CL2=100pf ko [
¥ T™ = %Lg%zg PROBE T _l
= FIGURE 3 TL/F/8750-4 CAPACITANCE] = = TL/F/8750-5
Note: Unless otherwise specified the switches are closed.
FIGURE 4
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Switching Time Waveforms

v

f=1MHz: t; < 10ns

15¥ 11§ <10ns 1.5V
o f

vy ® LU PR e

1/2vg

— t SKEw -— 1 SKEW

Yo _ ' 90% POINT
90% POINT Voirr=Ypo~Yoo

10% POINT

ov
-y

10% POINT
t

FIGURE 5. Driver Propagation Delays

— &

TL/F/8759-6

TL/F/8758-10

v (¢
/ f=1MHzt < 10ns \
DE - sty < 10ns
] 15V 15 \
ov
—] Il [—
5V \ - W2
00, 00 QUTPUT X2
vou NORMALLY LOW \ N 05V
T €
VoH )1 |
\ SRS
[ 0.5V
00, 00 ouTRUT / 2.3
o NORMALLY HIGH W
—_ U |—
TL/F18759-7
FIGURE 6. Driver Enable and Disable Times
Vou
1. ouTPUT
o 5V 15V
vou
| I“ f= 1MHz: t; < 100 P |-
5 ] 21 < 10ns
- INPUT
RI-Al X0V ov
25V

Note: Differential input voltage may may be realized by grounding Rl and pulsing Rl between -+ 2.5V and —2.5V
FIGURE 7. Recelver Propagation Delays

TL/F/8759-8
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Switching Time Waveforms (continued)

) )

X

™
f=1MHzt, < 10ns

iy<10ns

o

—e 2L

sV

u

Ro
oUTPUT 1.5V }
NORMALLY LOW
)3 /] o
—»! 1N * L ’
)1 Vou
AN “\J sy
Ro *
QUTPUT
NORMALLY HIGH
— 187
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 Z z
X 1 X Fault 4 4
DS75176A Recelving
Inputs Outputs
RE DE RI-RI RO
0 0 > +0.2Vv 1
0 0 < —0.2v 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/DS3698 DS75176A
(¢ ) 3
) ¥ 1 ¢
b Rr g S Rr Rr S
{ ¢ Y )
) LY
DS3697/DS3698 2 \
DS75176A/0S3696 DS75176A

TL/F/8759-11
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DS7820/DS8820 Dual Line Receiver 8
General Description Features

Operation from a single + 5V logic supply
Input voltage range of 15V

Each channel can be strobed independently
High input resistance

Fan out of two with TTL integrated circuits
Strobe low forces output to “1” state

The DS7820, specified from —55°C to +125°C, and the
DS8820, specified from 0°C to +70°C, are digital line re-
ceivers 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 in-
put designed to reject large common mode signals while
responding to small differential signals. The output is direct-
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.

Connection Diagram

Dual-In-Line Package

1 \_/ 1
INPUT oo Vi
2 13
TERMINATION INPUT
3
3 12
INPUT TERMINATION
+ - >
4 1"
1] —"— INPUT
-+
5 10
RESPONSE TIME ememrem— [ STROBE
6 9
OUTPUT RESPONSE TIME
1
GROUND § QUTPUT
TL/F/5796-2
Top View

Order Number DS7820J, DS8820J or DS8820N
See NS Package Number J14A or N14A
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Absolute Maximum Ratings (ote 1)

Specifications for Military/Aerospace products are not Maximum Power Dissipation* at 25°C
contained in this datasheet. Refer to the associated Cavity Package 1308 mW
reliability electrical test specifications document. Molded Package 1207 mW
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 oPerating Conditions
Strobe Voltage 8.0V Min Max Units
Output Sink Current ’ 25mA Supply Voltage (Vcc)
Storage Temperature Range —65°Cto +150°C - DS7820 4.5 55 M
Solderi 260°C DS8820 4.75 5.25 v
Lead Temperature (Soldering, 4 sec.) Temperature (Ta)
DS7820 —55 +125 °C
Ds8820 0 +70 °C
Electrical Characteristics (Notes2and3)
Symbol Parameter Conditions Min Typ Max Units
VTH Input Threshold Voltage Vem =0 ~0.5 0 0.5 A
—15V < Vopy < 15V -1.0 o] 1.0 \
VoH High Output Level loutr £ 0.2mA 25 5.5 A
VoL Low Output Level Isink < 3.5 mA 0 0.4 \
Ri— Inverting Input Resistance 3.6 5.0 kQ
Rt Non-Inverting Input Resistance 1.8 2.5 kQ
Rt Line Termination Resistance Ta = 25°C 120 170 250 Q
t Response Time » CpeLay =0 40 ns
CpeLay = 100 pF 150 ns
IsT Strobe Current VsTROBE = 0.4V -1.0 -1.4 mA
' VsTROBE = 5.5V 5.0 pA
lcc Power Supply Current ViN = 15V 3.2 6.0 mA
' ViN=0 5.8 10.2 mA
ViN = —15V 8.3 15.0 mA
INt Non-Inverting Input Current ViN = 15V 5.0 7.0 mA
Vin=20 —-1.6 -1.0 mA
ViN = —15V -9.8 -7.0 ‘ mA
IN— Inverting Input Current ViN = 15V 3.0 4.2 mA
Vin=0 0 -0.5 mA
VIN = —15V —4.2 —-3.0 mA
Note 1: “Absolute Maximum Ratings" are those values beyoﬁd which the safety of the device cannot be g d. Except for “Operating Temp 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 < Vgy < 15V and —55°C < Tp < +125°C for the DS7820 or 0°C < Tp < +70°C for the
DS$8820 unless otherwise specified; typical values given are for Voc = 5.0V, To = 25°C and Vgm = 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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TL/IF/5796-4
_. Response Time Output Voltage Levels " Termination Resistance
S 4 T T 200
s, Vo=V §
< Ta =25°C | UT HIGH
5 - 4 guvt 190
S =
5 -2 — g Vee = 5.0V g A
Zz -4 - = 3 g 180 7
" Caslay = 100pF g J g /]
= = > r P
SR LA 3 5 o2 2
] & &
s 3 [ \ 3 QUTPUT LOW
2 2 0.1 160
>
5 1
E o L= 0 150
3 0 0.2 04 0.8 0.8 -75 -50 -25 0 25 50 75 100 12§ =15 -50 -25 0 25 50 75 100 125
TIME (us) TEMPERATURE (°C) TEMPERATURE (°C)
TL/F/5796-5
Positive Supply Current 200 Internal Power Dissipation
10 —r
[ ] Voo *5.0V
Vec =5V \ OUTPUT LOW
8 S _
< N =
£ s Nz, : \
Wi, £y
=
g 2 N Py ] = /.
g N g \ N/
> #, =
E 2 N0y 1T = 100 1
= [ 25°C
© o P
o Y
7
—
-2 [
-20 -10 [} 10 20 -20 -10 0 10 20
INPUT VOLTAGE (V) INPUT VOLTAGE (V)
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DS7820/DS8820

Typical Application

Line Driver and Receiver .
1/2 DS7830

INPUTS TWISTED PAIR LINE

PR

TExact value depends on line length.
*Dptionat to control response time.

Schematic Diagram

RESPONSE-TIME

o1t
0.01.F

STROBE

TL/F/5796-3

CONTROL
l o
NON-INVERTING
INPUT
OuTPUT
TERMINATION
GROUND
INVERTING
INPUT STROBE

TL/F/5796-1
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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

W Operation from a single + 5V logic supply
m Input voltage range of 15V

M Strobe low forces output to ““1” state

| High input resistance

m Fanout of ten with TTL integrated circuits
m Outputs can be wire OR'ed

W Series 54/74 compatible

Connection Diagram

Dual-In-Line Package

1 V
— INPUT : e V0
2 13
TERMINATION ~— INPUT
4
>
3 12
+ INPUT TERMINATION
+ — s
4 1
STROBE + INPUT
- +
5 10
RESPONSE TIME jrne STROBE
6 9
OUTPUT premenss. RESPONSE TIME
7 8
GROUND e 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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Absolute Maximum Ratings (ote 1)

Operating Conditions

Specifications for Military/Aerospace products are not Min Max Units
contained in this datasheet. Refer to the associated Supply Voltage (Vcc)
reliability electrical test specifications document. 0573202 4.5 5.5 v
Supply Voltage 8.0V . DSBBZ:) - 4.75 5.25 \"
- emperature (Ta]
C.ommorT Mode Voltage 20V DS7820A _55 +125 G
Differential Input Voltage +20V DS8820A 0 +70 o
Strobe Voltage 8.0V
Output Sink Current 50 mA
Storage Temperature Range —65°Cto 150°C
Maximum Power Dissipation* at 25°C
Cavity Package 1308 mW
Molded Package 1207 mW
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 (otes2,3,and4)
Symbol Parameter Conditions Min | Typ | Max | Units
VTH Differential Threshold Voltage lour = —400pA, | —3V<Voy < +3V 0.06 0.5 \
Vourt = 25V —15V < Vom < +15V 006 | 10 | V
louT = +16mMA, —3V<Vgum < +3V —-0.08(-05| V
Vout < 0.4V —15V < Vop < +15V —008| —10| Vv
R~ Inverting Input Resistance —15V < Vgmq £ +15V 3.6 5 kQ
Fi|+ Non-Inverting Input Resistance | —15V < Vgmq < +15V 1.8 25 kQ
Rt Line Termination Resistance Ta = 25°C 120 170 250 Q
' Inverting Input Current Vem = 15V 3.0 4.2 mA
Vem = 0V 0 —05| mA
Vom = —15V —-30 | —42| mA
ht Non-Inverting Input Current Vem = 15V 5.0 7.0 mA
Vem = oV -10 ] —-1.6]| mA
VoM = —15V —70 | —9.8] mA
lcc Power Supply Current lout = Logical “0” | Vpjgr = —1V | Vom = 15V 3.9 6.0 mA
One Side Only Vom = —15V 92 | 140 [ ma
Vpirg = —0.5V, Vgm = OV 6.5 10.2 | mA
VoH Logical “1” Output Voltage lout = —400 pA, Vpirr = 1V 2.5 4.0 5.5 \']
VoL Logical “0” Output Voltage lout = +16 mA, Vppg = —1V 0 0.22 0.4 \"
VsH Logical ‘1" Strobe Input Voltage | loyt = + 16 mA, Vout < 0.4V, Vpjpg = —3V 21 \
VgL Logical ““0” Strobe Input Voltage | loyt = —400 pA, Voyut 2 2.5V, Vpjpg = —3V 0.9 Vv
IsH Logical “1” Strobe Input CGurrent | Vstrose = 5.5V, Vpirr = 3V 0.01 5.0 pA
IsL Logical “0” Strobe Input Current | Vstroge = 0.4V, Vpirr = —3V -1.0 | -1.4 | mA
Isc Output Short Circuit Current Vo = 0V, Vg = 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 < Vgc < 5.5V, —15V < Vom < 15V and —55°C < Tp < +125°C for the DS7820A or 4.75V < Vgg < 5.25V,0°C <

Ta < +70°C for the DS8820A unless otherwise specified. Typical values given are for Vog = 5.0V, Tp = 25°C and Vg = 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.
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Switching Characteristics 14 = 25°C, Vo = 5V, unless otherwise noted

o
(7]
\‘
B
Symbol Parameter Conditions Min Typ Max Unlts g
- . - >
todo Propaga.t‘lo‘r’m Delay, Differential a0 .5 s S
Input to *“0"” Output g
. ! - 2
tpd1 ::ro&a&a‘t‘lﬁ? gjtlai; Differential 27 0 . R
P P Ry = 400 0, C, = 15 pF, see Figure 1 >
todo Propagation Delay, Strobe
P
Input to “0" Output 16 25 ns
tod1 Propagation Delay, Strobe 18 % e

Input to *1” Output

AC Test Circuit and Waveforms

DIFF.
INPUT

PULSE
GEN.

PULSE
GEN.

t,=t;=10ns
PRR = 1 MHz
TL/F/S787-7
+2.5V ———
DIFF Z ov S
INPUT
-2.5V ——7
26V
STROBE
INPUT
ov
ouTPuT —A 1.3V >
TL/F/5797-8

A = Differential Input to *0" Output
B = Differential Input to 1" Cutput
C = Strobe Input to “0" Output
D = Strobe Input to “1" Output

FIGURE 1
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DS7820A/DS8820A

Typical Performance Characteristics (Note 3)

Common-Mode Voltage
Supply Voltage Sensitivity Sensitivity - Temperature Sensitivity
- I = 1 s =
2 Ta = 25°C Z 4 Ta = 25°C E > :cc .:\‘ll
& 02 Vou = OV » Vec = 5V " Oup oY G
= = 2 Y e
a 2 02 5 DN
E 81 Vour = 25V, loyy = -m,.ﬂ E |- g P
El 0 s ol Nout e \ou 2
= T T [ ] MY q
8 Vour = 04V, louy = 16 ma g T Vout s w0 }__ >
z o E 02 z red
-0 - N
- - - a /o
g 02 = 5 -1o R
z Z 04 E I I 4
H
@ 3 F |
w w & -150
£ e 5.0 55 g £ 20 -0 ] A0 +20 & 155025 0 25 SO 75 100 125
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s Transfer Function Termination Resistance . Input Characteristics
—T—T —
FANOUT =10 | - Vo = 5V y.
Vee = 5.0V ‘25'.° =, (=2 g 6 ["Ta = 25°C P
s 4 [Vew=ov 17 g A =z ¢ 7
- < 4 E /)
Q 1 / [=3 2
< 3 s P’ 3
4 ¥ WU ] v g€ O[Syt <
> —25°C = d H -2 Vs
- 2 2 170 o 4
2 —55°C- g foeert 5
5 Fi & V
3, 4 2 5 z 5
& . (e~ INPUT
i S o= T [ 1]
0 -10
04 02 0 0z 08 75 50 -25 0 25 SO 75 100 125 <20 -10 0 10 20
DIFFERENTIAL INPUT VOLTAGE (V) Tl INPUT VOLTAGE (WITH RESPECT TO GROUND) (V)
Power Supply Current Internal Power Dissipation Output Voltage Levels
10 —T 300 1T 51— T T T
Vee = 5V — Vee = 5.0V - Ve = 5V ] j 1
.8 Al | 1Ty =25C_] OUTPUT LOW ] 4 —
E N, g £ LOGICAL “1° OUTPUT,
E o o, 5 iy g , tour 2 4044
N N R s T &
= a7, S 3\ 25°C 2
3 N, g N /I >
S o \&,, 4 _J A\ A = 03
2 NZey e 100 4 2 |4
s N g 125°C° 4 E} ~oureut:
2 2 E DN S 02 e I\
w7 b 06 Tout” 16 P
=
] 0 01 I L Ij
-0 -10 0 0 420 20 -10 0 10 20 15 -50 -25 0 25 S0 75 100 125
COMMON-MODE VOLTAGE (V) COMMON-MODE VOLTAGE (V) )
Differential input Delays Strobe Delays Noise Rejection
— ] . 1000
82 F-Vee=sv Vg =5V Vee = 5V
7 ' V4 0 [ s =25t
™S /L - 1 4 : F vore = + 2.5V PUl
> 1 "L A CAS R £ FT 1
O L yZ = STROSE T0 "1 QUTPUT g
e = ! \1/ u
H a8 2 \ = 100
2w VA w ), 2
= - y. H o
E 2% g " al S
i FFERENTIAL v T » /
5 2 70 “1” OUTPUT] 1 STROBE TO “0” QUTPUT <
|y s i i R =
| ol LT T 1T 1 1
<15 50 =25 0 25 S0 75 100 125 75 -50 -25 0 25 50 75 100 125 1 100 1000 10,000
] o Cressonse Time contaol (9F)

TL/F/5797-6
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Schematic Diagram

RESPONSE-TIME
CONTROL

NON-INVERTING
INPUT
)
TERMINATION
-@-
INVERTING
INPUT Note: Schematic shows one-half

(-) STROBE

Typical Applications

Differential Line Driver and Receiver

C1 = .01 uF

Vee

ouTPUT

GROUND

of unit.

TL/F/5797~-1

TWISTED
PAIR LINE
5
AND QUTPUT
1/2 DS7830 OUTPUT
§
NAND OUTPUT
IEEE
—_—

INPUTS L
*Optional to control response time. STROBE "=

Single Ended (EIA-RS232C) Receiver with Hysteresis

IN914 av

TL/F/6797-3

TWISTED PAIR LINE Vour

v |

OuTPUT 0 o)
0.8v Vin

STROBE = TL/F/5797-4

T
2.5v
TL/F/5797-5

(Output = “1" for Open Input)
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National
Semiconductor
Corporation

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
DS7820/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 180Q 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

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

DS7830/DS8830 or MM78C30/MM88C30 recommend-

ed driver

Connection Diagram

Dual-In-Line Package

TERMI- RESPONSE
Vee -INPUT  nATION  +INPUT  STROBE TIME OUTPUT
14 13 J 12 1 10 |9 IB
+ ~
% + -
1 2 3 5 6 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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Absolute Maximum Ratings (ote 1) Operating Conditions >
Specifications for Military/Aerospace products are not Min Max Units S
contained in this datasheet. Refer to the assoclated Supply Voltage (Vcc) 4.5 15 v 3
reliability electrical test specifications document. Temperature (Ta) o
Supply Voltage 18V DS78C20 -55 +125 ¢ | B
Common-Mode Voltage 125V DS88C20 0 +70 °C S
Differential Input Voltage +25V Common-Mode Voltage (Vcm) —-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 loutr = —200 pA, —10V < Vgm < 10V 0.06 02| Vv
Vour = Vee 1.2V —15V < Vom < 15V 006 |03]| vV
louT = 1.6 MA, Vout < 0.5V [—10V < Vg < 10V —-008 |-02| V
—15V < Vgm < 15V -0.08 |—03| V
RiN Input Resistance —15V < Vopm < 15V 5 kQ
Rt Line Termination Resistance Ta = 25°C ' 100 180 300 | Q@
lino Data Input Current (Unterminated)|Vcym = 10V ' ’ 2 3.1 | mA
Vem = 0V 0 —0.5| mA
Vom = —10V -2 —3.1| mA
Viug |Input Balance lout = 200 pA, Vout 2 —7V<Vcu 7V
Vce —1.2V, Rg = 5000, 0.1 04| V
(Note 5)
lour = 1.6 MA, Vout < 0.5V, [ -7V < Ve S 7V —01 —04| v
Rs = 5009, (Note 5)
VoH Logical “1” Output Voltage lout = —200 pA, Vpirr = 1V Vee — 1.2|Vge — 0.75 Vv
Vou Logical “0” Output Voltage loutr = 1.6 MA, Vpjpg = —1V 0.25 05| Vv
Ilcc Power Supply Current 15V < Vgm < —15V, Vee = 5.5V 8 15 | mA
VpiFr = —0.5V Ve = 15V 15 30 | mA
(Both Receivers)
Iin(1)  [Logical “1" Strobe Input Current |VsTROBE = 15V, VDIFF = 3V (Voo = 15V 15 100 | pA
lin)  |Logical “0” Strobe Input Current  [Vstroge = 0V, Vpirr = —3V|Vee = 15V -0.5 |[—100 pA
VIH Logical “1" Strobe Input Voltage |lour = 1.6 mA, Vo < 0.5V |Vgg = 5V 3.5 2.5 Vv
Vce = 10V 8.0 5.0 v
Vg = 15V 12.5 7.5 \'%
ViL Logical “0” Strobe Input Voltage |loyt = —200 pA, Vec = 5V 2.5 15 | V
Vo = Vec —1.2V Vg = 10V 50 20| V
Voo = 15V 7.5 25 | V

los Output Short-Circuit Current Vout = 0V, Vcc = 15V, VstRoBE = 0V, (Note 4) -5 —-20 —40| mA
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Switching Characteristics vcc = 5v, T4 = 25°C

Symbol Parameter Conditions Min Typ Max Units

tdo(D) Differential Input to “0" Output CL = 50 pF 60 100 ns
_bdio) Differential Input to “1”” Output Cp = 50 pF 100 150 ns

todo(s) Strobe Input to “0” Output CL = 50pF 30 70 ns
todis) Strobe Input to “1” Output CL = 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 rangs for the DS78C20 and across the 0°C to +70°C range for
the DS88C20. All typical values are for Ta = 25°C, Voc = 5V and Vgm = 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

RS-422/RS-423 Application

o
0.014F
(NOTEY)
Vee cc
? LINE DRIVER AND RECEIVER (NOTE 3)
AND
DUTPUT
o— TWISTED PAIR LINE
O—{ 1/2MM78C30/ -—
INPUT MMBEC30 1/2 DS78C20/
O— D$8830 - DS38C20
NAND

-L ouTPUT

TL/F/5798-2
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: Vg 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-232-C Application with Hysteresis

Vee Rt
O\ Vou
= {OUTPUT =
S "1 FOR
+59 PEN INPUT)
0878620/ uTPUT Vcc | R115% vou L
INPUT N R 5V 4,3k oy }
o | 10V 15kQ ov 0.8V Ve 25V
15V 24 k0 TL/F/5798-4

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.
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AC Test Circuit

DIFF INPUT

PULSE
GEN

PULSE
GEN

t=t%t=<10ns

PRR =

1 MHz

*Includes probe and jig capacitance

Switching Time Waveforms

25v

DIFF
INPUT

/

500 ns

7

~2.5V

ouTPUT

50pF*

TL/F/5798-5

Vee

STROBE
INPUT

o

oUTPUT

10%

[ tpd0(D)

e~ 1pd1(D}

N/

\

S
90%

10%

N

90%

=~ tpdo(s)

[=—"pd1(s)

TL/F/5798-6
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DS7830/DS8830

National
Semiconductor
Corporation

DS7830/DS8830 Dual Differential Line Driver

General Description Features

The DS7830/DS8830 is a dual differential line driver that B Single 5V power supply
also performs the dual four-input NAND or dual four-input ® Diode protected outputs for termination of positive and
AND function. negative voltage transients

TTL (Transistor-Transistor-Logic) multiple emitter inputs al- B Diode protected inputs to prevent line ringing
low this line driver to interface with standard TTL systems.  ® High speed

The differential outputs are balanced and are designed to  m Short circuit protection

drive long lengths of coaxial cable, strip line, or twisted pair

transmission lines with characteristic impedances of 500 to

5000. The differential feature of the output eliminates trou-

blesome ground-loop errors normally associated with sin-

gle-wire transmissions.

Connection Diagram
Dual-In-Line and Flat Package

AND NAND
Vee OUTPUT  OUTPUT

|M 13 12 n 10 9 8

1 2 3 4 5 6 —|7

AND NAND GND

OUTPUT OuTPUT
TL/F/5799-2

Top View
Order Number DS7830J, DS8830J or DS8830N
See NS Package Number J14A or N14A

Typical Application

Digital Data Transmission

af
0.01 pf

1/2 DS7830

INPUTS TWISTED PAIR LINE 1

bW =

c2*

;"00 pF

TL/F/5799-3

tExact value depends on line length.
*Optional to contro! response time.

STROBE
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Absolute Maximum Ratings ote 1) Operating Conditions 3
Specifications for Military/Aerospace products are not Min Max Units s
contained In this datasheet. Refer to the assoclated Supply Voltage (Vce) B
reliability electrical test specifications document. DS8730 45 5.5 \Y) )
Vee 7.0v DS8830 4,75 5.25 \" g
Input Voltage 5.5V Temperature (Ta) 8
Storage Temperature —65°Cto +150°C DS7830 ~55 +125 °C
Lead Temperature (Soldering, 4 sec.) 260°C DS8830 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 (otes 2 and 3)
Symbol Parameter Conditions Min Typ Max Units
Viu Logical “1” Input Voltage 20 \
ViL Logical “‘0" Input Voltage 0.8 \
VoH Logical “1" Output Voltage ViN = 0.8V loutr = —0.8mA 24 \
lout = 40mA 1.8 3.3 \
VoL Logical “0” Output Voltage ViN = 2.0V lout = 32mMA 0.2 0.4 \
lout = 40mA 0.22 0.5 \
IIH Logical *“1" Input Current VIN = 2.4V 120 rA
ViNn = 5.5V 2 mA
L Logical “0” Input Current ViN = 0.4V —-48 mA
Isc Output Short Circuit Current Vee = 5.0V, Ta = 125°C, (Note 4) —40 —100 —120 mA
lcc Supply Current ViN = 5.0V, (Each Driver) 11 18 mA
\ Input Clamp Vee = Min, Iy = — 12mA -1.0 —-1.5 \"
Switching Characteristics 14 = 25°C, Ve = 5V, unless otherwise noted
Symbol Parameter " Conditions Min Typ Max Units
tod1 ‘ Propagation Delay AND Gate RL= 4009, C| = 15 pF 8 12 ns
tpdo (Figure 1) 11 18 ns
tpd1 Propagation Delay NAND Gate RL= 4000, C| = 15pF 8 12 ns
todo (Figure 1) 5 8 ns
t4 Differential Delay Lo?d. 1009 and 5000 pF, 12 16 ns
(Figure 2)
ta Differential Delay and. 1000 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 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: Untess 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 T4 = 25°C and Vg = 5.0V.
Note 3: All currents into device pins shown as positive, out of device pins as negative, al! 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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Typical Performance Characteristics
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Schematic Diagram
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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 Vg 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

W 17 ns propagation delay

m Very low output impedance—high drive capability

B 40 mA sink and source currents

m Gating control to allow either 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/
SINGLE-ENDED
MODE CONTROL

Iw 3

A" QUTPUT
OUTPUT INPUT OUTPUT  INPUT
DISABLE A2 a2 al a1

|u Iu In

16 15 1

1 2 |: It Is ] 7 s
g OUTPUT INPUT  QUTPUT INPUT DIFFERENTIAL/ GND
AL 82 B2 Bl SINGLE-ENDED
MODE CONTROL
TL/F/5800-1

Top View

Truth Table (Shown for A Channels Only)

Order Number DS7831J, DS8831J,
DS7832J, DS8832J, DS8831N or DS8832N
See NS Package Number J16A or N16A

Differential/
“A” Output Disable | Single-Ended Input A1 Output A1 Input A2 | Output A2
Mode Control
0 0 0 0 Logical “1” or| Sameas [Logical “1” or| Sameas
Logical “'0" Input A1 Logical “0” Input A2
0 0 X 1 Logical “1” or { Opposite of | Logical “1"” or [ Same as
1 X Logica! 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

Specifications for Military/Aerospace products are not Min Max Units
contained in this datasheet. Refer to the assoclated Supply Voltage (Vcc)
rellability electrical test specifications document. DS7831/DS7832 4.5 5.5 v
Supply Voltage 7v . 08883: /0?8)32 4.75 5.25 \
emperature (Tp
Input Voltage 5.5V 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 2and 3)
Symbol Parameter Conditions Min | Typ Max Units
VIH Logical “1” Input Voltage Vgg = Min 2.0 \
ViL Logical “0” Input Voltage Vce = Min 0.8 \
VoH Logical “1” Output Voltage | DS7831/DS7832 lo= —40mA 18 | 23 \
lo=—2mA 24 | 27 v
Vce = Min
DS8831/DS8832 lo = —40mA 1.8 2.5 v
lop= —5.2mA 24 | 29 \%
VoL Logical “0” Output Voltage | DS7831/DS7832 lo = 40mA 0.29 0.50 v
lo = 32mA 0.40 v
Ve = Min
DS8831/DS8832 lo = 40mA 0.29 0.50 \%
lo=32mA 0.40 \%
IIH Logical “1" Input Current Vce = Max DS7831/DS7832, V|y = 55.5V 1 mA
DS8831/DS8832, Vi = 2.4V 40 RA
I Logical “‘0” Input Current Voe = Max, Viy = 0.4V -1.0 -1.6 mA
lop Output Disable Current Vce = Max, Vo = 2.4V or 0.4V —40 40 pA
Isc Output Short Circuit Current | Vo = Max, (Note 4) —40( —100 —-120 mA
Icc Supply Current Vcc = Maxin TRI-STATE 65 90 mA
Veu Input Diode Clamp Voltage | Voo = 5.0V, Ta = 25°C, iy = —12mA —-1.5 v
Vewo Output Diode Clamp Voltage | Vgg = 5.0V, loyT = —12 mA | DS7831/DS8831 _15 v
Ta = 25°C DS7832/DS8832 :
louT = 12mA [ DS7831/DS8831 Vec+ 15| V
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DS7831/DS8831/DS7832/DS8832
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SW|tch|ng Characteristics T4 = 25°C, vcc = 5V, unless otherwise noted

Symbol Parameter

Conditions

Min Typ Max Units

Propagation Delay to a Logical “0”
from Inputs A1, A2, B1, B2
Differential Single-ended Mode
Control to Outputs

todo

Propagation Delay to a Logical “1”
from Inputs A1, A2, B1, B2
Differential Single-ended Mode
Control to Outputs

tpd1

Delay from Disable Inputs to High
Impedance State (from Logical *“1”
Level)

ty

Delay from Disable Inputs to High
Impedance State (from Logical “0”
Level)

toH

Propagation Delay from Disable Inputs
to Logical “1" Leve! (from High
Impedance State)

tHy

Propagation Delay from Disable Inputs
to Logical “0” Level (from High
Impedance State)

tHo

(See Figures 4 and 5)

13 25 ns

13 25 ns

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 Ta = 25°C and Voo = 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 Ty = 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 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 Control 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 Ay 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
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Typical Performance Characteristics
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Typical Performance Characteristics (continueq)
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DS7831/DS8831/DS7832/DS8832
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AC Load Circuit

Symbol Switch S1 Switch §2 CL
5 todt closed closed 50 pF
I tpdo closed closed 50 pF
s toH closed closed *5 pF
tiH closed closed *5pF
tHo closed open 50 pF
w tH1 open closed 50 pF

*Jig capacitance

DS7832/
Dsss32

I
)

TL/F/5800-9
FIGURE 5
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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 signal
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 180f 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

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

m I[nput voltage range of 15V (differential or common-
mode)

m Separate strobe input for each receiver

m 1/2 Vg strobe threshold for CMOS compatibility

m 5k typical input impedance

m 50 mV input hysteresis

| 200 mV input threshold

m Operation voltage range = 45.V to 15V

m Separate fail-safe mode

Connection Diagram

Dual-In-Line Package

FAILSAFE TERMI- RESPONSE
VCC  OFFSET —-INPUT NATION +INPUT STROBE TIME OUTPUT
16 15 14 13 12 1 10 I 9
1 2 3 4 5 8 7 8

OFFSET —INPUT TERMI-
FAIL-SAFE NATION

+INPUT STROBE RESPONSE OUTPUT
TIME

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
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Absolute Maximum Ratings (ote 1)
Specifications for Military/Aerospace products are not

Storage Temperature Range

—65°Cto +150°C

contained In this datasheet. Refer to the associated Lead Tempoerature (Soldering, 4 seconds) 260°C
reliability electrical test specifications document.
Supply Voltage 18V Operating Conditions
Input Voltage +25V Min Max Units
Strobe Voltage 18V Supply Voltage (Vce) 4.5 15 Vv
Output Sink Current 50 mA Temperature (Ta)
. e e e o DS78C120 —55 +125 °C
Maximum Power Dissipation* at 25°C o
. DS88C120 0 +70 C
Cavity Package 1433 mW
Molded Package 1362 mW Common-Mode Voltage (Vem)  —15 +15 v
*Derate cavity package 9.6 mW/°C above 25°C; derate molded package
10.9 mW/°C above 25°C.
Electrical Characteristics (otes2and3)
Symbol Parameter Conditions Min Typ Max |Units
VTH Differential Threshold lout = —200 pA, —-7V<Vom £ 7V 0.06 02| V
Voltage Vour = Vee — 1.2V —15V < Vgy < 15V 006 |03]| V
% Differentia! Threshold lout = 1.6 MAVouT < 0.5V —-7V<Vem <7V -0.08 [-0.2| V
Voltage —15V < Vgpm < 15V —-0.08 |—-0.3| V
VTH Differential Threshold lout = — 200 pA, -V<Vem <7V 0.47 07 | v
Voltage Fail-Safe VouT = Veg — 1.2V i ’
V1L Offset = 5V louT = 1.6 MA, Vout < 0.5V —-7V<Vom £7V 0.2 0.42 \
Rin Input Resistance —15V <Vgm < 16V, 0V < Vo < 15V 4 5 kQ
Rt Line Termination Resistance|Ta = 25°C 100 180 300 | Q
Ro Offset Control Resistance |Ta = 25°C 56 k2
ino Data Input Current 0V < Vg < 158V Vem = 10V 31 | mA
(Unterminated) Vom = OV —0.5{ mA
Vem = —10V -2 —3.1] mA
Vtug  |Input Balance lout = 200 pA, Vout 2 -7V<Vom <7V 0.1 04 | v
(Note 5) Vee — 1.2V, Rg = 5000 ’ )
loutr = 1.6 mA, Vour < 0.5V —-7V<Vem <7V _ _
Rs = 5000 0.1 04| V
VoH Logical “1” Output Voltage |loyt = —200 pA, Vpjrr = 1V Vee — 1.2|Vge — 0.75 \
VoL Logical “'0” Output Voltage {loyt = 1.6 mA, Vpjgg = —1V 0.25 05| V
lcc Power Supply Current 15V < Vgm < —15V, Vge = 6.5V 8 15 | mA
Voirr = —0.5V (Both Receivers) Voo = 15V 15 30 | maA
Nty [Logical “1” Strobe Input VsTROBE = 15V, VpIFF = 3V 15 100 | pA
Current
Iino)  [Logical “0” Strobe [nput VsTROBE = OV, VpIFF = —3V —05 |—100| pA
Current
VIH Logical ““1” Strobe Input VoL £ 0.5V, lgyT = 1.6 mA Vee = 5V 35 25 \"
Voitage Ve = 10V 8.0 5.0 v
Ve = 15V 125 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 Vce — 1.2V, Vee = 5V 25 1.5 \"
Voltage lour = —200 pA Vee = 10V 5.0 20 v
Veg = 15V 7.5 25 \
los Output Short-Circuit Current | Voyt = 0V, Vo = 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 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 DS78C120 and across the 0°C to +70°C range
for the DS88C120. All typical values for Ty = 25°C, Voo = 5V and Vo = 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 ve; = 5v, 74 = 25°C

Symbol Parameter Conditions Min Typ Max Units
tpdo(D) Differential Input to 0" Output C = 50pF 60 100 ns
tpd1(D) Differential Input to “1"” Output CL = 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 CL = 50 pF 100 150 ns

AC Test Circuit and Switching Time Waveforms
Differential and Strobe Input Signal

DIFF. INPUT O
O OUTPUT

OPEN O- S0pF*

STROBE I

_ O
= OPEN INPUT

*Includes probe and test fixture capacitance TL/F/5801-3

25v
DIFF / \
INPUT o
[——— 500 n§ —~—1
-25V
Vee m
STROBE
INPUT b
500 ns
v
——————— ———
90% 90%
ouTPUT
10% ' 10%
t=t<10ns = tpdo(D) =~ tpd1(D) = tpd0(S) = tpd1($)
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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Application Hints -
Balanced Data Transmission g
o
~
(=}
1/2 MM78C30 [72]
LINE DRIVER -3
—t— 1/2 DS78C120 8
TWISTED PAIR LINE RECEIVER .
N
o
e O OUTPUT
[o,
STROBE
TL/F/5801-5
Unbalanced Data Transmission
1/4 D$1488
OR 1/4 DS3691
1/2 DS78C120
LINE RECEIVER

Q

0=

TL/F/5801-6

Logic Level Translator

7 Von
1/2 DS78C120
H ECL GATE LINE RECEIVER
2
5
o
£ ECL THRESHOLD O——p
=2
Vo % o—
vt TL/F/5801-8
INPUT VOLTAGE .
TL/F/5801~7
The DS78C120/DS88C120 may be used as a level istor to interface betv +12V MOS, ECL, TTL and CMOS. To configure, bias either input to a voltage

equal to 14 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
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 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 7 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 1800 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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NOISE PULSE WIDTH (us)
(FIGURE 2)
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RESPONSE CONTROL CAPACITOR (pF)
TL/F/5801-9

FIGURE 1. Noise Pulse Width vs
Response Control Capacitor

NEGATIVE INPUT
NOISE PULSE

POSITIVE INPUT
NOISE PULSE

RESPONSE CONTROL
CAPACITOR

-||-|

TL/F/5801-10

-2V

l<——+ NOISE PULSE WIDTH

2V

0
-0.5v

TL/F/5801-11

FIGURE 2
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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 short. To facilitate
the detection of input opens or shorts, the DS78C120/
DS88C120 incorporates an input threshold voltage offset.
This feature will force the line recsiver 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-inverting
input, or —200 mV to —700 mV, referred to the inverting
input. Therefore, if the input is open or short, 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 1200 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 control input is connected to 5V the input amplifier will
see VININVERTING) + 0.45V or ViNonverTINGg) + 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.

Itis recommended that the receiver be terminated (50052 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 short.

For balanced operation with inputs short or open, receiver C
will be in an indeterminate logic state. Receivers A and 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 indi-
cate 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 RECEIVER
1/2 DS18C120

LINE DRIVER

1|}

w

=]

s

3

> (OFFSET CONTROL
[~ INPUT OPEN)
[

>

=)

0
INPUT VOLTAGE

(OFFSET CONTROL
INPUT = 5V)

OUTPUT VOLTAGE

0 0.45v
INPUT VOLTAGE

TL/F/5801~12

1-161

N T

021088S0/02108.S0




S T

(

DS78C120/DS88C120

Y e T A R

Application Hints (continued)
Balanced RS-422 Fall-Safe
BALANCED
LINE DRIVER
:: o S
AL :
EIVERS
-z ctMos
° NOR
GATE
]
Vs
5V O— °
STROBE
TL/F/5801-13
8 u g
5 g 5
=] =3 =
> 4 >
B A [~ - -
> =4 >
E 2 £
] 2 3
2 e ©
—_—
INPUT VOLTAGE INPUT VOLTAGE INPUT VOLTAGE
TLIF/5801-14 TL/F/5801-15 TL/F/5801-16
Truth Table (ror Balanced Fail-Safe)
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
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DS78LS120/DS88LS120 Dual Differential
Line Receiver (Noise Filtering and Fail-Safe)

General Description

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

The line receiver will discriminate a +200 mV input signal
over a common-mode range of +10V and a £300 mV sig-
nal over a range of 15V,

Circuit features include hysteresis and response control for
applications where controlled rise and fall times and/or high
frequency noise rejection are desirable. Threshold offset
control is provided for fail-safe detection, should the input
be open or short. Each receiver includes an optional 1800
terminating resistor and the output gate contains a logic
strobe for time discrimination. The DS78LS120 is specified
over a —55°C to +125°C temperature range and the
DS88LS120 from 0°C to +70°C.

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

Features

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

m Input voltage range of +15V (differential or common-
mode)

m Separate strobe input for each receiver

m 5k typical input impedance

m Optional 1809 termination resistor

m 50 mV input hysteresis

m 200 mV input threshold

W Separate fail-safe mode

Connection Diagram

Dual-In-Line Package

FAIL-SAFE TERMI- RESPONSE
VCC  OFFSET -INPUT NATION +INPUT STROBE TIME OQUTPUT
16 15 14 13

1 2 3

S

FAIL-SAFE -INPUT TERMI-
OFFSET NATION

+INPUT STROBE RESPONSE OUTPUT
TIME

5 [ 7 8

GND
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 (ote 1)

Operating Conditions

Specifications for Military/Aerospace products are not Min Max  Units
contained in this datasheet. Refer to the associated Supply Voltage (Vce) 45 5.5 v
reliability electrical test specifications document, Temperature (Ta)
Supply Voltage 7v DS78LS120 —55 +125 °C
Input Voltage +£25V DS88LS120 0 +70 °C
Strobe Voltage 7v Common-Mode Voltage (Vcm) -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 (otes 2 and3)
Symbol Parameter Conditions Min | Typ | Max | Units
VTH Differential Threshold Voltage lout = —400 pA,Voyt 2 2.5V | —7V<Vom s 7V 0.06 | 0.2 \"
—15 < Vgm <15V 0.06 | 0.3 \'
VTL Differential Threshold Voltage lout = 4 mA, Vout < 0.5V —7V < Vpom 7V -0.08{ -02| V
—15V < Vgy £ 15V —-0.08( —03| V
VTH Differential Threshold Voltage louT = —400 pA,Voyr 2 2.5V | =7V Vo £ 7V 0.47 | 0.7 \"
Vi | with Fail-Safe Offset = 5V louT = 4 mA, Vout < 0.5 —7V<Vou<7V | -02[-042 v
Rin Input Resistance —15V < Vgmy € 16V,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
iINnD Data Input Current (Unterminated) | Vom = 10V 2 31 | mA
Vom = OV oV < Voo <7V 0 —05| mA
Vgm = —10V -2 | —31| mA
Vi | Input Balance lout = —400 pA, Voyut = 25V, | —7V<Vem7V 0.4 0.4 v
(Note 5) Rg = 5009
::?:L;:J;;A, Vourt < 0.5V, V<Vom <7V —04 | —04] Vv
VoH Logical “1” Output Voltage lout = —400 pA, Vpirr = 1V, Voo = 4.5V 25 3 \
VoL Logical “0” Output Voltage lout = 4 mA, Vpigg = —1V, Vg = 4.5V 035 | 05 \/
lcc Power Supply Current Voo = 5.5V Veum = 15V 10 16 mA
Vpirr = —0.5V, (Both Receivers) Vom = —15V 10 16 mA
Iing) | Logical “1” Strobe Input Current | Vstrose = 5.5V, VpIFr = 3V 1 100 | pA
IIno) | Logical “0” Strobe Input Current | Vstroge = OV, Vpirr = —3 —290 | —400| pA
VIH Logical “1” Strobe Input Voltage | VoL < 0.5, loyt = 4mA 20 | 112 \
ViL Logical ““0” Strobe Input Voltage |Von = 2.5V, loyt, = —400 pA 112 | 0.8 \
los Output Short-Circuit Current Vout = 0V, Vgc = 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 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 DS78LS120 and across the 0°C to +70°C for the
DS88LS120. All typical values are for Tp = 25°C, Vg = 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-RS422 for exact conditions.
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Switching Characteristics vec = 5v, T4 = 25°C

o
(7]
N
@
Symbol Parameter Conditions Min | Typ Max Units (_I}
tpdo(D) Differential Input to 0" Output 38 60 ns §
tpd1(D) Differential Input to “1” Output Response Pin Open, Gy = 15 pF, AL = 2kQ 3s 60 ns 8
tod0(S) Strobe Input to *'0” Output 16 25 ns 3
tpd1(S) Strobe Input to “1"” Output 12 25 ns 5
N
o

AC Test Circuit and Switching Time Waveforms

Differential and Strobe Input Signal

ouTPUT vee
O

O
STROBE
INPUT

- TL/F/7498-3
*Includes probe and test fixture capacitance
25V
BIFF / \
INPUT w
- 500 s ——=~1
-25v
Vee
STROBE
INPUT 50%
fe—— 500 ng———
o
fUve—
oUTPUT 1.5V 15V

tr=t< 10ns t t .

PRA = 1 MHz pd0(D) 1 %di1(0) 1 tdo(s) 1 tpdis) 1
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/053691
LINE DRIVER
1/2 DS78LS120
-T— LINE RECEIVER

TWISTED PAIR

TL/F/7498-5
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DS78LS120/DS88LS120

Application Hints (Continued)

174 DS1488 OR
1/4DS1691A/D83691

Unbalanced Data Transmission

1/2 DS78LS120
LINE RECEIVER

1l

39Y110A LNdLRO

ViL V1 Vin

INPUT VOLTAGE TL/F/7499-7

The DS78LS120/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
1/, 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/IF/7499-6
Logic Level Translator

1/2 DS78LS120
ECL GATE LINE RECEIVER

ECL THRESHOLD Q———q
o—

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

[
=
E, 2
£s 2Ei: HE
nE —POSITIVE INPU
Y8 L
2&
[ 1k =2 ==
2 ENEGATIVE INPUT]
=

100 14

10 100 % 10K

RESPONSE CONTROL CAPACITOR (pF)
TL/F/7493-9
FIGURE 1. Nolse Pulse Width vs
Response Control Capacitor

RESPONSE CONTROL

I CAPACITOR

NEGATIVE INPUT
NOISE PULSE

-2V

-———1» NOISE PULSE WIDTH

v

POSITIVE INPUT
NOISE PULSE

0
~0.5v
TL/F/7499-10

FIGURE 2




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-
talk. A 1800 termination resistor is provided in the
DS78LS120/DS88LS120 line receiver. To use the termina-
tion resistor, connect pins 2 and 3 together and pins 13 and
14 together. The 1809 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 feet long, (approximately
1000 ns), and the termination resistor value is 1801, 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 short. 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. Therefore, if the input is open or short, 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 120 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 control input is connected to 5V the input amplifier will
see VINGNVERTING) +0.45V or ViNoNVERTING) +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 (500 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 short.

Unbalanced RS-423 and RS-232 Fail-Safe

LINE DRIVER

LINE RECEIVER
1/2 DS78LS120

L

w
o
=
-
2 (OFFSET CONTROL
5 INPUT OPEN)
£
=
o

e—

0
INPUT VOLTAGE

5V O

TL/F/7499-11

(OFFSET CONTROL
INPUT = 5V)

OUTPUT VOLTAGE

0 045V
INPUT VOLTAGE

TU/F/7499-12
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DS78LS120/DS88LS120
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Application Hints (continued)

BALANCED
LINE DRIVER

Balanced RS-422 Fail-Safe

[ 2a'a’2"

11/2 DST8LS120

LINE RECEIVERS

5V O

[

-
»
A/B OUTPUT VOLTAGE

STROBE
TL/F/7499-13

D QUTPUT VOLTAGE
C OUTPUT VOLTAGE

INPUT VOLTAGE

For balanced operation with inputs short or open, receiver 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 receiv-
ers A and B and may therefore be used to sample the fail-
safe detector. Another method of fail-safe detection con-
sists 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 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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PRELIMINARY

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 ESDI Disk Drive Standards. !n 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 TRI-STATE® the
outputs and prevents erroneous glitthes 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 Output skew - 0.5 ns typical

B Meet the requirements of EIA Standard RS-422

m Complementary Driver Outputs

m High differential or common-mode input voltage ranges
of £7V

W 0.2V receiver sensitivity over the input voltage range

W Receiver input fail-safe circuitry

B Receiver input hysteresis-70 mV typical

m Glitch free power up/down

Connection Diagram

1
vCce —

2
RO =

DIi

4
GND —

TL/F/8512~-1

Order Number DS8921M, DS8921N, DS8921AM, DS8921AN, DS8921J or DS8921AJ
See NS Package Number JOSA, MOSA or NOSE

Truth Table
Receiver
Input Vour
Vip 2 V1H (MAX) 1
Vip < V1H (MIN) 0

Driver
Input | Vour | Vour
1 1 0
0 0 1
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Absolute Maximum Ratings (ote 1)
Specifications for Military/Aerospace products are not

Storage Temperature Range —65°Cto +165°C

contained in this datasheet. Refer to the associated Lead Temperature (Soldering, 4 sec.) 260°C
reliability electrical test specifications document.
Supply Voltage v Recommended Operating
Driver Input Voltage —0.5Vto +7V Conditions
Output Voltage 5.5V Min Max Units
Rece?ver Output Sink Current 50 mA Supply Voltage 45 5.5 v
Ovtrerts it Vonags N L
DS8921/DS8921A Electrical Characteristics (Notes 2,3 and 4)
Symbol I Conditions I Min I Typ Max Units
RECEIVER
VTH —V<Vem s +7V —200 +35 4200 mv
VHysT —-V<Vom < +7V 15 70 mv
RN ~7V<Vem € +7V 4.0 6.0 )
N ViN = 10V 3.25 mA
Vin= —10V —-3.25 mA
VoH loq = —400 pA 2.5 \]
VoL loL = 8mA 0.5 v
Isc Ve = MAX Voyt = 0V -15 —-100 mA
DRIVER
ViH 2.0 v
ViL 0.8 \'
IR Vee = MAXV|y = 0.4V —40 —200 pA
iy Vce = MAXV|y = 2.7V 20 pA
Iy Vee = MAXV|y = 7.0V 100 HA
Voo Ve = MINIjy = —18 mA —-1.5
VoH Ve = MINIpy = —20 mA 25
VoL Vecec = MINIgL = +20 mA 0.5 \
lorr Vece = 0V, Voyt = 5.5V 100 pA
vyl - VT 0.4 \4
V1 20 v
[Vos - Vosl| 0.4 v
Isc Vec = MAX Vout = OV -30 -150 mA
DRIVER and RECEIVER
Icc | Voo = MAXVour = Logic 0 35 mA

1171
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DS8921/DS8921A

Receiver Switching Characteristics (Figures 7and 2

Symbol Conditions Min Typ Max Units
8921 8921A
ToLH CL = 30pF 14 225 20 ns
ToHL CL = 30pF 14 225 20 ns
IToLH-Tphl CL = 30pF 0.5 5 . 35 ns
Driver Switching Characteristics (Figures 3and 4
SINGLE ENDED CHARACTERISTICS
Symbol Conditions Min Typ Max Units
8921 8921A
TpLH CL = 30pF 10 15 ns
ToHL CL = 30 pF 10 15 ns
TTLH CL = 30 pF 5 8 ns
TTHL CL = 30pF . 5 8 ns
Skew CL = 30 pF (Note 5) 1 5 35 ns
Driver Switching Characteristics (Figures 3and 5)
DIFFERENTIAL CHARACTERISTICS (Note 6)
Symbol Conditions Min Typ Max Units
8921 8921A
TpLH ‘CL = 30pF 10 15 ns
TpHL CL = 30pF 10 15 ns
[ToLH-TpHL| CL = 30pF 0.5 6 275 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 actuat 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 Vog = 5V, Tp = 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:
_ O X Tep) — (Tra X Tta)
To=Tra~ Tta + Tip
Where: T¢, = Crossing Point
Tra» Tros Tta @nd Ty, are time measurements with respect to the input. See Figure 6.

TCI’
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AC Test Circuits and Switching Diagrams
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ST506 and ST412 Application
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PRELIMINARY

DS8922/22A/DS8923/23A TRI-STATE® RS-422
Dual Differential Line Driver and Receiver Pairs

General Description

The DSB8922/22A and DS8923/23A are Dual Differential
Line Driver and Receiver pairs. These devices are designed
specifically for applications meeting the ST506, ST412 and
ESD! Disk Drive Standards. In addition, the devices meset
the requirements of the EIA Standard RS-422.

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

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

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

Power up/down circuitry is featured which will TRI-STATE
the outputs and prevents erroneous glitches on the trans-
mission lines during system power up or power down opera-
tion.

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

B 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

B Receiver input fail-safe circuitry

m Receiver input hysteresis—+70 mV typical

m Glitch free power up/down

m TRI-STATE outputs

Connection Diagrams
DS8922A Dual-In-Line

1 16
RO1 —} — Ril+

15
== RI1=

14
— D01+

13
== DOt~

e

12
— po2-

\/

11
|— D02+

10
== Ri2-

9
|— Ri2+

A

8
RO2 =

TL/F/8511-1
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
[— Rit+

15
== Rit=

14
[— Do+

D

1
13 or-

12
= 002=

11
[— Do2+

10 pio-

9
[— Ri2¢+

(]

8
RO2 —

TL/F/8511-2
Order Number DS8923N, J, M
DS8923AN, AJ, AM
See NS Package Number N16A, J16A or M16A

DS8922/22A DS8923/23A
EN1 | 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| HI-Z | 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
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DS8922/DS8922A/DS8923/DS8923A

Absolute Maximum Ratings note 1) Differential Input Voltage _oE
Specifications for Military/Aerospace products are not Storage Temperature Range —65°Cto +165°C
contained In this datasheet. Refer to the assoclated Lead Temp. (Soldering, 4 seconds) 260°C
reliability electrical test specifications document. .
Supply Voltage 7v Recommended Operating
Drive Input Voltage —0.5Vto +7V Conditions
Output Voltage 5.5V Min Max Units
Receiver Output Sink Current 50 mA Supply Voltage 4.5 5.5 \"
Receiver Input Voltage +10V Temperature (Ta) 0 70 °C
DS8922/22A and DS8923/23A Electrical Characteristics (Notes 2,3, and 4)
Symbol I Conditions | Min l Typ | Max Units
RECEIVER
VIH —7V<Vom < +7V —200 +35 +200 mv
VhysT —7V<Vom € +7V 15 50 mv
RIN —7V<Vom € +7V 4.0 6.0 kQ
N ViN = 10V 3.25 mA
ViN = —10V -3.25 mA
Vou Vee = MIN gy = — 400 pA 25 \
VoL Veec = MAX gL = 8 mA 0.5 v
Isc Voo = MAX Voyt = OV —15 —-100 mA
DRIVER ‘
Vou Ve = MIN oy = —20 mA 25 \
VoL Vec = MINIpp = +20 mA 0.5 \'/
loFF Vee = OV Voyr = 5.5V 100 pA
|VT|-|VT] 0.4 \
vT 20 \
Vos-Vos| 0.4 \
Isc Vece = MAX Voyt = OV —-30 —150 mA
DRIVER and RECEIVER
loz Vout = 2.5V 50 rA
Loskage Yoo T M Vour = 04V ~50 hA
oo Voo = MAX ACTIVE 76 mA
TRI-STATE 78 mA
DRIVER and ENABLE INPUTS
ViH 2.0 v
ViL 0.8 \
m Voo = MAX Viy = 0.4V —40 —200 pA
1 Voo = MAX Vg = 2.7V 20 pA
h Vcg = MAX VN = 7.0V 100 pA
VoL Vec = MINIjy = —18 mA -15 v

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 Vi;c = 5V, Tp = 25°C.
Note 4: Only one output at a time should be shorted.
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Receiver Switching Characteristics (Figures 1, 2and 9)

Parameter Conditions Min Typ Max Units
8922/23 8922A/23A
TpLH CL = 30 pF 12 22.5 20 ns
TpHL CL = 30 pF 12 22.5 20 ns
[ TpLH=ToHL CL = 30pF 0.5 5 35 ns
Skew (Channel to Channel) CL = 30 pF 0.5 3.0 20 ns
ToLz 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 6)
Parameter Conditions Min Typ Max Units
8922/23 8922A/23A

SINGLE ENDED CHARACTERISTICS
TpLH CL = 30 pF 12 ns
TpHL CL = 30pF 12 ns
TTLH CL = 30pF 5 ns
TTHL CL = 30 pF 5 ns
|ToLH=TpHLl CL = 30 pF 0.5 ns
Skew CL = 30 pF (Note 5) 0.5 5 3.5 ns
Skew (Channel to Channel) 0.5 3.0 2.0 ns
ToLz CL = 30 pF 15 ns
TpHZ CL = 30 pF 15 ns
TpzL CL = 30 pF 20 ns
TpzH CL = 30pF 20 ns
Differential Switching Characteristics (Note s, Figure 7

Parameter Conditions Min Typ Max Units

8922/23 8922A/23A

TpLH CL = 30 pF 12 15 ns

TpHL CL = 30pF 12 15 ns

[TpLH=TpHl CL = 30 pF 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 a linear ition b 1 measurement points and are a result of the following equations:
Ter = (Tfb X Trb) — (Tra X Tfa)
Trb — Tra — Tfa + Tfb
Where: Tcr = Crossing Point
Tra, Trb, Tfa and Tfb are time measurements with respect to the input.

Switching Time Waveforms

1.5V --omit
|Npufm

i

[}
t, O te tmm e !
Y e Yackhe
Do v 'L v '

o K X
T 1ol T 1
et ot
Yplwmm ol Yp i

TL/F/8511-3
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DS8922/DS8922A/DS8923/DS8923A
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AC Test Circuits and Switching Waveforms

TEST v
POINT cC

FROM OUTPUT

UNDER TEST
2K
C INCLUDES ALL DIODES
PROBE AND JIG S sk 1N914 OR
CAPACITANCE EQUIVALENT

oo

TL/F/8511-4

FIGURE 1
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vID *ov %
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|
RO 7|‘ 13v | 5&
1 | |

| — | | — |
TpLH TpHL
TL/F/8511-5
FIGURE 2
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T e Voy= 0.1V
i 13 ) h OH
-V ! 1 | =-1.5V
TpZH:<——-—| TpHZ:<—-->|
=45V ' ! -1.5V .
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FIGURE 3
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NOTE : C1=C2=C3=30pF, R1=R2=50 & ,R3=500 0

TL/F/8511-7

FIGURE 4
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AC Test Circuit and Switching Waveforms (continued)
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Corporation

DS8924 Quad TRI-STATE® Differential Line Driver

General Description Features

The DS8924 is a quad differential line driver designed for ~® Four independent driver chains
digital data transmission over balanced lines. The outputs W TRI-STATE outputs

are TRI-STATE® structures which are forced to a high im-  m PNP high impedance inputs
pedance state when the appropriate output control pin  m Power up/down protection
reaches a logic zero condition. All input pins are PNP buff- g £oq4 propagation times (typ 12 ns)
ered to minimize input loading for either logic one or logic m TTL compatible

zero inputs. In addition, internal circuitry assures a high im- & Single 5V supply voltage

pedan:e output state during the transition between power . Out?)ut o ai'z!);all timges o then 20 e (0n 1000
up and power down.

The DS8924 is pin and functionally compatible with ™ Pin compatible with DS3487 and MC3487

DS3487. It features improved performance over 3487-type M Output skew—2 ns typ

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.

Block and Connection Diagrams
Dual-In-Line Package

NON-INVERTING
1 u 16
INPUT A== — Vee
INPUT ‘ 2 LS. neut D
OUTPUTS A[ ] "
L—O INVERTING — L
s 13 {OUTPUTS D
A/B CONTROL — f—
OUTPUT
conTRot © D_ =l 2 ¢/o conTROL
TL/F/8507-1 OUTPUTSBt o 1"
7 10 ] OUTPUTS C
INPUT B=—— p—
GND = L3 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
Input Output Output
H H H L
L H L H
X L z zZ

L = Low logic state

= High logic state

= Irelevant

Z = TRI-STATE (high impedance)

xX I
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Absolute Maximum Ratings (ote 1)
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the assoclated
reliability electrical test specifications document.

Maximum Power Dissipation* at 25°C
Cavity Package
Molded Package

1550 mW
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 +150°C Operating Conditions
Lead Temperature (Soldering, 4 sec.) 260°C Min Max Units
Supply Voltage (Vco)
DS8924 4.75 5.25 v
Temperature (Tp)
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
i Input Low Current Vi = 0.5V —200 pA
lIH Input High Current Vi = 2.7V 50 pA

ViH = 5.5V 100 pA
VoL Input Clamp Voltage Il = —18 mA -1.5 Vv
VoL Output Low Voltage loL = 48 mA 0.5 Vv
VoH Output High Voltage lo = —20 mA 2.5 Vv
VoH Output High Voltage loy = —48mA 2.0 \"
los Output Short-Circuit Current . —80 —260 mA
loz Output Leakage Current (TRI-STATE) Vo = 0.5V —100 pA
Vo = 5.5V 100 pA
lore Output Leakage Current Power OFF Ve = Vo = 6V 100 HA
Vo = —0.25V —100 pA
[Vos - Vog| | Difference in Output Offset Voltage 0.4 v
VT Differential Output Voltage 2.0 \'
V1l = Ve Difference in Differential Output 0.4
Voltage .
lcc Power Supply Current Active 50 80 mA
TRI-STATE 35 60 mA
Switching Characteristics vec = 5v, 74 = 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 = 50pF 2.0 5.0 ns
THL Differential Fall Time 10 20 ns
TLH Differential Rise Time 10 20 ns
tpHZ Enable to Output R = 2009, C = 50 pF 17 25 ns
tpLz Enable to Output RL = 2009, C_ = 50 pF 20 30 ns
tpzH Enable to Output Ry = o, C_ = 50 pF, S1 Open 13 25 ns
tpzL Enable to Output Rp = 2009}, Ci = 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 Vog = 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.
Note 5: Symbols and definitions correspond to EIA RS-422, where applicable.
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INPUT
OUTPUT

C(, =50 pF
INCLUDES PROBE PLH {
AND JIG CAPACITANCE OUTPOT 1.5V 15V

tPHL
Input pulse: f = 1 MHz, 50%; t, = tf < 16 ns.

TL/F/8507-3
FIGURE 1. Propagation Delays

5V
1/4 DS8924 200
3V OR QUTPUT W
ov \_ /
CONTROL 1.5V
INPUT § ;
CONTROL V w—] b tozn
INPUT Vou VoH
OUTPUT 0'5_ ¥1.5V
tPHZ ]
OUTFUT 4!: Nﬁ 1.5V
Vo [osv VoL
L2 ‘ - =-tpzL
s2 Input pulse: f =1 MHz, 50%; t, = tf < 15 ns.
S1 and S2 closed except as noted. §1 = open for tpzy
Cy includes probe and jig capacitance. $2 = open for tpz|_

TL/F/8507-4
FIGURE 2. TRI-STATE Enable and Disable Delays

3V
INPUT / \
TEMCT2 o

CURRENT TRANSFORMER
OR EQUIVALENT
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ouUTPUT 100
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1/4 DS8924

] OUTPUT
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FIGURE 3. Differential Rise and Fall Times
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Input pulse: f =1 MHz, 50%; ty = t¢ < 15 ns,
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Integrated Circuits for
Digital Data Transmission

INTRODUCTION

It is frequently necessary to transmit digital data in a high-
noise environment where ordinary integrated logic circuits
cannot be used because they do not have sufficient noise
immunity. One solution to this problem, of course, is to use
high-noise-immunity logic. In many cases, this approach
would require worst case logic swings of 30V, requiring high
power-supply voltages. Further, considerable power would
be needed to transmit these voltage levels at high speed.
This is especially true if the lines must be terminated to
eliminate reflections, since practical transmission lines have
a low characteristic impedance.

A much better solution is to convert the ground referred
digital data at the transmission end into a differential signal
and transmit this down a balanced, twisted-pair line. At the
receiving end, any induced noise, or voltage due to ground-
loop currents, appears equally on both ends of the twisted-
pair line. Hence, a receiver which responds only to the dif-
ferential signal from the line will reject the undesired signals
even with moderate voltage swings from the transmitter.

Figure 1 illustrates this situation more clearly. When ground
is used as a signal return as in Figure 1a, the voitage seen
at the receiving end will be the output voltage of the trans-
mitter plus any noise voltage induced in the signal line.

DATA _J LINE

National Semiconductor Corp.
Application Note 22

Hence, the noise immunity of the transmitter-receiver com-
bination must be equal to the maximum expected noise
from both sources.

The differential transmission scheme diagrammed in Figure
1b solves this problem. Any ground noise or voltage in-
duced on the transmission lines will appear equally on both
inputs of the receiver. The receiver responds only to the
differential signal coming out of the twisted-pair line and de-
livers a single-ended output signal referred to the ground at
the receiving end. Therefore, extremely high noise immuni-
ties are not needed; and the transmitter and receiver can be
operated from the same supplies as standard integrated
logic circuits.

This article describes the operation and use of a line driver
and line receiver for transmission systems using twisted-pair
lines. The transmitter provides a buffered differential output
from a DTL or TTL input signal. A four-input gate is included
on the input so that the circuit can also perform logic. The
receiver detects a zero crossing in the differential input voit-
age and can directly drive DTL or TTL integrated circuits at
the receiving end. It also has strobe capability to blank out
unwanted input signals. Both the transmitter and the receiv-
er incorporate two independent units on a single silicon
chip.

LINE | _DATA

INPUT  JTRANSMITTER

ouTPuT

RECEIVER

()
hed

GROUND

GROUND A
a. Single-Ended System

NOISE

GROUND B

TL/F/7188-1

INDUCED
NOISE

DATA LINE
INPUT *™] TRANSMITTER S

O
P

| DATA
ouTPUT

LINE
RECEIVER

\J
GROUND

GROUND A

b. Difference System

NOISE

GROUKD B
TL/F/7188-2

FIGURE 1. Comparing Differential and Single-Ended Data Transmission
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LINE DRIVER

Figure 2 shows a schematic diagram of the line transmitter.
The circuit has a marked resemblance to a standard TTL
buffer. In fact, it is possible to use a standard dual buffer as
a transmitter. However, the DS7830 incorporates additional
features. For one, the output is current limited to protect the
driver from accidental shorts in the transmission lines. Sec-
ondly, diodes on the output clamp sever voltage transients
that may be induced into the transmission lines. Finally, the
circuit has internal inversion to produce a differential output
signal, reducing the skew between the outputs and making
the output state independent of loading.

As can be seen from the upper half of Figure 2, a quadruple-
emitter input transistor, Q9, provides four logic inputs to the
transmitter. This transistor drives the inverter stage formed
by Q10 and Q11 to give a NAND output. A low state logic
input on any of the emitters of Q9 will cause the base drive
to be removed from Q10, since Q9 will be saturated by cur-
rent from R8, holding the base of Q10 near ground. Hence,

Q10 and Q11 will be turned off; and the output will be in a
high state. When all the emitters of Q9 are at a one logic
level, Q10 receives base drive from R8 through the forward
biased collector-base junction of Q9. This saturates Q10
and also Q11, giving a low output state. The input voltage at
which the transition occurs is equal to the sum of the emit-
ter-base turn on voltages of Q10 and Q11 minus the satura-
tion voltage of Q9. This is about 1.4V at 25°C.

A standard “totem-pole” arrangement is used on the output
stage. When the output is switched to the high state, with
Q10 and Q11 cut off, current is supplied to the load by Q13
and Q14 which are connected in a modified Darlington con-
figuration. Because of the high compound current gain of
these transistors, the output resistance is quite low and a
large load current can be supplied. R10 is included across
the emitter-base junction of Q13 both to drain off any collec-
tor-base leakage current in Q13 and to discharge the collec-
tor-base capacitance of Q13 when the output is switched to
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FIGURE 2. Schematic Diagram of the DS7830 Line Driver
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the low state. In the high state, the output level is approxi-
mately two diode drops below the positive supply, or roughly
3.6V at 25°C with a 5.0V supply.

With the output switched into the low state, Q10 saturates,
holding the base of Q14 about one diode drop above
ground. This cuts off Q13. Further, both the base current
and the collector current of Q10 are driven into the base of
Q11 saturating it and giving a low-state output of about
0.1V. The circuit is designed so that the base of Q11 is
supplied 6 mA, so the collector can drive considerable load
current before it is pulled out of saturation.

The primary purpose of R12 is to provide current to remove
the stored charge in Q11 and charge its collector-base ca-
pacitance when the circuit is switched to the high state. Its
value is also made less than R9 to prevent supply current
transients which might otherwise occur* when the power
supply is coming up to voltage.

The lower half of the transmitter in Figure 2 is identical to
the upper, except that an inverter stage has been added.
This is needed so that an input signal which drives the out-
put of the upper half positive will drive the lower half nega-
tive, and vice versa, producing a differential output signal.
Transistors Q2 and Q3 produce the inversion. Even though
the current gain is not necessarily needed, the modified Dar-
lington connection is used to produce the proper logic tran-
sition voltage on the input of the transmitter. Because of the
low load capacitance that the inverter sees when it is com-
pletely within the integrated circuit, it is extremely fast, with
a typical delay of 3 ns. This minimizes the skew between the
outputs.

One of the schemes used when dual buffers are employed
as a differential line driver is to obtain the NAND output in
the normal fashion and provide the AND output by connect-
ing the input of the second buffer to the NAND output. Using
an internal inverter has some distinct advantages over this:
for one, capacitive loads which slow down the response of
the NAND output will not introduce a time skew between the
two outputs; secondly, line transients on the NAND output
will not cause an unwanted change of state on the AND
output.

Clamp diodes, D1 through D4, are added on all inputs to
clamp undershoot. This undershoot and ringing can occur in
TTL systems because the rise and fall times are extremely
short.

Output-current limiting is provided by adding a resistor and
transistor to each of the complementary outputs. Referring
again to Figure 2, when the current on the NAND output
increases to a value where the voltage drop across R11 is
sufficient to turn on Q12, the short circuit protection comes
into effect. This happens because further increases in out-
put current flow into the base of Q12 causing it to remove
base drive from Q14 and, therefore, Q13. Any substantial
increase in output current will then cause the output voltage
to collapse to zero. Since the magnitude of the short circuit
depends on the emitter base turn-on voltage of Q12, this
current has a negative temperature coefficient. As the chip
temperature increases from power dissipation, the available
short circuit current is reduced. The current limiting also
serves to control the current transient that occurs when the
output is going through a transition with both Q11 and Q13
turned on.

*J. Kalb, “Design Considerations for a TTL Gate", National Semiconductor
TP-6, May, 1968.

The AND output is similarly protected by R6 and Q5, which
limits the maximum output current to about 100 mA, pre-
venting damage to the circuit from shorts between the out-
puts and ground.

The current limiting transistors also serve to increase the
low state output current capability under severe transient
conditions. For example, when the current into the NAND
output becomes so high as to pull Q11 out of saturation, the
output voltage will rise to two diode drops above ground. At
this voltage, the collector-base junction of Q12 becomes
forward biased and supplies additional base drive to Q11
through Q10 which is saturated. This minimizes any further
increase in output voltage.

When either of the outputs are in the high state, they can
drive a large current towards ground without a significant
change in output voltage. However, noise induced on the
transmission line which tries to drive the output positive will
cut it off since it cannot sink current in this state. For this
reason, D6 and D8 are included to clamp the output and
keep it from being driven much above the supply voltage, as
this could damage the circuit.

When the output is in a low state, it can sink a lot of current
to clamp positive-going induced voltages on the transmis-
sion line. However, it cannot source enough current to elimi-
nate negative-going transients so D5 and D7 are included to
clamp those voltages to ground.

It is interesting to note that the voltage swing produced on
one of the outputs when the clamp diodes go into conduc-
tion actually increases the differential noise immunity. For
example with no induced common mode current, the low-
state output will be a saturation voltage above ground while
the high output will be two diode drops below the positive
supply voltage. With positive-going common mode noise on
the line, the low output remains in saturation; and the high
output is clamped at a diode drop above the positive supply.
Hence, in this case, the common mode noise increases the
differential swing by three diode drops.
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FIGURE 3. High State Output Voltage
as a Function of Output Current

Having explained the operation of the line driver, it is appro-
priate to look at the performance in more detail. Figure 3
shows the high-state output characteristics under load.
Over the normal range of output currents, the output resist-
ance is about 10Q. With higher output currents, the short
circuit protection is activated, causing the output voltage to
drop to zero. As can be seen from the figure, the short-cir-
cuit current decreases at higher temperatures to minimize
the possibility of over-heating the integrated circuit.
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Figure 4 is a similar graph of the low-state output character-
istics. Here, the output resistance is about 59 with normal
values of output current. With larger currents, the output
transistor is pulled out of saturation; and the output voltage
increases. This is more pronounced at —55°C where the
transistor current gain is the lowest. However, when the out-
put voltage rises about two diode drops above ground, the
collector-base junction of the current-limit transistor be-
comes forward biased, providing additional base drive for
the output transistor. This roughly doubles the current avail-
able for clamping positive common-mode transients on the
twisted-pair line. It is interesting to note that even though
the output level increases to about 2V under this condition,
the differential noise immunity does not suffer because the
high-state output also increases by about 3V with positive
going common-mode transients.

Itis clear from the figure that the low state output current is
not effectively limited. Therefore, the device can be dam-
aged by shorts between the output and the 5V supply. How-
ever, protection against shorts between outputs or from the
outputs to ground is provided by limiting the high-state cur-
rent.

The curves in Figures 3 and 4 demonstrate the performance
of the line driver with large, capacitively-coupled common-
mode transients, or under gross overload conditions. Figure
5 shows the ability of the circuit to drive a differential load:
that is, the transmission line. It can be seen that for output
currents less than 35 mA, the output resistance is approxi-
mately 15Q. At both temperature extremes, the output falls
off at high currents. At high temperatures, this is caused by
current limiting of the high output state. At low tempera-
tures, the fall off of current gain in the low-state output tran-
sistor produces this result.

Load lines have been included on the figure to show the
differential output with various load resistances. The output
swing can be read off from the intersection of the output
characteristic with the load line. The figure shows that the
driver can easily handle load resistances greater than 1000.

This is more than adequate for practical, twisted-pair lines.

Figure 6 shows the no load power dissipation, for one-half
of the dual line driver, as a function of frequency. This infor-
mation is important for two reasons. First, the increase in
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power dissipation at high frequencies must be added to the
excess power dissipation caused by the load to determine
the total package dissipation. Second, and more important,
it is a measure of the “glitch” current which flows from the
positive supply to ground through the output transistors
when the circuit is going through a transition. If the output
stage is not properly designed, the current spikes in the
power supplies can become quite large; and the power dis-
sipation can increase by as much as a factor of five be-
tween 100 kHz and 10 MHz. The figure shows that, with no
capacitive loading, the power increases with frequencies as
high as 10 MHz is almost negligible. However, with large
capacitive loads, more power is required.

The line receiver is designed to detect a zero crossing in the
differential output of the line driver. Therefore, the propaga-
tion time of the driver is measured as the time difference
between the application of a step input and the point where
the differential output voltage crosses zero. A plot of the
propagation time over temperature is shown in Figure 7.
This delay is added directly to the propagation time of the
transmission line and the delay of the line receiver to deter-
mine the total data-propagation time. However, in most cas-
es, the delay of the driver is small, even by comparison to
the uncertainties in the other delays.
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To summarize the characteristics of the DS7830 line driver,
the input interfaces directly with standard TTL circuits. It
presents a load which is equivalent to a fan out of 3 to the
circuit driving it, and it operates from the 5.0V, £10% logic
supplies. The output can drive low impedance lines down to
500 and capacitive loads up to 5000 pF. The time skew
between the outputs is minimized to reduce radiation from
the twisted-pair lines, and the circuit is designed to clamp
common mode transients coupled into the line. Short circuit
protection is also provided. The integrated circuit consists of
two independent drivers fabricated on a 41 x 53 mil-square
die using the standard TTL process. A photomicrograph of
the chip is shown in Figure 8.

TL/F/7188-9
FIGURE 8. Photomicrograph of the
DS7830 Dual Line Driver

LINE RECEIVER

As mentioned previously, the function of the line receiver is
to convert the differential output signal of the line driver into
a single ended, ground-referred signal to drive standard digi-
tal circuits on the receiving end. At the same time it must
reject the common mode and induced noise on the trans-
mission line.

Normally this would not be too difficult a task because of the
large signal swings involved. However, it was considered
important that the receiver operate from the +5V logic sup-
ply without requiring additional supply voltages, as do most
other line receiver designs. This complicates the situation
because the receive must operate with +15V input signals
which are considerably greater than the operating supply
voltage.

The large common mode range over which the circuit must
work can be reduced with an attenuator on the input of the
receiver. In this design, the input signal is attenuated by a
factor of 30. Hence, the £15V common mode voltage is
reduced to 0.5V, which can be handed easily by circuitry
operating from a 5V supply. However, the differential input
signal, which can go down as low as +2.4V in the worst
case, is also reduced to £80 mV. Hence, it is necessary to
employ a fairly accurate zero crossing detector in the receiv-
er.

System requirements dictated that the threshold inaccuracy
introduced by the zero crossing detector be less than
17 mV. In principle, this accuracy requirement should not
pose insurmountable problems because it is a simple matter
to make well matched parts in an integrated circuit.

Figure 9 shows a simplified schematic diagram of the circuit
configuration used for the line receiver. The input signal is
attenuated by the resistive dividers R1-R2 and R8-R3. This
attenuated signal is fed into a balanced DC amplifier, oper-
ating in the common base configuration. This input amplifier,
consisting of @1 and Q2, removes the common mode com-
ponent of the input signal. Further, it delivers an output sig-
nal at the collector of Q2, which is nearly equal in amplitude
to the original differential input signal. this output signal is
buffered by Q6 and drives an output amplifier, Q8. The out-
put stage drives the logic load directly.
An understanding of the circuit can be obtained by first con-
sidering the input stage. Assuming high current gains and
neglecting the voltage drop across R3, the collector current
of Q1 will be:
V* — Vggq — Vees — Vaes )
R11
With equal emitter-base voltages for all transistors, this be-
comes:

lct =

vt - 3Vee
R11

The output voltage at the collector of Q2 will be:
Veo = V1 —IoR12 @)

When the differential input voitage to the receiver is zero,

the voltages presented to the emitters of Q1 and Q2 will be

equal. If Q1 and Q2 are matched devices, which is easy to

arrange when they are fabricated close together on a single

silicon chip, their collector currents will be equal with zero

input voltage. Hence, the output voltage from Q2 can be

determined by substituting (2) into (3):

Ic1 = @

R12
+ +
=vt - =yt -y 4
Vez = V" — 233 ¢ BE) (4)
For R11 = R12, this becomes:

Vca = 3Vge
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FIGURE 9. Simplifiled Schematic of the Line Receiver

The voltage on the base of Q6 will likewise be 3Vgg when
the output is on the verge of switching from a zero to a one
state. A differential input signal which causes Q2 to conduct
more heavily will then make the output go high, while an
input signal in the opposite direction will cause the output to
saturate.

It should be noted that the balance of this circuit is not af-
fected by absolute values of components—only by how well
they match. Nor is it affected by variations in the positive
supply voltage, so it will perform well with standard logic
supply voltages between 4.5V and 5.5V. In addition, compo-
nent values are chosen so that the collector currents of Q4
and Q6 are equal. As a result, the base currents of Q4 and
Q6 do not upset the balance of the input stage. This means
that circuit performance is not greatly affected by production
or temperature variations in transistor current gain.

A complete schematic of the line receiver, shown in Figure
10, shows several refinements of the basic circuit which are
needed to secure proper operation under all conditions. For
one, the explanation of the simplified circuit ignores the fact
that the collector current of Q1 will be affected by common
mode voltage developed across R3. This can give a 0.5V
threshold error at the extremes of the 15V common

mode range. To compensate for this, a separate divider, R9
and R10, is used to maintain a constant collector current in
Q1 with varying common mode signals. With an increasing
common mode voltage on the non-inverting input, the volt-
age on the emitter of Q1 will increase. Normally, this would
cause the voltage across R11 to decrease, reducing the
collector current of Q1. However, the increasing common
mode signal also drives the top end of R11 through R9 and
R10 so as to hold the voltage drop across R11 constant.

In addition to improving the common mode rejection, R9
also forces the output of the receiver into the high state
when nothing is connected to the input lines. This means
that the output will be in a pre-determined state when the
transmission cables are disconnected.

A diode connected transistor, Q5, is also added in the com-
plete circuit to provide strobe capability. With a logic zero on
the strobe terminal, the output will be high no matter what
the input signal is. With the strobe, the receiver can be
made immune to any noise signals during intervals where
no digital information is expected. The output state with the
strobe on is also the same as the output state with the input
terminals open.
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FIGURE 10. Complete Schematic of One Half of the DS7820 Line Recelver

The collector of Q2 is brought out so that an external capac-
itor can be used to slow down the receiver to where it will
not respond to fast noise spikes. This capacitor, which is
connected between the response-time-control terminal and
ground, does not give exactly-symmetrical delays. The de-
lay for input signals which produce a positive-going output
will be less than for input signals of opposite polarity. This
happens because the impedance on the collector of Q2
drops as Q6 goes into saturation, reducing the effectiveness
of the capacitor.

Another difference in the complete circuit is that the output
stage is improved both to provide more gain and to reduce
the output resistance in the high output state. This was ac-
complished by adding Q9 and Q10. When the output stage
is operating in the linear region, that is, on the verge of
switching to either the high or the low state, Q9 and Q10
form sort of an active collector load for Q8. The current
through R15 is constant at approximately 2 mA as the out-
put voltage changes through the active region. Hence, the
percentage change in the collector current of Q8 due to the
voltage change across R17 is made smaller by this pre-bias
current; and the effective stage gain is increased.

With the output in the high state (Q8 cut off), the output
resistance is equal to R15, as long as the load current is
less than 2 mA. When the load current goes above this
value, Q9 turns on; and the output resistance increases to
1.5k, the value of R17.

This particular output configuration gives a higher gain than
either a standard DTL or TTL output stage. It can also drive
enough current in the high state to make it compatible with
TTL, yet outputs can be wire OR’ed as with DTL.

Remaining details of the circuit are that Q7 is connected as
an emitter follower to make the circuit even less sensitive to
transistor current gains. R16 limits the base drive to Q7 with
the output saturated, while R17 limits the base drive to the
output transistor, Q8. A resistor, R7, which can be used to
terminate the twisted-pair line is also included on the chip. It
is not connected directly across the inputs. Instead, one end
is left open so that a capacitor can be inserted in series with
the resistor. The capacitor significantly reduces the power
dissipation in both the line transmitter and receiver, espe-
cially in low-duty-cycle applications, by terminating the line
at high frequencies but blocking steady-state current flow in
the terminating resistor.

Since line receivers are generally used repetitively in a sys-
tem, the DS7820 has been designed with two independent
receivers on a single silicon chip. The device is fabricated
on a 41 x 49 mil-square die using the standard six mask
planar-epitaxial process. The processing employed is identi-
cal to that used on TTL circuits, and the design does not
impose any unusual demands on the processing. It is only
required that various parts within the circuit match well, but
this is easily accomplished in a monolithic integrated circuit
without any special effort in manufacturing. A photomicro-
graph of the integrated circuit chip is shown in Figure 71.

1-190




TL/F/7188-12
FIGURE 11. Photomicrograph of the DS7820
Dual Line Receiver

The only components in the circuit which see voltages high-
er than standard logic circuits are the resistors used to at-
tenuate the input signal. These resistors, R1, R7, R8 and
R9, are diffused into a separate, floating, N-type isolation
tub, so that the higher voltage is not seen by any of the
transistors. For a 15V input voltage range, the breakdown
voltages required for the collector-isolation and collector-
base diodes are only 15V and 19V, respectively. These
breakdown voltages can be achieved readily with standard
digital processing.

The purpose of the foregoing was to provide some insight
into circuit operation. A more exact mathematical analysis of
the device is developed in Appendix A.

RECEIVER PERFORMANCE

The characteristics of the line receiver are described graphi-
cally in Figures 12 through 78. Figure 12 illustrates the ef-
fect of supply voltage variations on the threshold accuracy.
The upper curve gives the differential input voltage required
to hold the output at 2.5V while it is supplying 200 pA to the
digital load. The lower curve shows the differential input
needed to hold the output at 0.4V while it sinks 3.5 mA from
the digital load. This load corresponds to a worst case fan-
out of 2 with either DTL or TTL integrated circuits. The data
shows that the threshold accuracy is only affected by
+60 mV for a £10% change in supply voltage. Proper op-
eration can be secured over a wider range of supply volt-
ages, although the error becomes excessive at voltages be-
low 4V.
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Figure 13 is a simitar plot for varying common mode input
voltage. Again the differential input voltages are given for
high and low states on the output with a worst case fanout
of 2. With precisely matched components within the inte-
grated circuit, the threshold voltage will not change with
common mode voltage. The mismatches typically encoun-
tered give a threshold voltage change of £100 mV over a
+ 20V common mode range. This change can have seither a
positive slope or a negative slope.
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The transfer function of the circuit is given in Figure 14. The
loading is for a worst case fanout of 2. The digital load is not
linear, and this is reflected as a non-linearity in the transfer
function which occurs with the output around 1.5V. These
transfer characteristics show that the only significant effect
of temperature is a reduction in the positive swing at
—~55°C. However, the voltage available remains well above
the 2.5V required by digital logic.
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Figure 15 gives the response time, or propagation delay, of
the receiver. Normally, the delay through the circuit is about
40 ns. As shown, the delay can be increased, by the addi-
tion of a capacitor between the response-time terminal and
ground, to make the device immune to fast noise spikes on
the input. The delay will generally be longer for negative
going outputs than for positive going outputs.

Under normal conditions, the power dissipated in the receiv-
er is relatively low. However, with large common mode input
voltages, dissipation increases markedly, as shown in Fig-
ure 16. This is of little consequence with common mode
transients, but the increased dissipation must be taken into
account when there is a DC difference between the grounds
of the transmitter and the receiver. It is important to note
that Figure 16 gives the dissipation for one half the dual
receiver. The total package dissipation will be twice the val-
ues given when both sides are operated under identical
conditions.
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Figure 17 shows that the power supply current also changes
with common mode input voltage due to the current drawn
out of or fed into the supply through R9. The supply current
reaches a maximum with negative input voltages and can
actually reverse with large positive input voltages. The figure
also shows that the supply current with the output switched
into the low state is about 3 mA higher than with a high
output.

" T 7
. - vt=5v T |
- ~ ONE SIDE™ |
2 SNy
pud 6 \l/'li
E ~ 0! \"'
< I G (/’P
3 \\(”/,,cl
%, W
3 S
0
-2
-20 -10 0 10 20
INPUT VOLTAGE (V)

TL/F/7188-18
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Common Mode Input Voitage

The variation of the internal termination resistance with tem-
perature is illustrated in Figure 18. Taking into account the
initial tolerance as well as the change with temperature, the
termination resistance is by no means precise. Fortunately,
in most cases, the termination resistance can vary appreci-
ably without greatly affecting the characteristics of the
transmission line. If the resistor tolerance is a problem, how-
ever, an external resistor can be used in place of the one
provided within the integrated circuit.
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FIGURE 18. Variation of Termination Resistance
with Temperature

DATA TRANSMISSION

The interconnection of the DS7830 line driver with the
DS7820 line receiver is shown in Figure 19. With the excep-
tion of the transmission line, the design is rather straightfor-
ward. Connections on the input of the driver and the output
or strobe of the receiver follow standard design rules for
DTL or TTL integrated logic circuits. The load presented by
the driver inputs is equal to 3 standard digital loads, while
the receiver can drive a worst-case fanout of 2. The load
presented by the receiver strobe is equal to one standard
load.

The purpose of C1 on the receiver is to provide DC isolation
of the termination resistor for the transmission line. This ca-
pacitor can both increase the differential noise immunity, by
reducing attenuation on the line, and reduce power dissipa-
tion in both the transmitter and receiver. In some applica-
tions, C1 can be replaced with a short between Pins 1 and
2, which connects the internal termination resistor of the
DS7820 directly across the line. C2 may be included, if nec-
essary, to control the response time of the receiver, making
it immune to noise spikes that may be coupled differentially
into the transmission lines.
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FIGURE 19. Interconnection of the Line Driver and Line Receiver

The effect of termination mismatches on the transmission 10 T
line is shown in Figure 20. The line was constructed of a 30052 +2000 pF
twisted pair of No. 22 copper conductors with a characteris- / 15052 +2000 pF

o

tic impedance of approximately 170£2. The line length was
about 150 ns and it was driven directly from a DS7830 line
driver. The data shows that termination resistances which
are a factor of two off the nominal value do not cause signif-
icant reflections on the line. The lower termination resistors

L1l

B 1 1
» +

N 7502 +2000 pF

- ty

LOAD VOLTAGE (V)
o

do, however, increase the attenuation. e
10 T T 1 8
UNTERMINATED |
s S 0 T e 6 s
w - TIME (us)
E ™1 1500 TL/F/7188-22
S 0 750 G FIGURE 21. Line Response for Various Termination
g Resistances with a DC Isolation Capacitor
< 5 4 The effect of different values of DC isolation capacitors is
illustrated in Figure 22. This shows that the RC time con-
stant of the termination resistor/isolation capacitor combi-
-10 5 3 . . . nation should be 2 to 3 times the line delay. As before, this
data was taken for a 150 ns long fine.
TIME {us) 10 —
TL/F/7188-20 | 16092 +200 oF
FIGURE 20. Transmission Line Response 15092 +1100 pF
with Various Termination Resistances 5 I | [
Figure 21 gives the line-transmission characteristics with ':" o e s
various termination resistances when a DC isolation capaci- g [™~15052 +4000 pF
tor is used. The line is identical to that used in the previous a 0
example. It can be seen that the transient reponse is nearly 2
the same as a DC terminated line. The attenuation, on the 3
other hand, is considerably lower, being the same as an -
unterminated line. An added advantage of using the isola-
tion capacitor is that the DC signal current is blocked from 10
the termination resistor which reduces the average power 0 2 4 6 ]
drain of the driver and the power dissipation in both the TIME {us)
driver and receiver. TL/F/7188-23

FIGURE 22. Response of Terminated Line with Different
DC isolation Capacitors
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TL/F/T188-24
a.Vomy = OV b.Vem = —15V c. Vem = 168V

FIGURE 23. Line Response With Different Terminations and Common Mode Input Voltages

In Figure 23, the influence of a varying ground voltage be-
tween the transmitter and the receiver is shown. The differ-
ence in the characteristics arises because the source resist-
ance of the driver is not constant under all conditions. The
high output of the transmitter looks like an open circuit to
voltages reflected from the receiving end of the transmis-
sion line which try to drive it higher than its normal DC state.
This condition exists until the voltage at the transmitting end
becomes high enough to forward bias the clamp diode on
the 5V supply. Much of the phenomena which does not fol-
low simple transmission-line theory is caused by this. For
example, with an unterminated line, the overshoot comes
from the reflected signal charging the line capacitance to
where the clamp diodes are forward biased. The overshoot
then decays at a rate determined by the total line capaci-
tance and the input resistance of the receiver.

When the ground on the receiver is 15V more negative than
the ground at the transmitting end, the decay with an un-
terminated line is faster, as shown in Figure 23b. This oc-
curs because there is more current from the input resistor of
the receiver to discharge the line capacitance. With a termi-
nated line, however, the transmission characteristics are the
same as for equal ground voltages because the terminating
resistor keeps the line from getting charged.

Figure 23c gives the transmission characteristics when the
receiver ground is 15V more positive than the transmitter
ground. When the line is not terminated, the differential volt-
age swing is increased because the high output of the driver
will be pulled against the clamp diodes by the common
mode input current of the receiver. With a DC isolation ca-
pacitor, the differential swing will reach this same value with
a time constant determined by the isolation capacitor and
the input resistance of the receiver. With a DC coupled ter-
mination, the characteristics are unchanged because the

differential load current is large by comparison to the com-
mon mode current so that the output transistors of the driver
are always conducting.

The low output of the driver can also be pulled below
ground to where the lower clamp diode conducts, giving
effects which are similar to those described for the high
output. However, a current of about 9 mA is required to do
this, so it does not happen under normal operating condi-
tions.

To summarize, the best termination is an RC combination
with a time constant approximately equal to 3 times the
transmission-line delay. Even though its value is not pre-
cisely determined, the internal termination resistor of the
integrated circuit can be used because the line characteris-
tics are not greatly affected by the termination resistor.

The only place that an RC termination can cause problems
is when the data transmission rate approaches the line de-
lay and the attenuation down the line (terminated) is greater
than 3 dB. This would correspond to more than 1000 ft. of
twisted-pair cable with No. 22 copper conductors. Under
these conditions, the noise margin can disappear with low-
duty-cycle signals. If this is the case, it is best to operate the
twisted-pair line without a termination to minimize transmis-
sion losses. Reflections should not be a problem as they will
be absorbed by the line losses.

CONCLUSION

A method of transmitting digital information in high-noise
environments has been described. The technique is a much
more attractive solution than high-noise-immunity logic as it
has lower power consumption, provides more noise rejec-
tion, operates from standard 5V supplies, and is fully com-
patible with almost all integrated logic circuits. An additional
advantage is that the circuits can be fabricated with integrat-
ed circuit processes used for standard logic circuits.
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APPENDIX A
LINE RECEIVER

Design Analysis

The purpose of this appendix is to derive mathematical ex-
pressions describing the operation of the line receiver. It will
be shown that the performance of the circuit is not greatly
affected by the absolute value of the components within the
integrated circuit or by the supply voltage. Instead, it de-
pends mostly on how well the various parts match.

The analysis will assume that all the resistors are well
matched in ratio and that the transistors are likewise
matched, since this is easily accomplished over a broad
temperature range with monolithic construction. However,
the effects of component mismatching will be discussed
where important. Further, large transistor current gains will
be assumed, but it will be pointed out later that this is valid
for current gains greater than about 10.
A schematic diagram of the DS7820 line receiver is shown
in Figure A-1. Referring to this circuit, the collector current
of the input transistor is given by

ot = V* ~ VBg1 — VeEs — VBE4

R9//R10 + R11 + R3//R8

R3 Ver. _  ROURIT
_R4+2R6 +R3 °' " R+ Ra/RT
R9//R10 + R11 + Ra//R8
R10//R11
Vin = V)

+ R9 + R10//R11
R9//R10 + R11 + R3//R8

(A.1)

where V) is the common mode input voltage and Ry//Rp
denotes the parallel connection of the two resistors. In
Equation (A.1), R8 = R9, R3 = R10, R10 < R11,
R9 > R10, R3 < R11,R8 » R3 and
R3
R4 + 2R6 + R3

so it can be reduced to

<3

R10
vt —avge - ——v*
BE R9

o1 = .
c1 R10 + R11 + R3 A2

which shows that the collector current of Q1 is not affected
by the common mode voltage.
The output voltage on the collector of Q2 is

Voz = VT —IcoR12 (A3)
For zero differential input voltage, the collector currents of
Q1 and Q2 will be equal so Equation (A.3) becomes

R10
+_ _R10, .+
H12(V aVee — =5V )
R10 + R11 + R3

It is desired that this voltage be 3Vgg so that the output
stage is just on the verge of switching with zero input. Forc-
ing this condition and solving for R12 yields

Vo=Vt - (A.4)

vt —ay
R12 = (R10 + R11 + R3) BHE1 (A5)
vt —3vge — RO+
R9

This shows that the optimum value of R12 is dependent on
supply voltage. For a 5V supply it has a value of 4.7 k€.
Substituting this and the other component values into (A.4),

Ve = 2.83Vgg + 0.081V T, (A6)
RESPONSE-TIME
CONTROL
vt
NON-INVERTING
INPUT
OUTPUT
TERMINATION
GROUND
INVERTING
INPUT STROBE

TL/F/7188-25

FIGURE A-1. Schematic Diagram of One Half of the DS7820 Line Receiver
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which shows that the voltage on the collector of Q2 will vary
by about 80 mV for a 1V change in supply voltage.

The next step in the analysis is to obtain an expression for
the voltage gain of the input stage.

An equivalent circuit of the input stage is given in Figure A-2.
Noting that R6 = R7 = R8 and R2 = 0.1 (R6 + R7//R8),
the change in the emitter current of Q1 for a change in input
voltage is

0.9 R2
Ale2 = 2 09R2 + Reg) OV A7)
Hence, the change in output voltage will be
AVoyt = algpR12
0.9aR2R12
= AV A.8
R1(09R2 + Rgz N A8
Since a = 1, the voltage gain is
0.9 R2R12
Ay = ——— '
V1~ RT(0.9R2 + Reg) A9)
The emitter resistance of Q2 is given by
kT
Rgp = — (A.10)
dicz
vt —3vge
where Ic2 = A2 (A.11)
kT R12
s (A12)

Rep = ——p———s
B2 QT —avep)

Therefore, at 25°C where Vyg = 670 mV and kT/q =
26 mV, the computed value for gain is 0.745. The gain is not
greatly affected by temperature as the gain at —55°C where
Ve = 810 mV and kT/q = 18 mV is 0.774, and the gain at
125°C where Vgg = 480 mV and kT/q = 34 mV is 0.730.

With a voltage gain of 0.75, the results of Equation (A.6)
show that the input referred threshold voltage will change
by 0.11V for a 1V change in supply voltage. With the stan-
dard *10-percent supplies used for logic circuits, this
means that the threshold voltage will change by less than
+60 mV. .

Finally, the threshold error due to finite gain in the output
stage can be considered. The collector current of Q7 from
the bleeder resistor R14, is large by comparison to the base
current of Q8, if Q8 has a reasonable current gain. Hence,

load the output of the first-stage amplifier, because of the
compounded current gain of the three transistors, and that
Q8 is driven from a low resistance source.

It follows that the gain of the output stage can be deter-
mined from the change in the emitter-base voltage of Q8
required to swing the output from a logic one state to a logic
zero state. The expression

AVgg = Eloge— (A.13)

q Ic2

describes the change in emitter-base voltage required to
vary the collector current from one value, Ic4, to a second,
Ic2. With the output of the receiver in the low state, the
collector current of Q8 is

V* — VoL — Vees — VBe1o

oL = R17
VBes  Vees , Veer
YBE9 _ TBEB 4 YBE7 4 ok, !
R15 Ri4 T Ria TSNk (A14)

where Vo is the low state output voltage and Igink is the
current load from the logic that the receiver is driving. Not-
ing that R13 = 2R14 and figuring that all the emitter-base
voltages are the same, this becomes

— vt - VoL — 2Vge , Vee
oL R17 R15
Vee
— —— + .
2R14 IsiNK (A.15)

Similarly, with the output in the high state, the collector cur-
rent of Q8 is )

V* — Von — Vees — Veeto

lon

R17
VBE9 _ VBES
R15 R14
VBE?
+ — -1 , A.16)
Ri3 _ 'SOURCE (A.16)

where Vg is the high-level output voltage and Isoyrce is
the current needed to supply the input leakage of the digital
circuits loading the comparator.

With the same conditions used in arriving at (A.15), this be-
comes

VY — voy — 2V, \7
the collector current of Q7 does not change appreciably loH = L ToH T °TBE | XBE
when the output switches from a logic one to a logic zero. R17 R15
This is even more true for Q6, an emitter follower which _ VBe _ | (A17)
drives Q7. Therefore, it is safe to presume that Q6 does not 2R14 SOURCE ’
R6
1k
Re2 lAlsz adlg, 2'7§k AVour
R? RSB
1k 1k

TL/F/7188-26

FIGURE A-2. Equivalent Circuit Used to Calculate Input Stage Gain
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From (A.13) the change in the emitter-base voltage of Q8 in
going from the high output level to the low output level is
lou
loH
providing that Q8 is not quite in saturation, although it may
be on the verge of saturation.

The change of input threshold voltage is then

kT loL
AVTH = ——loge 2=
qAv g loH

kT
AVgg = ?loge (A.18)

(A19)

where Ay is the input stage gain. With a worst case fanout
of 2, where Vo = 2.5V, VoL = 0.4V, Isource = 40 pA
and Igjnk = 3.2 mA, the calculated change in threshold is
37 mV at 25°C, 24 mV at —55°C and 52 mV at 125°C.

The measured values of overall gain differ by about a factor
of two from the calculated gain. This is not too surprising
because a number of assumptions were made which intro-
duce small errors, and all these errors lower the gain. It is
also not too important because the gain is high enough
where another factor of two reduction would not cause the
circuit to stop working.

The main contributors to this discrepancy are the non-ideal
behavior of the emitter-base voltage of Q8 due to current
crowding under the emitter and the variation in the emitter
base voltage of Q7 and Q8 with changes in collector-emitter
voltage (hgg).

Although these parameters can vary considerably with dif-
ferent manufacturing methods, they are relatively fixed for a
given process. The AVgE errors introduced by these quanti-

ties, if known, can be added directly into Equation (A.18) to
give a more accurate gain expression.

The most stringent matching requirement in the receiver is
the matching of the input stage divider resistors: R1 with R8
and R2 with R3. As little as 1% mismatch in one of these
pairs can cause a threshold shift of 150 mV at the extremes
of the 15V common mode range. Because of this, it is
necessary to make the resistors absolutely identical and lo-
cate them close together. In addition, since R1 and R8 do
dissipate a reasonable amount of power, they have to be
located to minimize the thermal gradient between them. To
do this, R9 was located between R1 and R8 so that it would
heat both of these resistors equally. There are not serious
heating problems with R2 and R3; however, because of
their low resistance value, it was necessary even to match
the lengths of the aluminum interconnects, as the resist-
ance of the aluminum is high enough to cause intolerable
mismatches. Of secondary importance is the matching of
Q1 and Q2 and the matching of ratios between R11 and
R12. A 1 mV difference in the emitter-base voltages of Q1
and Q2 causes a 30 mV input offset voltage as does a 1%
mismatch in the ratio of R11 to R12.

The circuit is indeed insensitive to transistor current gains
as long as they are above 10. The collector currents of Q4
and Q6 are made equal so that their base currents load the
collectors of Q1 and Q2 equally. Hence, the input threshold
voltage is affected only by how well the current gains match.
Low current gain in the output transistor, Q8, can cause a
reduction in gain. But even with a current gain of 10, the
error produced in the input threshold voltage is less than
50 mV.
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Transmission Line
Characteristics

INTRODUCTION

Digital systems generally require the transmission of digital
signals to and from other elements of the system. The com-
ponent wavelengths of the digital signals will usually be
shorter than the electrical length of the cable used to con-
nect the subsystems together and, therefore, the cables
should be treated as a transmissions line. In addition, the
digital signal is usually exposed to hostile electrical noise
source which will require more noise immunity then required
in the individual subsystems environment.

The requirements for transmission line techniques and
noise immunity are recognized by the designers of subsys-
tems and systems, but the solutions used vary considerably.
Two widely used example methods of the solution are
shown in Figure 1. The two methods illustrated use unbal-
anced and balanced circuit techniques. This application
note will delineate the characteristics of digital signals in
transmission lines and characteristics of the line that effect
the quality, and will compare the unbalanced and balanced
circuits performance in digital systems.

UNBALANCED METHOOD

I.M75l52_ 0M?7400

OM7820A

TL/F/8826-1

FIGURE 1

NOISE

The cables used to transmit digital signals external to a sub-
system and in route between the subsystem, are exposed to
external electromagnetic noise caused by switching tran-
sients from actuating devices of neighboring contro! sys-
tems. Also external to a specific subsystem, another sub-
system may have a ground problem which will induce noise
on the system, as indicated in Figure 2.

The signals in adjacent wires inside a cable may induce
electromagnstic noise on other wires in the cable. The in-
duced electromagnetic noise is worse when a line terminat-
ed at one end of the cable is near to a driver at the same
end, as shown in Figure 3. Some noise may be induced from
relay circuits which have very large transient voltage swings
compared to the digital signals in the same cable. Another
source of induced noise is current in the common ground
wire or wires in the cable.

National Semiconductor Corp.
Application Note 108
Bill Fowler

ELECTRIC
MOTOR

~

E

HEAVY GROUND CURRE

INDUCED NOISE ALONG CABLE ROUTE
GROUND PROBLEMS IN ASSOCIATED EQUIPMENT
TL/F/8826-2

FIGURE 2. External Noise Sources

CABLE

" _[Ii‘g]_? ?
iz

TL/F/8826-3
FIGURE 3. Internal Noise Sources

DISTORTION

The objective is the transmission and recovery of digital in-
telligence between subsystems, and to this end, the charac-
teristics of the data recovered must resemble the data
transmitted. In Figure 4 there is a difference in the pulse
width of the data and the timing signal transmitted, and the
corresponding signal received. In addition there is a further
difference in the signal when the data is “AND"ed with the
timing signal. The distortion of the signal occurred in the
transmission line and in the line driver and receiver.

TRANSMITTED
NRZ DATA
TRANSMITTED
TIMING
RECEIVED
DATA
RECEIVED
TIMING

RECOVERED
DATA

TL/F/8826-4
FIGURE 4. Effect of Distortion
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A primary cause of distortion is the effect the transmission
line has on the rise time of the transmitted data. Figure &
shows what happens to a voltage step from the driver as it
travels down the line. The rise time of the signal increases
as the signal travels down the line. This effect will tend to
affect the timing of the recovered signal.

T soEr 500 T

1000 FT

. — LINE IR DROP

—

[y TIME

TL/F/8826-5
FIGURE 5. Signal Response at Recelver

1~

THE STEP RESPONSE OF A TRANSMISSION
LINE RESEMBLES A COMPLIMENTARY
ERROR FUNCTION RATHER THAN AN
EXPONENTIAL FUNCTION

TIME
TL/F/8826-6
FIGURE 6. Signal Rise Time

The rise time in a transmission line is not an exponential
function but a complementary error function. The high fre-
quency components of the step input are attenuated and
delayed more than the low frequency components. This at-
tenuation is inversely proportional to the frequency. Notice
in Figure 6 particularly that the signal takes much longer to
reach its final DC value. This effect is more significant for
fast risetimes.

The Duty Cycle of the transmitted signal also causes distor-
tion. The effect is related to the signal rise time as shown in
Figure 7. The signal doesn’t reach one logic level before the
signal changes to another level. If the signal has a 1/, (50%)
Duty Cycle and the threshold of the receiver is halfway be-
tween the logic levels, the distortion is small. But if the Duty
Cycle is 14 as shown in the second case the signal is con-
siderably distorted. In some cases, the signal may not reach
the receiver threshold at all.

1/2 DUTY
CYCLE DATA
e ————

1/2 DUTY CYCLE /\/\/\/WV
LINE RESPONSE 4 ™
- ———

1/8 OUTY

CYCLE DATA
1/8 DUTY CYCLE \{ \/ Vin

LINE RESPONSE

~

TL/F/8826-7
FIGURE 7. Signal Distortion Due to Duty Cycle

In the previous example, it was assumed that the threshold
of the receiver was halfway between the ONE and ZERO
logic levels. If the receiver threshold isn't halfway the receiv-
er will contribute to the distortion of the recovered signal. As
shown in Figure 8, the pulse time is lengthened or short-
ened, depending on the polarity of the signal at the receiver.
This is due to the offset of the receiver threshold.

+5.0
/\ RECEIVER
RECEIVER THRESHOLD
INPUT

N

DRIVER e

INPUT

~

| | POSITIVE PULSE

RECEIVER
ouTPUT

RECEIVER ]

OUTPUT l_ J NEGATIVE PULSE

FIGURE 8. Slicing Level Distortion

UNBALANCED METHOD

Another source of distortion is caused by the IR losses in
the wire. Figure 9 shows the IR losses that occur in a thou-
sand feet of no. 22 AWG wire. Notice in this example that
the losses reduce the signal below the threshold of the re-
ceiver in the unbalanced method. Also that part of the IR
drop in the ground wire is common to other circuits—this
ground signal will appear as a source of noise to the other
unbalanced line receivers in the system.

TL/F/8826-8

OM7400

1

[}

|
LM75452 |
- |
|
I
I
|
|
|

A |
S N gt
- 0.83Vv -
IR DROP SUBTRALTS

IR DROP GENERATES FROM NOISE MARGIN

GROUND LOOP NOISE
TL/F/8826-9
FIGURE 9. Unbalanced Method

Transmission lines don't necessarily have to be perfectly
terminated at both ends, (as will be shown later) but the
termination used in the unbalanced method will cause addi-
tional distortion. Figure 10 shows the signal on the transmis-
sion line at the driver and at the receiver. In this case the
receiver was terminated in 120, but the characteristic im-
pedance of the line is much less. Notice that the wave forms
have significant steps due to the incorrect termination of the
line. The signal is subject to misinterpretation by the line
receiver during the period of this signal transient because of
the distortion caused by Duty Cycle and attenuation. In addi-
tion, the noise margin of the signal is reduced.
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TL/F/8826-10
FIGURE 10. LM75451, DM7400 Line Voltage Waveforms

The signal waveforms on the transmission line can be esti-
mated before hand by a reflection diagram. Figure 17 shows
the reflection diagram of the rise time wave forms. The volt-
age versus current plot on left is used to predict the tran-
sient rise time of the signal shown on the right. The initial
condition on the transmission line is an IR drop across the
line termination. The first transient on the line traverses from
this initial point to zero current. The path it follows corre-
sponds to the characteristic impedance of the line. The sec-
ond transient on the diagram is at the line termination. As
shown, the signal reflects back and forth until it reaches its
final DC value.

Figure 12 shows the reflection diagram of the fall time.
Again the signal reflects back and forth between the line
termination until it reaches its final DC value. In both the rise
and fall time diagrams, there are transient voltage and cur-
rent signals that subtract from the particular signal and add
to the system noise.

+5.0V
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e— SIGNAL AT RECEIVER

—_—
TIME

TL/F/8826-11
FIGURE 11. Line Reflection Diagram of Rise Timer
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—_—
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TL/F/8826-12
FIGURE 12. Line Reflection Diagram of Fall Time

BALANCED METHOD

In the balanced method shown in Figure 13, the transient
voltages and currents on the line are equal and opposite
and cancel each others noise. Also unlike the unbalanced

method, they generate very little ground noise. As a result,
the balanced circuit doesn’t contribute to the noise pollution
of its environment.

DM7830

OM7820A

vvyy
k1
<
1 Qﬁm
W

I\

INPUT BALANCED LINE SIGNAL OQUTPUT

THE GROUND LOOP CURRENT IS MUCH LESS THAN SIGNAL CURRENT
TL/F/8826-13
FIGURE 13. Cross Talk of Signals

The circuit used for a line receiver in the balanced method is

a differential amplifier. Figure 74 shows a noise transient

induced equally on lines A and line B from line C. Because

the signals on line A and B are equal, the signals are ig-

nored by the differential line receiver.

Likewise for the same reason, the differential signals on
lines A and B from the driver will not induce transients on
line C. Thus, the balanced method doesn’t generate noise
and also isn’t susceptible to noise. On the other hand the
unbalanced method is more sensitive to noise and also gen-
erates more noise.

DM7820A

LINE B

SIGNAL ON LINE C __/_
SIGNAL ON LINE A ___[_-L
SIGNAL ON LINE B — _

DIFFERENCE SIGNAL (A-B) et .
TL/F/8826-14
FIGURE 14. Cross Talk of Signals

The characteristic impedance of the unbalanced transmis-
sion line is less than the impedance of the balanced trans-
mission line. In the unbalanced method there is more ca-
pacitance and less inductance than in the balanced method.
In the balanced method the Reactance to adjacent wires is
almost cancelled (see Figure 15). As a result a transmission
line may have a 600} unbalanced impedance and a 90Q
balanced impedance. This means that the unbalanced
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method, which is more susceptible to IR drop, must use a
smaller value termination, which will further increase the IR
drop in the line.

_—I 2 '_._ b UNBALANCED
OO O>/\ LW

OOOO ZO:quﬁ
00O OOO BALANCED OO0 O
0000 .. m. 00QO
000 VP OO0QOO
00O
000

TL/F/8826-15
FIGURE 15. Zg Unbalanced < Zg Balanced

The impedance measurement of an unbalance and balance
line must be made differently. The balanced impedance
must be measured with a balanced signal. If there is any
unbalance in the signal on the balanced line, there will be an
unbalance reflection at the terminator. Therefore, the lines
should also be terminated for unbalanced signals. Figure 16
shows the perfect termination configuration of a balanced
transmission line. This termination method is primarily re-
quired for accurate impedance measurements.

UNBALANCED
o—

Zou Q Roy
<+ L
BALANCED Ax

Zon t: |
[

R,
Zou |:> 5 Rou

L 1

Rog =Ax// 2 Rou = 80

TL/F/8826-16
FIGURE 16. Impedance Measurement

MEASURED PERFORMANCE

The unbalanced method circuit used in this application note
up tothis pointis the unbalanced circuit shown in Figure 1. The
termination of its transmission line was greater than the
characteristic impedance of the unbalanced line and the cir-

cuit had considerable threshold offset. The measured per-
formance of the unbalanced circuit wasn't comparable to
the balanced method. Therefore, for the following compari-
son of unbalanced and balanced circuits, an improved ter-
mination shown in Figure 17 will be used. This circuit termi-
nates the line in 600 and minimized the receiver threshold
offset.

TL/F/8826-17
FIGURE 17. Improved Unbalanced Method

A plot of the Absolute Maximum Data Rate versus cable
type is shown in Figure 18. The graph shows the different
performances of the DM7820A line receiver and the
DM7830 line driver circuits with a worse case 14 Duty Cycle
in no. 22 AWG stranded wire cables. In a single twisted pair
cable there is less reactance than in a cable having nine
twisted pairs and in turn this cable has less reactance than
shielded pairs. The line length is reduced in proportion to
the increased line attenuation which is proportional to the
line reactance. The plot shows that the reactance and at-
tenuation has a significant effect on the cable length. Abso-
lute Maximum Data Rate is defined as the Data Rate at
which the output of the line receiver is starting to be degrad-
ed. The roll off of the performance above 20 mega baud is
due to the circuit switching response limitation.
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Figure 19 shows the reduction in Data Rate caused by Duty
Cycle. It can be observed that the Absolute Maximum Duty
Rate of 1 Duty Cycle is less than 1, Duty Cycle. The follow-
ing performance curves will use 1 Duty Cycle since it is the
worst case.

Absolute Maximum Duty Rate versus the Line Termination
Resistance for two different lengths of cable is shown in
Figure 20. It can be seen from the figure that the termination
doesn’t have to be perfect in the case of balanced circuits.
It is better to have a termination resistor to minimize the
extra transient signal reflecting between the ends of the
line. The reason the Data Rate increases with increased
Termination Resistance is that there is less IR drop in the
cable.

The graphs in Figure 21 show the Data Rate versus the Line
Length for various percentages of timing distortion using the
unbalanced LM75452 and DM7400 circuits shown in Figure
17. The definition of Timing Distortion is the percentage dif-
ference in the pulse width of the data sent versus the data
received. '

100
g
3 nt "ABSOLUTE
: R MAXIMUM
Z n N
-
- -+
= % 4 125%
= 1541
3 | DM7820A/DM7830 5%
NINE TWISTED PAIR
1o LV8OUTY CYCLE
10 100 1000

LINE LENGTH (FT)
TL/F/8826-20
FIGURE 22. Data Rate vs Distortion of DM7820A,
DM7830

Data Rate versus the Line Length for various percentage of
timing distortion using the balanced DM7820A and DM7830
circuit is shown in Figure 22. The distortion of this method is
improved over the unbalanced method, as was previously
theorized.

The Absolute Maximum Data Rate versus Line Lengths
shown in the previous two figures didn’t include any induced
signal noise. Figure 23 shows the test configuration of the
unbalanced circuits which was used to measure near end
cross talk noise. In this configuration there are eight line
drivers and one receiver at one end of the cable. The per-
formance of the receiver measured in the presence of the
driver noise is shown in Figure 24.

Figure 24 shows the Absolute Maximum Duty Rate of the
unbalanced method versus line length and versus the num-
ber of line drivers corresponding to the test configuration
delineated in Figure 23. In the noise measurement set-up
there was a ground return for each signal wire. If there is
only one ground return in the cable the performance is
worse. The graph shows that the effective line length is

drastically reduced as additional Near End Drivers are add-
ed. When this performance is compounded by timing distor-
tion the performance is further reduced.
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FIGURE 23. Signal Cross Talk Experiment Using
DM75452, DM7400
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FIGURE 24. Data Rate vs Signal Cross Talk of LM75452,
DM7400

Figure 25 shows the test configuration of the balanced cir-
cuit used to generate worst case Near End cross talk noise
similar to the unbalance performance shown in the previous
figure. Unlike the unbalanced case, there was no measur-
able degradation of the circuits Data Rate or distortion.
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CONCLUSION

National has a full line of both Balanced and Unbalanced
Line Drivers and Receivers. Both circuit types work well

when used within their limitation. This application note
shows that the balanced method is preferable for long lines
in noisy electrical environments. On the other hand the un-
balanced circuit works perfectly well with shorter lines and
reduced data rates.

DEFINITION OF BAUD RATE

-—! T, |__.

[1

T |

TL/F/8826~24

11
INTERVALPERBIT T

1 1
MINIMUM UNIT INTERVAL ~ T,
The data in this note was plotted versus Baud Rate. The
minimum unit interval reflected the worse case conditions
and also normalized the diagrams so that the diagrams
were independent of duty cycle. If the duty cycle is 50%
then the Baud Rate is twice the Bit Rate.
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Transmission Line Drivers
and Receivers for

ElA Standards RS-422
and RS-423

With the advent of the microprocessor, logic designs have
become both sophisticated and modular in concept. Fre-
quently the modules making up the system are very closely
coupled on a single printed circuit board or cardfile. In a
majority of these cases a standard bus transceiver will be
adequate. However because of the distributed intelligence
ability of the microprocessor, it is becoming common prac-
tice for the peripheral circuits to be physically separated
from the host processor with data communications being
handled over cables (e.g. plant environmental control or se-
curity system). And often these cables are measured in hun-
dreds or thousands of feet as opposed to inches on a back-
plane. At this point the component wavelengths of the digi-
tal signals may become shorter than the electrical length of
the cable and consequently must be treated as transmission
lines. Further, these signals are exposed to electrical noise
sources which may require greater noise immunity than the
single chassis system.

It is the object of this application note to underscore the
more important design requirements for balanced and un-
balanced transmission lines, and to show that National's
DS1691 driver and DS78LS120 receiver meet or exceed all
of those requirements.

THE REQUIREMENTS

The requirements for transmission lines and noise immunity
have been adequately recognized by National Semiconduc-

BALANCED CABLE
DRIVER INTERCONNECTING ————tje— e~ RECEIVER -1
TERMINATION
CABLE
A

National Semiconductor Corp.
Application Note 214
John Abbott

tor’s application note AN-108 and EIA standards RS-422

(balanced) and RS-423 (unbalanced). A summary review of

these notes will show that the controlling factors in a volt-

age digital interface are:

1) The cable length

2) The modulation rate

3) The characteristic of the interconnection cable

4) The rise time of the signal

RS-422 and RS-423 contain several useful guidelines rela-

tive to the choice of balanced circuits versus unbalanced

circuits. Figures 1a and 1b are the digital interface for bal-
anced (7a) and unbalanced (75) circuits.

Even though the unbalanced interface circuit is intended for

use at lower modulation rates than the balanced circuit, its

use is not recommended where the following conditions ex-
ist:

1) The interconnecting cable is exposed to noise sources
which may cause a voltage sufficient to indicate a change
of binary state at the load.

2) It is necessary to minimize interference with other sig-
nals, such as data versus clock.

3) The interconnecting cable is too long electrically for un-
balanced operation (Figure 2).

LOAD

]

c VGROUND v

Legend:

Rt = Optional cable termination resistance/receiver input impedance.

Varounp = Ground potential difference
A, B = Driver interface

TL/F/5854-1
A’, B’ = Load interface
C = Driver circuit ground
C’ = Load circuit ground

FIGURE 1a. RS-422 Balanced Digital Interface Circuit
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A, G = Driver interface
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A’, B’ = Load interface
C = Driver circuit ground
C’ = Load circuit ground
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FIGURE 1b. RS-423 Unbalanced Digital Interface Circuit
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CABLE LENGTH

While there is no maximum cable length specified, guide-
lines are given with respect to conservative operating dis-
tances as a function of modulation rate. Figure 2 is a com-
posite of the guidelines provided by RS-422 and RS-423 for
data modulation versus cable length. The data is for 24
AWG twisted pair cable terminated for worst case (due to IR
drop) in a 1000 load, with rise and fall times equal to or less
than one half unit interval at the applied modulation rate.
The maximum cable length between driver and load is a
function of the baud rate. But it is influenced by:

1) A maximum common noise range of £7 volts
A) The amount of common-mode noise
Ditference of driver and receiver ground potential plus
driver offset voltage and coupled peak random noise.
B) Ground potential differences between driver and load.
C) Cable balance
Difterential noise caused by imbalance between the
signal conductor and the common return (ground)
2) Cable termination
At rates above 200 kilobaud or where the rise time is 4
times the one way propagation delay time of the cable
(RS-422 Sec 7.1.2)

3) Tolerable signal distortion
10k T

.

4k ”: Il T
i

1k

5
o
Il
il
i

100

20 ﬂ
10 - ﬂ

100 1k 10k 100k
DATA MODULATION RATE {(BAUDS)

CABLE LENGTH (FEET)

10M

TL/F/5854-3
FIGURE 2. Data Modulation Rate vs Cable Length

MODULATION RATE

Section 3 of RS-422 and RS-423 states that the unbalanced
voltage interface will normally be utilized on data, timing or
control circuits where the modulation rate on these circuits
is below 100 kilobauds, and balanced voltage digital inter-
face on circuits up to 10 megabauds. The voltage digital

|t T ]

interface devices meeting the electrical characteristics of
this standard need not meet the entire modulation range
specified. They may be designed to operate over narrower
ranges to more economically satisfy specific applications,
particularly at the lower modulation rates.

As pointed out in AN-108, the duty cycle of the transmitted
signal contributes to the distortion. The effect is the result of
rise time. Due to delay and attenuation caused by the cable,
itis possible due to AC averaging of the signal, to be unable
to reach one binary level before it is changed to another. If
the duty cycle is 4 (50%) and the receiver threshold is
midway between logic levels, the distortion is small. Howev-
er if the duty cycle were 4 (12.5%) the signal would be
considerably distorted.

CHARACTERISTICS

Driver Unbalanced (RS-423)

The unbalanced driver characteristics as specified by
RS-423 Sec 4.1 are as follows:

1) A driver circuit should be a low impedance (50Q or less)
unbalanced voltage source that will produce a voltage
applied to the interconnecting cable in the range of 4V to
6V.

2) With a test load of 45090 connected between the driver
output terminal and the driver circuit ground, the magni-
tude of the voltage (VT) measured between the driver
output and the driver circuit ground shall not be less than
90% of the magnitude for either binary state.

3) During transitions of the driver output between alternating
binary states, the signal measured across a 450 test
load connected between the driver output and circuit
ground should be such that the voltage monotonically
changes between 0.1 and 0.9 of Vgg. Thereafter, the sig-
nal shall not vary more than 10% of Vgg from the steady
state value, until the next binary transition occurs, and at
no time shall the instantaneous magnitude of VT and VT
exceed 6V, nor be less than 4V. Vgg is defined as the
voltage difference between the 2 steady state values of
the driver output.

Driver Balanced (RS-422)

The balanced driver characteristics as specified by RS-422

Sec 4.1 are as follows:

1) A driver circuit should result in a low impedance (100§ or
less) balanced voltage source that will produce a differ-
ential voltage applied to the interconnecting cable in the
range of 2V to 6V.

p1e-NV

T2
TL/F/5854-4
. 1 1
Bit Rate = Interval Per Bit T2
Baud Rate = — 1 _ 1
Minimum Unit Interval ~ T1

FIGURE 3a. Definition of Baud Rate
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FIGURE 3b. Signal Distortion Due to Duty Cycle
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0.9Vgs
1.1vgg

TL/F/5854-7

Vgs = Difference in steady state voltages

FIGURE 4. Unbalanced Driver Output Signal Waveform

2) With a test load of 2 resistors, 500 each, connected in
series between the driver output terminals, the magnitude
of the differential voltage (VT) measured between the 2
output terminals shall not be less than either 2.0V or 50%
of the magnitude of Vg, whichever is greater. For the
opposite binary state the polarity of VT shall be reversed
(VT). The magnitude of the difference in the magnitude of
VT and VT shall be less than 0.4V. The magnitude of the
driver offset voltage (Vog) measured between the center
point of the test load and driver circuit ground shall not be
greater than 3.0V. The magnitude of the difference in the
magnitude of Vog for one binary state and Vgg for the
opposing binary state shall be less than 0.4V.

3) During transitions of the driver output between alternating
binary states, the differential signal measured across a
1009 test load connected between the driver output ter-
minals shall be such that the voltage monotonically
changes between 0.1 and 0.9 of Vgg within 0.1 of the unit
interval or 20 ns, whichever is greater. Thereafter the sig-
nal voltage shall not vary more than 10% of Vgg from the

steady state value, until the next binary transition occurs,
and at no time shall the instantaneous magnitude of VT or
VT exceed 6V, nor less than 2V.

Interconnecting Cable

The characteristics of the interconnecting cable should re-

sult in a transmission line with a characteristic impedance in

the general range of 1000 to frequencies greater than

100 kHz, and a DC series loop resistance not exceeding

2409Q. The cable may be composed of twisted or untwisted

pair (flat cable) possessing the characteristics specified in

RS-422 Sec 4.3 as follows:

1) Conductor size of the 2 wires shall be 24 AWG or larger
with wire resistance not to exceed 30§} per 1000 feet per
conductor.

2) Mutual pair capacitance between 1 wire in the pair to the
other shall not exceed 20 pF per foot.

3) Stray capacitance between 1 wire in the pair with all other
wires connected to ground, shall not exceed 40 pF per
foot.
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FIGURE 5. Balanced Driver Output Signal Waveform

Receiver

The load characteristics are identical for both balanced (RS-

422) and unbalanced (RS-423) circuits. Each consists of a

receiver and optional termination resistance as shown in

Figure 1. The electrical characteristics single receiver with-

out termination or optional fail-safe provisions are specified

in RS-422/423 Sec 4.2 as follows:

1) Over an entire common-mode voltage range of —7V to
+7V, the receiver shall not require a differential input
voltage of more than 200 mV to correctly assume the
intended binary state. The common-mode voltage (Vo)
is defined as the algebraic mean of the 2 voltages ap-
pearing at the receiver input terminals with respect to the
receiver circuit ground. Reversing the polarity of VT shall
cause the receiver to assume the opposite binary state.
This allows for operations where there are ground differ-
ences caused by IR drop and noise of up to £7V.

2) To maintain correct operation for differential input signal
voltages ranging between 200 mV and 6V in magnitude.

3) The maximum voltage present between either receiver
input termina! and receiver circuit ground shall not ex-
ceed 10V (3V signal plus 7V common-mode) in magni-
tude nor cause the receiver to operationally fail. Addition-
ally, the receiver shall tolerate a maximum differential sig-
nal of 12V applied across its input terminals without being
damaged.

4) The total load including up to 10 receivers shall not have
a resistance greater than 80 for balanced, and 4009 for
unbalanced at its input points and shall not require a dif-
ferential input voltage of greater than 200 mV for all re-
ceivers to assume the correct binary state.

5) Fail-safe operation per RS-423 Sec 4.2.5 states that oth-
er standards and specifications using the electrical char-
acteristics of the unbalanced interface circuit may require
that specific interchange leads be made fail-safe to cer-
tain fault conditions. Where fail-safe operation is required
by such referencing standards and specifications, a provi-

Hav
} ) TRANSITION
i / REGION
l*’““ | MAXIMUM
OPERATING
t-znn mv RANGE
P \\_
-12v

TL/F/5854-10
FIGURE 6. Receiver Input Sensitivity Measurement
Note: Designers of terminating hardware should be aware that slow signal
transitions with superimposed noise present may give rise to instabili-
ty or oscillations in the receiving device, and therefore appropriate
techniques should be implemented to prevent such behavior. For ex-
ample, adequate hysteresis and response control may be incorporat-
ed into the receiver to prevent such conditions.
sions shall be incorporated in the load to provide a steady
binary condition (either “1” or “0") to protect against cer-
tain fault conditions (open or shorted cable).
The designer should be aware that in circuits employing
pull-up resistors, the resistors used become part of the
termination.

SIGNAL RISE TIME

The signal rise time is a high frequency component which
causes interference (near end cross-talk) to be coupled to
adjacent channels in the interconnecting cable. The near-
end crosstalk is a function of both rise time and cable
length, and in considering wave shaping, both should be
considered. Since in the balanced voltage digital interface
the output is complementary, there is practically no cross-
talk coupled and therefore wave shaping is limited to unbal-
anced circuits.

Per RS-423 Sec 4.1.6, the rise time of the signal should be
controlled so that the signal has reached 90% of Vgg be-
tween 10% and 30% of the unit interval at the maximum
modulation rate. Below 1 kilobaud the time to reach 90%
Vgg shall be between 100 ps and 300 ps. If a driver is to
operate over a range of modulation rates and employ a
fixed amount of wave shaping which meets the specification
for the maximum modulation rate of the operating range, the
wave shaping is considered adequate for all lesser modula-
tion rates.

However a major cause of distortion is the effect the trans-
mission line has on the rise time of the transmitted signal.
Figure 7 shows the effect of line attenuation and delay to a
voltage step as it progresses down the cable. The increase
of the rise time with distance will have a considerable effect
on the distortion at the receiver. Therefore in fixing the
amount of wave shaping employed, caution should be taken
not to use more than the minimum required.
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FIGURE 7. Signal Rise Time on
Transmission Line vs Line Length

DS1691A, DS78LS120

The Driver

The DS1691A/DS3691 are low power Schottky TTL line
drivers designed to meet the above listed requirements of
EIA standard RS-422 and RS-423. They feature 4 buffered
outputs with high source and sink current capability with in-
ternal short circuit protection. The DS1691/DS3691 employ
a mode selection pin which allows the circuit to become
either a pair of balanced drivers (Figure 8) or 4 independent
unbalanced drivers (Figure 9). When configured for unbal-
anced operation (Figure 10) a rise time control pin allows
the use of an external capacitor to control rise time for sup-

pression of near end cross-talk to adjacent channels in the
interconnect cable. Figure 71 is the typical rise time vs ex-
ternal capacitor used for wave shaping.

The DS3691 configured for RS-422 is connected Vgc = 5V
VEg = 0V, and configured for RS-423 connected Vog = 5V
VEg = —5V. For applications outside RS-422 conditions
and for greater cable lengths the DS1691/DS3691 may be
connected with a Vg of 5 volts and Vgg of —5 volts. This
will create an output which is symmetrical about ground,
similar to Mil Standard 188-114.

When configured as balanced drivers (Figure 8), each of the
drivers is equipped with an independent TRI-STATE® con-
trol pin. By use of this pin it is possible to force the driver
into its high impedance mode for applications using party
line techniques.

If the common-mode voltage, between driver 1 and all other
drivers in the circuit, is small then several line drivers (and
receivers) may be incorporated into the system. However, if
the common-mode voltage exceeds the TRI-STATE com-
mon-mode range of any driver, then the signal will become
attenuated by that driver to the extent the common-mode
voltage exceeds its common-mode range (see Figure 12,
top waveform).

It is important then to select a driver with a common-mode
range equal to or larger than the common-mode voltage
requirement of the system. In the case of RS-422 and RS-
423 the minimum common-mode range would be £7V. The
DS1692/DS3692 driver is tested to a common-mode range
of £10V and will operate within the requirements of such a
system (see Figure 12, bottom waveform).

_f—W___J_\_A_z:EM:ﬂ T —
H[\{u\m: . LWL
ZF s

TL/F/5854-12

FIGURE 8. DS3691 Connected for Balanced Mode Operation
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FIGURE 9. DS3691 Connected for Unbalanced Mode Operation

5V -5V OV
It e |s
Vee Veg GND
cc Ve ®
2 15 | th
A—
13
l g o 7
3 18 I w /
B =
12 5
@
I = 10 7
ot 1" | /
S 1
I 10 100 1k 10k
CAPACITANCE (pF)
D 7 10 I TL/F/5854-15
FIGURE 11.DS3691 Rise Time vs External Capacitor
MODE
5V

TL/F/5854~14
FIGURE 10. Using an External Capacitor
to Control Rise Time of DS3691

1-209



AN-214

Vi Vi Vi

DRIVER
1
DRIVER 4 COMMON-MODE
DRIVER 3 COMMON-MODE
DRIVER 2 COMMON-MODE } Vems
¥ Vews SIGNAL CLIPPED / SIGNAL CLIPPED
Vemz i | I / I |

4

Vemz

Vems
Vema

TL/F/5854-16
FIGURE 12. Comparison of Drivers without TRI-STATE Common-Mode Output Range
(top waveforms) to DS3691 (bottom waveforms)
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FIGURE 13. DS78LS120/DS88LS120 Dual Differential Line Recelver
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DS78LS120/DS88L.5120

The Receiver

The DS78LS120/DS88LS120 are high peformance, dual
differential TTL compatible line receivers which meet or ex-
ceed the above listed requirements for both balanced and
unbalanced voltage digital interface.

The line receiver will discriminate a +200 millivolt input sig-
nal over a full common-mode range of 10 volts and a
+300 millivolt signal over a full common-mode range of
15 volts.

The DS78LS120/DS88LS120 include response control for
applications where controlled rise and fall times and/or high

INPUT

RESPONSE
CONTROL
NODE

OUTPUT

TL/F/5854-18

frequency noise rejection are desirable. Switching noise
which may occur on the input signal can be eliminated by
the 50 mV (referred to input) of hysteresis built into the out-
put gate (Figure 14). The DS78LS120/DS88LS120 makes
use of a response control pin for the addition of an external
capacitor, which will not affect the line termination imped-
ance of the interconnect cable. Noise pulse width rejection
versus the value of the response control capacitor is shown
in Figure 15. The combination of the filter followed by hys-
teresis will optimize performance in a worst case noise envi-
ronment. The DS78C120/DS88C120 is identical in perform-
ance to the DS78LS120/DS88LS120, except it's compati-
ble with CMOS logic gates.

DS88LS120

INPUT
OUTPUT

RESPONSE

PIN O

T STROBE

TL/F/5854-19

FIGURE 14. Application of DS88LS120 Receiver Response Control and Hysteresis
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FIGURE 15. Noise Pulse Width vs Response Control Capacitor
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FAIL-SAFE OPERATION

Communication systems require elements of a system to
detect the loss 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 short. 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 condition exists.

The recsiver input threshold is +200 mV and an input signal
greater than +200 mV insures the receiver will be in a spe-
cific logic state. When the offset control input is connected
to aVce = 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

DRIVER D$3681

the input is open or short, the input will remain in a specific
state (see Figure 16).

It is recommended that the receiver be terminated in 5000
or less to insure it will detect an open circuit in the presence
of noise.

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 thresh-
old 0.45V. The output is forced to a logic zero state if the
input is open or short.

For balanced operation with inputs short or open, receiver 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 fault condition. The “strobe” input will
disable the A and B receivers and therefore may be used to
“sample” the fail-safe detector (see Figure 17).
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0 0.45v
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FIGURE 16. Fail-Safe Using the DS88LS120 Threshold Offset for Unbalanced Lines
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Summary of Electrical
Characteristics of Some
Well Known Digital
Interface Standards

FOREWORD

Not the least of the problems associated with the design or
use of data processing equipment is the problem of provid-
ing for or, actually interconnecting the differing types and
models of equipment to form specific processing systems.

The magnitude of the problem becomes apparent when one
realizes that every aspect of the electrical, mechanical and
architectural format must be specified. The most common
of the basic decisions confronting the engineer include:

m Type of logic (negative or positive)

m Threshold levels

m Noise immunity

m Form of transmission

® Balanced/unbalanced, terminated/unterminated

¢ Unidirectional/bidirectional, simplex/multiplexed

Type of transmission line

Connector type and pin out

Bit or byte oriented

Baud rate

If each make and/or model of equipment presented a
unique interface at its 1/0 ports, “interface” engineering
would become a major expenditure associated with the use
of data processing equipment.

Fortunately, this is not the case as various interested or
cognizant groups have analyzed specific recurring interface
areas and recommended “official” standards around which
common [/0O ports could be structured. Also, the 170 speci-
fications of some equipment with widespread popularity
such as the IBM 360/370 computer and DEC minicomputer

=

National Semiconductor Corp.
Application Note 216
Don Tarver

have become “defacto” standards because of the desire to
provide/use equipment which interconnect to them.

Compliance with either the “official” or “defacto” standards
on the part of equipment manufacturers is voluntary. How-
ever, it is obvious that much can be gained and little lost by
providing equipment that offers either the “official”” or “de-
facto’ standard /O ports.

As can be imagined, the entire subject of interface in data
processing systems is complicated and confusing, particu-
larly to those not intimately involved in the day-to-day as-
pects of interface engineering or management. However, at
the component level the questions simplify to knowing what
standards apply and what circuits or components are avail-
able to meet the standards.

This application note summarizes the important electrical
characteristics of the most commonly accepted interface
standards and offers recommendations on how to use Na-
tional Semiconductor integrated circuits to meet those stan-
dards.

1.0 INTRODUCTION

The interface standards covered in this application note are
listed in Table I. The body of the text expands upon the
scope and application of each listed standard and summa-
rizes important electrical parameters.

Table || summarizes the National Semiconductor IC's appli-
cable to each standard.

TABLE I. Common Line Driver/Receiver Interface Standards Summary

Interface Area Application Standard Origin Comments

Data Communications | U.S.A. Industrial RS-232C EIA Unbalanced, Short Lines

Equipment (DCE*) RS-422 EIA Balanced, Long Lines

to Data Terminal RS-423 EIA Unbalanced,

Equipment (DTE) RS-232 Up-Grade
RS-449 EIA System Standard Covering

Use of RS-422, RS-423

RS-485 EIA Balanced,

Long Line Multipoint

International CCITT Vol. VIl V. 24 | International Tele- Similar to RS-232
CCITT No. 97 X. 26 phone and Telegraph | Similar to RS-423
CCITT No. 97 X. 27 Consultative Similar to RS-422

Committee

U.S.A. Military MIL-STD-188C D.O.D. Unbalanced, Short Lines
MIL-STD-188-114 D.O.D. Similar to RS-422, RS-423
MIL-STD-1397 Navy 42k bits/sec.
(NTDS-Slow)
MIL-STD-1397 Navy 250k bits/sec
(NTDS~-Fast)

U.S. Government, | FED-STD-1020 GSA Identical to RS-423

Non-Military FED-STD-1030 GSA Identical to RS-422
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TABLE |. Common Line Driver/Recelver Interface Standards Summary (Continued)
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Interface Area Application Standard Origin Comments
Computer to Peripheral IBM 360/370 System 360/370 1BM Unbalanced Bus
Channel 110
DEC Mini-Computer DEC Unibus® DEC Unbalanced Bus
Instrument to Computer Nuclear Instrumentation CAMAC NIM (AEC) DTL/TTL Logic Levels
(IEEE Std. 583-1975)
Laboratory Instrumentation | 488 IEEE Unbalanced Bus
Microprocessor to Microprocessor Circuits Microbus™ National Short Line; 8-Bit Parallel,
Interface Devices Semiconductor | Digital Transmission
Facsimile Equipment to DTE | Facsimile Transmission RS-357 EIA Incorporates RS-232
Automatic Calling Impulse Dialing and RS-366 EIA Incorporates RS-232
Equipment to DTE Multi-Tone Keying
Numerically Controlled Numerically Controlled RS-408 EIA Short Lines (<4 Ft.)
Equipment to DTE Equipment

* Changed to "Data Circuit-Terminating Equipment’

TABLE Il. Line Driver/Receiver Integrated Circuit Selection Guide for Digital Interface Standards

Part Number
Standard
Designation Line Driver Line Receiver
0°C to +70°C —55°C to +125°C 0° to +70°C | —55°C to +125°C
U.S. INDUSTRIAL STANDARDS
RS-232C DS1488 Not Applicable DS1489 (A) Not Applicable
DS75150 Not Applicable DS75154 Not Applicable
RS-357 See RS-232C
RS-366 See RS-232C
RS-408 DS75453 DS55454 DS7820A DS7820A
DS75454 DS55454 DS75115 DS55115
RS-422 DS3691 DS1691A DS88LS120 DS78LS120
DS26LS31C DS26L.S31M DS26LS32C DS26LS32M
DS3487 DS3587 DS3486
DS26LS33C DS26LS33M
DS88C20 DS78C20
DS88C120 DS78C120
RS-423 DS3691 DS1691A DS88LS120 DS78LS120
DS3692 DS1692 DS88C20 DS78C20
DS88C120 DS78C120
RS-449 See RS-422, RS-423
RS-485 DS3695 DS3695
Transceivers DS3696 DS3696
DS3697 DS3697
DS3698 DS3698
DS75176A DS75176A
IEEE 488 DS3666 DS3666
DS75160A DS75160A
DS75161A DS75161A
DS75162A DS75162A
CAMAC See RS-232C, RS-422, RS-423 or IEEE 488
IBM 360/370 : i
1/0 Port DS75123 Not Applicable DS75124 Not Applicable
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TABLE Il. Line Driver/Recelver Integrated Circuit Selection Guide for Digital Interface Standards (Continued)

Standard Part Number
Designation Line Driver Line Receiver
0°C to +70°C —55°C to +125°C 0° to +70°C —55°C to + 125°C
DEC Unibus® DS36147 DS16147 DS8640 DS7640
DS8641 DS7641 DS8641 . DS7641
Transceiver Transceiver Transceiver Transceiver
Microbus™ DS3628 DS1628
DP8228 DP8228M
DP8216 DP8216M
DP8212 DP8212M
DP8340B DP8304B
Transceiver Transceiver
GOVERNMENT STANDARDS
MIL-STD-188C DS3692 DS1692 DS88LS120 DS78LS120
MIL-STD-188-114 DS3692 DS1692 DS88LS120 DS78LS120
FED-STD-1020 See RS-423
FED-STD-1030 See RS-422
MIL-STD-1397 .
(NTDS-Slow) Use Discrete Components and/or Comparators
MIL-STD-1397 "
(NTDS-Fast) Use Discrete Components and/or Comparators
INTERNATIONAL STANDARDS (CCITT)
1969 White Book
Vol. VIII, V. 24 See RS-232C
Circular No. 97, X. 26 See RS-422
Circular No. 97, X. 27 See RS-423
2.0 (DTE) (DCE) dard, it provides for one-way/non-reversible, single ended
Data terminal equipment (DTE) to data communications (unbalanced) non terminated line, serial digital data trans-
equipment (DCE) interface standards mission. Figure 1 shown below illustrates a typical applica-
tion. See Table Il for Specification Summary.
2.1 Application

Important features are:

The DTE/DCE standards cover the electrical, mechanical * Positive logic (£ 5V min to £ 15V max)

and functional interface between or among terminals (i.e.,

teletypewriters, CRT’s etc.) and communications equipment * Fault protection
(i.e., modems, cryptographics sets, etc.). * Slew-rate control
2.2 U.S. Industrial DTE/DCE Standards * 50 feet recommended cable length

2.2.1 EIA RS-232 * 20k bits per second data rate

RS-232C is the oldest and most widely known DTE/DCE
interface standard. Viewed by many as a complete stan-

RS232C
INTERFACE

DATA \N NN DATA
IN (4 L4 our
AN\ AN
_L 77 7

TL/F/5855-1
FIGURE 1. EIA RS-232C Application
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2.2.2 EIA RS-422, RS-423 and RS-485

In a move to upgrade system capabilities by using state-of-
the-art devices and technology the EIA in 1975, introduced
two new specifications covering RS-422 balanced and
RS-423 unbalanced data transmission. Both of these stan-
dards offered major advantages over the popular RS-232C
interface. Understanding the advantages of the balanced
interface RS-422, the EIA introduced in 1983 the RS-485
Multipoint Systems standard that eliminates several limita-
tions of RS-422.

2.2.2.1RS-423

RS-423 closely resembles RS-232C in that it, too specifies a

one-way/non-reversible, data transmission. Several key ad-

vantages of the standard include a 100k Baud data rate at

30 feet and a balanced receiver offering an input voltage

common mode (VCM) of +7V. As shown in Figure 2 the

receiver input is referenced to the driver ground permitting

ground differences between the driver and receiver. See Ta-

ble IV for Specification Summary.

Important features are:

* Positive logic (£ 4V min to 6V max)

* Fault protected driver outputs

* Controlled Slew-rate reduces crosstalk and reflections

* 30 feet maximum cable length at 100k Baud

* Differential receiver with £7V VCM and +200 mV sensi-
tivity

.
IN >—'_—>;‘[_

DATA

>

2.2.2.2 RS-422

RS-422 provides for balanced data tranmission with unidi-
rectional/non-reversible, terminated or non-terminated
transmission lines. Several key advantages offered by this
standard include the differential receiver defined in RS-423,
a differential driver and data rates as high as 10M Baud at
40 feet. Figure 3 shows a typical interconnect application.
See Table V for Specification Summary.

2.2.2.3 RS-485

RS-485 standards accommodates the requirements on a
balanced transmission line used in party-line circuit configu-
rations. This standard is similar to RS-422 and is considered
to be an extension permitting multipoint applications where
multiple drivers and receivers share the same line in data
transmission.

Several key characteristics of the standard that differentiate
it from RS-422 are; the expanded common mode range of
both the driver and receiver, (VCM range + 12 to —7V), and
characteristics that permit 32 drivers and receivers on the
line. Figure 4 shows a typical party-line application. Note
that the transmission line which is intended to be 1200
twisted pair is terminated at both ends. See Table VI for
Specifications Summary.

DATA
out

!

TL/F/5855-2

FIGURE 2. EIA RS-423 Application

5422
INTERFACE ™~
AN

NN\
77 £
nm;: OPTIONAL | Ry gﬁ;A
N\ \)—l—-‘
77 7

TL/F/5855-3

FIGURE 3. EIA RS-222 Application

Note: The termination resistor is defined as optional by RS-422. However this termination resistor is highly recommended to reduce the possibility of line reflections

caused by mis-matched impedance between the cable and the driver.

R T R R D
ANN AN
Rr 7”7 77 L RT
120 3 3120
OHMS ANN A\N OHMS
77 77
‘D~Driver
R—Receiver T

T—Transceiver

TL/F/5855-4

FIGURE 4. A Typical RS-485 Party-Line Configuration
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TABLE IIl. EIA RS-232C Specification Summary

Symbol Parameter Conditions EIA RS-232C Units
Min Typ Max
VoH Driver Output Voltage Open 25 \'
VoL Circuit —25 \'
VoH Driver Output Voltage Loaded 3k <R <7kQ 5 15 \'
VoL Output —15 -5 \')
Ro Driver Output Resistance Power Off —-2V<Vpo<2aVv 300 1]
los Driver Output Short-Circuit Current —500 500 mA
Driver Output Slew Rate
All Interchange Circuits 30 V/ps
Control Circuits 6 V/ms
Rate and Timing Circuits 6 V/ms
% of Unit Interval 4 %
RN Receiver Input Resistance 3V <V|y <25V 3000 7000 1)
Receiver Open Circuit Input -2 2 v
Bias Voltage
Receiver Input Threshold
Output = MARK -3 \
Output = SPACE 3 \'
TABLE IV. EIA RS-423 Specification Summary
Symbol Parameter Conditions EIA R5-423 Units
Min Typ Max
Vo Driver Unloaded Output Voltage 4 6 \"
o —4 -6 Vv
Vg Driver Loaded Output Voltage RL = 4500 3.6 \
VT —3.6 \'
Rg Driver Output Resistance 50 1)
los Driver Output Short-Circuit Current Vo = 0V +150 mA
Driver-Output Rise and Fall Time Baud Rate < 1k Baud 300 ns
Baud Rate > 1k Baud 30 % Unit
Interval
lox Driver Power OFF Current Vo = 6V +100 pA
VTH Receiver Sensitivity Vom < 27V +200 mV
Vem Receiver Common-Mode Range +10 Vv
Rin Receiver Input Resistance 4000 (4]
Receiver Common-Mode Input +3 Vv
Offset
TABLE V. EIA RS-422 Specification Summary
Symbol Parameter Conditions EIA RS-422 Units
Min Typ Max
Vo Driver Unloaded Output Voltage 6 v
Vo —6 Vv
Vr Driver Loaded Output Voltage Rt = 100Q 2 \
Vr -2 '
Rs Driver Output Resistance Per Output 50 [
los Driver Qutput Short-Circuit Current Vo =0V 150 mA
Driver Output Rise Time 10 % Unit
Interval
lox Driver Power OFF Current —0.25V < Vg < 6V +100 pA
VTH Receiver Sensitivity Vem = 7V 200 mV
Vem Receiver Common-Mode Voltage -12 12 \
Receiver Input Offset +3 \']
RiN Receiver Input Resistance 4000 (1)
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TABLE VI. EIA RS-485 Specification Summary
Symbol Parameter Conditions EIA RS-485 Units
Min Typ Max
Vo Driver Unloaded Output Voltage \
Vo
vVt Driver Loaded Output Voltage Rt = 1000 2 \
\23 RS-422 -2 \
Rt = 540,CL = 50 ps 1.5 \"
RS-485 -1.5 \
los Driver Output Short-Circuit Current Vo = £12V 250 mA
Vo= -7V —-250 mA
Vos Driver Common Mode Output Voltage 3 \']
Vos-Vas Difference in Common Mode Offset 0.2 \"
VTH Receiver Sensitivity -7V <Vem £ +12V 200 mV
VoM Receiver Common Mode Voltage -7 +12 \')
RiN Receiver Input Resistance 12k [¢]
2.3 International Standards b) The driver output voltage is specified at a load resistance
2.3.1 CCITT 1969 White Book Vol. VIll, V.24, This standard of 3.9 kQ.
is identical to RS-232C. 2.4 U.S. Military Standards
2.3.2 CCITT circular No. 97 Com SPA/13, X. 26. This stan-
dard is similar to RS-422 with the exception that the receiver 241 M_IL'STD'T 88C (Low Level) . .
sensitivity at the specified maximum common-mods voltage The military equivalent to RS-232C is MIL-STD-188C. Devic-
(£7V) shall be £300 mV vs +£200 mV for RS-422. es intended for RS-232C can be applied to MIL-STD-188C

by use of external wave shaping components on the driver

2:3.3 GCITT circular No. 87 Com SPA/13, X. 27. This stan- end and input resistance and threshold tailoring on the re-

dard is similar to RS-423 with 2 exceptions:

) A o ceiver end.
a) The receiver sensitivity is as specified in paragraph X.26,
and
Y
MIL-STO-188C
CexT [~ INTERFACE
DATA I ——1 2
W DD M—
DATA
” out
-v L—w»-—
1/4 081691 -
1/4 DS78LS120
TL/F/5855-5
FIGURE 5. MIL-STD-188C Application
TABLE VII. MIL-STD-188C Specification Summary
MIL-STD-188C
Symbol Parameter Conditions Low Level Limits Units
Min Typ Max
VoL Driver Output Voltage Open Circuit (Note 1) 5 7 \
VoL -7 -5 \
Ro Driver Output Resistance Power ON lour < 10 MA 100 4]
los Driver Output Short-Circuit Current —100 100 mA
Driver Output Slew Rate

All Interchange Circuits (Note 2) 5 15 % IU

Control Circuits

Rate and Timing Circuits
RiN Receiver Input Resistance Mode Rate < 200k Baud 6 1)

Receiver Input Threshold
Output = MARK (Note 3) 100 pA
Output = SPACE —100 pA

Note 1: Ripple <0.5%, Von, VoL matched to within 10% of each other.
Note 2: Waveshaping required on driver output such that the signal rise or fall time is 5% to 15% of the unit interval at the applicable modulation rate.
Note 3: Balance between marking and spacing (threshold) currents actually required shall be within 10% of each other.
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et

1/2 DS1692

MIL.STD-188-114
BALANCED INTERFACE

—O—AAA— 0
<
» 180
S
51

TRISTATE® INPUT

1
RN

1/2 D$1692

-5V O

TL/F/5855-6

FIGURE 6. MIL-STD-188-114 (Balanced Applications)

2.4.2 MIL-STD-188-114 Balanced

This standard is similar to RS-422 with the exception that
the driver offset voitage level is limited to £0.4V vs +3V
allowed in RS-422.

2.4.3 MIL-STD-188-114 Unbalanced.

This standard is similar to RS-423 with the exception that
loaded circuit driver output voltage at R = 450Q must be
90% of the open circuit output voltage vs +2V at Rg =
1000 for RS-422,

2.4.4 MIL-STD-1397 (Slow and Fast)

2.5 FED-STD-1020/1030

U.S. Government (non-military) standards FED-STD-1020
and 1030 are identical without exception to EIA RS-423 and
RS-422, respectively.

3.0 COMPUTER TO PERIPHERAL INTERFACE
STANDARDS

To date, the only standards dealing with the interface be-
tween processors and other equipment are the “defacto”
standards in the form of specifications issued by IBM and
DEC covering the models 360/370 1/O ports and the Uni-
bus, respectively.

3.1 GA-22-6974-0

IBM specification GA-22-6974-0 covers the electrical char-
acteristics, the format of information and the control se-
quences of the data transmitted between 360/370’s and up
to 10 170 ports.

The interface is an unbalanced bus using 951, terminated,
coax cables. Devices connected to the bus should feature
short-circuit protection, hysteresis in the receivers, and
open-emitter drivers. Careful attention should be paid to line
lengths and quality in order to limit cable noise to less than
400 mV.

TABLE Vill. MIL-STD-1397 Specification Summary

Comparison Limits

Symbol Parameter Conditions (MIL-STD) Units
1397 1397
(Slow) (Fast)
Data Transmission Rate 42 250 k Bits/Sec

VoH Driver Output Voltage +1.5 ] Vv
VoL —10to —15.5 -3 \)
lon Driver Output Current >2-4 mA
lor 1 mA
Rs Driver Power OFF Impedance 2100 kQ
ViH Receiver Input Voltage Fail-Safe Open Circuit <4.5 <-11 \
ViL >2-75 >2-1.9 \
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95 COAX CABLE

L _msss__ 4

[ WO 1. 1. S 1L\ S |
TL/F/5855-7
FIGURE 7. IBM 360/370 1/0 Application
TABLE IX. IBM 360/370 Specification Summary
Symbol Parameter Conditions 1BM 360/370 Units
Min Typ Max

VoH Driver Output Voltage loH = 123 mA 7 v
Vou loq = 30 pA 5.85 \
VoH loH = 59.3 mA 31 v
VoL loL = —240 pA 0.15 \
ViH Receiver Input Threshold 1.7 \
ViL Voltage 0.7 \
hH Receiver Input Current VN = 311V —-0.42 mA
L ViN = 0.15V 0.24 mA

Receiver input Voltage Range
VIN Power ON -0.15 7 \
ViN Power OFF —-0.15 6 \"
VIN Power ON —0.15 7 \
VIN Power OFF —-0.15 6 \
RiN Receiver Input Impedance 0.15V < V|y < 3.9V 7400 Q
N Receiver input Current ViN = 0.15V 240 pA
Zo CABLE Impedance 83 101 Q
Ro CABLE Termination Pp = 330 mW 90 100 Q

Line Length (Specified as 400 mV

Noise on Signal and Ground Lines)

sV

180 180

1 D>—r—1

30 LINE LINE LINE 0

LINE
DRIVER RECEIVER DRIVER RECEIVER

TL/F/5855-8
FIGURE 8. DEC Unibus Application
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TABLE X. DEC Unibus Specification Summary

Symbol Parameter Conditions DEC Unibus Units
Min Typ Max
VoL Driver Output Voltage loL = 50 mA 0.7 \
Vo Absolute Maximum 7 \'
VIH Receiver Input Voltage 1.7 \
ViL 1.3 \'2
iH Receiver Input Current ViN = 4V 100 pA
I ViN = 4V Power OFF 100 pA
3.2 DEC UNIBUS 4.3 CAMAC

Another example of an unofficial industry standard is the
interface to a number of DEC minicomputers. This interface,
configured as a 12092 double-terminated data bus is given
the name Unibus. Devices connected to the bus should fea-
ture hysteresis in the receivers and open-collector driver
outputs. Cable noise should be held to less than 600 mV.

4.0 INSTRUMENTATION TO COMPUTER INTERFACE
STANDARDS

4.1 INTRODUCTION

The problem of linking instrumentation to processors to
handle real-time test and measurement problems was large-
ly a custom interface problem. Each combination of instru-
ments demanded unique interfaces, thus inhibiting the wide
spread usage of small processors to day-to-day test, mea-
surement and control applications.

Two groups addressed the problem for specific environ-
ments. The results are:

a) |IEEE 488 bus standard based upon proposals made by
HP, and

b) The CAMAC system pioneered by the nuclear physics
community.

4.2 IEEE 488

IEEE 488 covers the functional, mechanical and electrical
interface between laboratory instrumentation (i.e., signal
generators, DPM'’s, counters, etc.) and processors such as
programmable calculators and minicomputers. Equipment
with IEEE 488 1/0 ports can be readily daisy chained in any
combination of up to 15 equipments (including processor)
spanning distances of up to 60 feet. 16 lines (3 handshake,
5 control and 8 data lines) are required.

The CAMAC system is the result of efforts by those in the
nuclear physics community to standardize the interface be-
tween laboratory instruments and computers before the in-
troduction of IEEE 488.

It allows either serial or parallel interconnection of instru-
ments via a ““crate” controller.

The electrical requirements of the interfaces are compatible
with DTL and TTL logic levels.

5.0 MICROPROCESSOR SYSTEMS INTERFACE
STANDARDS

5.1 Microprocessor Systems

Microprocessor systems are bus organized systems with

two types of bus requirements:

a) Minimal system: for data transfer over short distances
(usually on 1 PG board), and,

b) Expanded system: for data transfer to extend the memo-
ry or computational capabilities of the system.

5.2 Minimal Systems and Microbus

Microbus considers the interface between MOS/LSI micro-
processors and interfacing devices in close physical proxim-
ity which communicate over 8-bit parallel unified bus sys-
tems. It specifies both the functional and electrical charac-
teristics of the interface and is modeled after the 8060, 8080
and 8090 families of microprocessors as shown in Figures
10, 17 and 12.

The electrical characteristics of Microbus are shown in Ta-
ble XII.

TABLE XI. IEEE 488 Specification Summary

Symbol Parameter Conditions IEEE 488 Units
Min Typ Max

VoH Driver Output Voltage lon = —5.2mA 2.4 \"

VoL loL = 48 mA 0.4 \%
Driver Output Current

loz TRI-STATE® Vo = 2.4V +40 pA

loH Open Collector Vo = 5.25V 250 HA

ViH Receiver Input Voltage 0.4V Hysteresis Recommended 2.0 \

Vi 0.8 \%

4 Receiver Input Current ViN = 2.4V 40 pA

TR VN = 0.4V -1.6 mA
Receiver Clamp Current ViN = —1.5V 12 mA

Ri1 Termination Resistor Vee = 5V (£5%) 2850 3150

Rio V = Gnd 5890 6510




>
TABLE XII. Microbus Electrical Specification Summary ‘.’-
N
Recelver >
Symbol Parameter Driver Standard Hysteresis Units
(Recommended)
VoL Output Voltage (At 1.6 mA) <0.4V
VOH (At —100 pA) >2.4V
ViL Input Voltage 0.8 0.6 \
ViH 20 2.0 v
Internal Capacitive Load at 25°C 15 10 10 pF
t Rise Time (Maximum) 100 ns
tf Fall Time (Maximum) 100 ns
< AN )
< AN ¢
- XL —
: 16 LINES
0t > >
< 74N . s
« 77 d
DEFINED:
={l= =ll= =ll= =ll= 5V
-3 « o0 o« o « -4 @
HIHEREIE =E LELF
3%
16 LINES ]—» sece IN ouTt
1 6.2
PORT A [ —— <15PORTS ——Pp} PORT “N”
~= GND
TU/F/5855-9

FIGURE 9. IEEE 488 Application
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FIGURE 10. 8060 SC/MP 1l System Moldel

H E
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A15-A0 )

A15-A0 €S0

CHIP SELECT
LOGIC

INS8080A

07-D0

i

4 4 INS8228

STSTB

INSB224

RESET RESET

|—|[| "

TL/F/5855-11
FIGURE 11. 8080 System Model for the Basic Microbus
Interface

5.3 Expanded Microprocessor System Interfaces

Since the outputs of most microprocessor devices are limit-
ed to a loading of one relative to a TTL load, expanded
system will require buffers on both their address and data
lines.

To date, no formal standards exist which govern this inter-
face. However, “defacto” standards are emerging in the
form of the specifications for “recommended devices”
which are mentioned in the data sheets and application
notes for the widely sourced microprocessor devices. Here,
the answer to the question of how to provide a ‘“‘standard”
interface is simplified to that of proper usage of recom-
mended devices.

Table XIIl summarizes the important electrical characteris-

tics of recommended bus drivers for expanded microproc-
essor systems.

MICROBUS
I ~
TS0,
o1,
. CHIP SELECT >
LOGIC H
CLOCK .
GENERATOR - |
(MM74CD4) TSi
A15-A0
A4
ADDRESS
NADS >

LATCH
(2, DPB212's)

", )
o15-n0 015-00 )J
N Y

Bios ———Do-——“;r

TL/F/5855-12

FIGURE 12. 8900 System Model

6.0 OTHER INTERFACE STANDARDS

Some other commonly occurring interfaces which have be-

come standardized are:

a) Interface between facsimile terminals and voice frequen-
cy communication terminals,

b) Interface between terminals and automatic calling equip-
ment used for data communications, and

c) Interface between numerically controlled equipment and
data terminals.

TABLE XIlll. Recommended Specification of Bus Drivers for Expanded Microprocessor Systems

Symbol Parameter Conditions Min Typ Max Units
ViH 2 \"
ViL 0.8 \
VoH Driver Output Voltage loH = —10mA 24 \
VoL loL = 48 mA 0.5 \
los Short-Circuit Current Vee = 5.25V —150 mA
CL Bus Drive Capability 300 pF
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6.1 EIA RS-357

RS-357 defines the electrical, functional and mechanical
characteristics of the interface between analog facsimile
equipment to be used for telephone data transmission and
the data sets used for controlling/transmitting the data.

Figure 13 summarizes the functional and electrical charac-

6.2 EIA RS-366

RS-366 defines the electrical, functional and mechanical
characteristics of the interface between automatic calling
equipment for data communications and data terminal
equipment.
The electrical characteristics are encompassed by RS-

teristics of RS-357. 232C.
PIN FACSIMILE TERMINAL
DATA SET NUMBER EQUIPMENT
. F6 L1 FRAME GROUND
777 I 6 7 SIGNAL GROUND
J_ O O
DATA MODEM sD 2 SEND DATA V-7V
—V <10k L
> 40k >40k
V-7V RD 3 RECEIVE DATA R
<10k ~ v
= ; RS 34 REQUEST TO SEND
3k-Tk TG INTERLOCK  ** =Tk
o 8 CARRIER ON-OFF  ** k-Tk
— O- —
REVERSE CHANNEL MODEM}** pcs 11 | REVERSE CHANNEL SEND -
3k-7k
¥
RCR _ 12 | REVERSE CHANNEL RECEIVE
— ——— >
2.5 Vrms—
SYNC MODEM sl 17 SYNC IN WAU Vims
¢—0
3k-Tk =
S0 18 SYNC OUT
O g
2.5 Vrms—
- 18 Vims
> 40k
COMMUNICATIONS RR 19 REMOTE RELEASE
CONTROL ~ ——j€¢——O w | OPENTO =
FIRGAITRY RC . 20 E CONTROL TEMINATE ™
REMOT
—le o CALL
CLOSE FOR
AUTO ANSWER
RY 21 EADY
— ok R
CLOSES R 22 RING INDICATOR1
WHENEVER K
RINGING IS
DETECTED RI-2 . 23 RING INDICATOR 2 >

FEMALE | MALE
CONNECTOR

*Must be closed or Data Set cannot be placed in data mode

**Recsive
ON
OFF

Sensitivity
3v—-25v
3v-25v

Source
5V-25v
5V—25v

FIGURE 13. Functional and Electrical Characteristics RS-357
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6.3 EIA RS-408

RS-408 recommends the standardization of the 2 interfaces

shown in Figure 14.

The electrical characteristics of NCE to DTE interface are,
in summary, those of conventional TTL drivers (series 7400)

with:

VoL < 0.4V atlp. = 48 mA
VoH = 24V atlpy < —1.2 mA, and

CL < 2000 pF.

Short circuit protection should be provided.

DATA

COMMUNICATIONS
EQUIPMENT

A

A 4

— e e = wmme e |NTERFACE DEFINED BY RS-232C

DATA

TERMINAL
EQUIPMENT (DTE)

v

TYPICALLY = INTERFACE DEFINED BY THIS STANDARD
<40 FEET

NUMERICAL CONTROL
EQUIPMENT (NCE)

A4

CONTROLLED
EQUIPMENT

SWITCHED OR DEDICATED,
COMMON CARRIER, OR
PRIVATE LINE TO DATA
SOURCE/SINK

(TYPICALLY AMODEM
IFINCLUDED IN
SYSTEM)

(TYPICALLY INCLUDES
SERIAL TO PARALLEL
CONVERTER, ETC.)

(TYPICALLY COULD
INCLUDE ASWITCHTO
SELECT EITHER LOCAL
TAPE READER OR DATA
TERMINAL EQUIPMENT)

(TYPICALLY A MACHINE
TOOL, DRAFTING TABLE,
ETC)

FIGURE 14. EIA RS-408 Interface Applications

TL/F/5855-14
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Transceivers and
Repeaters Meeting the EIA
RS-485 Interface Standard

INTRODUCTION

The Electronics Industries Association (EIA), in 1983, ap-
proved a new balanced transmission standard called RS-
485, The EIA RS-485 standard addresses the problem of
data transmission, where a balanced transmission line is
used in a party-line configuration. It is similar in many re-
spects to the popular EIA RS-422 standard; in fact RS-485
may be considered the outcome of expanding the scope of
RS-422 to allow multipoint—multiple drivers and receivers
sharing the same line—data transmission. The RS-485
standard, like the RS-422 standard, specifies only the elec-
trical characteristics of the driver and the receiver to be
used at the line interface; it does not specify or recommend
any protocol. The protocol is left to the user.

The EIA RS-485 standard has found widespread accept-
ance and usage since its ratification. Users are now able to
configure inexpensive local area networks and multi-drop
communication links using twisted pair wire and the protocol
of their choice. They also have the flexibility to match cable
quality, signalling rate and distance to the specific applica-
tion and thus obtain the best tradeoff between cost and
performance. The acceptance of the RS-485 standard is
also reflected by the fact that other standards refer to it
when specifying multipoint data links. The ANSI (American
National Standards Institute) standards IPI (Intelligent Pe-
ripheral Interface) and SCSI (Small Computer Systems In-
terface) have used the RS-485 standard as the basis for
their voltage mode differential interface class. The IPI stan-
dard specifies the interface between disc drive controllers
and host adapters and requires a data rate of 2.5 megabaud
over a 50 meters NRZ data link. The SCSI standard speci-

National Semiconductor Corp.
Application Note 409
Sivakumar Sivasothy

fies the interface between personal computers, disc drives
and printers at data rates up to a maximum of 4 megabaud
over 25 meters.

It is not possible to use standard gate structures and meet
the requirements of RS-485. The modifications necessary to
comply with the DC requirements of the standard, tend to
exact a heavy toll on speed and other AC characteristics
like skew. However, it is possible to vastly improve the ac
performance by employing special design techniques. The
DS3695 family of chips made by National Semiconductor
meets all the requirements of EIA RS-485, and still provides
ac performance comparable with most existing RS-422 de-
vices. The chip set consists of four devices; they are the
DS3695/DS3696 transceivers and the DS3697/DS3698 re-
peaters. National’'s RS-485 devices incorporate several fea-
tures in addition to those specified by the RS-485 standard.
These features provide greater versatility, easier use and
much superior performance. This article discusses the re-
quirements of a multi-point system, and the way in which
RS-485 addresses these requirements. It also explains the
characteristics necessary and desirable in the multi-point
drivers and receivers, so that these may provide high per-
formance and comply with generally accepted precepts of
data transmission practice.

WHY RS-485?

Until the introduction of the RS-485 standard, the RS-422
standard was the most widely accepted interface standard
for balanced data transmission. The RS-422 drivers and re-

100 < RS=422
OHMS S |RECEIVER our
0
ADDITIONAL
> RECEIVERS
(IF ANY)
- TL/F/8579-1
FIGURE 1a. An RS-422 Configuration
R T R R D
ANN ANN
RT VL4 s RT
120 3 S 120
OHMS AN\ AN OHMS
VL4 /4
D—Driver o)
R—Receiver

T—Transceiver

e

TL/F/8579-2

FIGURE 1b. A Typical RS-485 Party-Line Configuration
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ceivers were intended for use in the configuration shown in
Figure 1a. The driver is at one end of the line; the termina-
tion resistor (equal to 1000) and up to 10 receivers reside at
the other end of the line. This approach works well in sim-
plex (unidirectional) data transmission applications, but cre-
ates problems when data has to be transmitted back and
forth between several pieces of equipment. If several Data
Terminal Equipments (DTEs) have to communicate with one
another over long distances using RS-422 links, two such
balanced lines have to be established between each pair of
DTEs. The hardware cost associated with such a solution
would normally be unacceptable.

A party line is the most economical solution to the above
problem. RS-422 hardware could conceivably be used to
implement a party line if the driver is provided with
TRI-STATE® capability, but such an implementation would
be subjected to severe restrictions because of inadequacies
in the electrical characteristics of the driver. The biggest
problem is caused by ground voltage differences. The com-
mon mode voltage on a balanced line is established by the
enabled driver. The common mode voltage at the receiver is
the sum of the driver offset voltage and the ground voltage
difference between the driver and the receiver. In simplex
systems only the receiver need have a wide common mode
range. Receiver designs that provide a wide common mode
range are fairly straightforward. In a party-line network sev-
eral hundred feet long, in which each piece of equipment is
earthed at a local ac outlet, the ground voltage difference
between two DTEs could be as much as a few volts. In such
a case both the receiver and the driver must have a wide
common mode range. Most RS-422 drivers are not de-
signed to remain in the high impedance state over a wide
enough common mode range, to make them immune to
even small ground drops.

Classical line drivers are vulnerable to ground drops be-
cause of their output stage designs. A typical output stage is
shown in Figure 2a. Two such stages driven by complemen-
tary input signals, may be used to provide the complementa-
ry outputs of a differential line driver. Transistors Q1 and Q4
form a Darlington pull up for the totem pole output stage; Q2
is the pull down transistor. The phase splitter Q3 switches
current between the upper and lower transistors to obtain
the desired output state. DSUB is the diode formed by the
collector of Q2 and the grounded substrate of the integrated
circuit. The output in Figure 2a can be put into the high
impedance state by pulling down the bases of transistors
Q3 and Q4. Unfortunately, the high impedance state cannot
be maintained if the output is pulled above the power supply

voltage or below ground voltage. In party-line applications,

where ground voltage differences of a few volts will be com-
mon, it is essential that the drivers be able to hold the high
impedance state while their outputs are taken above Vee
and below ground.

The output in Figure 2a can be taken high until the emitter-
base junction of Q1 breaks down. Thereafter, the output will
be clamped to a zener voltage plus a base-collector diode
voltage above V¢g; Ve could be zero if the device is pow-
ered off. If the output is taken below ground, it will cause the
substrate diode, DS!JB, associated with Q2 to turn on and
clamp the output voltage at a diode drop below ground. If a
disabled driver turns on and clamps the line, the signal put
out by the active driver will get clipped and distorted. It is
also possible for ground drops to cause dangerously large
substrate currents to flow and damage the devices as illus-
trated in Figure 2b. Figure 2b depicts two drivers A and B; it
shows the pull down transistors (Q2A and Q2B) and their
associated substrate diodes (DSUB-A and DSUB-B) for the
two drivers A and B. Here driver A is ON in the low output
state; driver B is disabled, and therefore, should neither
source nor sink current. The ground of driver A is 3 volts
lower than that of driver B. Consequently, the substrate di-
ode DSUB-B sees a forward bias voltage of about 2.7V (the
collector-emitter voltage of Q2A will be about 0.3V), which
causes hundreds of milliamperes of current to flow out of it.

Q Vee

O-AAA
\ 4

Q1

1> output

e

INPUT

GND

GROUNDED
SUBSTRATE

TL/F/8579-3
FIGURE 2a. Driver Output Stage
(not RS-485)
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FIGURE 2b. Two DCEs Separated by a Ground Drop
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FIGURE 2c. Bus Contention

Another problem is line contention, i.e. two drivers being
‘ON'’ simultaneously. Even if the protocol does not allow two
drivers to be on at the same time, such a contingency could
arise as a result of a fault condition. A line contention situa-
tion, where two drivers are on at the same time, is illustrated
in Figure 2c. Here, drivers A and B are ‘ON’ simultaneously;
driver A is trying to force a high level on the line whereas
driver B is trying to force a low level. Transistors Q1A and
Q2B are ‘ON’ while transistors Q2A and Q1B are ‘OFF’. As
a result, a large current is sourced by Q1A and sunk by
Q2B; the magnitude of this current is limited only by the
parasitic resistances of the two devices and the line. The
problem is compounded by any ground drop that may exist
between the two contending drivers. This large contention
current can cause damage to one or both of the contending
drivers. Most RS-422 drivers are not designed to handle line
contention.

A multi-point driver should also be capable of providing
more drive than a RS-422 driver. The RS-422 driver is only
required to drive one 100} termination resistor, and ten re-
ceivers each with an input impedance no smaller than 4 k(2.
A party-line, however, would have to be terminated at both
ends; it should also be able to drive more devices to be
useful and economical.

Because of the above limitations, it is quite impractical to
use RS-22 hardware to interconnect systems on a party-
line. Clearly, a new standard had to be generated to meet

the more stringent hardware requirements of muti-point data
links.

THE RS-485 STANDARD

The RS-485 standard specifies the electrical characteristics
of drivers and receivers that could be used to implement a
balanced milti-point transmission line (party-line). A data ex-
change network using these devices will operate properly in
the presence of reasonable ground drops, withstand line
contention situations and carry 32 or more drivers and re-
ceivers on the line. The intended transmission medium is a
1209 twisted pair line terminated at both ends in its charac-
teristic impedance. The drivers and receivers can be distrib-
uted between the termination resistors as shown in Figure
1b.

The effects of ground voltage differences are mitigated by
expanding the common mode voltage (Vcm) range of the
driver and the receiver to —7V < Vgm < +12V. A driver
forced into the high impedance state, should be able to
have its output taken to any voltage in the common mode
range and still remain in the high impedance state, whether
powered on or powered off. The receiver should respond
properly to a 200 mV differential signal super-imposed on
any common mode voltage in this range. With a 5V power
supply, the common mode voltage range specified by RS-
485 has a 7V spread from either supply terminal. The sys-
tem will therefore perform properly in the presence of
ground drops and longitudinally coupled extraneous noise,
provided that the sum of these is less than 7 volts.
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The output drive capability of the driver and the input imped-
ance of the receiver are increased to accommodate two
termination resistors and several devices (drivers, receivers
and transceivers) on the line. The RS-485 standard defines
a ‘unit load’ so that the load presented to the line by each
device can be expressed in terms of unit loads (a 12 kQ
resistor, with one end tied to any voltage between ground
and Vgg/2, will satisfy the requirements of a unit load). It
was anticipated that most manufacturers would design their
drivers and receivers such that the combined load of one
receiver and one disabled driver would be less than one unit
load. This would require the RS-485 receiver to have three
times the input resistance of a RS-422 receiver. The re-
quired receiver sensitivity is 200 mV—the same as for RS-
422, The driver is required to provide at least 1.5V across its
outputs when tied to a terminated line populated with 32
transceivers. Although this output voltage is smaller than
the 2.0V specified for RS-422, a careful design of the driver,
with special regard to ac performance, can allow the user to
operate a multi-point network at data rates and distances
comparable to RS-422.

RS-485 has additional specifications to guarantee device
safety in the event of line contention or short circuits. An
enabled driver whose output is directly shorted to any volt-
age in the common mode range, is required to limit its cur-
rent output to £250 mA. Even with such a current limit, it is
possible for a device to dissipate as much as 3 Watts (if the
device draws 250 mA while shorted to 12 volts). Power dis-
sipation of such a magnitude will damage most ICs; there-
fore, the standard requires that manufacturers include some
additional safeguard(s) to protect the devices in such situa-
tions.

The +250 mA current limit also serves another purpose. If a
contending driver is abruptly turned off, a voltage transient,
of magnitude IcZ/2, is reflected along the line as the line
discharges its stored energy (Ic is the contention current
and Z is the characteristic impedance of the line). This volt-
age transient must be small enough to avoid breaking down
the output transistors of the drivers on the line. If the con-
tention current is limited to 250 mA, the magnitude of this
voltage transient, on a 120Q line, is limited to 15V, a value
that is a good compromise between transistor breakdown
voltage and speed.

AC PERFORMANCE

To achieve reliable transmission at high data rates over long
distances, the driver should have optimum ac characteris-
tics. The response should be fast and the output transients
sharp and symmetrical.

(1) Propagation Delay: The propagation delay through the
driver should be small compared to the bit interval so
that the data stream does not encounter a bottle-neck at
the driver. If the propagation delay is comparable to the
bit interval, the driver will not have time to reach the full
voltage swing it is capable of. In lines a few hundred feet
long, the line delay would impose greater limits on data
throughput than the driver propagation delay. However,
a fast driver would be desirable for short haul networks
such as those in automobile vehicles or disc drives; in
the latter case high data throughput would be essential.
Driver propagation delays less than 20 ns would be very
good for a wide range of applications.

(2) Transition Time: For distortion free data transmission,
the signal at the farthest receiver must have rise and fall
times much smaller than the bit interval. Signal distortion
results from driver imbalance, receiver threshold offset

and skew. RS-485 limits the DC imbalance in the driver
output to £0.2V i.e.,, 13% of worst-case signal ampli-
tude. Usually, the greatest distortion is caused by offset
in the receiver threshold. In along line in which a 1.5V
driver output signal amplitude is attenuated by the loop
resistance to about 0.4V, a 200 mV offset in the receiver
threshold can cause severe pulse width distortion if the
rise time is comparable to the bit interval. For lines long-
er than about five hundred feet, the rise time would be
dominated by the line and not the driver. In short-haul
networks, the transient response of the driver can signifi-
cantly affect signal distortion; a faster transient creates
less distortion and hence permits a smaller bit interval
and a higher baud rate. A rise time less than 20 ns will be
a good target spec., for it will permit a baud rate of 10
Meg over 50’ of standard twisted pair wire with less than
5% distortion.

The driver should provide the above risetime and propa-
gation delay numbers while driving a reasonable capaci-
tance, say 100 pF from each output, in addition to the
maximum resistive load of 54Q. A properly terminated
transmission line appears purely resistive to the driver.
Most manufacturers take this into account and specify
their driver delays with 15 pF loads. However, if any dis-
abled transceivers are situated close to the driver (such
that the round trip delay is less than the rise time), the
input capacitances of these transceivers will appear as
lumped circuit loads to the driver. The driver output rise
time will then be affected by all other devices in such
close proximity. In the case of high speed short-haul net-
works, where rise time and propagation delay are critical,
several devices could be clustered in a short span. In
such an instance, specifying propagation delays with
15 pF loads is quite meaningless. A 100 pF capacitive
load is more reasonable; even if we allocate a generous
20 pF per transceiver, it allows up to six transceivers to
be clustered together in an eight foot span (the eight foot
span is the approximate round trip distance travelled by
the wavefront in one rise time of 20 ns).

(3) Skew: The ideal differential driver will have the following
waveform characteristics: the propagation delay times
from the input to the high and low output states will be
equal; the rise and fall times of the complementary out-
puts will be equal and the output waveforms will be per-
fectly symmetrical.

If the propagation delay to the low output state is differ-
ent from the propagation delay to the high output state,
there is said to be ‘propagation skew’ between output
states. If a square wave input is fed into a driver with
such skew, the output will be distorted in that it will no
longer have a 50% duty cycle.

If the mid-points of the waveforms from the two comple-
mentary driver outputs are not identical, there is said to
be SKEW between the complementary outputs. This
type of skew is undesirable because it impairs the noise
immunity of the system and increases the amount of
electromagnetic emission.

Figure 3a shows the differential signal from a driver that
has no skew. Figure 3b shows the case when there is 80
ns of skew. The first signal makes its transition uniformly
and passes rapidly through OV. The second waveform
flattens out for tens of nanoseconds near 0V. Unfortu-
nately, this flat region occurs near the receiver threshold.
A common mode noise spike hitting the inputs of a
slightly unbalanced receiver would create a small differ-
ential noise pulse at the receiver inputs. If this noise
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pulse occurs when the driver transition is flat near 0V,
there will be a glitch at the receiver output. A glitch could
also occur if a line reflection reaches the receiver input
when the driver transition is temporarily flat. Skew is in-
sidious in that it can cause erroneous outputs to occur at
random. It can also increase the amount of electromag-
netic interference (EMI) generated by the transmission
system. If the complementary outputs are perfectly sym-
metrical, and the twisted pair medium is perfectly bal-
anced, the radiation from one wire is cancelled exactiy
by the radiation from the other wire. If there is skew be-
tween the outputs, there will be net radiation proportion-
al to the skew.

(4) Balance: The impedance seen looking into each of the
complementary inputs of the transceiver should be iden-
tical. If there is any imbalance at these nodes, the com-
mon mode rejection will be degraded. Any DC imbal-
ance, due to a mismatch in the receiver input resistanc-
es, will manifest itself as an offset in the receiver thresh-
old, and can be easily detected during testing. AC imbal-
ance is more difficult to detect, but it can hurt noise im-
munity at high frequencies. A sharp common mode noise
spike striking an unbalanced receiver will cause a spuri-
ous differential signal. If the receiver is fast enough (as it
is bound to be in most cases), it will respond to this noise
signal. It is best to keep the imbalance below 4 pF. This
number is reasonable to achieve; in addition, the com-
bined imbalance of 32 transceivers will still provide suffi-
cient immunity from h.f. interference.

DESIGN CONSIDERATIONS

The driver poses the greatest design challenge. Its speed,
drive and common mode voltage requirements are best met
using a bipolar process. National Semiconductor uses an
established Schottky process with a 5p. deep epitaxial layer.
NPN transistors are fabricated with LVCEO values greater
than 15V to satisfy the breakdown requirements. It will be

seen that lateral PNP transistors are crucial to the driver.
The 5p. EPI process provides adequate lateral PNP transis-
tors, and NPN transistors of sufficient speed.

Figure 4 shows the driver output circuit used by National. It
is a standard totem pole output circuit modified to provide a
common mode range that exceeds the supply limits. If the
driver output is to be taken to —7V while the driver is in TRI-
STATE, precautions must be taken to prevent the substrate
diodes from turning on. This is achieved in the lower output
transistor Q1 by including Schottky diode S1 in series. The
only way to isolate the upper half of the totem pole from the
substrate is by using a lateral PNP transistor. Lateral PNP
transistors are, however, notoriously slow; the trick there-
fore is not to use the PNP transistor in the switching path. In
the circuit shown, the PNP transistor is a current source
which feeds NPN transistor Q2 and therefore, does not par-
ticipate in the switching function. This allows National’s driv-
er to have 15 ns propagation delays and 10 ns rise timers. A
Darlington stage cannot be used instead of Q2 because it
would reduce the voltage swing below the 1.5V specifica-
tion. Consequently, the rise time is bound to be significantly
larger than the fall time, resulting in a large skew. National’s
driver uses a patented circuit with a plurality of discharge
paths, to slow down the falltime so that it matches the rise
time, and to keep the two transition times on track over
temperature. This keeps the skew small (2 ns typical at
25°C) over the entire operating temperature range. The
symmetry of the complementary outputs of National’s
DS3695 driver can be seen from the photographs in Figure
5. The lateral PNP transistor which has been kept out of the
switching path has nevertheless got to be turned on or off
when the driver is respectively enabled or disabled. Another
patented circuit is used to hasten turn-on and turn-off of the
lateral PNP transistors so that these switch in 25 ns instead
of in 100 ns. Consequently, the driver can be enabled or
disabled in 35 ns.
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The devices must be protected in fault conditions and con-
tention situations. One way of doing this is by sensing cur-
rent and voltage to determine power, and then if necessary,
turning the device off or limiting its output current to prevent
damage. This method has the advantage of fast detection
of a fault and rapid recovery from one. However, too many
contingencies have to be accounted for; the corresponding
circuitry will increase the die size and the cost beyond what
would be acceptable in many low cost applications. National
preferred the simpler and inherently more reliable thermal
shutdown protection scheme. Here, the device is disabled
when the die temperature exceeds a certain value. This
method is somewhat slower (order of milliseconds), but fast
enough to protect the part. A fault would usually result from
a breakdown in network protocol or from a hardware failure.
In either case it is immaterial how long the device takes to
shut down or recover as long as it stays undamaged. It
would be useful to be notified of the occurrence of a fault in
any particular channel, so that remedial action may be tak-

en. Two of National’s devices, the DS3696 receiver and the
DS3698 repeater, provide a fault reporting pin which can
flag the processor or drive an alarm LED in the event of a
fault. National also decided to make its devices as single
transceivers housed in 8 pin mini DIP packages. If thermal
shutdown protection is employed, it is pointless to have dual
or quad versions because a faulty channel will shut down a
good one. Since most RS-485 applications will employ sin-
gle channel serial data, the 8 pin package will give optimum
flexibility, size and economy.

The receiver has 70 mV (typical) hysteresis for improved
noise immunity. Hysteresis can contribute some distortion,
especially in short lines, if the rise and fall times are differ-
ent. However, this is more than adequately compensted for
by the noise immunity it provides with long lines where rise
times are slow. The matched rise and fall times with Nation-
al’s drivers assure low pulse width distortion even at short
distances and high data rates.
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Low Power RS-232C Driver
and Receiver in CMOS

This article sets out to describe the new innovative low pow-
er CMOS RS-232C driver and receiver IC's introduced by
National Semiconductor with particular reference to the EIA
RS-232C standard. Comparison will also be made with ex-
isting bipolar driver and receiver circuits.

The DS14C88 and DS14C89A are monolithic MOS circuits
utilizing a standard CMOS process. Important features are a
wide operating voltage range (4.5V-12.6V), together with
ESD and latch up protection and proven reliability.

The Electronics Industries Association released Data Termi-
nal Equipment (DTE) to Data Communications Equipment
(DCE) interface standards to cover the electrical, mechani-
cal and functional interface between/among terminals (i.e.
teletypewriters, CRT’s etc.) and communications equipment
(i.e. modems, cryptographic sets etc.).

The EIA RS-232C is the oldest and most widely known
DTE/DCE standard. Its European version is CCITT V.24
specification. It provides for one-way/non-reversible, single
ended (unbalanced) non-terminated line, serial digital data
transmission.

The DS14C88 quad CMOS driver and its companion circuit,
the DS14C89A quad CMOS receiver, combine to provide an
efficient low power system for RS-232C or CCITT V.24 ap-
plications. )

RS232C
INTERFACE
DATA > > DATA
IN out

>—

TL/F/8681-1
FIGURE 1. EIA RS-232C Application

INPUT 1

National Semiconductor Corp.
Application Note 438
Gordon W. Campbell

THE DRIVER

The DS14C88 quad CMOS line driver is a pin replacement
of the éxisting bipolar circuit DS1488/MC1488.

The DS14C88 is fabricated in CMOS technology and there-
fore has an inherent advantage over the bipolar DS1488/
MC1488 line driver in terms of current consumption. Under
worst case static conditions, the DS14C88 is a miser when it
comes to current consumption. In comparison with the
DS1488/MC1488 line driver, a current consumption reduc-
tion of 425 pA max versus 25 mA can be achieved.

The RS-232C specification states that the required driver
output voltage is defined as being between + 5V and + 15V
and is positive for a logic “0” (+5V to + 15V) and negative
for a logic “1” (—5V to —15V). These voltage levels are
defined when driver is loaded (30000 < R| < 700012). The
DS14C88 meets this voltage requirement by converting HC
or TTL/LSTTL levels into RS-232C levels through one
stage of inversion.

In applications where strict compliance to RS-232C voltage
levels is not essential, a +5V power supply to the driver
may be used. The output voltage of the DS14C88 will be
high enough to be recognized by either the 1489 or 14C89A
receiver as valid data.

The RS-232C specification further states that, during tran-
sitions, the driver output slew rate must not exceed 30V/pus.
The inherent slew rate of the equivalent bipolar circuit
DS14C88/MC1488 is much too fast and requires the con-
nection of one external capacitor (330-400 pF) to each
driver output in order to limit the slew rate to the specified
value. However, the DS14C88 does not require any external
components. The DS14C88 has a novel feature in that
unique internal slew rate control circuitry has been incorpo-
rated which eliminates the need for external capacitors; to
be precise, a saving of four capacitors per package. The
14C88 minimizes RFI and transition noise spikes by typically
setting the slew rate at 5V-6V/us. This will enable optimum
noise performance, but will restrict data rates to below 40k
baud.

The DS14C88 can also withstand an accidental short circuit
from a conductor in the interconnecting cable to any one of
four outputs in a package without sustaining damage to it-
self or its associated equipment.

OUTPUT
DRIVER

TTL INPUT
BUFFERS
NAND

QuTPUT

GATE
INPUT 2

(Vs circuit shown)

LEVEL
SHIFTER

SLEW RATE

ONTROL
c 0 TL/F/8681-2

FIGURE 2. DS14C88 Line Driver Block Diagram
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THE RECEIVER

The DS14C89A quad CMOS line receiver is a pin replace-
ment of the existing bipolar circuit DS1489/MC1489/
DS1489A/MC1489A.

The DS14C89A is fabricated in CMOS technology giving it
an inherent advantage over the bipolar DS1489/MC1489/
DS1489A/MC1489A circuits in terms of power consump-
tion. Under worst case static conditions a power consump-
tion reduction of 97% (600 nA against 26 mA) is achieved.

The RS-232C specification states that the required receiver
input impedance as being between 3000 and 7000} for
input signals between 3.0V and 25.0V. Furthermore, the re-
ceiver open circuit bias voltage must not be greater than
+2V.

The DS14C89A meets these requirements and is able to
level shift voltages in the range of —30V to +30V to HC or
TTL/LSTTL logic levels through one stage of inversion. A
voltage of between —3.0V and —25.0V is detected as a
logic “1” and a voltage of between +3.0V and +25.0V is
detected as logic “0".

The RS-232C specification states that the receiver should
interpret an open circuit or power off condition (source im-
pedance of driver must be 30092 or more to ground) as an
OFF condition. In order to meet this requirement the input
threshold of the DS14C89A is positive with respect to
ground resulting in an open circuit or “power off” condition
being interpreted as a logic 1" at the input.

Although the DS14C89A is pin replacement for the bipolar
circuits DS1489/MC1489/DS1489A/MC1489A, its perform-
ance characteristics are modeled on the DS1489A/
MC1489A.

The response control input on each of the bipolar circuits
facilitates the rejection of noise signals by means of an ex-
ternal capacitor between each response control pin and
ground.

When communicating between components of a data proc-
essing system in a hostile environment, spurious data such
as ground shifts and noise signals may be introduced and it
can become difficult to distinguish between a valid data sig-
nal and those signals introduced by the environment.

The DS14C89A eliminates the need for external response
control capacitors and overcomes the effects of spurious
data by means of unique internal noise filtering circuitry.
Figure 4 shows typical turn on threshold versus response
control capacitance for existing bipolar devices. Note the
curve for the DS14C89A CMOS device. The DS14C89A will
not recognize any input signal whose pulse width is less
than 1 us, regardless of the voltage level of that input sig-
nal. Noise rejection in the bipolar parts depends on the volt-
age level of the noise transients. Therefore, in hostile envi-
ronments the CMOS parts offer improved noise rejection
properties. The DS14C89A has an internal comparator
which provides input hysteresis for noise rejection. The

-—D@— ouTPUT

QuTPUT
DRIVER

INPUT
INPUT
RESISTOR

COMPARATOR NOISE

FILTER

(V4 circuit shown) TL/F/8681-3
FIGURE 3. DS14C89A Line Receiver Block Diagram

DS14C89A has a typical turn-on voltage of 2.0V and a typi-
cal turn-off voltage of 1.0V resulting in 1.0V of hysteresis.

6

DS14C89A
INTERNAL
NOISE
FILTERING

15pF\ 110pF \|330 pF\470pF

INPUT VOLTAGE (VOLTS)

3 K

2 \

0.01 0.1 1 10

INPUT PULSE WIDTH (1)
TL/F/8681-4
FIGURE 4

TYPICAL APPLICATIONS

Obviously the major advantage of these CMQOS devices is
that with the large reduction of operating current, it is now
possible to implement the “FULL"” RS-232 interface in re-
mote or portable equipment. Imagine that previously a de-
signer, using a CMOS pP, RAM, ROM, and peripherals,
could implement a complete system that consumes be-
tween 200 and 300 mW, but just adding the RS-232 inter-
face (one driver, and one receiver) would add another 450
to 700 mW to the total system power consumption. This
would severely shorten the battery life. The CMOS driver
and receiver would only add about 40-50 mW.

In addition, the CMOS devices provide better noise rejection
in harsh EMI environments, thus better data integrity. At the
same time the internal slew rate limiting of the driver reduc-
es the output transition time along the cable interface,
hence reducing RF| emission, and easing the ability for por-
table (or non-portable) systems to meet FCC noise emission
regulations. Also, since space is a premium in remote and
portable systems, by integrating the function of the external
capacitors on-chip (eliminating 8 capacitors), and designing
these into S.O. packages, significant reduction in board
space can be achieved.

For example, Figure 5 shows a small CMOS system utilizing
a CMOS NSCB800 microprocessor, NSC858 CMOS UART,
CMOS RAM/ROM, and a clock timer. This system runs off a
9V battery so a DC-DC converter is used to generate —9V
for the RS-232 interface. In this design a standard DC-DC
convert IC is used to generate a —9V supply from the single
+ 9V battery.

As a second example, a “cheater” RS-232 interface is
sometimes implemented. This interface is compatible with
the current RS-232 driver/receiver products, but rather than
using a £(9-15)V supply, a £5V supply is used. The driv-
ers will not meet the RS-232 output voltage level specifica-
tions, but will correctly drive either the CMOS or bipolar re-
ceivers. The DC-DC converter circuit in Figure 5 may be
used to implement this. While for non-portable applications
this can be done with the old bipolar 1488/89s, the DC-DC
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converter is somewhat simpler with the CMOS parts due to
the much reduced current consumption.

The RS-232 driver/receivers are also useful in non-power
sensitive multi-user computers. Imagine a 16 terminal clus-
ter controller for a multi-user computer system, Figure 6.
This controller would require 16 drivers and 16 receivers

with a total power of 8 watts when using the bipolar devices.
The CMOS devices need only 400 mW.

Also proper noise rejection for receivers and slew rate limit-
ing for the driver would require 128 capacitors for the bipolar
parts, but they are unnecessary in the CMOS implementa-
tion.

REQUEST TO SEND

DATA TERMINAL READY

AB=A13

AN

)I DECODER I—>

ADO-AD7

S NSC858
%5 \s16cas0

ADO-AD7

TRANSMIT DATA

i
1S
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LA
CMOS RAM == 6264
(8K x 8)

CMOS ROM == 27C64
(8K x 8)

_L L P +9V
M
W= 2031 [P

NC '
——,:OQ—. DATA CARRIER DETECT
L]
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] 1

)
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)
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' a Zl 1 RECEIVE DATA
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' DS14C89A
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)
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1]

TL/F/8681-5

FIGURE 5. Typlcal portable system application using CMOS pP, ROM, RAM, and UART.
RS-232 interface Is shown using 7660 supply inverter and CMOS Receiver/Driver.
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High Speed, Low Skew
RS-422 Drivers and
Receivers Solve Critical
System Timing Problems

In system design, due to the distributed intelligence ability of
the microprocessor, it is a common practice to have the
peripheral circuits physically separated from the host proc-
essor with data communications being handled over cables.
Usually, these cables are measured in hundreds or thou-
sands of feet long. Signals which are transmitted on these
transmission lines (or cables) are exposed to electrical
noise sources which may require large noise immunity. The
requirements for transmission lines and noise immunity are
covered in E.l.A. standard RS-422.

The object of this application note is to describe the design
requirement of RS-422 standard and to show that the Na-
tional's DS8921, DS8922 and DS8923 Differential Driver
and Receiver pair mest all of those requirements. Special
circuit design techniques are used to achieve small skew on
complementary signals of the driver outputs. In fact, these
devices are designed specifically for applications which
must meet stringent timing constraints including the ESDI
Disk Drive standard. Also, the DS8921 series meet the re-
quirement of ST506 and ST412HP standards.

BALANCED VOLTAGE DIGITAL INTERFACE CIRCUITS

(RS-422) REQUIREMENT

Balanced circuits are normally used in data, timing, or con-

trol applications where the data signaling rate approaches

fast speeds of 10 Mbit/s. In addition balanced data trans-
mission techniques should be used when ever the following
conditions exist:

1. The interconnecting cable is too long for effective unbal-
anced operation.

2. The interconnecting cable is exposed to a noise source
which may cause a voltage sufficient to indicate a change
of binary state at the load.

3. Itis necessary to minimize interference with other signals.

Figure 1 below is a balanced circuit connection.

National Semiconductor Corp.
Application Note 457

Toan Tran

Larry Kendall

There are three major controlling factors in balanced volt-
age digital interface:

1. The cable length

2. The modulation rate

3. The characteristics of the Driver and Receiver

CABLE LENGTH

There is no maximum cable length specified in the RS-422
standard. Guidelines are given with respect to conservative
operating distances as a function of modulation rate. Figure
2 below is the guideline provided by RS-422 for data modu-
lation rate versus cable length.

10k ==y =25 = ==ss =2
o bt :
= b Il I
= 1
w '8 4
o 7 i b
‘z' % = \’o___
- G T +
© Jeo T 4,
g il N
o BN N
Z o
<
3

F
a

=3

100 1k 10k 100k ™
DATA MODULATION RATE (BAUDS)

1M

TL/F/8837-2
FIGURE 2. Data Modulation Rate vs Cable Length

The curve is based on empirical data using a 24 AWG, cop-
per conductor, twisted pair cable terminated for worst case
in a 1009 load, with rise and fall time, equal or less than one
half unit interval at the applied modulation rate.
Even though the maximum cable length between driver and
load is a function of data signaling rate, it is also influenced
by the tolerable signal distortion the amount of longitudinally
coupled noise and ground potential difference introduced
between the generator and load circuit grounds.

LOAD |

CABLE
~[" " TERMINATION RECEIVER -~
»

BALANCED
DRIVER —== INTERCONNECTING
CABLE
A
B

c VGROUND ¢

Legend:

Ry = Optional cable transmission resistance/receiver input impedance.
Vgrounp = Ground potential difference

A, B = Driver interface

TL/F/8837-1
A’, B' = Load Interface

G = Driver circuit ground
C' = Load circuit ground

FIGURE 1. RS-422 Balanced Digital Interface Circuit
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MODULATION RATE

The balanced (or differential) voltage mode interface will
normally be utilized on data, timing or control circuits operat-
ing at up to 10 Mbauds. The voltage digital interface devices
meeting the electrical characteristics of this standard need
not meet the entire modulation range specified. They may
be designed to operate aver narrower ranges to more eco-
nomically satisfy specific applications, particularly at the
lower modulation rates. The DS8921 family of devices
meets or exceeds all of the recommended RS-422 perform-
ance specifications.

RS-422 CHARACTERISTICS

A. The Driver

The balanced driver characteristics are specified in RS-422
as follows:

1. A driver circuit should result in a low impedance (1009 or
less) balanced voltage source that will produce a differ-
ential voltage to the interconnecting cable in the range of
2V to 6V.

. With a test load of 2 resistors, 50 each, connected in
series between the driver output terminals, the magnitude
of the differential voltage (VT) measured between the two
output terminals shall be equal to or greater than 2V or
50% of the magnitude of Vo, whichever is greater. For
the opposite binary state the polarity of VT is reversed
(VT).

. During transitions of the driver output between alternating
binary states the differential voltage measured across
1009 load shall monotonically change between 0.1 and
0.9 of Vgg within 0.1 of the unit interval or 20 ns, whichev-
er is greater. Thereafter, the signal voltage shall not
change more than 10% of Vgg from the steady state val-
ue until the binary state occurs.

N

w

B. The Receiver

The electrical characteristics of the receiver are specified in

RS-422 as follows:

1. The receiver shall not require a differential input voltage
more than 200 mV to correctly assume the intended bina-

ry state, over an entire common-mode voltage range of
—7 to +7V. The common-mode voltage (Vcwm) is defined
as the algebraic mean of the 2 voltages appearing at the
receiver input terminals with respect to the receiver circuit
ground. This allows for operations where there are
ground differences caused by IR drop and noise of up to
+7V.

2. The receiver shall maintain correct operation for a differ-
ential input signal ranging between 200 mV and 6V in
magnitude.

3. The maximum voltage between either receiver input ter-
minal and receiver circuit ground shall not exceed 10V
(3V signal + 7V common-mode) in magnitude. Also, the
receiver shall tolerate a maximum differential signal of
12V applied across its input terminals without being dam-
aged.

The total load (up to 10 receivers) shall not have a resist-
ance more than 909 at its input points.

DS8921, DS8922 AND DS8923

The DS8921 is a single differential line driver and receiver
pair. Whereas, the DS8922 and DS8923 are dual differential
line driver and receiver pairs. The difference between the
DS8922 and DS8923 is in the TRI-STATE® control.

These devices are designed to meet the full specifications
of RS-422. The driver features high source and sink current
capability (Figure 3).

The receiver will discriminate a =200 mV input signal over a
full common-mode range of +£7V. Switching noise which
may occur on input signal can be eliminated by the built-in
hysteresis (50 mV typical, and 15 mV min.). An input fail-
safe circuit is provided so that if the receiver inputs are
open, the output will assume the logical one state.

These devices have power up/down circuitry will TRI-
STATE the outputs and prevents erroneous glitches on the
transmission lines during system power up or down opera-
tion.

The most attractive feature of these devices is the small
skew beween the complementary outputs of the driver, typi-
cally about 0.5 ns. This small skew specification is often
necessary to meet tight system timing requirements.

>

DS8921A DS8922A DS8923A
1 16
vee A LR RI+ ro1 1S Rie RO1 — |— Rit+
‘:,Id 2 tq 15
RO -2— ._7.. Ri= DIt 2 15 Rit= DIt I — RI1=
3 ‘ 14 3 14
3 3 | 14 =] | 2
0l —l £ por vee Dot+ vee ool+
1 D1
4 13 __ 4 13
4 5 :m——Do— [— Dot=- DEN — |— po1-
GND = — Do~
— 12 — 5 12
TL/F/8837-3 EN2 — |— D02~ REN -—| >0—¢ — 002~
2 D2
GND -6— ﬂ D02+ GND i i‘- DO2+
bi2 = | 0 Ri- biz 1 110 cio-
ro2 3 2 Rios ro2 ] |— Rri2+

TL/F/8837-4 TL/F/8837-5

FIGURE 3. DS8921A, DS8922A and DS8923A Connection Diagrams
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Note 1. All times in ns measured at |/0 connector of the drive. T is the period of the clock signals and is the inverse of the reference or read clock frequency.

Note 2. Similar period symmetry shall be in +4 ns between any two adjacent cycles during reading and writing.

Note 3. Except during a head change or PLO synchi ion the clock
+5.0%. Phase relationship between reference clock and NRZ write data or write clock is not defined.

for spindle speed and circuit tolerances shall not vary more than —5.5% to

Note 4. The write clock must be the same frequency as the drive supplied reference clock (i.e., the write clock is the controller received and retransmitted drive

reference clock).

Note 5. Reference clock is valid when read gate is inactive. Read clock is valid when read gate is active and PLO synchronization has been established.

Note 6. See Figure 3 for definition of 0 and 1 on these differential signal lines.
FIGURE 4. ESDI Timing Dlagrams

DM74AS74 Switching Characteristics

over recommended operating free air temperature range (Note 1). All typical values are measured at Vog = 5V, Ta = 25°C.

DM74AS74
Parameter From To Conditions Units
Min Typ Max
"FMAX Veo = 4.5Vto 5.5V 105 MHz
TpLH Preset Qor (H:L f gg‘::; 3.3 75 ns
L=
TPHL or clear Q 3.5 10.5 ns
T 3.5 8 ns
PLH Clock Qor
TPHL Q 4.5 9 ns

Note 1: See Section 1 for test waveforms and output load.
FIGURE 5. 1 ns Clock Skew
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ESDI ENHANCED SMALL DEVICE INTERFACE

The ESDI specification necessitates the use of National's
DS8921A/22A/23A series of transceivers. A look at the
specification Figure 1 will show this. The read and Refer-
ence Clock must meet the symmetry specification shown.

All specifications are in % T, where T = -:; the ESD! specifi-

cation is assumed to be a 10 Mbits/second standard, T =
100 ns.

Given this, the negative pulse width measured at the drive
connector must equal 0.5T (50 ns) +0.05T (x5 ns). The
best available RS-422 driver, except for the DS8921A Fami-
ly, is specified at + 4 ns differential skew. If the clock is from
a high speed 74AS74 device, shown in Figure 2, it will have
a typical skew of 1 ns.

This combination of 4 ns +1 ns uses all of the ESDI speci-
fied 5 ns and leaves no margin for noise. Use of the
DS8921A, 22A, or 23A, specified at +2.75 ns max. differen-
tial skew would allow up to £2.25 ns for clock skew and
noise. This is as close a guarantee to meeting the +5 ns
spec. of ESDI, as is possible with todays advanced testing
systems.

One other consideration is the relationship between Read
Clock and Read Data. Figure 7 shows that the positive edge

of Read Clock must be 0.31T (31 ns) after the leading edge
of Read Data, and 0.31T (31 ns) before the trailing edge of
Read Data.

The Read Clock positive edges will be used to strobe Read
Data into the controller after both signals go through their
respective cable lines and receivers. Use of the DS8922A/
23A assures minimum skew between these two signals. Be-
cause both drivers, or both receivers, are on the same piece
of silicon an optimum match is achieved.

The above is applicable to an ESDI controller as well as the
Drive itself. The controller receives the Reference Clock
and uses both positive and negative edges to generate
WRITE CLOCK. The negative edge of WRITE CLOCK is
used to strobe out WRITE DATA and the positive edge will
strobe WRITE DATA into the Drive.

The WRITE CLOCK positive edge has to be centered within
WRITE DATA after it is received by the drive. The transmit-
ted WRITE CLOCK and WRITE DATA must be as closely
matched as possible.

National's DS8921A, 22A, and DS8923A devices offer the
combination of tightly spec’d parameters and drivers and
receivers on one chip to meet various system timing con-
straints.
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Section Contents
TEMPERATURE RANGE PAGE
—55°Cto +125°C  0°Cto +70°C DESCRIPTION NUMBER
—_ DP8303A 8-Bit TRI-STATE Bidirectional Transceiver 2-6
*DP7304B DP8304B 8-Bit TRI-STATE Bidirectional Transceiver 2-11
e DP83BC04 8-Bit CMOS TRI-STATE Bidirectional
Transceiver 2-16
e DP8307A 8-Bit TRI-STATE Bidirectional Transceiver 2-21
DP7308 DP8308 8-Bit TRI-STATE Bidirectional Transceiver 2-25
—_ DP83BC08 8-Bit CMOS TRI-STATE Bidirectional
Transceiver 2-29
DS26S10M DS26S10C Quad Bus Transceiver 2-34
DS26S11M DS26S11C Quad Bus Transceiver 2-34
_— DS3662 Quad High Speed Trapezoidal Bus
Transceiver 2-39
—_— AN-259 DS3662—The Bus Optimizer 2-43
—_— AN-337 Reducing Noise on Microcomputer Buses 2-50
e DS3666 IEEE-488 GPIB Transceiver 2-57
o DS3667 TRI-STATE Bidirectional Transceiver 2-65
—_ DS3862 Octal High Speed Trapezoidal Bus
Transceiver 2-70
—_— DS3890 BTL Octal Trapezoidal Driver 2-76
e DS3892 BTL Octal TRI-STATE Receiver 2-76
_— DS3893 BTL High Speed Quad Transceiver 2-82
—_— DS3896 BTL Octal Trapezoidal Transceiver 2-87
_ DS3897 BTL Quad Trapezoidal Transceiver 2-87
_— DS3898 BTL Octal Trapezoidal Repeater 2-76
—_— AN-458 The Proposed IEEE 896 Futurebus —
A Solution to the Bus Driving Problem 2-94
_ DS75160A IEEE-488 GPIB Transceiver 2-99
B — DS75161A |IEEE-488 GPIB Transceiver 2-99
B — DS75162A IEEE-488 GPIB Transceiver 2-99
*DS7640 DS8640 Quad NOR Unified Bus Receiver 2-107
DS7641 DS8641 Quad Unified Bus Transceiver 2-109
*DS7833 DS8833 Quad TRI-STATE Bus Transceiver 2-112
*DS7834 DS8834 Quad TRI-STATE Bus Transceiver 2-116
*DS7835 DS8835 Quad TRI-STATE Bus Transceiver 2-112
*DS7836 DS8836 Quad NOR Unified Bus Transceiver 2-120
*DS7837 DS8837 Hex Unified Bus Receiver 2-122
*DS7838 DS8838 Quad Unified Bus Transceiver 2-125
DS7839 DS8839 Quad TRI-STATE Bus Transceiver 2-116
DS8T26AM DS8T26A Quad Bidirectional Bus Transceiver 2-128
DS8T28M DS8T28 Quad Bidirectional Bus Transceiver 2-128
—_— DS8940 9-Bit TRI-STATE Bidirectional Register 2-132
e -DS8941 9-Bit TRI-STATE Bidirectional Register 2-132
*DM54S240 DM74S240 Octal TRI-STATE Line Driver/Receiver LOGIC
*DM54S241 DM74S241 Octal TRI-STATE Line Driver/Receiver LOGIC

. *Also available processed to various Military screening levels. Refer to Section 9.
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Bus Transceivers

A bus is a common communication medium, such as a ca-
ble or a printed circuit trace, that is time shared by several
elements of a system. Single-ended bus circuits are listed in
this section and these may be further categorized into open-
collector circuits and TRI-STATE circuits.

When not transmitting, a bus driver should be capable of
presenting a high impedance output in order to allow other
drivers to freely use the bus. This is achieved by using either
an open-collector or TRI-STATE output.

Open-collector drivers may be connected in a wired-or con-
figuration which is very useful for polling and bus arbitration.
These devices require pull-up resistors, which can also
serve as bus terminators.

TRI-STATE drivers, on the other hand, do not require bus
termination for short bus runs on PC boards. In addition,
TRI-STATE devices provide improved rise time characteris-
tics with low power dissipation. Hence, they are popular in
high-speed microcomputer systems.

A single-ended bus is highly susceptible to noise, including
ground noise and crosstalk. For this reason the bus should
not be extended beyond the subsystem’s enclosure without
special care. Line lengths in excess of 10 feet are not rec-
ommended without the use of noise reduction techniques,
such as slew rate control, high receiver thresholds and
noise filtering. Devices such as National Semiconductor's
DS3662 and DS3862 Trapezoidal bus transceivers and
DS3896 and DS3897 Future Bus transceivers are specifical-
ly designed for reducing crosstalk and noise susceptibility
on high-speed buses.

FUTUREBUS TRANSCEIVERS

The DS3896 and DS3897 are the first two devices designed
for driving high-speed microcomputer backplane buses.
Both devices meet the proposed IEEE-P896 Future Bus
standard and incorporate low output capacitance (<5 pF)
with the ability to drive a bus with a loaded impedance of
less than 189. This excellent drive capability is achieved
while still maintaining high levels of noise immunity.

POWER UP/DOWN GLITCH FREE PROTECTION

Powering a device up or down, or simply connecting or dis-
connecting a device from an active bus, has frequently pre-
sented the design engineer with the problem of invalid data
glitches being transmitted onto the bus. National Semicon-
ductor is the industry leader in offering bus transceivers in-
corporating glitch-free power up/down protection. For more
detailed information on National Semiconductor’'s line of
bus transceivers, refer to the following Selection Guide and
application notes within this section.
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BUS CIRCUITS
Data bus circuits are not transmission line circuits in the normal interpretation where the transmission line is electrically long (1/4 wavelength) with respect to the baud rate. Like
unbalanced transmission lines, the data transmission is susceptible to common-mode noise, such as ground IR noise and induced reactive noise from crosstalk. A bus is a
communications method where many elements of a system time share the same signal (address or data) bus. A bus shouldn’t extend out of its subsystem’s electronic enclosure
without special care. Line length in excess of 10 feet is not recommended without slew rate control. Cables should be in the form of twisted pair or flat cable where a signal wire is
alternated with a ground wire.

OPEN-COLLECTOR BUS CIRCUITS

Device Number Driver/ Bus Driver Bus Receiver
Circuits/ Page
Commercial Military Package | eCeIVer/ | Propagation | Vo (V)/ | Propagation | ViL(V)/ | Viy(V)/ | Hysteresis Comments

0°C to +70°C | —55°C to +125°C Transceiver | pelay (ns) | loL (mA)| Delay (ns) i (rA) | g (nA) ) No.
DM8131 DM7131 1 Receiver 30 0.95/50 2/50 0.65 6-Bit Bus Comparator LOGIC
DM8136 DM7136 1 Receiver 30 0.95/50 2/50 0.65 6-Bit Bus Comparator LOGIC
DS26S10 DS26S10M 4 Transceiver 10 0.8/100 10 1.75/—100 | 2.25/100 2-34
DS26S11 DS26S11M 4 Transceiver 10 0.8/100 10 1.75/—100 | 2.25/100 Input to Bus is Non-Inverting 2-34
DS3662 4 Transceiver 30 0.9/100 40 1.50/400 | 1.9/100 Trapezoidal Transceiver 2-39
DS3862 8 Transceiver Trapezoidal Transceiver 2-70
DS3890 8 Driver 15 Futurebus Driver 2-76
DS3892 8 Receiver 18 Futurebus Receiver 2-76
DS3893 4 Transceiver 7 8 TURBOTRANSCEIVER 2-82
DS3896 8 Transceiver Futurebus Transceiver 2-87
DS3897 4 Transceiver Futurebus Transceiver 2-87
DS3898 8 Repeator 30 Futurebus Repeator 2-76
DS75450 DS55450 2 Driver 20 0.7/300 AND Separate Output Transistors | 3-41
DS75451 DS55451 2 Driver 18 0.7/300 AND 3-41
DS75452 DS55452 2 Driver 26 0.7/300 NAND 3-41
DS75453 DS55453 2 Driver 18 0.7/300 OR 3-41
DS75454 DS55454 2 Driver 27 0.7/300 NOR 341
DS8640 DS7640 4 Receiver 23 1.2/-50 1.8/50 Quad NOR Receiver 2-107
DS8641 DS7641 4 Transceiver 30 0.7/50 30 1.2/—100 | 1.8/100 2-109
DS8836 DS7836 4 Receiver 20 1.05/—-50 | 2.65/50 1 Quad NOR Receiver 2-120
DS8837 DS7837 6 Receiver 20 1.05/—50 | 2.65/50 1 2-122
DS8838 DS7838 4 Transceiver 25 0.8/50 30 1.05/—100 | 2.65/100 1 2-125
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TRI-STATE® BUS CIRCUITS

Bus Driver Bus Receiver
Device Number Circuits/ Driver/ - - Page
. — Package| Receiver/ |PrOPAgANON y o )/l yoy vy |PTOPRIRMON vy vy | vigy (v |Hysteresis Comments Mo,
Commercial Military Transceiver] _ "¢ lioL (mA)|lop(mA)[ oY | Iy (nA) |l (pA)| (mV)
0°C to +70°C| —55°C to +125°C Typ (ns) Typ (ns)
DM74S240 [DM54S240 4o0r8 [Transceiver 4.5 0.55/64 | 2.4/-3 4.5 0.8/—400| 2/50 400 Non-Inverting LOGIC
DM74S241 DM54S241 40r8 |Transceiver 6 0.55/64 | 2.4/-3 6 0.8/—400 | 2/50 400 Inverting LOGIC
DM74S940 |DM54S940 8 Transceiver 4.5 0.55/64 | 2.4/—3 4.5 0.8/—400 | 2/50 400 Non-Inverting LOGIC
DM74S5941 DM545941 8 Transceiver 6 0.55/64 | 2.4/—3 6 0.8/—400| 2/50 400 Inverting LOGIC
DP8212 DP8212M 8 Driver 20 0.45/15| 3.6/ —1 8080 MPU Data Latch and Service
Request f/f 6-5
DP8216 DP8216M 4 Transceiver 20 0.6/55 | 3.6/—1 15 0.95/—250| 2/10 8080 MPU Non-Inverting 6-13
DP8226 DP8226M 4 Transceiver 16 0.6/50 | 3.6/—1 15 0.95/—250| 2/10 8080 MPU Inverting 6-13
DP8228 DP8228M 8 Transceiver 30 0.45/10 | 2.4/—-1 20 0.8/—250| 2/20 8080 MPU System Bus Controller
and Bus Driver 6-24
DP8238 DP8238M 8 Transceiver 30 0.45/10| 2.4/—1 20 0.8/—250| 2/20 8080 MPU System Bus Controller
and Bus Driver 6-24
DP8303A 8 Transceiver 10 0.5/50 | 3.6/—5 10 0.8/—250 2/80 Bidirectional Inverting 2-6
DP83048B DP7304B 8 Transceiver 10 0.5/50 | 3.6/—5 15 0.8/—250 2/80 Bidirectional Non-Inverting IEEE
488 2-11
DP83BC04 8 Transceiver 2-16
DP8307A 8 Transceiver 10 0.5/50 | 3.6/—5 10 0.8/—250| 2/80 Bidirectional Inverting 2-21
DP8308 DP7308 8 Transceiver 1 0.5/50 | 3.6/—5 15 0.8/—250| 2/80 Bidirectional Non-Inverting 2-25
DP83BC08 8 Transceiver 2-29
DS3647 4 Transceiver 8 0.5/50 | 2.4/—-5 7 0.8/—500| 2/100°" Quad Bidirectional I/0 Register 5-32
DS3666 8 Transceiver 20 0.5/48 |2.5/—5.2 20 0.8/—100 | 2720 400 |EEE 488 GPIB 2-57
DS3667 8 Transceiver 20 0.5/48 (2.5/—-5.2 20 0.8/—100| 2/20 400 2-65
DS75160A 8 Transceiver 20 0.5/48 |2.5/—-5.2 20 0.8/~100 | 2720 400 |EEE 488 GPIB 2-99
DS75161A 8 Transceiver 20 0.5/48 |2.5/—-5.2 20 0.8/—100 | 2/20 400 |EEE 488 GPIB 2-99
DS75162A 8 Transceiver 20 0.5/48 |2.5/—-5.2 20 0.8/—100| 2/20 400 IEEE 488 GPIB 2-99
DS8T26A DS8T26AM 4 Transceiver 14 0.5/48 |2.4/—-10 14 0.85/—200| 2/20 Inverting 2-128
DS8T28 DS8T28M 4 Transceiver 17 0.5/48 |2.4/—-10 17 0.85/—200( 2/20 Non-Inverting 2-128
DS8833 DS7833 4 Transceiver 14 0.5/50 |2.4/—10 20 0.8/—40 | 2/80 400 Non-Inverting TRI-STATE Receiver| 2-112
DS8834 DS7834 4 Transceiver 14 0.5/50 |2.4/-10 20 0.8/—40 | 2/80 400 Inverting 2-116
DS8835 DS7835 4 Transceiver 14 0.5/50 |2.4/-10 20 0.8/—40 | 2/80 400 Inverting TRI-STATE Receiver 2-112
DS8839 DS7839 4 Transceiver 14 0.5/50 |2.4/-10 20 0.8/—40 | 2/80 400 Non-Inverting 2-116
DS8940 9 Transceiver 0.5/48 |2.5/—15 0.8/—500  2/50 9-Bit Latchable 2-132
DS8941 9 Transceiver 0.5/48 [2.5/—15 0.8/—500 | 2/50 9-Bit Latchable 2-132

Note: Unless otherwise specified, bus circuits listed above are TTL compatible and use 5V supplies.
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National
Semiconductor
Corporation

DP8303A 8-Bit TRI-STATE®

Bidirectional Transceiver (Inverting)

General Description

This family of high speed Schottky 8-bit TRI-STATE bidirec-
tional transceivers are designed to provide bidirectional
drive for bus oriented microprocessor and digital communi-
cations systems. They are all capable of sinking 16 mA on
the A ports and 48 mA on the B ports (bus ports). PNP
inputs for low input current and an increased output high
(Vor) level allow compatibility with MOS, CMOS, and other
technologies that have a higher threshold and less drive
capabilities. In addition, they all feature glitch-free power
up/down on the B port preventing erroneous glitches on the

system bus in power up or down.

DP8303A and DP7304B/DP8304B are featured with Trans-
mit/Receive (T/R) and Chip Disable (CD) inputs to simplify
control logic. For greater design flexibility, DP8307A and

DP7308/DP8308 are featured with Transmit (T) and
Receive (R) control inputs.

Features

m 8-bit directional data flow reduces system package
count

m Bidirectional TRI-STATE inputs/outputs interface with
bus oriented systems

B PNP inputs reduce input loading

m Output high voltage interfaces with TTL, MOS, and
CMOS

W 48 mA/300 pF bus drive capability

m Pinouts simplify system interconnections

m Transmit/Receive and chip disable simplify control logic

m Compact 20-pin dual-in-line package

m Bus port glitch free power up/down

Logic and Connection Diagrams

Dual-In-Line Package

(a1 ./ 122 vee
AﬂO—'—l B0
m—z‘ LRy
a2 }-’l B1
Al 81
A2 B2 PR L
Al 81 APORT 5
APORT 4 A4 84 » B PORT Af ——e i B3
A% 85 B PORT
AB o-[: :]-o 86 AS -—5‘ S g
A7 B7
O_I- -7 - _,-o AB ! 1 B5
TRANSMIT/RECEIVE —
e ]
L A= 13 66
CHIP DISABLE—g— -12—87J
CHIP DISABLE
{cot - 10 1
TL/F/5856-1 GND— [— TRAN/REC
TL/F/5856-2
Top View
Order Number DP8303AJ or DP8303AN
. See NS Package Number J20A, N20A
Logic Table
Inputs Resulting Conditions
Chip Disable Transmit/Receive A Port B Port
0 0 ouT IN
0 1 IN ouT
1 X TRI-STATE TRI-STATE

X = Don’t care
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Absolute Maximum Ratings (Note 1)
Specifications for Military/Aerospace products are not

Storage Temperature

—65°Cto +150°C

contained In this datasheet. Refer to the associated Lead Temperature (soldering, 4 seconds) 260°C
reliability electrical test specifications document.

Supply Voltage v Recommended Operating

Input Voltage 5.5V Conditions

Output Voltage 5.5V Min Max Units
Maximum Power Dissipation* at 25°C Supply Voltage (Vcc)

Cavity Package 1667 mwW DP8303A 475 5.25 v
'D:f:t)ldieittapjﬁlaggz 11.1 mW/°C above 25°C; derate moldlc? 21:;\9/: Te;‘::égg;e (TA) 0 70 °c
14.7 mW/°C.

DC Electrical Characteristics (otes 2and 3)
Symbol | Parameter | Conditions Min Typ | Max | Units
A PORT (A0~A7)
ViH Logical “1" Input Voltage CD =V, T/R = 2.0V 2.0 \'/
ViL Logical “0” Input Voltage CD =V, T/R = 2.0V 0.7 \
VoH Logical “1” Output Voltage | CD = T/R = V| loH = —04mA | Voc — 1.15 | Vg — 0.7 \'
ViL =08V lon = —3mA 2.7 3,95 Vv
VoL Logical “0” Output Voltage | CD = T/R = V|, loL = 16 mA 0.35 0.5 v
ViL = 0.5V loL = 8 mA 0.3 0.4 v
los gz:f:;tShort Circuit sgc =V'::1_,al: /(i;ow\ﬁ,)_. Vo = 0V, —-10 _38 ~75 | maA
liH Logical “1” Input Current CD = V), T/R = 2.0V, V| = 2.7V 0.1 80 uA
h Input Current at Maximum | CD = 2.0V, Vgg = Max, Vi = 5.25V 1 mA
Input Voltage
o Logical “0"” Input Current CD = Vi, T/R = 2.0V, V)N = 0.4V ~70 —200 | pA
Veiamp | Input Clamp Voltage CD = 2.0V,Iy = —12mA -0.7 —-1.5 \
lop Output/Input CD = 2.0V ViN = 0.4V —200 | pA
TRI-STATE Current VN = 4.0V 80 pA
B PORT (B0~B7)
ViH Logical ““1” Input Voltage CD=V,T/R=V 2.0 \')
ViL Logical “‘0” Input Voltage CD=V,T/R=V) 0.7 \'
VoH Logical “1” Output Voltage | CD = V|, T/R=20V | Ilgy= —04mA | Vog — 1.15 | Voo —0.8 \
ViL = 0.5V loh = —5mA 2.7 3.9 v
lo = —10 mA 2.4 3.6 \'
VoL Logical “0” Output Voltage | CD = V), T/R = 2.0V loL = 20 mA 0.3 0.4 \'
loL = 48 mA 0.4 0.5 v
los gﬁ:f::tsm Circuit SEC =Vh|;‘_,a:', /(qutei;)v' Vo = 0V, —25 —50 —150 | ma
i1 Logical “1” Input Current CD =V, T/R= V|,V =27V 0.1 80 pA
Iy Input Current at Maximum |} CD = 2.0V, Vgg = Max, Vi = 5.25V 1 mA
Input Voltage
i Logical "“0" Input Current CD =V, T/R = V|, VN = 0.4V -70 —200 | pA
Vcramp | Input Clamp Voltage CD = 2.0V,IIN= —12mA -0.7 —-1.5 \
lop Output/Input CD = 2.0V Vin = 0.4V —200 | pA
TRI-STATE Current ViN = 0.4V +200 | pA

veoesda




e Nuw

DP8303A

- NS N T AT

DC Electrical Charcateristics (Notes 2 and 3) (Continued)

Symbol | Parameter | Conditions | MInJ Typ | Max | Units
CONTROL INPUTS CD, T/R ”
ViH Logical “‘1” Input Voltage 2.0 v
viL Logical ““0” Input Voltage 0.7 Vv
IH Logical “1"” Input Current Vg = 2.7V 0.5 20 HA
| Maximum Input Current Ve = Max, Vg = 56.25V 1.0 mA
L Logical ““0"” Input Current VL = 0.4V T/R -0.1 —0.25 mA
CD —0.25 -0.5 mA
VcLAMP Input Clamp Voltage IIN= —12mA —-0.8 -1.5 \
POWER SUPPLY CURRENT
lcc Power Supply Current CD = 2.0V, VN, Vcc = Max 70 100 mA
CD = 0.4V, V|ya = T/R = 2V, Voo = Max 100 150 mA

AC Electrical Characteristics vec = 5v, Ta = 25°C

Symbol l : Parameter I Conditions | Min | Typ | Max | Units
A PORT DATA/MODE SPECIFICATIONS
tPDHLA Propagation Delay to a Logical “0” from | CD = 0.4V, T/R = 0.4V (Figure A) 8 12 ns
B Port to A Port R1 = 1k, R2 = 5k, C1 = 30 pF
tPDLHA Propagation Delay to a Logical “1” from | CD = 0.4V, T/R = 0.4V (Figure A) 11 16 ns
B Port to A Port ) R1 = 1k, R2 = 5k, C1 = 30 pF
tpLzA Propagation Delay from a Logical “0” to | BOtoB7 = 2.4V, T/R = 0.4V (Figure C) 10 15 ns
TRI-STATE from CD to A Port S3=1,R5 = 1k,C4 = 15pF
tPHZA Propagation Delay from a Logical “1” to | BOto B7 = 0.4V, T/R = 0.4V (Figure C) 8 15 ns
TRI-STATE from CD to A Port S3 = 0,R5 = 1k, C4 = 15pF
tpzLA Propagation Delay from TRI-STATE to BO to B7 = 2.4V, T/R = 0.4V (Figure C) 20 30 ns
a Logical “0” from CD to A Port 83 =1,R5 = 1k, C4 = 30 pF
tpzHA Propagation Delay from TRI-STATE to BOto B7 = 0.4V, T/R = 0.4V (Figure C) 19 30 ns
a Logical “1” from CD to A Port 83 = 0, R5 = 5k, C4 = 30 pF
B PORT DATA/MODE SPECIFICATIONS
tPDHLB Propagation Delay to a Logical “0” from | CD = 0.4V, T/R = 2.4V (Figure A) 12 18 ns
A Port to B Port R1 = 1000, R2 = 1k, C1 = 300 pF 7 12 ns
R1 = 6670, R2 = 5k,C1 = 45pF
tpDLHB Propagation Delay to a Logical “1” from | CD = 0.4V, T/R = 2.4V (Figure A) 15 20 ns
A Port to B Port R1 = 1009, R2 = 1k, C1 = 300 pF 9 14 ns
R1 = 6670, R2 = 5k,C1 = 45pF
tpLzB Propagation Delay from a Logical “0” to | AOto A7 = 2.4V, T/R = 2.4V (Figure C) 13 18 ns
TRI-STATE from CD to B Port 83 = 1,R5 = 1k,C4 = 15pF
tPHZB Propagation Delay from a Logical “1” to | AOto A7 = 0.4V, T/R = 2.4V (Figure C) 8 15 ns
TRI-STATE from CD to B Port 83 = 0,R5 = 1k,C4 = 15pF
trLzB Propagation Delay from TRI-STATE to AOto A7 = 2.4V, T/R = 2.4V (Figure C) 25 a5 ns
a Logical 0" from CD to B Port S3 = 1, R5 = 1002, C4 = 300 pF 16 25 ns
S3 = 1,R5 = 6670,C4 = 45 pF
tpzHB Propagation Delay from TRI-STATE to AOto A7 = 0.4V, T/R = 2.4V (Figure C) 22 a5 ns
a Logical ““1” from CD to B Port 83 = 0,R5 = 1k, C4 = 300 pF 14 25 ns
§3 = 0, R5 = 5k, C4 = 45pF
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AC Electrical Characteristics v = 5v, Ta = 25°C (Continued)

Symbol I Parameter

Conditions | min [ Typ | Max | units

TRANSMIT/RECEIVE MODE SPECIFICATIONS

tTRL Propagation Delay from Transmit Mode to | CD = 0.4V (Figure B)
Receive a Logical “0”, T/R to A Port S1 = 1,R4 = 1009,C3 = 5pF 23 35 ns
82 = 1,R3 = 1k,C2 = 30 pF
tTRH Propagation Delay from Transmit Mode to | CD = 0.4V (Figure B)
Receive a Logical “1", T/R to A Port 81 = 0,R4 = 1000, C3 = 5pF 23 35 ns
S2 = 0,R3 = 5k, C2 = 30 pF
tRTL Propagation Delay from Receive Mode to | CD = 0.4V (Figure 5)
Transmit a Logical “0”, T/R to B Port S1 = 1,R4 = 1000, C3 = 300 pF 23 35 ns
S2 = 1,R3 = 300Q,C2 = 5pF
tRTH Propagation Delay from Receive Mode to | CD = 0.4V (Figure B)
Transmit a Logical “1”, T/R to B Port S1 = 0,R4 = 1k,C3 = 300 pF 27 35 ns
82 = 0,R3 = 30092, C2 = 5 pF

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 supply and temperature range listed in the table of Recommended Operating Conditions.

All typical values given are for Vog = 5V and T4 = 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.

Switching Time Waveforms and AC Test Circuits

v
NPUT Nt ty=tf < 10ns te
A OR B 15V 10% TO 80% 15V
av
tPOLH tPDHL
ouTPUT
& 08 An 15V 15V
TL/F/5856-3
vce vce
Rl
INPUT ouTPUT
DEVICE
PULSE
GENERATOR UNfER

Note: C1 includes test fixture capacitance.

— I

TL/F/5856-4

FIGURE A. Propagation Delay from A Port to B Port or from B Port to A Port
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Switching Time Waveforms and AC Test Circuits (continued)

v
Ft, tr =t < 10ns i
Ineut 15V 10% 70 90% S
uv—-/-

IRTL— aropr-  [TRL—

BPORT RTH—> TTRH—>

1.5V 15V

OUTPUT

TL/F/5856-5

vee

DEVICE v
Vic =0 UNDER Re PPV
TEST {
- =0 S1=0 L

PULSE
GENERATOR

TL/F/5856-6
Note: C2 ad C3 include test fixture capacitance.

FIGURE B. Propagation Delay from T/R to A Port or B Port

v

tr =t < 10ns tf
'N"g; 10% T0 90% % 15V
ov  ———
tPZH—>]
PORT OUTPUT
15V
15V
05V
PORT OUTPUT -t
tpzL —-
TL/F/5856-7
vece
24v0 4

PORT o PORT

INPUT 04\/&— OUTPUT
- INPUT

DEVICE .

UNDER S3=1 v
TEST RS e
PULSE co )
GENERATOR |9

] SF?j__—
T 1 -

TL/F/5856-8
Note: C4 includes test fixture capacitance. Port input is in a fixed logica! condition. See AC table.

FIGURE C. Propagation Delay to/from TRI-STATE from CD to A Port or B Port
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National
Semiconductor
Corporation

DP7304B/DP8304B 8-Bit TRI-STATE®
Bidirectional Transceiver (Non-Inverting)

General Description

The DP73048B/DP8304B are high speed Schottky 8-bit
TRI-STATE bidirectional transceivers designed to provide
bidirectional drive for bus oriented microprocessor and digi-
tal communications systems. They are all capable of sinking
16 mA on the A ports and 48 mA on the B ports (bus ports).
PNP inputs for low input current and an increased output
high (Von) level allow compatibility with MOS, CMOS, and
other technologies that have a higher threshold and less
drive capabilities. In addition, they all feature glitch-free
power up/down on the B port preventing erroneous glitches
on the system bus in power up or down.

DP7304B/DP8304B are featured with Transmit/Receive
(T/R) and Chip Disable (CD) inputs to simplify control logic.

Features

m 8-bit bidirectional data flow reduces system package
count

m Bidirectional TRI-STATE inputs/outputs interface with
bus oriented systems

B PNP inputs reduce input loading

m Output high voltage interfaces with TTL, MOS, and
CMOS

B 48 mA/300 pF bus drive capability

B Pinouts simplify system interconnections

m Transmit/Receive and chip disable simplify control logic

m Compact 20-pin dual-in-line package

m Bus port glitch free power up/down

Logic and Connection Diagrams

Dual-In-Line Package

r- _I A0 -/ 20 vee
/] BO
! I a4 LR Bﬂ
A2—— l 81
Al 81 =y ALY
“gj_ 82 APORT ”
A3 0-—{: B3 Ay —ti — 83
APORT{ A4 B4 » BPORT B PORT
Asgj— . 85 A5 = LI
AG o-—E j—o 86 7 14
ao—_ _ ] __ _I—owm A6 — .
TRANSWIT/RECEIVE = L 6
(T/R) .
CHIP DISABLE—w 11—2-87J
cun'—n 1N TRAN/REC
CHIP DIS
M I s o= TUF/8793-2
TL/F/8793-1 Top View
Order Number DP7304BJ, DP8304BJ,
DP8304BN or DP8304BWM
See NS Package Number J20A, N20A or M20B
Logic Table
Inputs Resulting Conditions
Chip Disable Transmit/Recelve A Port B Port
0 0 out IN
0 1 IN ouT
1 X TRI-STATE TRI-STATE
X = Don’t Care
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DP7304B/DP8304B
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Absolute Maximum Ratings (ote 1)

Recommended Operating

Specifications for Military/Aerospace products are not Conditions
contained In this datasheet. Refer to the associated Min Max Units
reliability electrical test specifications document. Supply Voltage (Vo)
Supply Voltage I DP7304B 45 55 v
Input Voltage 5.5V DP8304B 4.75 5.25 Y
oot ™ s
Maximum Power Dissipation* at 25°C DP8304B 0 70 °C
Cavity Package 1667 mW
Molded Package 1832 mwW
Lead Temperature (soldering, 4 sec.) 260°C
*Derate cavity package 11.1 mW/°C above 25°C; derate molded package
14.7 mW/°C above 25°C.
DC Electrical Characteristics (otes2and3)
Symbol | Parameter | Conditions Min | Typ | Max |units
A PORT (A0-A7)
ViH Logical “1” Input Voltage | CD = V), T/R = 2.0V 2.0 Vv
viL Logical “0” Input Voltage | CD = V), T/R = 2.0V DP8304B 0.8 \
DP7304B 0.7 V'
VoH Logical “1” Output Voltage | CD = V), T/R = V_ loqy = —0.4mA | Vgc—1.15 [ Vg —0.7 \'%
loy= —3mA 27 3.95 v
VoL Logical “0” Output Voltage [ CD = T/R = V|_| lo. = 16 mA (8304B) 0.35 0.5 \
loL = 8 mA (both) 0.3 0.4 \
los 8::3:;18h0rt Circuit S(II;)C =V,-lTl{,aI ::llme Z;L- Vo = 0V, 10 _a8 ~75 | ma
IIH Logical “1” Input Current | CD = Vi, T/R = 2.0V, V| = 2.7V 0.1 80 nA
I Input Current at Maximum CD_ = 2.0V, Vcc = max, V| = 5.25V 1 mA
Input Voltage
L Logical “0” Input Current | CD = V), T/R = 2.0V, Vjy = 0.4V -70 —-200| pA
Vcramp | Input Clamp Voltage CD=20V,IIly= —12mA -0.7 -15 \"
lop Output/Input CD = 2.0v VIN = 0.4V —200| pA
TRI-STATE Current ViN = 4.0V 80 A
B PORT (B0-B7)
ViH Logical “1” Input Voltage | CD = V), T/R = V_ 20 \
ViL Logical “0” Input Voltage | CD = V|, T/R = Vj_ DP8304B 0.8 \]
DP7304B 0.7 \
VoH Logical **1”" Output Voltage | CD = V), T/R = 2.0V loH = —0.4mA | Vgg—1.15| Vcc—0.8 Vv
loH = —5mA 27 3.9 \
loH= —10mA 2.4 3.6 \'
VoL Logical “0” Output Voltage | CD = V., T/R = 2.0V loL = 20 mA 0.3 0.4 \
loL = 48 mA 0.4 0.5 v
los gz:reu;tShon Circuit S([:)C =V,|7':az ::ilme i.)ov, Vo =0V, —25 50 | ~150| ma
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DC Electrical Characteristics (Notes 2 and 3) (Continued)

Symbol | Parameter | Conditions l Min I Typ | Max | Units
B PORT (B0-B7) (Continued)
K Logical “*1"” Input Current CD =V, T/R=V|,V =27V 0.1 80 RA
I Input Current at Maximum CD = 2.0V, Vcc = max, V|4 = 5.25V 1 mA
Input Voltage
IiL Logical *0” Input Current CD =V, T/R = V|, V|n = 04V =70 —200 MA
VeLAMP Input Clamp Voltage CD = 20V,Ijy= —12mA -0.7 -15 \
lop Output/Input Cbh = 2.0V VIN = 0.4V —200 pA
TRI-STATE Current ViN = 4.0V +200 A
CONTROL INPUTS CD, T/R
VIH Logical “1” Input Voltage 2.0 )
ViL Logical “‘0” Input Voltage DP8304B 0.8 \"
DP7304B 0.7 v
IH Logical “1” Input Current Vi = 2.7V 0.5 20 RA
I Maximum Input Current Veg = max, Viy = 5.25V 1.0 mA
I Logical “0” Input Current Vi = 0.4V T/R —0.1 -0.25 mA
cb —0.25 —0.5 mA
VCLAMP Input Clamp Voltage In= —12mA -0.8 —-1.5 \
POWER SUPPLY CURRENT
lcc Power Supply Current CD = 2.0V, V|y = 0.4V, Vcc = max 70 100 ‘mA
CD = Vina = 0.4V, T/R = 2V, Vg = max 90 140 mA

AC Electrical Characteristics v = 5v, T4 = 25°C

av0€8d0d/av0€.dd

Symbol | Parameter | Conditions I Min l Typ I Max | Units

A PORT DATA/MODE SPECIFICATIONS

tPDHLA Propagation Delay to a Logical 0" from CD = 0.4V, T/R = 0.4V (Figure A) 14 18 ns
B Port to A Port R1 = 1k,R2 = 5k,C1 = 30 pF

tPDLHA Propagation Delay to a Logical “1” from CD = 0.4V, T/R = 0.4V (Figure A) 13 18 ns
B Port to A Port R1 = 1k,R2 = 5k, C1 = 30 pF

tpLZA Propagation Delay from a Logical 0" to BOto B7 = 0.4V, T/R = 0.4V (Figure C) 1 15 ns
TRI-STATE from CD to A Port S3 = 1,R5 = 1k,C4 = 15pF

tPHZA Propagation Delay from a Logical “1” to BOto B7 = 2.4V, T/R = 0.4V (Figure C) 8 15 ns
TRI-STATE from CD to A Port 83 = 0,R5 = 1k,CR = 15pF

tpzLA Propagation Delay from TRI-STATE to BO to B7 = 0.4V, T/R = 0.4V (Figure C) 27 35 ns
a Logical “0” from CD to A Port S3 =1,R5 = 1k,C4 = 30pF

tpzHA Propagation Delay from TRI-STATE to BO to B7 = 2.4V, T/R = 0.4V (Figure C) 19 25 ns
a Logical ““1” from CD to A Port S3 = 0,R5 = 5k,C4 = 30 pF

B PORT DATA/MODE SPECIFICATIONS

tPDHLB Propagation Delay to a Logical “0" from CD = 0.4V, T/R = 2.4V (Figure A)
A Port to B Port R1 = 100Q, R2 = 1k, C1 = 300 pF 18 23 ns

R1 = 6670, R2 = 5k, C1 = 45 pF 11 18 ns

tPDLHB Propagation Delay to a Logical “1” from CD = 0.4V, T/R = 2.4V (Figure A)

A Port to B Port Rt = 1009, R2 = 1k, G1 = 300 pF 16 23 ns
R1 = 6670, R2 = 5k, C1 = 45pF 11 18 ns
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DP7304B/DP8304B

AC Electrical Characteristics vcc = 5v, Ta = 25°C (Continued)

Symbol

I Parameter

Conditions

| Min | Typ | Max I Units

B PORT DATA/MODE SPECIFICATIONS (Continued)

tpLze Propagation Delay from a Logical “0” to A0 to A7 = 0.4V, T/R = 2.4V (Figure C) 13 18 ns
TRI-STATE from CD to B Port S3 = 1,R5 = 1k, C4 = 15pF ’
tPHZB Propagation Delay from a Logical “1” to A0 to A7 = 2.4V, T/R = 2.4V (Figure C) 8 15 ns
TRI-STATE from CD to B Port S3 = 0,R5 = 1k,C4 = 15pF
tpzLB Propagation Delay from TRI-STATE to A0 to A7 = 0.4V, T/R = 2.4V (Figure C)
a Logical “0” from CD to B Port 83 = 1,R5 = 100Q, C4 = 300 pF 32 40 ns
S3 = 1,R5 = 6679, C4 = 45 pF 16 22 ns
tpzHB Propagation Delay from TRI-STATE to A0 10 A7 = 2.4V, T/R = 2.4V (Figure C)
a Logical 1" from CD to B Port 83 = 0,R5 = 1k, C4 = 300 pF 26 35 ns
S3 = 0,R5 = 5k,C4 = 45pF 14 22 ns
TRANSMIT/RECEIVE MODE SPECIFICATIONS
tTRL Propagation Delay from Transmit Modeto | CD = 0.4V (Figure B)
Receive a Logical “0”, T/R to A Port S1 = 0,R4 = 100Q,C3 = 5pF 30 40 ns
82 =1,R3 = 1k, C2 = 30pF
tTRH Propagation Delay from Transmit Mode to | CD = 0.4V, (Figure B)
Receive a Logical “1”, T/R to A Port S1=1,R4=100Q,C3 =5pF 28 40 ns
S2 = 0,R3 = 5k, C2 = 30 pF
tRTH Propagation Delay from Receive Mode to | CD = 0.4V (Figure B)
Transmit a Logical “1”, T/R to B Port S1 = 0, R4 = 1k, C3 = 300 pF 28 40 ns
S2 = 1,R3 = 300Q,C2 = 5pF

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 supply and temperature range listed in the table of Recommended Operating Conditions. All
typical values given are for Vog = 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.

Switching Time Waveforms and AC Test Circuits

3v
ty =t < 10ns tf
INPUT
Aq O By 15V 10% TO 90% 15V
ov
POLH tPOHL
ouTPUT
Bn OR Ap 15V 15V
TL/F/8793-3
vce vee
R1
INPUT oUTPUT
DEVICE
PULSE
GENERATOR UNDER
I T

Note: C1 includes test fixture capacitance.

TL/F/8793-4

FIGURE A. Propagation Delay from A Port to B Port or from B Port to A Port
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Switching Time Waveforms and AC Test Circuits (continued)

v
tr tr =t < 10ns tf
INPUT 15V Z 10% T0 90% 5 15V
ov—/. | S
QUTPUT et —
15V 15V
TRTL — TAL—»
BPORT o APORTA o
15V 15V
ouTPUT
TL/F/8793-5
V;c
APORT ‘ O BPORT-
DEVICE P
v
Vec-=0 UNDER R4 e
TEST e

=<}

= l .

PULSE
GENERATOR

Note: C2 and C3 include test fixture capacitance.

"I'CJ s1=0 L.

TL/F/8793-6

FIGURE B. Propagation Delay from T/R to A Port or B Port

v
ty = tf < 10ns "—-ﬂ
INPUT 10% TO 90% 15V
o N
ov
PZH—>]
PORT OUTPUT
15V
15V
05V
PORT QUTPUT -1
tpzL—>
TL/F/8793-7
vee
24v0 ’

PULSE
GENERATOR et

co

DEVICE
UNDER
TEST

Note: C4 includes test fixture capacitance.

Port input is in a fixed logical
condition. See AC table.

PORT
OUTPUT

§3=1

TL/F/8793-8

FIGURE C. Propagation Delay to/from TRI-STATE from CD to A Port or B Port
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PRELIMINARY

DP83BC04 8-Bit TRI-STATE® Bidirectional

Transceiver (Non-Inverting)

General Description

The DP83BCO04 is a Bipolar-CMOS 8-bit TRI-STATE bidirec-
tional transceiver (non-inverting), designed to provide bidi-
rectional drive for bus oriented microprocessor and digital
communication systems. It is capable of sinking 16 mA on
the A ports and 48 mA on the B ports (bus ports). PNP
transistors are used for low input currents and an increased
output high (Vor) level allows compatibility with MOS,
CMOS, and other technologies that have a higher threshold
and less drive capability. In addition it features glitch free
power up/down on the B port, preventing erroneous glitch-
es on the system bus.

Features

® 8-bit bidirectional data flow reduces system package
count

m Bidirectional TRI-STATE inputs/outputs interface with
bus oriented systems

B 5 mA maximum ICC in TRI-STATE mode

B 40 mA maximum ICC in active mode

m PNP inputs reduce input loading

B Output high voltage interfaces with TTL, MOS, and
CMOS

B 48 mA/300 pF bus drive capability

W Pinouts simplify system interconnections

m Transmit/Receive and chip disable simplify control logic

m Compact 20-pin dual-in-line package

m Bus port glitch free power up/down

Logic and Connection Diagrams

Dual-In-Line Package

( a4 ./ LR
AD! B0
A|-z— lg- Bq
AZ-—J' -i Bt
Al B1 Il 17
A2 8 A= —*
a3 83 APORT 5 1% o
APORT{ A4 B4 3 BPORT M= B
s 85 6 5 8PORT
nso—E j—o 86 A= —
MO—_ __ I __ 0w ag L] 14
{Tt};;«smmm o —‘4 13,
CHIP ElISI\BLE—g -ilu
cwip “'s‘é‘b‘, O snp = [\ rran/AET
TL/F/8626-1 Top View TL/F/8626-2
Order Number DP83BC04BJ
or DP83BC04BN
See NS Package Number J20A or N20A
Logic Table
Inputs Resulting Conditions
Chip Disable Transmit/Recelve A Port B Port
0 0 ouT IN
0 1 IN out
1 X TRI-STATE TRI-STATE

X = Don't care
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Absolute Maximum Ratings (ote 1)

Recommended Operating

Specifications for Military/Aerospace products are not Conditions
contained in this datasheet. Refer to the assoclated Min Max
reliability electrical test specifications document. Supply Voltage (Vo)
Supply Voltage v DP83BCO4 475 5.25
Input Voltage 5.5V Temperature (Ta)
Output Voltage 5.5V DP83BC04 0 70
Storage Temperature —65°Cto +150°C
Maximum Power Dissipation® at 25°C
Cavity Package 1667 mW
Molded Package 1832 mW
Lead Temperature (soldering, 4 seconds) 260°C
*Derate cavity package 11.1 mW/°C above 25°C; derate molded package
14.7 mW/°C above 25°C.
DC Electrical Characteristics (Notes 2and 3)
Symbol | Parameter | Conditions Min Typ | Max | Units
A PORT (A0-A7)
ViH Logical “1" Input Voltage CD =V, T/R =20V 2.0 \'/
ViL Logical “0"” Input Voltage CD =V, T/R = 2.0V DP83BC04 0.8 Vv
VoH Logical “1” Output Voltage | CD =V, T/R=V loH = —0.4mA | Vgg—1.15 | Vcc—0.7 \
loH = —3mA 2.7 3.95 Vv
VoL Logical “0” Output Voltage | CD = T/R = V| | loL = 16 mA 0.35 0.5 \
loL = 8 MA 0.3 0.4 \
los Output Short Circuit CD =V, T/R =V, Vo =0V, -10 —38 -75 mA
Current Vco = Max. (Note 4)
H Logical “1" Input Current CD =V, T/R = 2.0V, Viy = 2.7V 0.1 80 pA
I Input Current at Maximum | CD = 2.0V, Voo = Max, V|4 = 5.25V 1 mA
Input Voltage
M Logical “0" Input Current CD =V, T/R = 2.0V, V|y = 0.4V -70 —200 | pA
VcrLamp | Input Clamp Voltage CD=20V,Ijy= —-12mA -0.7 -1.5 Vv
lob Output/Input : CD = 2.0V ViN = 0.4V —200 | uwA
TRI-STATE Current Vin = 4.0V 80 A
B PORT (B0-B7)
ViH Logical “1” Input Voltage CD=V,, T/R=V,_ 2.0 \
ViL Logical “0” Input Voltage CD =V, T/R=V, DP83BC04 0.8 \'2
VoH Logical “1” Output Voltage | CD = V|, T/R = 2.0V lon = —0.4mA | Vcc—1.15 | Vcc—0.8 \'/
loH =] —5 mA 2.7 3.9 \'%
loy = —10mA 2.4 3.6 \%
VoL Logical “0” Output Voltage CD =V, T/R = 20V loL = 20 mA 0.3 0.4 Vv
loL = 48 mA 0.4 0.5 \'
los Output Short Circuit CD = V), T/R = 2.0V, Vo = 0V, -25 -50 —150 | mA
Current Vcc = Max, (Note 4)
[T} Logical “1” Input Current CD=V,,T/R=VLVH =27V 0.1 80 pA
I Input Current at Maximum | CD = 2.0V, Vgg = Max, V|y = 5.25V 1 mA
Input Voltage
M Logical 0" Input Current CD = Vi, T/R = V), VN = 0.4V ~70 —200 | pA
VoLamp | Input Clamp Voltage CD = 2.0V,Ijy= —12mA -0.7 -1.5 \%
lop Output/Input CD = 2.0V Vin = 0.4V —200 | pA
TRI-STATE Current ViN = 4.0V +200 nA

2-17

av028€8dd




DP83BC04B

NG N -

DC Electrical Characteristics (Notes 2 and 3) (Continued)

Symbol I Parameter i Conditions 1 M'Ll Typ T Max T Units
CONTROL INPUTS CD, T/R
VH Logical “1” Input Voltage 2.0 v
ViL Logical “0” Input Voltage J DP83BC04 0.8 \
4 Logical “1” Input Current | Viy = 2.7V 0.5 20 pA
I Maximum Input Current Voo = Max, Vi = 5.25V 1.0 mA
I Logical “0” Input Current | V)L = 0.4V T/R -0.1 —0.25 mA
CD —0.25 -0.5 mA
Vciamp | Input Clamp Voltage IIN= —12mA —-0.8 —-1.5 \
POWER SUPPLY CURRENT
Icc Power Supply Current CD = 2.0V, V|y = 0.4V, Voo = Max 5 mA
CD = Vina = 0.4V, T/R = 2V, Vgg = Max 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 table of “Electrical Characteristics’ provides conditions for actual device operation.
Note 2: Unless otherwise specitied min/max limits apply across the —55°C to + 125°C temperature range for the DP83BC04B and across the 0°C to +70°C range
for the DP73BC04B. All typical values are for Ty = 25°C and Vgg = 5V.
Note 3: All currents into device pins shown as positive, out of device pins as negative, alt voltages referenced to ground unless otherwise noted. All values shown
as max or min or absolute value basis.

AC Electrical Characteristics vgc = 5v, Ta = 25°C

Symbol I

Parameter

1

Conditions

| min | Typ | Max | units

A Port Data/Mode Specification (Figure A)

tppHLA | Propagation Delay to a Logical 0" CD = 0.4V, T/R = 0.4V, R1 = 1k, C1 = 50 pF 8.5 ns
from B Port to A Port S1=0,82=X,83=0,84=0,85=2

troLHA | Propagation Delay to a Logical “1” | CD = 0.4V, T/R = 0.4V, R1 = 1k, C1 = 50 pF 10 ns
from B Port to A Port S1=0,82=X83=0,84=0,85=2

trcoLza | Propagation Delay from “0” to B0-B7 = 0.4V, T/R = 0.4V, R1 = 1k,C1 = 50 pF 15.5 ns
TRI-STATE from CD to A Port $1=1,82=1,83=1,84=0,85=0

trcpHzA | Propagation Delay from “1” to B0-B7 = 2.4V, T/R = 0.4V, R1 = 1k, C1 = 50 pF 14 ns
TRI-STATE from CD to A Port $1=1,82=0,83=1,84=0,85=1

trcpzLa | Propagation Delay from B0-B7 = 0.4V, T/R = 0.4V, R1 = 1k, C1 = 50 pF 26 ns
TRI-STATE to “0” fromCDto APort [ S1 =1,52=1,83=1,84=0,85=0

tpcpzHA | Propagation Delay from B0-B7 = 2.4V, T/R = 0.4V, R1 = 1k, C1 = 50 pF 32 ns
TRI-STATE to “1” fromCDto APort | S1 = 1,82 = 0,83 = 1,84 = 0,85 = 1

tpTRLZA | Propagation Delay from *0” B0-B7 = 0.4V, CD = 0.4V, R1 = 1k, C1 = 50 pF 16.5 ns
to TRI-STATE from T/R to A Port S1=1,82=1,83=0,84=1,85=0

tpTRHZA | Propagation Delay from “1" B0-B7 = 2.4V, CD = 0.4V, R1 = 1k,C1 = 50 pF 15 ns
to TRI-STATE from T/R to A Port S$1=1,82=0,83=0,84=1,85=1

tpTRzLA | Propagation Delay from TRI-STATE | B0O-B7 = 0.4V, CD = 0.4V, R1 = 1k, C1 = 50 pF 27 ns
to “0” from T/R to A Port S$1=1,82=1,83=0,84=1,85=0

ttprzHA | Propagation Delay from TRI-STATE | BO-B7 = 2.4V, CD = 0.4V, R1 = 1k, C1 = 50 pF 33 ns
to *“1” from T/R to A Port S$1=1,82=0,83=0,84=1,85=1
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AC Electrical Characteristics vcc = 5v, T4 = 25°C (Continued) *
Symbol | Parameter Conditions [ Min | Typ | Max] units | &
o
B PORT DATA/MODE SPECIFICATION (F/GURE B) 6
trpHLB | Propagation Delay to a Logical “'0” CD = 0.4VT/R = 2.4V, R2 = 1500, 11 ns
from A Port to B Port R3 = 1009}, C2 = 300 pF,
S6=0,S7=1,88=10,89=2
trpLHB | Propagation Delay to a Logical “1” CD = 0.4, T/R = 2.4V, R2 = 1509, 18.5 ns
from A Port to B Port R3 = 1009}, C2 = 300 pF,
S6=10,S7=1,88=0,89=2
tpcoLze | Propagation Delay from “0” to A0~-A7 = 0.4V, T/R = 2.5V, R2 = 1509, 15.5 ns
TRI-STATE from CD to B Port R3 = 1000, C2 = 300 pF,
S6=1,87=1,88=1,89=0
tpcoHzB | Propagation Delay from “1” to AO-A7 = 2.4V, T/R = 2.5V, R2 = 1509, 135 ns
TRI-STATE from CD to B Port R3 = 100%, C2 = 300 pF,
$6=0,87=1,88=1,89=1
tpcpzLs | Propagation Delay from TRI-STATE “0” A0-A7 = 0.4V, T/R = 2.5V, R2 = 1509, 25 ns
from CD to B Port R3 = 1000, C2 = 300 pF,
S6=1,87=1,88=1,893=0
tpcpzHB | Propagation Delay from TRI-STATE to *“1” | A0-A7 = 2.5V, T/R = 2.5V, R2 = 1500, 36 ns
from CD to B Port R3 = 1009, C2 = 300 pF,
S6=0,57=1,88=1,89 =1
tpTrLZB | Propagation Delay from “0” to TRI-STATE | AO-A7 = 0.4V, CD = 0.4V, R2 = 1500, 22 ns
from T/R to B Port R3 = 1009, C2 = 300 pF,
S6=1,87=0,88=0,89=0
tpTRHZB | Propagation Delay from ““1" to TRI-STATE | A0O-A7 = 2.5V, CD = 0.4V, R2 = 150Q, 23 ns
from T/R to B Port R3 = 1000, C2 = 300 pF,
S6=0,S7=0,S8=0,S9 =1
tpTRzLB | Propagation Delay from TRI-STATE to “0” | AO-A7 = 0.4V, CD = 0.4V, R2 = 1500, 48 ns
from T/R to B Port R3 = 10002, C2 = 300 pF,
S6=1,87=0,S8=0,8S9=0
tpTRzHB | Propagation Delay from TRI-STATE to “1”’ | AO-A7 = 2.5V, CD = 0.4V, R2 = 1500, 53 ns
from T/R to B Port R3 = 1000, C2 = 300 pF,
86 =0,87=0,S8=0,89 =1
Test Circuit
Vee
T S5=1 I S5=2
= PULSE
A PORT O J_ O—>Qm—rij GENERATOR B PORT
ct DEVICE $5=0
I | ne 2
S1=0 s1=1 = TEST -
o TR M ] puse
R1 1L GENERATOR
Vee =
S4=0
s2=1 Lo s2=0 —
s3=1 PULSE
GENERATOR
S3=0
TL/F/8626-3
FIGURE A. A Port Test Load
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Test Circuit continued)
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DP8307A 8-Bit TRI-STATE®

Bidirectional Transceiver (Inverting)

General Description

The DP8307A is a high speed Schottky 8-bit TRI-STATE
bidirectional transceiver designed to provide bidirectional
drive for bus oriented microprocessor and digital communi-
cations systems. It is capable of sinking 16 mA on the A
ports and 48 mA on the B ports (bus ports). PNP inputs for
low input current and an increased output high (Vop) level
allow compatibility with MOS, CMOS, and other technolo-
gies that have a higher threshold and less drive capabilities.
In addition, it features glitch-free power up/down on the B
port preventing erroneous glitches on the system bus in
power up or down. )
DP8303A and DP7304B/DP8304B are featured with Trans-
mit/Receive (T/R) and Chip Disable (CD) inputs to simplify
contro! logic. For greater design flexibility, DP8307A and
DP7308/DP8308 is featured with Transmit (T) and
Receive (R) control inputs.

Features

m 8-bit bidirectional data flow reduces system package
count

®m Bidirectional TRI-STATE inputs/outputs interface with
bus oriented systems

® PNP inputs reduce input loading

| Output high votlage interfaces with TTL, MOS, and
CMOS

M 48 mA/300 pF bus drive capability

W Pinouts simplify system interconnections

m Independent T and R controls for versatility
m Compact 20-pin dual-in-line package

m Bus port glitch free power up/down

Logic and Connection Diagrams

APORT{ A4

TRANSMIT
M

eSSy

® W ©
88 =

B4 » BPORT

w @ ®
T s &

TL/F/8794-1

Logic Table
Control Inputs Resulting Conditions
Transmit | Receive A Port B Port
1 0 ouT IN
0 1 IN ouTt
1 1 TRI-STATE TRI-STATE
0 0 Both Active*

*This is not an intended logic condition and may cause oscillations.

Dual-In-Line Package

20
([ A0—] </ —vee
19
Al—] L— 50 )
Ai-?- 18 B1
n=4 LA
APORT . m
A ——t — B3
BPORT
AS—E- .i B4
14
AG = L— 85
T4 2 5
10 1" -
GND—
TL/F/8794-2
Top View

Order Number DP8307AJ or DP8307AN
See NS Package Number J20A or N20A
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DP8307A

Absolute Maximum Ratings (ote 1)

Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the assoclated

reliability electrical test specifications document.

Storage Temperature

Lead Temperature (soldering, 4 sec.)

260°C

—65°Cto +150°C

Supply Voltage v Recommended Operating
Input Voltage 5.5V Conditions
:)A::Z::u\:lig;er Dissipation* at 25°C oo Min Max Unlts
Cavity Package 1667 mW ?:r:ﬂz:ﬁt:ggg"C) 475 5;)5 \é
Molded Package 1832 mW
*Derate cavity package 11.1 mW/°C above 25°C; derate molded package
14.7 mW/°C above 25°C.
DC Electrical Characteristics (otes 2and3)
Symbol | Parameter I Conditions Min Typ | Max I Units
A PORT (A0-A7)
VIH Logical 1" Input Voltage T=VLR=20v 2.0 \"
ViL Logical 0" Input Voltage | T = vy, R = 2.0V 0.7 v
VOH Logical “1” Output Voltage | T = 20V,R=V|L | lon= —04mA Voo — 1.15 | Vgg — 0.7 v
Vi =05V lon = —3mA 27 3.95 v
VoL Logical “0” Output Voltage | T = 2.0V, loL = 16 mA 0.35 0.5 v
R=ViL loL = BmA 0.3 04 | v
los 83:feur:13hon Circuit ;CC 2=0;1/a)F(l (N;%'4\)/o ov, —~10 _ag -75 | mA
m Logical “1” Input Current | T = V|, R = 2.0V, V| = 2.7V 0.1 80 pA
Iy Input Current at Maximum | R = T = 2.0V, V¢ = max, Vi = 5.25V 1 mA
Input Voltage
I Logical “0” Input Current | T = V|, R = 2.0V, V|y = 0.4V -70 —200 | pA
Vcramp | Input Clamp Voltage T=R=20V,Iy=—-12mA -0.7 -1.5 \
lop Output/Input T=R=20v ViN = 0.4V —200 | pA
TRI-STATE Current Viy = 4.0V 80 A
B PORT (B0-B7)
ViH Logical “1” Input Voltage | T =2.0V,R = V) 2.0 v
ViL Logical “0" Input Voltage T=20vV,R=vV| 0.7 \
VoH Logical “1” Output Voltage | T = V), R = 2.0V loy = —0.4mA Ve — 115 | Vgg — 0.8 \
ViL = 0.5V loH = —5mA 2.7 3.9 v
lon = —10mA 2.4 36 v
VoL Logical “0” Output Voltage | T = V|, R = 2.0V loL = 20 mA 0.3 0.4 v
loL = 48 mA 0.4 0.5 \
s | w0 |- ma
[T Logical “1” Input Current T=20V,R=V), V=27V 0.1 80 rA
I Input Current at Maximum | T = R = 2.0V, Vog = max, Vi = 5.25V 1 mA
Input Voltage
e Logical “0” Input Current | T = 2.0V, R = V|, Vjy = 0.4V -70 —200 | uA
Vciame | Input Clamp Voltage T=R=20V,jy= —-12mA -0.7 -1.5 \'
lop Output/Input T=R=20V VN = 0.4V —200 | pA
TRI-STATE Current Vi = 4.0V +200 | pA
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DC Electrical Characteristics (Notes 2 and 3) (Continued)

Symbol | Parameter | Conditlons | Min | Typ | Max I Units

CONTROL INPUTS T, R

ViH Logical “1” Input Voltage 2.0 \

ViL Logical “0” Input Voltage 0.7 \

hH Logical “1" Input Current ViH = 27V 0.5 20 rA

I Maximum Input Current Ve = max, Viy = 5.25V 1.0 mA

I Logical “0” Input Current VL = 0.4V R -0.1 —0.25 mA

T -0.25 -0.5 mA

VCLAMP Input Clamp Voltage IN= —12mA -08 -1.5 \

POWER SUPPLY CURRENT

lcc Power Supply Current T=R=20V,VjN = 2.0V, Vcc = max 70 100 mA
T=04V,Vina = R = 2V, Voo = max 100 150 mA

AC Electrical Characteristics vec = 5v, T4 = 25°C

Symbol I

Parameter I

Conditions

I Min I Typ | Max | Units

A PORT DATA/MODE SPECIFICATIONS

tPDHLA Propagation Delay to a Logical “0” from | T = 2.4V, R = 0.4V (Figure A) 8 12 ns
B Port to A Port R1 = 1k,R2 = 5k, C1 = 30 pF
tPOLHA Propagation Delay to a Logical “1” from | T = 2.4V,R = 0.4V (Figure A) 11 16 ns
B Port to A Port R1 = 1k, R2 = 5k,C1 = 30 pF
tpLzA Propagation Delay from a Logical “0”"to | BOtoB7 = 2.4V, T = 2.4V (Figure B) 10 15 ns
TRI-STATE from R to A Port S3 = 1,R5 = 1k,C4 = 15 pF
tPHZA Propagation Delay from a Logical “1” to BOto B7 = 0.4V, T = 2.4V (Figure B) 8 15 ns
TRI-STATE from R to A Port S3 = 0,R5 = 1k,C4 = 15pF
tpzLA Propagation Delay from TRI-STATE to BOtoB7 = 2.4V, T = 2.4V (Figure B) 25 as ns
a Logical 0" from R to A Port S3 = 1,R5 = 1k,C4 = 30 pF
tpzHA Propagation Delay from TRI-STATE to BOto B7 = 0.4V, T = 2.4V (Figure B) 2 a5 ns
a Logical *1"” from R to A Port $3 = 0,R5 = 5k,C4 = 30 pF
B PORT DATA/MODE SPECIFICATIONS
tPDHLB Propagation Delay to a Logical “0" from T =0.4V,R = 2.4V (Figure A)
A Port to B Port R1 = 100Q, R2 = 1k, C1 = 300 pF 12 18 ns
R1 = 667Q,R2 = 5k, C1 = 45pF 8 12 ns
tPpDLHB Propagation Delay to a Logical “1” from | T = 0.4V, R = 2.4V (Figure A)
A Port to B Port R1 = 1009, R2 = 1k, C1 = 300 pF 15 23 ns
R1 = 6670, R2 = 5k, C1 = 45 pF 9 14 ns
tpLzB Propagation Delay from a Logical “0" to | AOto A7 = 2.4V, R = 2.4V (Figure B) 13 18 ns
TRI-STATE from T to B Port S3 =1,R5 = 1k,C4 = 15pF
tPHZB Propagation Delay from a Logical ‘1" to AOto A7 = 0.4V, R = 2.4V (Figure B) 8 15 ns
TRI-STATE from T to B Port 83 = 0,R5 = 1k,C4 = 15pF
tpzLB Propagation Delay from TRI-STATE to A0 to A7 = 2.4V, R = 2.4V (Figure B)
a Logical “0” from T to B Port S3 = 1,R5 = 1000, C4 = 300 pF 32 40 ns
83 = 1,R5 = 6670, C4 = 45 pF 18 25 ns
tpzHB Propagation Delay from TRI-STATE to A0 to A7 = 0.4V, R = 2.4V (Figure B)
a Logical “1” from T to B Port S3 = 0,R5 = 1k, C4 = 300 pF 25 35 ns
S3 = 0, R5 = 5k, C4 = 45 pF 16 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 tables of “Electrical Characteristics” provide conditions for actual device operation.

Note 2: Unless otherwise specified, min/max limits apply across the supply and temperature range listed in the table of Recommended Operating Conditions. All
typical values given are 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.
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Switching Time Waveforms and AC Test Circuits

3v
INPUT " tf ty =tf < 10ns tr
Ag OR By 15V 10% T0 90% 15V
ov
tPDLH tPDHL
OUTPUT 15V 15V
By OR Aq . .

vee vee

TL/F/8794-3

INPUT OUTPUT

PULSE DEVICE
GENERATOR L

<

[
2
o
m
e

TL/F/8794-4

Note: C1 includes test fixture capacitance.
FIGURE A. Propagation Delay from A Port to B Port or from B Port to A Port

v

tr =t < 10ns tf
CONTROL INPUT 10% T0 90% § 15V
ov —
tPZH—
PORT OUTPUT
15V
15V
05V
PORT OUTPUT —i
tpzL —
TL/F/8794-5
vee
24V0 :
T p———— ~0 Bt
Ss  CONTROL
04vg S¢  CONTAO
DEVICE -
UNDER B
PULSE RoRe! W e
GENERATOR [9 RORT 1
ji“ 83=?1-
= - TL/F/8794-6

Note: C4 includes test fixture capacitance. Port input is in a fixed logical condition. See AC Table.
FIGURE B. Propagation Delay to/from TRI-STATE from Rto A Portand T to B Port
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National
Semiconductor
Corporation

DP7308/DP8308 8-Bit TRI-STATE®
Bidirectional Transceiver (Non-Inverting)

General Description

The DP7308/DP8308 are high speed Schottky 8-bit TRI-
STATE bidirectional transceivers designed to provide bidi-
rectional drive for bus oriented microprocessor and digital
communications systems. They are all capable of sinking
16 mA on the A ports and 48 mA on the B ports (bus ports).
PNP inputs for low input current and an increased output
high (Von) level allow compatibility with MOS, CMOS, and
other technologies that have a higher threshold and less
drive capabilities. In addition, they all feature glitch-free
power up/down on the B port preventing erroneous glitches
on the system bus in power up or down.

DP7308/DP8308 are featured with Transmit (M and
Receive (R) control inputs.

Features

| 8-bit bidirectional data flow reduces system package
count

m Bidirectional TRI-STATE inputs/outputs interface with
bus oriented systems

m PNP inputs reduce input loading

m Output high voltage interfaces with TTL, MOS, and
CMOS

| 48 mA/300 pF bus drive capability

® Pinouts simplify system interconnections

m Independent T and R controls for versatility

m Compact 20-pin dual-in-line package

W Bus port glitch free power up/down

Logic and Connection Diagrams

80

| |

| I
A1 L- T _l Bl
Azgj— - - —Eg B2
AJO—E T j—c 83

APORT{ A4 - T B4 § BPORT
Ang_ - - _E-g 85
AGO—E - - j—o 86
mO—_ — L= Tow
TRANSHIT RECEIVE

(R

TL/F/8795-1

Logic Table
Control Inputs Resulting Conditions
Transmit | Receive A Port B Port
1 0 ouT IN
0 1 IN ouT
1 1 TRI-STATE TRI-STATE
0 0 Both Active*

*This is not an intended logic condition and may cause oscillations.

Dual-In-Line Package

( a0—H ./ 120 yoe
A= ix sﬂ
A= ALY
n=y P 5,
APORT
Ag—— 18 53
8 PORT
A m— -i B4
A5 —1 1 g
LA — AEFH
T4 2 7 )
v LN
TL/F/8795-2
Top View
Order Number DP7308J, DP8308J
or DP8308N

See NS Package Number J20A or N20A
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DP7308/DP8308
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Absolute Maximum Ratings (Note 1)

Recommended Operating

Specifications for Military/Aerospace products are not Conditions
contained in this datasheet. Refer to the associated Min Max Units
llabllity electrical test specifications document.
re Supply Voltage (Vo)
Supply Voltage v DP7308 45 5.5 v
Input Voltage 5.5V DP8308 4.75 5.25 v
Output Voltage 5.5V Temperature (Ta)
Storage Temperature —65°Cto +150°C DP7308 —55 +125 °C
Maximum Power Dissipation* at 25°C DP8308 0 +70 °C
Cavity Package 1667 mW
Molded Package 1832 mwW
Lead Temperature (soldering, 4 sec.) 260°C
*Derate cavity package 11.1 mW/°C above 25°C; derate molded package
14.7 mW/°C above 25°C.
DC Electrical Characteristics (Notes 2and 3)
Symboll Parameter I Conditions Min Typ ‘ Max | Units
A PORT (A0-A7)
ViH Logical “1” Input Voltage | T = Vj,R = 2.0V 2.0 \
ViL Logical “0” Input Voltage | T = Vj,R = 2.0V DP8308 0.8 \
DP7308 0.7 \')
VoH Logical “1” Output Voltage | T = 2.0V, R = V), loy = —0.4 mA Voc—1.15 | Veg—0.7 \
loH= —3mA 2.7 3.95 \')
VoL Logical *“0” Output Voltage i = 2.0V, loL = 16 mA (8308) 0.35 0.5 \'/
R=Vy loL = 8 mA (both) 0.3 04 | v
los Output Short Circuit T=20V,R=V|,Vo=0V _ _ _
Current Ve = max (Note 4) 10 38 75 | mA
I Logical “1” InputCurrent | T = V), B = 2.0V, V|y = 2.7V 0.1 80 pA
I Input Current at Maximum | R = T = 2.0V, V¢ = max, V| = 5.25V 1 mA
Input Voltage
L Logical “0” Input Current | T = V), R = 2.0V, Vjy = 0.4V -70 —200 | pA
Vceamp | Input Clamp Voltage T=R=20V,|y= —12mA -07 | -15| V
lop Output/Input T=R=20v VN = 0.4V —200 | mpA
TRI-STATE Current Vin = 4.0V 80 A
B PORT (B0-B7)
ViH Logical “1” Input Voltage | T = 2.0V,R = V,_ 2.0 \
ViL Logical “0” Input Voltage [T = 2.0V,R =V DP8308 0.8 \
DP7308 0.7 Vv
VoH Logical “1” Output Voltage | T = V), R = 2.0V loH = —0.4mA Vec—1.15 [ Vog—0.8 v
loH = —5mA 2.7 3.9 \
lon = —10mA 2.4 3.6 v
VoL Logical “0” Output Voltage | T = V|, R = 2.0V loL = 20 mA 0.3 0.4 \
loL = 48 mA 0.4 0.5 \
los Output Short Circuit T=VR=20V,Vo=0V, _ _ _
Current Ve = max (Note 4) 25 50 150 | mA
IH Logical *“1” Input Current | T = 2.0V,R = V), V| = 2.7V 0.1 80 pA
) Input Current at Maximum | T = R = 2.0V, Vg¢ = max, Viy = 5.25V
1 mA
Input Voltage
m Logical “0” Input Current | T = 2.0V,R = V), Vjy = 0.4V —-70 | —200| pA
Veramp | Input Clamp Voltage T=R=20V,Iy=—12mA —-0.7 -1.5 Vv
lop Output/Input T=R=20v Vin = 0.4V —200 | pA
TRI-STATE Current Vi = 4.0V +200| pA
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DC Electrical Characteristics (Notes 2 and 3) (Continued)

Symbol I Parameter l Conditions l Min | Typ ] Max | Units
CONTROL INPUTS T, R
ViH Logical “1" Input Voltage 2.0 \
ViL Logical “0" Input Voltage DP8308 0.8 \
DP7308 0.7 \
™ Logical 1" Input Current Viy = 2.7V 0.5 20 RA
] Maximum Input Current Vcoe = max, Vi = 5.25V 1.0 mA
I Logical “0” Input Current V)L = 0.4V R -0.1 —0.25 mA
T —-0.25 —-0.5 mA
VeoLAMP Input Clamp Voltage InN= —12mA -0.8 -1.5 \
POWER SUPPLY CURRENT
lcc Power Supply Current T =R=20V,Vp = 04V, Vcc = max 70 100 mA
T = Vina = 0.4V, R = 2V, Voo = max 90 140 mA

AC Electrical Characteristics v = 5v, 74 = 25°C

Symbol I Parameter I Conditions l Min l Typ l Max ] Units
A PORT DATA/MODE SPECIFICATIONS
tPDHLA Propagation Delay to a Logical “0” from | T = 2.4V, R = 0.4V (Figure A) 14 18 ns
B Portto A Port R1 = 1k,R2 = 5k, C1 = 30 pF
tPDLHA Propagation Delay to a Logical “1” from | T = 2.4V, R = 0.4V (Figure A) 13 18 ns
B Port to A Port R1 = 1k, R2 = 5k, C1 = 30 pF
tpLzA Propagation Delay from a Logical “0” to BO to B7 = 0.4V, T = 2.4V (Figure B) 11 15 ns
TRI-STATE from R to A Port S3 = 1,R5 = 1k,C4 = 15pF
tPHZA Propagation Delay from a Logical “1” to BOtoB7 = 2.4V, T = 2.4V (Figure B) 8 15 ns
TRI-STATE from R to A Port 83 = 0,R5 = 1k,C4 = 15pF
tpzLA Propagation Delay from TRI-STATE to BOto B7 = 0.4V, T = 2.4V (Figure B) 24 a5 ns
a Logical “0” from R to A Port S3 = 1,R5 = 1k,C4 = 30 pF
tpzHA Propagation Delay from TRI-STATE to BO to B7 = 2.4V, T = 2.4V (Figure B) o1 30 ns
a Logical “1” from R to A Port 83 = 0,R5 = 5k, C4 = 30 pF
B PORT DATA/MODE SPECIFICATIONS
tPDHLB Propagation Delay to a Logical "0” from | T = 0.4V, R = 2.4V (Figure A)
A Port to B Port R1 = 1009, R2 = 1k, C1 = 300 pF 18 23 ns
R1 = 6670, R2 = 5k, C1 = 45pF 1 18 ns
tPpLHB Propagation Delay to a Logical “1” from | T = 0.4V, R = 2.4V (Figure A)
A Port to B Port R1 = 1009, R2 = 1k, C1 = 300 pF 16 23 ns
R1 = 667Q, R2 = 5k,C1 = 45pF 11 18 ns
trLzB Propagation Delay from a Logical “‘0” to A0 to A7 = 0.4V, R = 2.4V (Figure B) 13 18 ns
TRI-STATE from T to B Port S3 =1,R5 = 1k,C4 = 15pF
tPHZB Propagation Delay from a Logical “1" to A0 to A7 = 2.4V, R = 2.4V (Figure B) 8 15 ns
TRI-STATE from T to B Port S3 = 0,R5 = 1k, C4 = 15pF
tpzLB Propagation Delay from TRI-STATE to A0 to A7 = 0.4V, R = 2.4V (Figure B)
a Logical “0" from T to B Port S3 = 1,R5 = 100Q, C4 = 300 pF 25 35 ns
83 = 1,R5 = 6670,C4 = 45pF 17 25 ns
tpzHB Propagation Delay from TRI-STATE to A0 to A7 = 2.4V, R = 2.4V (Figure B)
a Logical “1” from T to B Port S3 = 0,R5 = 1k, C4 = 300 pF 24 35 ns
S3 = 0,R5 = 5k, C4 = 45pF 17 25 ns
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DP7308/DP8308

AC Electrical Characteristics (continued)

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 supply and temperature range listed in the table of Recommended Operating Conditions.
All typical values given are 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.

Switching Time Waveforms and AC Test Circuits

INPUT‘;V—_—\f_tf =4 <10ns t—
1.5V 10% 70 90% 1.5V

A, OR B,
ov \
teoLn tpoHL
OUTPUT
B, OR A, 1.5V 1.5V
TL/F/8795-3
vee vee
R1
INPUT ouTPUT
DEVICE
PULSE
GENERATOR y UNDER
c1 R2
BN I
= = = - TL/F/8795-4

Note: C1 includes test fixture capacitance.
FIGURE A. Propagation Delay from A Port to B Port or from B Port to A Port

v

t = tf < 10ns tf
CONTROL INPUT 10% T0 80% N 15V
ov _»
1pzH—»]
PORT DUTPUT
15V
15V
05V
PORT OUTPUT . X
tpzL—>
TL/F/8795-5
vee
24v0 4
\RORT o;)-———_ o 8T
sy CONTROL
0avg S CONTRO

DEVICE s3=1

TEST RS vee
PULSE T P —AAA—O"
GENERATOR [ RORT 1

-‘I-ca $3= 1_

TL/F/8795-6
Note: C4 includes test fixture capacitance. Port input is in a fixed logical condition. See AC Table.

FIGURE B. Propagation Delay to/from TRI-STATE from R to A Port and T to B Port
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DP83BCO08 8-Bit TRI-STATE®

PRELIMINARY

Bidirectional Transceiver (Non-Inverting)

General Description

The DP83BCO8 is a Bipolar/CMOS 8-bit TRI-STATE bidi-
rectional transceiver (non-inverting), designed to provide bi-
directional drive for bus oriented microprocessor and digital
communication systems. It is capable of sinking 16 mA on
the A ports and 48 mA on the B ports (bus ports). PNP
transistors are used for low input currents and an increased
output high (Von) level allows compatibility with MOS,
CMOS, and other technologies that have a higher threshold
and less drive capability. In addition it features glitch free
power up/down on the B port, preventing erroneous glitch-
es on the system bus.

Features

m 8-bit bidirectional data flow reduces system package
count

m Bidirectional TRI-STATE inputs/outputs interface with
bus oriented systems

B 5 mA maximum Igc in TRI-STATE mode

W 40 mA maximum Igc in ACTIVE mode

m PNP inputs reduce input loading

® Output high voltage interfaces with TTL, MOS, and
CMOS

W 48 mA/300 pF bus drive capability

m Pinouts simplify system interconnections

m Independent T and R controls for versatility

m Compact 20-pin dual-in-line package

W Bus port glitch free power up/down

Logic and Connection Diagrams

Dual-In-Line Package

r-————_—l a0—] \/ -z—"vcc
AOO—{—l l BO o -'iaow
' I prpml l’-ul
L— — — — — _l A} =—l .‘Lsz
Mm— — e — _Gs‘ APORT .
A2 - B2 premd . g3
— — S— — B PORT
A30—E_ — — _j——O“ 2§ —] Fs—n
APORT ng_ I _':gsa BPORT
AS - BS Af —] L 65
6 N A I T 1
Ao~ __ _r—o# LA [ 86
14 H2 g,
TRANSMIT RECEIVE
i} (R) ono Y L
TL/F/B627-2
TL/F/8627-1 Top View
Order Number DP83BC08J
or DP83BCO8SN
See NS Package Number J20A or N20A
Logic Table
Control Inputs Resulting Conditions
Transmit Receive A Port B Port
1 0 ouT IN
0 1 IN ouT
1 1 TRI-STATE TRI-STATE
0 0 Both Active*

* This is not an intended logic condition and may cause oscillations.
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DP83BC08

Absolute Maximum Ratings (note 1)
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliability electrical test specifications document.

Lead Temp. (Soldering, 4 seconds) 260°C

*Derate cavity package 11.1 mW/°C above 25°C; derate molded package
14.7 mW/°C above 25°C.

e .n,  Recommended Operating
Output Voltage 5.5V Conditions
Storage Temperature —65°Cto +150°C Min  Max  Units
Maximum Power Dissipation* at 25°C S“gsga\g%tg‘ge (Veo) 475 525 v
Cavity Package 1667 mW Temperature (Ta) : i
Molded Package 1832 mW DPB83BCO8 0 70 e
DC Electrical Characteristics (Notes 2 and 3)
Symbol | Parameter l Conditions Min Typ | Max | Units
A PORT (A0-A7)
Vi Logical “1” Input Voltage | T = V|, R = 2.0V 2.0 v
Vi Logical “0” Input Voltage | T = Vi R = 2.0V DP83BC08 0.8 v
VoH Logical “1” Qutput Voltage | T = 2.0V,R = V)_ loH= —04mA | Vog — 1.15 | Voo — 0.7 \
lon = —3mA 27 3.95 v
VoL Logical “0” QOutput Voltage | T = 2.0V, loL = 16 mA 0.35 0.5 \"
R=vi loL = 8mA 0.3 04 | Vv
los Output Short Circuit T=20V,R=V,Vg=0V, -10 —38 -75 | mA
Current Vcc = max, Note 4
K Logical “1” Input Current | T = Vi, R = 2.0V, V| = 2.7V 0.1 80 pA
I Input Current at Maximum | R = T = 2.0V, Vgc = max, Viy = 5.25V 1 mA
Input Voltage
h Logical “0” Input Current | T = V|, R = 2.0V, V) = 0.4V —70 —200 | pA
VcLamp | Input Clamp Voltage T=R=20V,Iy= —12mA -07 -15 \Y
lop Output/Input T=R=20v ViN 0.4V —200 | pA
TRI-STATE Current Viy = 4.0V 80 pA
B PORT (B0-B7)
ViH Logical “1” Input Voltage | T = 2.0V,R = v_ 2.0 v
ViL Logical “0” Input Voltage | T = 2.0V,R = V|, DP83BC08 0.8 \
VoH Logical *“1” Output Voltage | T = V|, R = 2.0V loH = —0.4mA | Vgc — 1.15 | Voo — 0.8 \
loy = —5 mA 2.7 3.9 v
lon = —10mA 24 36 v
VoL Logical “0” Output Voltage | T = V|, R = 2.0V loL = 20 mA 0.3 0.4 \
loL = 48 mA 0.4 0.5 \"
los Output Short Gircuit T=ViLR=20V,Vg=0V, —25 —50 —-150 [ mA
Current Vo = max, Note 4
IH Logical “1” Input Current | T = 2.0V, R = V|, Vjy = 27V 0.1 80 BA
I Input Current at Maximum | T = R = 2.0V, Vgg = max, Vi = 5.25V 1 mA
Input Voltage
Iy Logical “0” Input Current | T = 2.0V, R = V), V|y = 0.4V -70 —200 ] pA
Vewamp | Input Clamp Voltage T=R=20V,In=—12mA -0.7 -15]| V
loo Output/Input T=R=20v ViN = 0.4V —200 | pA
TRI-STATE Current ViN = 4.0V +200 | pA
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DC Electrical Characteristics (Notes 2 and 3) (Continued) §
Symbol I Parameter | Conditions I Min | Typ I Max l Units g
CONTROL INPUTS T, R S
ViH Logical “1” Input Voltage 20 v
ViL Logical “‘0"” Input Voltage DP8308 0.8 \
DP7308 0.7 \'%
%) Logical “1"” Input Current | Vg = 2.7V 0.5 20 1A
I Maximum Input Current Ve = max, Viy = 5.25V 1.0 mA
IR Logical “‘0” Input Current | V)_= 0.4V R. -0.1 —025 | mA
T -025| —05 mA
Voramp | Input Clamp Voltage Iin= —12mA -0.8 -1.5 \
POWER SUPPLY CURRENT
Icc Power Supply Current T=R=20V,V = 0.4V, Vgc = max 5.0 mA
T =Vina = 04V,R = 2V, Vg = max 40.0 mA

AC Electrical Characteristics vec = 5v, T4 = 25°C

Symbol | Parameter | Conditions l Min I Typ | Max I Units

A PORT DATA/MODE SPECIFICATION (Figure A)

tpoHLA | Propagation Delay to a Logical “0” | T = 2.5V, R = 0.4V, R1 = 1k, C1 = 50 pF 11 ns
from B Port to A Port S1=0,82=X,83=0,84=2

tppLHA | Propagation Delay to a Logical “1” | T = 2.5V, R = 0.4V, R1 = 1k, C1 = 50 pF 11 ns
from B Port to A Port S$1=0,82=X,83=0,84=2

tpTLZA Propagation Delay from “0” B0-B7 = 0.4V, T = 2.5V, R1 = 1k, C1 = 50 pF 17 ns
to TRI-STATE from R to A Port 81=1,82=1,83=1,84=0

tPTHZA Propagation Delay from “1" B4-B7 = 2.4V, T = 2.5V, R1 = 1k, C1 = 50 pF 16 ns
to TRI-STATE from R to A Port S1=1,82=0,83=1,84=1

tpTZLA Propagation Delay from TRI-STATE | BO-B7 = 0.4V, T = 2.5V, R1 = 1k, C1 = 50 pF 26 ns
to “0” from R to A Port $1=1,52=1,83=1,84=0

tprzHa | Propagation Delay from TRI-STATE | BO-B7 = 2.4V, T = 2.5V, R1 = 1k,C1 = 50 pF 30 ns
to “1” from R to A Port S1=1,82=0,83=1,84 =1

Symbol Parameter | Conditions | Min I Typ | Max | Units

B PORT DATA/MODE SPECIFICATION (Figure B)

tppHLB | Propagation Delay to a Logical “0” | T = 0.4V, R = 2.4V, R2 = 1500, R3 = 1009, 14 ns
from A Port to B Port C2 =300pF,S6 =0,87=0,S8 =2

tpoLHs | Propagation Delay to a Logical “1” | T = 0.4V, R = 2.4V, R2 = 1509, R3 = 100Q, 22 ns
from A Port to B Port C2 = 300pF,S6 =0,87=0,S8 =2

tpaLze | Propagation Delay from “0” to AO-A7 = 0,R = 2.4V, R2 = 1500, R3 = 10002, 17 ns
TRI-STATE from R to B Port C2 = 300pF,S6 =1,57=1,S8=0

tpRHZB | Propagation Delal from “1" to A0-A7 = 2.4V, R = 2.4V, R2 = 1500, R3 = 1009, 15 ns
TRI-STATE from R to B Port C2 = 300pF,S6 = 0,S7 = 1,S8 = 1

tPRZLB Propagation_l'.)elay from TRI-STATE | A0-A7 = 0.4V, R = 2.4V, R2 = 1500, R3 = 1009, 24 ns
to ““0” from R to B Port C2 = 300pF,S6 = 1,57 =1,S8 =0

tPRzHB | Propagation Delay from TRI-STATE | AO-A7 = 2.4V, R = 2.4V, R2 = 1500, R3 = 100Q, 38 ns
to “1” from R to B Port C2 = 300pF,S6 = 0,S7 = 1,88 = 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 supply and temperature rangs listed in the table of Recommended Operating Conditions. All
typical values given are for Vcc = 5V and T4 = 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.
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DS26S10C/DS26S10M/DS26S11C/DS26S11M

Quad Bus Transceivers

General Description

The DS26S10 and DS26S11 are quad Bus Transceivers
consisting of 4 high speed bus drivers with open-collector
outputs capable of sinking 100 mA at 0.8V and 4 high speed
bus receivers. Each driver output is connected internally to
the high speed bus receiver in addition to being connected
to the package pin. The receiver has a Schottky TTL output
capable of driving 10 Schottky TTL unit loads.

An active low enable gate controls the 4 drivers so that
outputs of different device drivers can be connected togeth-
er for party-line operation.

The bus output high-drive capability in the low state allows
party-line operation with a line impedance as low as 1009.
The line can be terminated at both ends, and still give con-
siderable noise margin at the receiver. The receiver typical
switching point is 2V.

The DS26S10 and DS26S11 feature advanced Schottky
processing to minimize propagation delay. The device pack-
age also has 2 ground pins to improve ground current han-
dling and allow close decoupling between Vg and ground
at the package. Both GND 1 and GND 2 should be tied to
the ground bus external to the device package.

Features

& Input to bus is inverting on DS26S10

m Input to bus is non-inverting on DS26S11

m Quad high speed open-collector bus transceivers
W Driver outputs can sink 100 mA at 0.8V maximum
m Advanced Schottky processing

m PNP inputs to reduce input loading

Logic and Connection Diagrams
DS26S10

E [} I 1 13

TL/F/5802-1
Dual-In-Line Package

vee B3 23 I3 E 12 22 B2
I1s |15 ||4 In ||z In |1n Ia
) DS26S10N
1 2 3 4 5 6 7 8
GND 1 B!G zln 1!, ||, zl1 s‘ll nuluz
TL/F/5802-3
Top View
Order Number DS26S10CJ, DS26S10MJ
or DS26510CN

See NS Package Number J16A or N16A

DS26S11

20 Al 22 23
TL/F/5802-2
Dual-In-Line Package
vee Bl 23

|is ||5 I14

) n 11

T E
lu Iu lu Im Ia

) DS26S11IN

Z': T Is 15 |1 la

GND1 1) T n Bl GND2
TL/F/5802-4
Top View
Order Number DS26S11CJ, DS26S11MJ
or DS26S11CN

See NS Package Number J16A or N16A
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Absolute Maximum Ratings

Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliability electrical test specifications document.

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —-55°C to +125°C
Supply Voltage to Ground Potential —0.5Vto +7V

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.

Operating Conditions

DC Voltage Applied to Outputs for ~0.5V to + Vg Max Min Max Units
ngh Output State Supply Voltage (VCC)
DC Input Voltage —0.5Vto +5.5V DS26S10C, DS26S11C 4.75 5.25 v
Output Current, Into Bus 200 mA DS26S10M, DS26S11M 45 55 v
Output Current, Into Outputs (Except Bus) 30 mA Temperature (Ta)
DC Input Current —~30mAto +5mA DS26S10C, DS26S11C 0 +70 °C
DS26S10M, DS26S11M —55 +125 °C
Electrical Characteristics (uniess otherwise noted)
Conditions Typ
P
Symbo! arameter (Note 1) Min (Note 2) Max Units
VoH Output High Voltage Vec = Min, loy = —1mA, Military 25 34 \
(Receiver Outputs) VIN = VjLorVi4 Commercial 27 3.4 v
VoL Output Low Voltage Ve = Min, lg = 20 mA, 05 v
(Receiver Outputs) “ViN=ViLorViy ’
VIH Input High Level Guaranteed Input Logical High for 20 v
(Except Bus) All Inputs ’
ViL Input Low Level Guaranteed Input Logical Low for 08 v
(Except Bus) All Inputs ’
\ Input Clamp Voltage Ve = Min, Iy = —18 mA
-1.2 \
(Except Bus)
e Input Low Current Vce = Max, VN = 0.4V Enable —0.36 mA
(Except Bus) Data ~054 | mA
I} Input High Current Vee = Max, iy = 2.7V Enable 20 nA
(Except Bus) Data 30 pA
Iy Input High Current Vce = Max, Vg = 5.5V
(Except Bus) 100 KA
lsc Output Short-Circuit Current | Vg = Max, (Note 3) Military —20 —55 mA
(Except Bus) Commercial | —18 —60 mA
lcoL Power Supply Current Vcc = Max, Enable = GND | DS26S10 45 70 mA
(All Bus Outputs Low) DS26511 80 mA
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DS26510C/DS26S510M/DS26511C/DS26S11M
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Bus Input/Output Characteristics

Conditions Typ X
Symbol Parameter (Note 1) Min (Note 2) Max | Units
VoL Output Low Voltage Military loL = 40 mA 0.33 0.5
loL = 70mA 0.42 0.7
Vce = Min loL = 100 mA 0.51 0.8 v
Commercial | loL = 40 mA 0.33 0.5
lop = 70mA 0.42 0.7
loL = 100 mA 0.51 0.8
lo Bus Leakage Current Vo = 0.8V —-50
Vee = Max | Military Vo = 45V 200 pA
Commercial | Vo = 4.5V 100
loFrF Bus Leakage Current (Power OFF) | Vo = 4.5V 100 pA
VTH Receiver Input High Threshold Bus Enable = 2.4V, Military 2.4 2.0 v
Veg = Max Commercial | 225 | 20
V1L Receiver Input Low Threshold Bus Enable = 2.4V, Military 2.0 1.6 v
Vee = Min Commercial 2.0 1.75
Note 1: For conditions shown as min or max, use the appropriate value specified under Electrical Characteristics for the applicable device type.
Note 2: Typical limits are at Voo = 5V, 25°C ambient and maximum loading.
Note 3: Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
Switching Characteristics (T, = 25°C, vee = 5v)
Symbol Parameter Conditions Min Typ Max Units
tPLH Data Input to Bus Rpg = 509, Cg = 50 pF (Note 1) DS26S10 10 15 ns
tPHL Data Input to Bus 10 15 ns
tPLH Data Input to Bus DS26S11 12 19 ns
tPHL Data Input to Bus 12 19 ns
tpLH Enable Input to Bus DS26510 14 18 ns
tPHL Enable Input to Bus 13 18 ns
tPLH Enable Input to Bus DS26S11 15 20 ns
tPHL Enable input to Bus 14 20 ns
tPLH Bus to Receiver Out Rg = 500, R = 2809, Cg = 50 pF (Note 1), 10 15 ns
tpHL Bus to Receiver Out CL=15pF 10 15 ns
t Bus Rg = 509, Cg = 50 pF (Note 1) 4.0 10 ns
tt Bus 20 4.0 ns
Note 1: Includes probe and jig capacitance.
Truth Tables
DS26S10 DS26S11
Inputs Outputs Inputs Outputs
E I B r4 E ] B Z
L L H L L L L H
L H L H L H H L
H X Y Y H X Y Y

H = High voltage leve!
L = Low voltage level
X = Don't care

Y = Voltage level of bus (assumes control by another bus transceiver)
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Typical Performance Characteristics
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Schematic Diagram

B
Q 2,(7), (91, (15)

o o

Vy — RECEIVER THRESHOLD VOLTAGE (V)

25
24
23
22
21
20
1.9
18
17
1.6

15
-55-35-15 5§ 25 45 65 B85 105125

Recelver Threshold Variation
vs Ambient Temperature

[ ]

Vg = 5.5V
/| veg=s2sv

|_m I.L—- Veg =4.75V] co

Ta — AMBIENT TEMPERATURE (°C)
TL/F/5802-9

>
S Rt :: :: ‘: 110
3, (6),
! 10), (14)
I :
VAVAT
4,(8),
(1), (13) '\
T >
3 3
1» <
2% 1:
1 Ve = Pin 16
1 GND 1 = Pin1
GND2 = Pin8
Connect for DS26S10
TO OTHER *Remove R1, Q1, D1 for DS26S10
I DRIVERS
12
E <
>
<
>
S
g 1,8

TL/F/5802-10

2-38




National
Semiconductor
Corporation

DS3662 Quad High Speed Trapezoidal™ Bus Transceiver

General Description

The DS3662 is a quad high speed Schottky bus transceiver
intended for use with terminated 1200 impedance lines. It is
specifically designed to reduce noise in unbalanced trans-
mission systems. The open collector drivers generate pre-
cise trapezoidal waveforms with rise and fall times of 15 ns
(typical), which are relatively independent of capacitive
loading conditions on the outputs. This reduces noise cou-
pling to the adjacent lines without any appreciable impact
on the maximum data rate obtainable with high speed bus
transceivers. In addition, the receivers use a low pass filter
in conjunction with a high speed comparator, to further en-
hance the noise immunity. Tightly controlled threshold lev-
els on the receiver provide equal rejection to both negative
and positive going noise pulses on the bus.

The external termination is intended to be a 1800 resistor
from the bus to 5V logic supply, together with a 3909 resis-
tor from the bus to ground. The bus can be terminated at
one or both ends. A two input NOR gate is provided to dis-
able all drivers in a package simultaneously.

Features

W Pin to pin functional replacement for DS8641

m Guaranteed AC specifications on noise immunity and
propagation delay over the specified temperature and
supply voltage range

W Temperature insensitive receiver thresholds track bus
logic level

W Trapezoidal bus waveforms reduce noise coupling to
adjacent lines

m Precision receiver thresholds provide maximum noise
immunity and symmetrical response to positive and
negative going pulses

® Open collector driver output allows wire-OR connection

B High speed Schottky technology

m 15 pA typical bus termination current with normal Voo
or with Vgg = 0V

m Glitch free power up/down protection on the driver out-
put

| TTL compatible driver and disable inputs, and receiver
outputs

Block and Connection Diagram

Dual-In-Line Package

Ve BUS1T  IN1 OUT1  BUS2  IN2  OUT2 DISABLEA
16 15 14 13 12 1 10 9
1 I 2 3 4 5 I 6 I 7 | 8
BUS3  IN3  OUT3 BUS4 IN4 OUT4 DISABLEB GND
TL/F/5803~1
Top View

Order Number DS3662J or DS3662N
See NS Package Number J16A or N16A
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Absolute Maximum Ratings qote 1)

Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliability electrical test specifications document.

Supply Voltage v
Input and Qutput Voltage 5.5V
Storage Temperature Range —65°C to +150°C
Maximum Power Dissipation* at 25°C

Recommended Operating

Conditions

Min Max Units
Supply Voltage (Voc) 4.75 5.25 v
Temperature Range (Ta) 0 70 °C

*Derate cavity package 10.1 mW/°C above 25°C; derate molded package
11.8 mW/°C above 25°C.

Cavity Package 1509 mW
Molded Package 1476 mW
Lead Temperature (Soldering, 4 sec.) 260°C
Electrical Characteristics (Notes 2and 3)
Symbou Parameter 4L Conditions ] Min j Typ LMaL[ Units
DRIVER AND DISABLE INPUTS
ViH Logical “1” Input Voltage 2.0 \']
ViL Logical ““0” Input Voltage 0.8 v
Iy Logical “1” Input Current VIN = 5.5V 1 mA
IH Logical “1” Input Current ViN = 2.4V 40 pA
M Logical “0"” Input Current ViN = 0.4V —1 —-1.6 mA
VoL Input Diode Clamp Voltage lcLaMpP = —12mA —0.8 -1.5 Vv
DRIVER OUTPUT/RECEIVER INPUT
VoLs Low Level Bus Voltage Vpis = 0.8V, VN = 2V, Igys = 100 mA 0.6 0.9 Vv
[T:) Maximum Bus Current Vin = 0.8V, Vgys = 4V, Voo = 5.25V 10 100 pA
i Maximum Bus Current Vin = 0.8V, Vgys = 4V, Voo = 0V 100 pA
VIH High Level Receiver Threshold | V| = 0.8V, Vo = 16 mA 1.90 1.70 \']
ViL Low Level Receiver Threshold ViN = 0.8V, loq = —400 pA 1.70 1.50 \')
RECEIVER OUTPUT
VOH Logical “1"” Output Voltage Vin = 0.8V, Vgys = 0.5V, loy = —400 pA 2.4 3.2 \
VoL Logical “0” Output Voltage Vin = 0.8V, Vgus = 4V, loL = 16 mA 0.35 0.5 \
los Output Short Gircuit Current xgss = (())VB,\\II,C\QN= 5 02583,, (Y\lBoLg 2 0.5V, —40 —~70 —100 mA
Icc Supply Current Vpis = OV, ViN = 2V 50 90 mA
Switching Characteristics (Notes 2 and 3)
Symbol | Parameter | Conditions Min Typ Max Units
PROPAGATION DELAYS
tPLHD Disable to Bus 1" Figure 1 25 35 ns
tPHLD Disable to Bus 0" 25 35 ns
tPLHB Driver Input to Bus “1” Figure 2 20 30 ns
tPHLB Driver Input to Bus “0” | 20 30 ns
tPLHR Bus to Logical “1” Receiver Output Hyu}s 3 25 40 ns
tPHLR Bus to Logical ‘0" Receiver Output 25 40 ns
NOISE IMMUNITY
H i % —00% i .
tote | Recsmafallmes(0%-o0%) | Fgue 0 | 5 [ 2 | 0w
thR Receiver Noise Rejection No Response at Receiver 20 10 ns
Pulse Width Output as per Figure 4

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” and “Recommended Operating Conditions” provide conditions for actual device
operation.

Note 2: Unless otherwise specified min/max limits apply across the supply and temperature range listed in the table of “Recommended Operating Conditions". All
typical values are for Ty = 25°C and Vg = 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.
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FIGURE 1. Disable Delays
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Note: t; = ty = 2.5 ns. Pulse width = 500 ns measured between 1.5V levels. f = 1 MHz.
FIGURE 2. Driver Propagation Delays
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FIGURE 3. Recelver Propagation Delays
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Typical Application
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DS3662—The Bus
Optimizer

1. INTRODUCTION

A single ended Bus is an unbalanced Data Transmission
medium, which is timeshared by several system elements.
Like any unbalanced system, it is highly susceptible to com-
mon-mode noise, such as ground noise and crosstalk. In
general, the latter determines the maximum physical length
of the Bus that can be incorporated with acceptable reliabili-
ty. Crosstalk is a major problem in high speed computer
Buses which employ Schottky Transceivers for increased
data rate capability. It is therefore highly desirable to mini-
mize crosstalk noise in Bus circuits to allow for longer Buses
and to provide higher system reliability.

This article describes the operation of the DS3662 Quad
High Speed Trapezoidal Bus Transceiver, which has been
specially designed to minimize crosstalk problems. The
Driver generates precise Trapezoidal waveforms that re-
duce noise coupling to adjacent Bus channels. The Receiv-
er uses a low pass filter, whose time constant is matched to
the Driver slew rate to provide maximum noise rejection with
acceptable signal delay characteristics. Precision high
speed circuitry optimizes noise immunity without sacrificing
the high data rate capability of Schottky Transceivers.

Il. THE PROBLEM

Conventional Bus Drivers are designed to provide high out-
put currents for charging and discharging relatively large
Bus capacitances quickly. These high speed transitions are
characterized by peak slew rates of up to 5V/ns around the
mid-region of the transition. This can cause considerable
noise coupling to adjacent lines, commonly referred to as
crosstalk. Crosstalk also includes noise induced by sources

| DRIVER INPUT
Vo
VIH  DRIVER OUTPUT
Vo/2 —I— AND
RECEIVER INPUT
RECEIVER OUTPUT
Vo

P N—
DRIVER OUTPUT
vo/2—|—/—— AND
————— VTH RECEIVER INPUT
| |
] |

| | RECEIVER QUTPUT

DISTORTION DUE TO OFF CENTERED
RECEIVER THRESHOLDS (VrH)

TL/F/5857-1

National Semiconductor Corp.
Application Note 259
R. V. Balakrishnan

external to the Bus. Additional noise may be generated due
to reflections at imperfect terminations.

Bus Receviers are designed to respond to high speed tran-
sitions and to provide low propagation delays. Unfortunate-
ly, their fast response results in high noise sensitivity. The
combined effect of the noise on the Bus and the sensitivity
of the Receiver to the noise severely limits the Bus perform-
ance.

1Il. THE SOLUTION

The above situation can be considerably improved by em-
ploying noise reduction techniques in both the Driver and
the Receiver circuits. Slew rate control can be used in the
Driver to reduce crosstalk, and Receiver noise sensitivity
can be reduced by using a low pass filter at its input. These
techniques are commonly used in line transmission circuits
where the associated data rates in general are considerably
lower. However, these techniques do present some difficul-
ties in high speed Bus circuits. Increased rise and fall times,
resulting from slew rate control, can affect data rates unless
care is taken to limit the maximum rise and fall times to
minimum pulse width requirements. With any appreciable
slew rate control, the rise and fall times of the resulting Driv-
er output waveform will be comparable to the pulse widths
at maximum data rates. This condition dictates high fidelity
of the transmitted waveform and precise Receiver thresh-
olds at the middle of the Bus voltage swing in order to mini-
mize pulse width distortion. Figure 1 illustrates the different
sources of pulse width distortion due to the trapezoidal na-
ture of the signal.

I DRIVER INPUT
Vo
DRIVER QUTPUT
Vo/2—|— VTH AND
RECEIVER INPUT
RECEIVER OUTPUT
Vo

DnlgER OUTPUT
RECEIVER INPUT

Vo/2—|— VTH

RECEIVER QUTPUT

DISTORTION DUE TO NON SYMMETRICAL
TRAPEZOIDAL DRIVER OUTPUT WAVEFORM

TL/F/5857-2

FIGURE 1. Puise Width Distortion
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The low pass filter in the Receiver should provide optimum
noise rejection without introducing excessive delay in pass-
ing the signal waveform. In addition, the Receiver should
have a symmetrical response to positive and negative going
transitions in order to maintain a low level of pulse width
distortion, as well as equal noise rejection to positive and
negative going noise pulses. The response of an ideal low
pass filter to signal and noise pulses is shown in Figure 2.
The DS3662 overcomes these and other problems by using
high speed linear circuitry with on-chip capacitors for con-
trolling slew rate and low pass filtering. The Driver is of open
collector type intended for use with terminated 12002 Buses.
The external termination consists of a 1800 resistor from
the Bus to +5V logic supply with a 390Q resistor from the
Bus to ground. Such a termination results in a Bus logic high
level of 3.4V with Vg at 5V (See Figure 2). The Bus can be
terminated at one or both ends as shown in Figure 3.

LOW PASS FILTER

IV. THE DRIVER

Using a Miller integrator circuit, the Driver generates a lin-
early rising and falling waveform with a constant slew rate of
0.2V/ns (typical) during the entire period of transition. This
corresponds to typical rise and fall times of 15 ns. Figure 4
compares the output waveform of a typical Schottky Driver
and the DS3662 under different capacitive loads. It should
be noted that even under heavy loading, the regular Drivers
have peak slew rates that are considerably higher than the
average. In contrast, the trapezoidal waveform provides
considerably lower slew rate with slightly higher rise and fall
times. Such an increase in rise and fall time has very little
effect on data rates. In fact, the high fidelity of the transmit-
ted waveform allows pulse widths as low as 20 ns to be
transmitted on the Bus, as shown in Figure 5.

The block diagram of the Driver is shown in Figure 6 and 7.
When a high to low transition is applied to the input, switch
‘S’ opens and node ‘A’ is pulled low by the current source
‘I'. This switches the amplifier output to a high state. The
slew rate of the output transition is limited by the charging
current through the capacitor, a constant value equal to I/C
volts/sec.
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(8US) (TO RECEIVER) 3av
'J‘M::'_T__ TERMINATION
I %00
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g2 DELAY DELAY
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e = —— B
Pt SIGNAL - NOISE .~ =3
EE w ‘ el N -~
Z5 i Q ’
= \- NS /
BE v d » NS RECEIVER THRESHOLD
[~ 7, T ~ VIH=17V
23 X AN
FH 1 7N ~ ~
%" NoIsE o A
§§ o ~. SIBNAL S
O 10 20 3 4 5 0 10 2 30 4 S50
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TL/F/5857-3

FIGURE 2. Ideal Receiver Low Pass Filter Response
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FIGURE 3. Bus Termination
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FIGURE 4. Waveform Comparison
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Likewise, when a low to high transition is applied to the
input, switch ‘S’ closes and node ‘A’ is pulled up by the ‘21’
current source, switching the amplifier output to a low state.
The capacitor now has an equal but opposite charging cur-
rent which once again limits the slew rate to —1/C volts/
sec. The inherent tracking ability of I.C. current sources pro-
vide equal rise and fall times resulting in a symmetrical out-
put waveform.

The on-chip capacitors are fabricated using back to back
junction diodes. The use of junction capacitors reduces die
area and the back to back connection allows operation with
either polarity. The capacitor terminal, connected to the am-
plifier input, remains at Vi = 1.6V during the output tran-
sition. This voltage, being close to the middle of the output
swing, reduces the effect of the capacitor voltage sensitivity
on the output waveshape.

V. THE RECEIVER

The Receiver consists of a low pass filter followed by a high
speed comparator with a typical threshold of 1.7V (see Fig-
ure 8). This threshold value corresponds to the mid-point
voltage of the 0 to 3.4V Bus swing. It is derived from a
potential divider allowing the Bus logic levels to track with
Vge variations. If the low pass filter capacitor is voltage in-
sensitive, this circuit will provide equal propagation delay for
positive and negative going signal transitions on the Bus. In
addition, it will also provide equal noise rejection to a posi-

HIGH SPEED
COMPARATOR

INPUT
OUTPUT

WH=1TV

TiL/F/5857-9

FIGURE 8. Receiver

tive and negative going pulse (see Figure 2). However, the
junction capacitors, being voltage sensitive, will exhibit non-
symmetrical response in the above circuit. This problem is
overcome in the DS3662 Receiver by using a back to back
junction capacitor with the ground end biased at 1.7V (see
Figure 9). Although the capacitor still varies with the voltage
at node ‘A’, the variation is symmetrical about 1.7V (the
middle of the Bus swing) and therefore will provide an identi-
cal response to transitions of either polarity.

VI. TRANSCEIVER PERFORMANCE

The characteristics of the trapezoidal Transceiver are fully
detailed in the device data sheet. Some of the more impor-
tant specifications are discussed below. Both AC and DC
specifications are guaranteed over a 0-70°C temperature
range and a supply range of 4.75-5.25V.

The Driver typically has a propagation delay of 15 ns with a
maximum of 30 ns. The Receiver propagation delays are
specified at 25 ns typical and 40 ns maximum. The Driver
output rise and fall times are guaranteed to be within 10 to
20 ns with a typical of 15 ns. The noise immunity of the
Receiver is specified in terms of the width of a 2.5V pulse
that is guaranteed to be rejected by the Receiver (see Fig-
ure 10). The Receiver typically rejects a 20 ns pulse going
positive from ground level or going negative from a 3.4V
logic 1 level. Worst case rejection is specified at 10 ns.

R a HIGH SPEED
INPUT _AM_I_ “\\COMPARATOR
= OUTPUT
+
5V
V=1V

AC -
BYPASS I

FIGURE 9. Receiver

TL/F/5857-10

i Ll

i

—>| 20ns Io—

TL/F/5857-11

Rejects positive or negative going noise pulses of pulse widths up to 20 ns typical.
Detects and propagates trapezoidal signal pulses in 20 ns typical.
FIGURE 10. Recelver Noise Immunity
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The AC response of the DS3662 Driver and Receiver are
depicted in Figures 11 and 12 respectively. Figure 11 shows
the typical Driver output waveform as compared to a stan-
dard high speed Transceiver output. Oscillograms in Figure
12 demonstrate the ability of the Receiver to distinguish the
trapezoidal signal from the noise. Here the Receiver rejects
a noise pulse of 19 ns width, while accepting a narrower
signal pulse (= 16 ns) of the same amplitude (The signal is
triangular since the pulse width is smaller than the rise and
fall time of the Trapezoidal Driver output).

The performance of the Transceiver under actual operating
condition is demonstrated in Figures 13 through 75. Oscillo-
grams in Figure 13 clearly show the capability of the
DS3662 in real life situations. Here it is compared with the
DS8834 under identical conditions. The Transceivers drive
a minicomputer Bus (flat ribbon cable) 100 feet long, termi-
nated at the far end with taps at various lengths for connect-
ing to the Receiver input. The cable is randomly folded to
generate crosstalk between the various parts. In addition a
noise pulse is induced on the signal line by driving an adja-
cent line with a pulse generator. This corresponds to the
second dominant pulse in the Bus waveforms at approxi-
mately 600 ns from the main signal pulse. As can be seen,
the DS8834 with fast rise and fall times on the Driver output
generates more crosstalk and its Receiver easily responds
to this crosstalk and to the externally induced noise (even
though it has hysteresis!), limiting the useful Bus length to

Typlcal High Speed Bus Driver

less than 10 feet. In contrast, the DS3662's Driver gener-
ates much less crosstalk and its Receiver is immune to the
induced noise even when the noise amplitude exceeds the
signal amplitude as seen in the oscillogram at 50 feet. When
the same experiment was repeated with the DS8641, it re-
sponded to the noise even at 10 feet as shown in Figure 14.

Figure 15 shows the plots of maximum data rate versus line
length for the three Transceivers discussed above under
two different conditions. The graph in Figure 15a is obtained
with no consideration to the pulse width distortion whereas
the one in Figure 15b is obtained for a maximum allowable
pulse width distortion of +10%. A square waveform is used
so that the pulse width distortion criteria will apply to both
positive and negative going pulses. These graphs clearly
show that the DS3662 can be used at considerably higher
data rates with lower distortion for longer distances than the
other two Transceivers (Figure 15b) although the others
have a slightly higher data rate capability at short distances
with high timing distortion (Figure 15a).

VIl. CONCLUSION

The DS3662, with its combination of a trapezoidal Driver
and a noise rejecting Receiver utilizing on chip capacitors,
represents a significant improvement in high speed Bus cir-
cuits and a solution to Bus noise problems commonly en-
countered in Mini and Microcomputer systems.

DS3662—Trapezoidal Driver

Output Waveforms Output Waveform
z ~
(=]
2 / 3 N\
! / \
/ \
. N
- TIME 10 NS/DIV - TIME 10 NS/DIV
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ov V4
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3V
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ov 1 /1 f\.f\
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TL/F/5857-13

FIGURE 12. DS3662 Receiver Response
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Reducing Noise on
Microcomputer Buses

Abstract: This paper focuses on the noise components that
have a significant impact on the performance of a high
speed microcomputer bus. An overview of their nature is
followed by ways to minimize their contribution by suitable
design of the PC board backplane, the termination network
and the bus transceiver. The DS3662 trapezoidal bus trans-
celver, which is specifically designed to minimize such noise
on high speed buses, is presented along with its perform-
ance data. And to conclude, some possible new transceiver
designs for further improvement of the bus performance are
explored.

INTRODUCTION

As the microcomputer bus bandwidth is extended to handle
ever increasing clock rates, the noise susceptibility of a sin-
gle-ended bus poses a serious threat to the overall system
integrity. Thus, it is mandatory that the various noise contri-
butions be taken into account in the design of the bus trans-
ceiver, the PC board backplane and the bus terminations to
avoid intermittent or total failure of the system.

Although noise such as crosstalk and reflections are inevita-
ble in any practical bus configuration, their impact on the
system can be determined and minimized by careful design
of all three components mentioned above. The combined
contribution of the noise under worst-case conditions
should be within the noise margin for reliable bus operation.

The design of the transceiver plays a significant role in mini-
mizing crosstalk and reflection. The bus can be optimized
for minimum noise at a given bandwidth by using a trapezoi-
dal driver having suitable rise and fall times along with a
matched low pass filtered receiver which provides a sym-
metrical noise margin. The DS3662 is one such transceiver,
the first member in the family of trapezoidal bus transceviers
available from National Semiconductor Corporation. This
device represents a significant improvement in high speed
bus circuit design and provides a solution to commonly en-
countered bus noise problems.

THE MICROCOMPUTER BUS

A typical microcomputer bus usually consists of a printed
circuit board backplane with signal and ground traces on
one side and a ground plane on the other. The length
ranges from a few inches to several feet with as many as 32
closely spaced (0.6” typical) card edge connectors. Each
signal line interacts with the ground plane to form a trans-
mission line with characteristic impedance ‘Z’ in the range
of 900Q-1200 typical. It is desirable to have as large

National Semiconductor Corp.
Application Note 337
R. V. Balakrishnan

a ‘Z’ as possible in order to reduce the drive requirement of
the bus driver and to reduce the power dissipated at the
terminations. But much larger values of ‘Z” translate to sig-
nificantly larger physical dimensions and therefore are not
very practical.

The bus appears like a transmission line to any signal hav-
ing a transition time ‘t,’ less than the round trip delay ‘2T’ of
the bus. The bus delay ‘T|’ is given by:

TL=LL1CY (1)

where L = length of the bus

L1 = distributed inductance per unit length

C1 = distributed capacitance per unit length
For a typical unloaded 1009 microstrip line, C1 = 20 pF/ft
and L1 = 0.2 pH/ft. Therefore, T = 2.0 ns/ft. This corre-
sponds to approximately half the speed of light. However,
the capacitive loading at each connector on the backplane
increases the delay time significantly. The loaded delay time
‘TLr’ is yiven by:

Tu =T + (CL/Cy (v}

where C| = distributed load capacitance/unit length

Given a 10 pF loading at each connector (connector +
transceiver capacitance) and a 0.6” spacing between con-
nectors, C| = 200 pF/ftand T = 6.6 ns/ft. So evena 6"
long bus has a 2T = 6.6 ns, which is higher than the
transition time (t;) of many high speed bus drivers. When in
doubt, it is always better to use the transmission line ap-
proach than the lumped circuit approach as the latter is an
approximation of the former. Also, the transmission line
analysis gives more pessimistic (worst-case) values of
crosstalk and reflection and is, hence, safer.

CROSSTALK REDUCTION

The crosstalk is due to the distributed capacitive coupling
Cg and the distributed inductive coupling Lg between two
lines. When crosstalk is measured on an undriven sense
line next to a driven line (both terminated at their character-
istic impedances), the near end crosstalk and the far end
crosstalk have quite distinct features, as shown in Figure 1.
Their respective peak amplitudes are:

VNE = KNe@TO(VI/t)  forte > 2T )
VNE = KNe(V)) forty <2T_ “
Vre = Kre(L(VI/t) )

where V| = signal swing on the drive line.
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The coupling constants are given by the expressions:

L(CcZ + Lo/Z
e = L0 E L/ ©
KFE = Egz_—LC/Z ns/ft (7)

The near end component reduces to zero at the far end and
vice versa. At any point in between, the crosstalk is a frac-
tional sum of near and far end crosstalk waveforms shown.
It should be noted from expressions 6 and 7 that the far end
crosstalk can have either polarity whereas the near end
crosstalk always has the same polarity as the signal causing
it. In microstrip backplanes the far end crosstalk pulse is
usually the opposite polarity of the original signal.

Although the real world bus is far from the ideal situation
depicted in Figure 1, several useful observations that apply
to a general case can be made:

1. The crosstalk always scales with the signal amplitude.

2. Absolute crosstalk amplitude is proportional to slew rate
Vi/t,, not just 1/t,.

3. Far end crosstalk width is always t.

4. For t; < 2T|, the near end crosstalk amplitude VNE ex-
pressed as a fraction of signal amplitude V, is a function of
physical layout only.

5. The higher the value of ‘t,’ the lower the percentage of
crosstalk (relative to signal amplitude).

The corresponding design implications are:

1. The noise margin expressed as a percentage of the sig-
nal swing is what's important, not the absolute noise margin.
Therefore, to improve noise immunity, the percentage noise
margin has to be maximized. This is achieved by reducing
the receiver threshold uncertainty region and by centering
the threshold between the high and low levels.

2. Smaller signal amplitude with the same transition time
reduces bus drive requirements without reducing noise im-
munity.

3. Far end crosstalk is eliminated if the receiver is designed
to reject pulses having pulse widths less than or equal to t,.

4. When t, < 2T\, the near end crosstalk immunity for a
given percentage noise margin has to be built into the back-
plane PC layout. Since (VNg/V) = Kng for this case, Kng
should be kept lower than the available worst-case noise
margin. Kyg may be reduced by either increasing the spac-
ing between lines or by introducing a ground line in be-
tween. The ground line, in addition to increasing the spacing
between the signal lines, forces the electric field lines to
converge on it, significantly reducing crosstalk.

5. For minimum crosstalk the rise and fall times of the signal
waveform should be as large as possible consistent with the
minimum pulse width requirements of the bus. A driver that
automatically limits the slew rate of the transition can go a
long way in reducing crosstalk.
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FIGURE 1. Crosstalk under Ideal Conditions
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CROSSTALK MEASUREMENT THE TERMINATION
When multiple lines on either side of the sense lines switch A properly terminated transmission line has no reflections.
simultaneously the crosstalk is considerably larger, typically But a practical microcomputer bus is neither a perfect trans-
3.5 times the single line switching case for microstrip back- mission line nor is it properly terminated under all condi-
planes. Also, the location of the drivers on the driven lines tions. The capacitive loading at discrete locations, such as a
and the receiver on the sense line for worst-case crosstalk used card slot, act as sources of reflection. However, in the
differs for the near end and far end cases as shown in Fig- limiting case when the bus is uniformly populated with a
ure 2 and 8 for a uniformly loaded bus. But if the far end large number of modules, the bus behaves like a lower im-
crosstalk is not of the opposite polarity, then the combined pedance transmission line. The loaded impedance ‘Z|' of
effect of far end and near end crosstalk could have a larger the bus is given by the expression:
amplitude and pulse width at a point near the middle of the
sense line in Figure 2. So in a general case, or in the case of ZL= ; ®)
a non-uniformly loaded bus, it is advisable to check the 1+ CL/Cq

sense line at several locations along the length of the bus to

determine the worst-case crosstalk. The measurement where Z = unloaded line impedance

should be made for both the positive and the negative tran- Unfortunately, uniform loading of the bus is not guaranteed
sition of the drive signal. at all times and even if it were (by dummy loading of
~ BUS
-

PULSE / SENSE LINE
NPUT ‘ ’
INPU }

\ SENSE

TL/F/5281-2
Note: All lines terminated at both ends (not shown)

FIGURE 2. Worst-Case Far End Crosstalk Measurement
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Note: All lines terminated at both ends (not shown)

FIGURE 3. Worst-Case Near End Crosstalk Measurement
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the unused slots) Z| is usually too low for proper termination
of the bus. For example, a 10 pF per module loading of the
1000 microstrip bus at 0.6” spacing results in a Z = 30Q.
One such termination at each end will require a 200 mA
drive capacity on the bus driver for a nominal 3V swing.
Such large drive currents and low value terminations in-
crease the power dissipation of the system significantly in
addition to causing other problems such as increased
ground drop, inductive drops in traces due to large current
being switched, etc. As a compromise the bus is usually
terminated at an impedance higher than Z_ but less than or
equal to Z. Consequently, there is always some amount of
reflection present. For a perfect transmission line the reflec-
tion coefficient ‘I is given by the well known expression:

_Z—-RK 9)
=7 R

where Z = impedance of the bus
Rt = termination resistance

The net effect, in the general case of a nonuniformly loaded
bus, is that it may take several round trip bus delays after a
bus driver output transition, before the quiescent voltage
level is established. However, this delay is avoided by using
a bus driver that has sufficient drive to generate a large
enough voltage step during the first transition to cross well
beyond the receiver threshold region under the worst-case
load conditions.

Figure 4 illustrates the driver output waveform under such a
condition. Here the fully loaded bus (with Z| = 309), of the
previous example, is driven by the DS3662 bus transceiver
at the mid point. The driver is actually driving two transmis-
sion lines of Z = 300 in either direction from the middle
and hence the initial step is given by:

- ZL) (10
\"A (2 2lg

where Ig = Standing current on the bus due to each
termination

For the DS3662, the termination can be designed for 2Ig =
100 mA and therefore:

V1 = (30/2)100 = 1.5V

This value of the initial swing is large enough to cross the
narrow threshold region of the receiver as shown and there-
fore no waiting period is required for the reflections to build
up the output high level. On the negative transition the prob-
lem is less critical due to the much higher sink capability of
the DS3662 during pull down.

Reflections can also be caused by resistive loading of the
bus by the DC input current of the receiver. The resulting
reflectoin coefficient (I') is given by the expression:

where Ig = receiver input current

Having a receiver with a high input impedance not only
makes this component of reflection insignificant but also re-
duces the DC load on the driver, allowing the use of lower
value termination resistors. This is particularly true when a
large number of modules are connected to the bus.

The design implications of the above discussion may be
summarized as follows:

1. If the driver has adequate drive to produce the necessary
voltage swing under the worst-case loading (Z/2), reflec-
tions do not restrict the bus performance. This translates to
a 100 mA minimum drive requirement for a typical microstrip
bus.

2. If the drive is insufficient, time should be allowed for the
reflections to build up the voltage level before the data is
sampled.

3. For signals such as clock, strobe, etc., wherein the edge
is used for triggering events, it is mandatory that the driver
meet the above drive requirements if delayed or multiple
triggering is to be avoided.

4. An ideal TTL bus transceiver should have at least a
100 mA drive, a high input impedance receiver with a nar-
row threshold uncertainty region.

B

THRESHOLD
" RANGE

|<-2'IL MAX >
2.2v
1.9V J t
1.5v |
Vi
VoL=0.7V l

V)= 100 mA X 150 = 1.5V

TL/F/5281-4

FIGURE 4. Worst-Case DS3662 Output Transition for Z = 150 and Rt = 5002
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THE DS3662 TRANSCEIVER

The DS3662 quad trapezoidal bus transceiver has been de-
signed specifically to minimize the noise problems dis-
cussed previously. The driver generates precise trapezoidal
waveforms that reduce crosstalk and the receiver uses a
low pass filter to reject noise pulses having pulse widths up
to the maximum driver output transition times. Precision out-
put circuitry optimizes noise immunity without sacrificing the
high data rate capability of Schottky transceivers.

Figure & shows the recommended configuration for micro-
computer buses. The use of a 3.4V source with a single
termination resistor at each end reduces the average power
dissipation of the bus. However, a two resistor termination
connected between the line and the power rails, having the
same Thevenin's equivalent, can be substituted for lower
cost.

Rt
3.4V
Y DS3662 % DS3662

Using a Miller integrator circuit, the driver generates a linear-
ly rising and falling waveform with a constant slew rate of
0.2 V/ns (Figure 6). This corresponds to a nominal transition
time of 15 ns. Figure 7 compares the output waveform of a
typical high speed driver to that of DS3662 under different
load conditions. It should be noted that even under heavy
loading, the regular drivers have peak slew rates that are
much higher than the average. On the other hand, the trape-
zoidal waveform has a much lower slew rate with only a
slight increase in the transition time. Such an increase in the
transition time has little or no effect on the data rates. In
fact, the high fidelity of the DS3662 driver output waveform
allows pulse widths as low as 20 ns to be transmitted on the
bus.

Ry

_T——T-.—M-O 3.4v
' D$3662 s DS3662

Ry = 509 to 900

TL/F/5281-5

FIGURE 5. Recommended Bus Termination for Heavily Loaded Microstrip Backplanes

= VIH=2VBE
FIGURE 6. DS3662 Driver

L— _/_ OUTPUT

HIGH SPEED _
AMPLIFIER  SLEW RATE=1/C

TL/F/5281-7

TL/F/5281-6

Note 1: Typical high speed driver output unloaded; t, = t = 3 ns
Note 2: Typical high speed driver output loaded; t, = t; = 10 ns
Note 3: Typical outupt of controlled slew rate driver which is load independent; t = ty = 15 ns

FIGURE 7. Waveform Comparison
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The receiver consists of a low pass filter followed by a high
speed comparator, with a typical threshold of 1.7V (Figure
8). The noise immunity of the receiver is specified in terms
of the width of a 2.5V pulse that is guaranteed to be rejected
by the receiver. The receiver typically rejects a 20 ns pulse
going positive from the ground level or going negative from
the 3.4V logic 1 level. The receiver threshold lies within a
specified 400 mV region over the supply and temperature
range and is centered between the low and high levels of
the bus for a symmetrical noise margin.

HIGH SPEED

. COMPARATOR

INPUT
OuTPUT

V=17V

TL/F/5281-8
FIGURE 8. DS3662 Receiver
Other features of the device include a 100 pA maximum DC
bus loading specification under power ON or OFF condition
and a glitch-free power up/down protection on the bus out-
put. :

4V

Waveforms in Figure 9 demonstrate the ability of the receiv-
er to distinguish the trapezoidal signal from noise. Here the
receiver rejects a noise pulse of 19 ns width, while accept-
ing a narrower signal pulse (16 ns) of the same peak ampli-
tude (the signal is triangular because of the pulse width
which is smaller than the transition time).

The real-world performance of the DS3662 transceiver
shows an order of magnitude improvement in noise immuni-
ty over conventional transceivers under actual operating
conditions (Reference #3). The controlled rise and fall
times on the driver output significantly reduces both near
end and the far end crosstalk. As expected, the pulse dis-
crimination at the receiver input virtually eliminates the far
end crosstalk, even on extremely long buses (over 100
feet). The near end crosstalk, which is particularly severe on
the state of the art backplanes due to the tight spacing be-
tween the signal lines, is easily accommodated by the large
percentage noise margin (>75%) provided by the receiver.

Field reports indicate that the DS3662 not only solves those
mysterious intermittent failure problems in mini and micro-
computer systems, but also helps them meet the new FCC
emission requirements due to the reduced RF radiation from
the bus.
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SIGNAL INPUT
TL/F/5281-12

FIGURE 9. DS3662 Receiver Response

TRAPEZOIDAL Cp=
DRIVER 170 2pF
1 [ '{ l"l
| [}
[H- x
TRAPEZOIDAL
RECEIVER

+5V
2RT
8US 2.5V
2RT
2.5V /-_\
1.75V VTH
1v._/ tr=t{=6n0s \_
0 2pF

TL/F/5281-21

FIGURE 10. High Speed Bus Transceiver with Low Output Loading for MicroComputer Backplanes
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WHAT NEXT?

Since crosstalk scales with the signal amplitude, reducing
the signal swing has not effect on the noise immunity as
long as the percentage noise margin remains the same. On
the other hand, there are several advantages in having low-
er signal swing. it reduces the drive current requirement of
the driver thus reducing its output capacitance. Lower ca-
pacitive loading on the bus decreases its impedance reduc-
ing the drvie requirement even further. Having a lower cur-
rent drive not only reduces the power dissipated at the ter-
minations but also allows better matching of the termination
due to the increased line impedance. In the ideal limiting
case the driver has negligible loading effect on the bus and
thus allows perfect termination under all load conditions.

In practice however, there are some obvious limitations. The
receiver thresholds have to be maintained within tighter lim-
its at lower signal swings to maintain the same percentage
noise margin. Also, the capacitive loading is difficult to re-
duce beyond a certain point, due to the diminishing return in
the way of lower current rating, as the loaded bus imped-
ance approaches the unloaded impedance. However, the
capacitance of an open collector driver output can be re-
duced significantly by using a Schottky diode as shown in
Figure 10. The diode isolates the driver capacitance when
the output is disabled. Using reduced signal swings and pre-
cise receiver thresholds, such a transceiver can provide sig-

nificant improvements in microcomputer bus performance.
The transceiver design presented in Figure 10 is being con-
sidered for incorporation into the Futurebus standard by the
|IEEE.

CONCLUSION

A well designed bus transceiver goes a long way in improv-
ing the noise immunity of a single-ended TTL bus. Further
improvements in bus performance may come from the use
of reduced voltage swings and better transceiver designs
for lower bus loading and tighter receiver threshold limits.
Although such approaches may not be TTL compatible, the
improvement in performance gained may indeed justify a
new standard for bus transceivers.
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DS3666 IEEE-488 GPIB Transceiver

General Description

The DS3666 is a high-speed Schottky 8-channel bi-direc-
tional transceiver designed to interface TTL/MOS logic to
the IEEE Standard 488-1978 Genera! Purpose Interface
Bus. PNP inputs are used at all driver inputs for minimum
loading, and hysteresis is provided at all receiver inputs for
added noise margin. The IEEE-488 required bus termination
is provided internally with an active turn-off feature which
disconnects the termination from the bus when V¢g is re-
moved. A power up/down protection circuit is included at all
bus outputs to provide glitch-free operation during Vcg pow-
er up or down. Implementing the IEEE-488 bus interface is
accomplished by connecting two DS3666 devices together
using the expansion control inputs provided. Each device is
assigned to 4 data channels and 4 management signal
channels to achieve the 16-line format.

Features

W 8-channel bi-directional non-inverting transceivers

m Bi-directional control implemented with TRI-STATE®
output design

m Meets IEEE Standard 488-1978

m High speed Schottky design

B Low power consumption

m High impedance PNP inputs (drivers)

W 500 mV (typ) input hysteresis (receivers)

W On-chip bus terminators

® No bus loading when Vg is removed

m Power up/down protection (glitch-free)

m Mode control implements 2-device expansion for com-
plete IEEE-488 interface configuration

B Accommodates multi-controller systems

Connection Diagram

Dual-In-Line Package

sc = L) 24 vee
TE =2 22 (NoT usen)
( RENIFC = 22 qennre 1
4
NRFO/NDAC — 2! nReD/NDAC
DATA A =] 20, pataa
DATA B —] 1% paTas
, 053666
BUS { DATAC —-J 1% patac  § TERMINAL
DATAD = T patap
mopE -4 1S aTnvEr
EOUATN 4 5. eoiatn
| ooy A4 1 sh/oav )
GND =2 13 oc
TL/F/5244-1
Top View
Order Number DS3666N

See NS Package Number N24C
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Absolute Maximum Ratings (Note 1)

Operating Conditions

Specifications for Military/Aerospace products are not Min Max Units
contained in this datasheet. Refer to the associated Supply Voltage (Voe) 475 5.25 v
reliability electrical test specifications document. Ambient Temperature (Ta) 0 70 °C
Supply Voltage, Voo 7.0V Output Low Current (lo)
Input Voltage 5.5V Bus 48 mA
Storage Temperature Range —65°Cto +150°C Terminal 16 mA
Maximum Power Dissipation* at 25°C
Molded Package 2005 mW
Lead Temperature (Soldering, 4 sec.) 260°C
*Derate molded package 16.0 mW/°C above 25°C.
Electrical Characteristics (Notes2and 3)
Symbol Parameter Conditions Min Typ Max Units
ViH High-Level Input Voltage 2 "
ViL Low-Level Input Voltage 0.8 v
ViK Input Clamp Voltage I = —18mA —-08 —15 \'
VHys Input Hysteresis Bus 400 500 mV
VoH High-Level Terminal loy = —800 pA 2.7 3.5 v
Output Voitage Bus (Note5) | loy = —5.2mA 25 | 3.4
VoL Low-Level Terminal loL = 16 mA 0.3 0.5
Output Voltage v
p 9 Bus loL = 48 mA 0.4 05
i High-Level Terminal V| = 5.5V 0.2 100
Input Current and HA
P V=27V 0.1 20
1 Low-Level Contrel V| = 0.5V
IL ow-Leve Inputs 1= 0 — _
Input Current 10 100 KA
VBias Terminator Bias Driver liibus) = O (No Load)
Voltage at Bus Port Disabled 25 80 8.7 v
lLoaD Terminator Bus Vipus) = —1.5V10 0.4V -1.3
Loading Current Bus Vi(bus) = 0.4V t0 2.5V 0 -32
Driver Vius) = 2.5V10 3.7V 25 mA
Disabled —-3.2
Vibus) = 3.7V to 5V 0 25
Viibus) = 5V 10 5.5V 0.7 2.5
Vce = 0, Vipus) = 0V to 2.5V 40 nA
los Short-Circuit Terminal V| = 2V, Vp = 0V (Note 4) —-15 —35 -75 mA
Output Current Bus (Note 5) -35 | —75 | —150
lcc Supply Current V| = 0.8V, SC = 2.0V, TE = 2.0V,
DC = 2.0V, Mode = 2.0V, 90 135 mA
ATN/EOI = 2.0V
CiN Bus-Port Bus Voo = 5VoroVv,V, = 0Vtoayv,
Capacitance f=1MHz 2 30 PF

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: Unless otherwise specified, min/max limits apply across the 0°C to +70° temperature range and the 4.75V to 5.25V power supply range. All typical values

are for Ty = 25°C and Vgc = 5.0V.

Note 3: 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 4: Only one output at a time should be shorted.

Note 5: This characteristic does not apply to the NRFD/NDAC bus output since it is open collector.
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Switching Characteristics vcc = 50V £5%, Ta = 0°C to 70°C (Note 1) 2]
&
Symbol Parameter From To Conditions Min Typ Max Units @
tpLH Propagation Delay Time, VL =23V 10 20
Low to High Level Output . RL = 38.30
Terminal Bus Ci =30 pF ns
tPHL Propagation Delay Time, L=30p 14 20
High to Low Level Qutput (Figure 1)
tpLH Propagation Delay Time, VL = 5.0v 14 20
Low to High Level Output R = 240Q
Bus Terminal CL = 30 pF ns
tPHL Propagation Delay Time, L 10 20
High to Low Level Output (Figure 2)
tpzH Output Enable Time V| = 3.0V 23 40
to High Level V=0V
= ns
tpHz Output Disable Time Ry = 4800 15 27
from High Level Control CL = 15pF
Inputs Bus (Figure 1)
tpzL Output Enable Time (Note 2) V| =0V 08 i
to Low Level (Note 3) VL =23V
= ns
tpLz Output Disable Time RL - 38.30 17 35
from Low Level CL=15pF
(Figure 1)
tpzH Qutput Enable Time V| = 3.0V 18 45
to High Level V=0V
= ns
tpHz Output Disable Time RL =3k 22 53
from High Level Control CL=15pF
Inputs . (Figure 1)
Terminal
tpzL Output Enable Time (Note 2) V| =0V 28 56
to Low Level (Note 3) V=5V
- ns
oLz Output Disable Time AL = 2800 20 a5
from Low Level CL = 15pF
(Figure 1)
tpzH Output Pull-Up Enable V=3V 10 20
Time ATN/EOI Bus VL =0V
. Input Data RL = 4800 ns
t Output Pull-Up Disable
PHZ Timz P (Note 2) Outputs CL=15pF 10 20
(Figure 1)

Note 1: Typical values are for Vog = 5.0V and T4 = 25°C and are meant for reference only.
Note 2: Refer to functional truth table for control input definition.

Note 3: Test configuration should be connected to only one transceiver at a time due to the high current stress caused by the V| voltage source when the output
connected to that input becomes active.

Switching Load Configurations

VL

Vi
TEST R
u‘eff.& Rt BEVICE '
V) O IN 1N914
Vi O-J N oot our
‘ V¢ O==] CONTROL *
V¢ O—] CONTROL o ¢ 914

T

1NS14
TL/F/5244-5 V¢ logic high = 3.0V
V¢ logic high = 3.0V Vg logic low = 0V INS14
V¢ logic low = 0V
*Cy includes jig and probe capacitance -
FIGURE 1 *C_ includes jig and probe capacitance TL/F/5244-6
FIGURE 2
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Switching Waveforms

Transmit Propagation Delays

3.0v
TERMINALY
(INPUT)
[

— -—1PLH

BUS
{OUTPUT)

v

1.

5V

1.5V

2.0v

TL/F/5244-7

Receive Propagation Delays

1.5V

BUS*
{INPUT)
ov

15V

tPLH
15V

TERMINAL
(OUTPUT)
TL/F/5244-8
Terminal Enable/Disable Times
LW
CONTROL
INPUT 15V
—= tpz.
TERMINAL
OUTPUT 15v
—] lpz" |——
TERMINAL 90%
ouTPUT 1.8
TL/F/5244-9
Bus Enable/Disable Times
LW
CONTROL
INPUT 15V
ov
tpzL
BUS
OUTPUT 08V
tpzH
BUS 90% 2.0V
QUTPUT

TL/F/5244-10

*Input signal: f = 1.0 MHz, 50% duty cycle, t, = ty < 5ns

Performance Characteristics

fLoAD — BUS CURRENT (mA)

Refer to Electrical Characteristics Table

Bus Port Load Characteristic
4

ul rs

%

IEEE 488-1978

LOAD REGION

-2

-1

0 1 2 3 4 65 6

V| - BUS VOLTAGE (V)
TL/F/5244-11
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Logic Diagram
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<l
2
TE —Do—
[ 22 3 A
REN/IFC ll)/ REN/IFC
1
il |~L oc
NRFD/NDAC l[)/ 4 NRFD/NDAC
ﬁ
n S
DATA A I D : 5 DATAA
! r{
DATA B i 0 § DATAB
L——o
ﬁ
TERMINAL } 8us
18 r{
DATAC 1) ! DATAC
|
?}
DATA D 1) 8 DATAD
1 |
f;}
" r&
SRQ/DAV ] D> L SRQ/BAV
s N
t EQI/ATN 0 19 eouatn
V- )
3 Note 1: -D- Denotes driver
o 2> m
Note 2: -@- Denotes receiver
1 0| Note 3: Symbol “OC" specifies open col-
lector output
T Note 4: Driver and receiver outputs that
m e’ are not specitied “OC" are totem-pole
ATN/EOI —D configurations
Note §: The data and SRQ/DAV driver out-
puts can have their active pull-ups disabled
by switching the appropriate inputs EOI/ATN,
O ' Mode, and ATN/EOI. This mode configures
the outputs as open collector.

MODE i—D——A

TL/F/5244-2
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Device Truth Tables

Transceiver Direction

Control Input Level Transceiver Signal Direction
Mode | SC | TE | DC | ATN/EOI | REN/IFC | NRFD/NDAC | SRQ/DAV | EOI/ATN | Data
X H| X ]| X X T
X L[ X[ X X R
X X|H| X X R T
X XftL|[X X T R
H X|HI| X X T
H X|L| X X R
H X| X | H X R
H X|X|L X T
L X| X | H X T
L X|X|L X R
L X|1H| X H T
L X{L|[X H R
L X|X]|H L R
L X|X| L L T
Output Configuration
Transcelver Bus Output
Control Input Level Configuration
Mode | ATN/EOI | EOI/ATN* Data SRQ/DAV
X H H Totem-Pole
X H L Totem-Pole
X L H Totem-Pole
X L L Open Collector
H X X Totem-Pole
L X X Open Collector
H = High level input
L = Low level input

X = Don't care
T = Transmit, i.e., signal outputted to bus
R = Receive, i.e., signal outputted to terminal

*The EOI/ATN transceiver signal level is sensed for internal logic control of bus port data output

configuration.

Functional Description

The DS3666 is an 8-channel bi-directional transceiver with
internal logic specifically configured to implement the IEEE-
488 bus interface. Expansion logic is included so that two
DS3666 devices may be interconnected to form the com-
plete 16-line interface. This approach is equivalent to pairing
the DS75160A and the DS75162A devices to implement the
16-line bus. The port connections to the bus lines have in-
ternal terminators, in accordance with the IEEE-488 Stan-
dard, that are deactivated when the device is powered
down. This feature guarantees no bus loading when Vg =
OV. The bus port data outputs have a control mode that
either enables or disables the active upper stage of the to-
tem-pole configuration. When the upper stage is disabled,
the data outputs operate as open collector outputs, which
are necessary for parallel polling. In compliance with the
system organization of the management signal lines, the
NRFD/NDAC bus port output is a fixed open collector con-
figuration. Also, the SRQ/DAV bus port output is configured
so that the SRQ output is open collector in the expanded
implementation of the device. Transceiver direction control
is divided into three groups. The NRFD/NDAC and data
lines are controlled by the TE input. The REN/IFC line is
controlled by the SC input. And the EOI/ATN and SRQ/
DAV lines are controlled by the TE or DC input, depending
on the expansion mode. A special case is the direction of

the designated EOI line, which is a function of both the TE
and DC inputs, as well as the logic level present on the ATN
line.

Table of Signal Line Abbreviations

SIQn.a'I Line Mnemonic Definition
Classification
Control DC Direction Control
Signals TE Talk Enable
SC System Controller
Data Data A, Data B, | Bi-Directional Data
170 Ports Data C, DataD | Transceivers
ATN Attention
DAV Data Valid
EOI End or Identify
Management IFC Interface Clear
Signals NDAC Not Data Accepted
NRFD Not Ready for Data
REN Remote Enable
SRQ Service Request
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IEEE-488 Interface Configuration Truth Tables (see configuration Diagram) @
Management Signals Data Signals g
Control Input Level | Transcelver Signal Direction Control Data
sc | TE | pC | ATN* | EOI | REN | IFC | SRQ | NRFD | NDAC | DAV I'_“P“‘l Transcelvers
eve
H H H R T T T R R T
H H L T T T A R R T atnlEOIITE Direc- Bus Port
H L H R T T T T T R tion Configuration
H L L T T T R T T R X|X|L|] R Input
L H H R R | R T R R T H|IH|H| T Totem-Pole Output
L H L T R R R R R T H{L|H|[ T Totem-Pole Output
L L H R R R T T T R LI{H[H| T Totem-Pole Output
L L L T R R R T T R L | L|H| T |[OpenCollectorOutput
X H X H T
X L X H R
X X H L R
X X L L T

H = High level input

L = Low level input

X = Don't care

T = Transmit, i.e., signal outputted to bus

R = Receive, i.e., signal outputted to terminal

*The ATN signal level is sensed for internal multiplex control of EQI transmission direction logic.

IEEE-488 Interface Configuration Terminal Interface
Implementation Using the DS3666 Block Diagram
F—— — — — — — o
DATA BYTE TRANSFER CONTROL BUS 23
1 2% 2—| r—I
I = Vece I IEEE
2 123 o7 488 { JGENERAL INTERFACEMANAGEMENT BUSD §
- ( B BUS
e —} 3 22 USED) e | S |
NDAC : o noac LI . '_““iﬂl“s_l_l_( s
pATA (1) —} - F—I_ BATA (D1) : 3
DATA (B2, I IEEE-488
(82) 1 7 DS3666 18 DATA (02) BUSINTERFACE
DATA (83) —} - "_—l— DATA (D3) (DS3666 x 2)
DATA (84) . e DATA (DY)
| 5V = - | BUS INTERFACE
ATN m m ATN INFORMATION CONTROL
oav —} - = }— oav
w GND — TALKER/LISTENER/CONTROLLER
a | | 2
ﬁ I 2 —:% Vee | :;_'
£ 123 (ot
nen —d 3 22 USED) — ren
T 1
: a0 weo | T
1 5 20 1
0ATA (85) —F - = {— oata (0s)
DATA (B6) DATA (D5)
7] osasss TL/F/5244-4
0aTA (87) —} - :: }— oatacn
DATA (B8) - DATA (D8)
| ) r |
€0l = ‘: Eol
sra —} = = }— sna
- GND ~—f J
Lld - o o e e |

TE SC oC
TL/F/5244-3
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IEEE-488 Specification Summary

Logic Nomenclature. When referring to the |IEEE-488

specification publication, the following logic conventions are

used:

1) A “true” condition corresponds to a logic low signal level.

2) A “false” condition corresponds to a logic high signal
level.

Bus Specification. The IEEE-488 bus is comprised of 16

signal lines intended for digital data exchange at a maxi-

mum rate of 1 Mbaud and for a maximum transmission path

length of 20 meters.

Terminal Devices. The |IEEE-488 bus will support a maxi-

mum of 15 interconnected devices. These devices may be

configured in four different modes of operation:

1) Talk only (e.g., counter)

2) Listen only (e.g., printer)

3) Listen and talk (e.g., multimeter)

4) Listen, talk, and control (e.g., calculator)

Data Bus. The data bus has 8 signal lines, denoted DIO;

through DIOg. These lines carry data and interface mes-

sages in a bi-directional asynchronous, bit parallel, byte seri-

al form.

Data Byte Transfer Control Bus. These 3 signal lines are

used to control the transfer of data bytes across the data

bus lines.

1) NRFD (Not Ready for Data). This signal originates from a
listen device and indicates to a talker that a listen device
is not ready to accept data.

2) DAV (Data Valid). This signal originates from a talker de-
vice and indicates to a listen device that data present on
the data bus is valid.

3) NDAC (Not Data Accepted). This signal originates from a
listen device and indicates to a talker device that data on
the data bus has not been accepted.

General Interface Management Bus. These 5 signal lines
provide general management of all bus operations.

1) ATN (Attention). This signal originates from a controller
device and indicates to other devices on the bus how the
data bus information is to be interpreted.

2) IFC (Interface Clear). This signal originates from a con-
troller device and causes all interface logic to be set to a
known state.

3) REN (Remote Enable). This signal originates from a con-
troller device and is used in conjunction with other mes-
sages to tell a remote device which of two sources of
information is to be used. The source is designated as
being remote or local.

4) SRQ (Service Request). This signal is generated by a
remote device to indicate to the controller device a need
for attention.

5) EOI (End or Identify). This signal is generated by a talker
device to indicate the end of a multibyte transfer. This
signal may also originate from a controller, in conjunction
with ATN to execute a polling sequence.

2-64




e @ g Yo VIO voOow A e W A NI e hcding

National
Semiconductor
Corporation

DS3667 TRI-STATE® Bidirectional Transceiver

General Description Features

The DS3667 is a high-speed Schottky 8-channel bidirection- B 8-channel bidirectional non-inverting transceivers

al transceiver designed for digital information and communi-  m Bidirectional control implemented with TRI-STATE

cation systems. Pin selectable totem-pole/open collector output design

outputs are provided at all driver outputs. This feature, to-  m High speed Schottky design

ge}her with thq Dumb Mode which puts bqth driver and' Te-  m Low power consumption

ceiver ‘onguts in THI-STATE at the same time, means high- g High impedance PNP inputs (drivers)

er "ex.'b'my of sy§tgm desngn.. PNP inputs are.uged at .a" m Pin selectable totem-pole/open collector outputs

driver inputs for minimum loading, and hysteresis is provid- (drivers)

ed at all receiver inputs for added noise margin. A power . N .

up/down protection circuit is included at all outputs to pro- ™ 500 mV (typ) input hysteresis (receivers)

vide glitch-free operation during Vg power up or down. m Power up/down protection (glitch-free)
m Dumb Mode capability

Connection Diagram

Dual-In-Line Package

1 2
TE = \ , 20 Vee
(2
B4 LI
Bz-‘ﬁ LN
4
B3 — 7 53
BI— LW
BUS 6 DS3667 5 » TERMINAL
85— — D5
Bs— LR
7= WY
9
e 12 s
J
ano 1 e
TL/F/5245-1
Top View
Order Number DS3667N

See NS Package Number N20A
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§ Logic Diagram Functional Truth Table
o o N 2 ) Control
n b B1 Input Data Transceivers
Level
TE PE Mode Bus Port Terminal Port
H H T Totem-Pole Input
Output
022 E 352 H L T Open Input
Collector
Output
? L H R Input Output
] L L D TRI-STATE TRI-STATE
i IR L H: High Level Input
M L: Low Level Input
T: Transmitting Mode
R: Receiving Mode
D: Dumb Mode
pe 2 E LI
TERMINAL F BUS
o5 E S85
L) N .
D6 1 B6
Q
: 13 N [}
07 — 0 87
k B7
L b 2 b Ses J
R
rs—‘% *
Pe1> .[
Note 1:—»— Denotes driver
Note 2: %— Denotes receiver
TL/F/5245-2
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Absolute Maximum Ratings wote 1) Operating Conditions @
Specifications for Military/Aerospace products are not Min Max Units Q
contained In this datasheet. Refer to the associated Ve, Supply Voltage 4.75 5.25 v
reliability electrical test specifications document. Ta, Ambient Temperature 0 70 °C
Supply Voltage (Veg) 7.0V lot, Output Low Current
Input Voltage 5.5V Bus . 48 mA
Storage Temperature Range —-65°Cto +150°C Terminal 16 mA
Maximum Power Dissipation* at 25°C
Molded Package 1832 mwW
Lead Temperature (Soldering, 4 seconds) 260°C
*Derate molded package 14.7 mW/°C above 25°C.
Electrical Characteristics (Notes2and3)
Symbol Parameter Conditions Min Typ Max Units
ViH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.8 Vv
Vik Input Clamp Voltage I} = —18 mA —-0.8 -1.5 v
VHYS Input Hysteresis Bus 400 500 mV
VoH High Level Terminal loH = —800 nA 2.7 3.5 v
OutputVoltage | pq lon = —5.2mA 25 | 34
VoL Low Level Terminal loL = 16 MA 0.3 0.5 v
OutputVoltage | p;q loL = 48 mA 0.4 05
IiH High Level TE, PE V| = 5.5V 0.2 100
Input Current V=27V 0.1 20
Terminal V) =4V KA
200
and Bus
e Low Level Terminal V) = 0.5V _ _
Input Current and TE, PE 10 100 | kA
Bus -0.4 -1.0 mA
los Short Circuit Terminal V| = 2V, Vo = 0V (Note 4) -15 —-35 -75 A
m
Output Current Bus —50 —120 —200
Icc Supply Current Transmit, TE = 2V, PE = 2V, V| = 0.8V 75 100 A
m
Receive, TE = 0.8V, PE = 2V, V| = 0.8V 65 90
CiN Bus-Port Bus Vee =0V, V=0V,
Capacitance f = 10 kHz (Note 5) . 20 30 PF
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 operations.
Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70°C temperature range and the 4.75V to 5.25V power supply range. All typical
values are for Tpo = 25°C and Vg = 5.0V.
Note 3: 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 4: Only one output at a time should be shorted.
Note 5: This parameter is guaranteed by design. It is not a tested parameter.
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Switching Characteristics vcc = 5.0v £5%, Ta = 0°Cto +70°C (Note 1)
Symbol Parameter From To Conditions Min | Typ | Max | Units
tPLH Propagation Delay Time, VL =23V 10 20 ns
Low to High Level Output RL = 38.3Q
Terminal Bus G = 30 pF
tpHL Propagation Delay Time, L P 14 20 ns
High to Low Level Output (Figure 1)
tPLH Propagation Delay Time, Vi = 5.0V 15 20 ns
Low to High Level Output Ry = 240Q
Bus Terminal C, = 30pF
tpHL Propagation Delay Time, L 10 20 ns
High to Low Level Output (Figure 2)
tpzH Output Enable Time V) = 3.0V
to High Level v =0V 9] 30 ns
tpyz Output Disable Time AL = 4800 I o
to High Level C'—, = 15pF
TE Bus (Figure 1)
i Notes 2 and 3 =
tpzL Output Enable Time ( ) V=0V 24 40 ns
to Low Level VL =23V
tpLz Output Disable Time AL - 38.30 17 %0 ns
to Low Level CL=15pF
(Figure 1)
tpzH Output Enable Time V, = 3.0V
to High Level V=0V 1 38 ns
N ] RL = 3k
tpHZ Output Disable Time CL = 15pF 17 25 ns
to High Level .
TE, PE Terminal | (Figure 1)
i Notes 2 and 3 =
tpzL Output Enable Time ( ) Vi=0ov 27 40 ns
to Low Level VL =5V
tpLz Output Disable Time R - 26001 17 30 ns
to Low Level CL = 15pF
(Figure 1)
tpzH Output Pull-Up Enable V=3V
Time PE VL =0V 0] 20 ns
Bus | Rl = 4800
tpHZ Output Pull-Up Disable (Notes 2 and 3) L _ 10 20 ns
Time CL = 15pF
(Figure 1)

Note 1: All typical values are for T = 25°C, Vg = 5V.
Note 2: Refer to Functional Truth Table for control input definition.

Note 3: Test configuration should be connected to only one transceiver at a time due to the high current stress caused by the V| voltage source when the
output connected to that input becomes active.

Switching Load Configurations

TEST
DEVICE

Vi O— IN
ouTt
V¢ O— CONTROL

Vg logic high = 3.0V
V¢ logic low = 0V

T .

CC

TL/F/5245-3

*Cy includes jig and probe capacitance

FIGURE 1

TEST
DEVICE

V) O—1 IN
out

V¢ O~ CONTROL

Vg logic high = 3.0V
Vg logic low = 0V

VL

RL

iN914

1NG14

1N914

TL/F/5245-4

*C includes jig and probe capacitance

FIGURE 2
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Switching Waveforms

Transmit Propagation Delays

. v
TERMINAL
(INPUT) 15V 15V

o

[——- PLH PHL

<

BUS 20
(ouTPUT)

v

BUS*
oo T 15V 15V 5[
ov
LU tHL

TERMINAL

Terminal Enable/Disable Times

(OUTPUT) 15v 1.5v l

L
CONTROL
INPUT 15v
o
tpzL
TERMINAL
OuTPUT L
tpzH
TERMINAL 90%
OUTPUT 15
Bus Enable/Disable Times
LW
CONTROL'
INPUT 15v
o
tpzy
BUS
oUTPUT 08V
tpzH
BUS 90% 20v
OUTPUT

*Input signal: f = 1.0 MHz, 50% duty cycle, ty = tt < 5ns

TL/F/5245-5

TL/F/5245-6

TL/F/5245-7

TL/F/5245-8
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DS3862 Octal High Speed Trapezoidal Bus Transceiver

General Description

The DS3862 is an octal high speed schottky bus transceiver
intended for use with terminated 1209 impedance lines. Itis
specifically designed to reduce noise in unbalanced trans-
mission systems. The open collector drivers generate pre-
cise trapezoidal waveforms with rise and fall times of 9 ns
(typical), which are relatively independent of capacitive
loading conditions on the outputs. This reduces noise cou-
pling to the adjacent lines without any appreciable impact
on the maximum data rate obtainable with high speed bus
transceivers. In addition, the receivers use a low pass filter
in conjunction with a high speed comparator, to further en-
hance the noise immunity. Tightly controlled threshold lev-
els on the receiver provide equal rejection to both negative
and positive going noise pulses on the bus.

The external termination is intended to be a 180 resistor
from the bus to 5V logic supply, together with a 3909 resis-
tor from the bus to ground. The bus can be terminated at
one or both ends.

Features

m Guaranteed A.C. specifications on noise immunity and
propagation delay over the specified temperature and
supply voltage range

B Temperature insensitive receiver thresholds track bus
logic level and respond symmetrically to positive and
negative going pulses

m Trapezoidal bus waveforms reduce noise coupling to
adjacent lines

m Open collector driver output allows wire-or connection

m Advanced low power schottky technology

® Glitch free power up/down protection on driver and re-
ceiver outputs

m TTL compatible driver and control inputs, and receiver
outputs

m Control logic is the same as the DS3896

Logic and Connection Diagram

DS3862

A2

10
CD,

1 \
At ——:@,——m

20

_.-1-1—9- B2

18
17

16
=~ GND

Order Number DS3862J or DS3862N
See NS Package Number J20A or
15 N20A

|——— 86

13
Lr—— b7

[ 12
_I_L— B8

. 1
(€0) — /R
CHIP DISABLE TRANSMIT/ RECEIVE

TL/F/8539-1
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Absolute Maximum Ratings (vote 1) Recommended Operating
Specifications for Military/Aerospace products are not Conditions

contained in this datasheet. Refer to the associated Min Max Units
reliability electrical test specifications document. Supply Voltage,Vee 475 5.25 v
Supply Voltage v Operating Free Air Temperature ] 70 °C
Control Input Voltage 5.5V

Driver Input and Receiver Output 5.5V

Receiver Input and Driver Output 5.5V

Power Dissipation 1400 mW

Storage Temperature Range —65°Cto +150°C

Lead Temperature (Soldering, 4 seconds) 260°C

Electrical Characteristics o-c < T4 < 70°C, 4.75V < V¢ < 5.25V unless otherwise specified (Notes 2 and 3)

Symbol I Parameter r Conditions LMin I Typ I Max I Units
Driver and Control Inputs:

VIH Logical *“1” Input Voltage 2.0 \
ViL Logical “‘0” Input Voltage 0.8 \"
Iy Logical *“1" Input Current An = Vco 1 mA
I Logical *1” Input Current An = 2.4V 40 pA
I8 Logical “‘0” Input Current An = 0.4V -1 -1.6 mA
m CD & T/R Logical “0” Input Current | CD = T/R = 0.4V —180 | —400 | pA
VoL Input Diode Clamp Voltage Iclamp = —12mA -0.9 -15 \
Driver Output/Receiver Input

VoLs Low Level Bus Voltage An = T/R = 2V, lbus = 100 mA 0.6 0.9 v
B Logical ““1” Bus Current An = 0.8V, Bn = 4V, Vg = 5.25V and OV 10 100 HA
;) Logica! “0" Bus Current An = 0.8V, Bn = 0V, V¢ = 5.25V and OV 100 nA
VTH Input Threshold Vee = 5V 1.5 1.7 1.9 v
Recelver Output

VoH Logical ““1” Output Voltage Bn = 0.9V, loph = — 400uA 24 3.2 \
VoL Logical “0” Output Voltage Bn = 4V, 1y = 16 mA 0.35 0.5 v
los Output Short Circuit Current Bn = 0.9V —~40 ( =70 | —100 mA
lcc Supply Current Ve = 5.25V 90 135 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 device should be
operated at these limits. The table 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.
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DS3862

Switching Characteristics o'c < T4 < 70°c, 4.75V < V¢¢ < 5.25V unless otherwise specified
Symbol T Parameter Conditions | MinT Typ | Max I Units
Driver:
toLH Anto Bn CD = 0.8V, T/R=20V,VL =5V (Figure 1) 12 20 ns
A
toHL 12 20 ns
toLHG CDtoBn An =T/R = 2.0V, VL = 5V, (Figure 1) 12 20 ns
tbHLC . 15 25 ns
OLHT T/RtoBn VCl = An,VC = 5V, (Figure 2) 20 30 ns
toHLT CD = 0.8V, RC = 3900, CL = 30 pF 25 40 ns
RL1 = 919, RL2 = 200Q, VL = 5V
tr Driver Output Rise Time CD = 0.8V, T/R =2V, VL = 5V (Figure 1) 4 9 20 ns
tr Driver Output Fall Time 4 9 20 ns
Receiver:
tRLH Bnto An CD = 0.8V, T/R = 0.8V (Figure 3) 15 25 ns
tRHL 15 25 ns
tRLZC CDtoAn Bn = 2.0V, T/R = 0.8V,CL = 5pF 15 25 ns
RL1 = 3900, RL2 = NG, VL = 5V (Figure 4)
tRzLc Bn = 2.0V, T/R = 0.8V, CL = 30 pF 10 20 ns
RL1 = 390Q, RL2 = 1.6K, VL = 5V (Figure 4)
tRHZC Bn = 0.8V, T/R = 0.8V, VL = 0V, 5 10 ns
RL1 = 390Q, RL2 = NC, CL = 5 pF(Figure 4)
tRzHC Bn = 0.8V, T/R = 0.8V, VL = 0V, 8 15 ns
RL1 = NC, RL2= 1.6K, CL = 30 pF (Figure 4)
tRLZT T/RtoAn VCI = Bn, VC = 3.4V, RC = 390 20 30 ns
CD = 0.8V, VL = 5V, RL1 = 3909,
RL2 = NC,CL = 5pF (Figure 2)
tAzLT VCI = Bn, VC = 3.4V, RC = 390, 30 45 ns
CD = 0.8V, VL = 5V, RL1 = 390Q,
RL2 = 1.6K, CL = 30 pF (Figure 2)
tRHZT VCI = Bn, VC = 0V, RC = 390 5 10 ns
CD = 0.8V, VL = 0V, RL1 = 3900,
RL2 = NC,CL = 5pF (Figure 2)
tRzZHT VCl = Bn,VC = 0V, RC = 399, 10 20 ns
CD = 0.8V, VL = 0V, RL1 = NC
RL2 = 1.6K, CL = 30 pF (Figure 2)
tNR Receiver Noise Rejection (Figure 5) 9 12 ns
Pulse Width

Note: NC means open
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Switching Waveforms

V-------
(co) 1.5V At
v ov toLwe
! K\ v t1
(Ap) 1.5V *
oV-------
v + touy
Vo (B M 1.7v Jf 907
VOL __ﬁ1 10%
t
i
910
v, O— DS3862 OV,
(An,CD) (Bn)
2000 30 pF

-
=z
S
[
c
[<]
m
1]
=
5]
o
P
o
>
g
>
=
(=]
m
Z

TL/F/8539-2
Note: t, = t; < 5 ns from 10% to 90%

>t t,»\
=~ touLr ‘QDL"T
Vo (Br) 1.7v l 1V l
truzr ‘—] 0.5V =ttt q
VO (Aﬂ) _L

¥ = tRzHT
v, (A) } — ]1
tRuzr 0.5V
VL
R 1
v, -
(/)| os3se2 OV,
v, O—AWW—— (BreAn)
Re (An'an) R 2

CL
(NCLUDES JIG CAPACITANCE)

|||—||—-

TL/F/8539-3

Note: t, = t; < 5 ns from 10% to 90% _
FIGURE 2. Propagation Delay From T/R Pin to An or Bn.
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DS3862

Switching Waveforms (Continued)

v, 0————{ Ds3862
(8,) (A

1.6k 30pF
| (INCLUDES JIG CAPACITANCE)
- - TL/F/8539-4

Note: tg = tr < 10 ns from 10% to 90%
FIGURE 3. Receiver Propagation Delays

v; (c0) 1.5V sy
' {

T, =
v, (An) thuze ‘_'ﬁ'—
t

DS3862

W o (cD) (An)

L
INCLUDES JIG CAPACITANCE)

—~o

TL/F/8539-5

Note: t, = t; < 5 ns from 10% to 90%
FIGURE 4. Propagation Delay From CD Pin to An
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Switching Waveforms (Continued)

v 1.7v t b 1LV 19V 19V

v
3900
v, O—AM———1 Ds3862 ov
I YYTR) (An) °
1.6k == 30pF

I (INCLUDES JIG CAPACITANCE)

Note: t, = t; = 2 ns from 10% to 90%
FIGURE 5. Recelver Noise Immunity: No Response at Output Input Waveform.

Typical Application

5V 5V
1200 UNIFIED DATA BUS
1800 1800
22 ¢
R AU SN S
3900 : DS3862 : :053852 : : DS3862 : 3300
' [} ) ] (] (]
) ) ) L} ] [}
ey ' [ ] '] ' —
[} [) ) ] ) [}
[} ) ] ) [] [}
[} ) [} ) [} )
’ ) ) ] ) )
] [} ) ] [} )
teccocoacand - - cToeoeesed toocooecanaswed

TL/F/8539-6

TL/F/8539-7

2-75

298¢sa




DS3890/DS3892/DS3898
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PRELIMINARY

DS3890 BTL™ Octal Trapezoidal Driver
DS3892 BTL Octal TRI-STATE® Receiver
DS3898 BTL Octal Trapezoidal Repeater

General Description

The DS3890, DS3892 and DS3898 are advanced IEEE-896
Future Bus compatible devices designed specifically to
overcome problems associated with driving densely popu-
lated backplanes. These products provide significant im-
provement in both speed and data integrity in comparison to
conventional bus drivers and receivers. Their low output ca-
pacitance, low voltage swing and noise immunity features
make them ideal for driving low impedance busses with min-
imum power dissipation.

The DS3890 and DS3898 feature open collector outputs
that generate precise trapezoidal waveforms with typical
rise and fall times of 6 ns which are relatively independent
of capacitive loading conditions. These controlled output
characteristics significantly reduce noise coupling to adja-
cent lines.

To minimize bus loading, the DS3890 and DS3898 also fea-
ture a schottky diode in series with the open collector out-
puts that isolates the driver output capacitance in the dis-
abled state. With this type of configuration the output low

voltage is typically “1V". The output high level is intended to
be 2 volts. This is achieved by terminating the bus with a pull
up resistor. Both devices can drive an equivalent DC load of
18.5Q (or greater) in the defined configuration.

(General Description to be continued)

Features

m Meets IEEE 896 Future Bus Specification

| Driver output capacitance less than 5 pF

= 1 volt bus signal reduces power consumption

m Trapezoidal driver waveforms (t;, t;, typically 6 ns) re-
duces noise coupling to adjacent lines

m Precise receiver threshold track the bus logic high level
to maximize noise immunity in both logic high ahd low
states

| Open collector driver output allows wire-or connection

m Advanced low power schottky technology

m Glitch free power up/down protection

& TTL compatible driver and control inputs and receiver
output

Logic and Connection Diagrams
DS3890 Octal Future Bus Drivers

DS3892 Octal Future Bus Receivers

DS3898 Octal Future Bus Repeaters

2]

a1 81 At

\J

[-BO1

-

~=B1 Bl

Az-w—f'
a3 83 A3
e =l B4 A=

Ve

As<—T] =86 Al

o
oi 8 B2
—

803

83 BI3

-804

- GND

85 BIS= [-B0S

=806

w41

B6 BI6 =

-B07

A8+

0y 0

DISABLE=~ [~-NC DISABLE—

1

87 BI7-

[-B08

B BIg—

Yy %Y?éc
YYYY QU

DISABLE= [-NC

TL/F/8700-1

TL/F/8700-2 TL/F/8700-3

Order Numbers DS3890J, N, DS3892J, N or DS3898J, N
See NS Package Number J20A or N20A
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Absolute Maximum Ratings (Note 1)

Recommended Operating

Specifications for Military/Aerospace products are not Conditions

conta.ined in this datasheet. Refer to the associated Min Max Units

reliability electrical test specifications document.

Supply Voltage 6V Supply Voltage 4.75 5.25 .,V

Control Input Voltage 5.5V Temperature (Ta) 0 70 c

Driver Input and Receiver Output 5.5V

Receiver Input and Driver Output 2.5V

Storage Temperature Range —65°C to +165°C

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

DS3890 Electrical Characteristics (Notes2and 3)

DRIVER AND CONTROL INPUTS
Symbol Conditions Min Typ Max Units
ViH 2.0 v
ViL 0.8 \']
liL An Vog=Max V|N=0.4V —1 -1.6 mA
Ij Dis Vocc=Max V|N=0.4 —180 —400 pA
i Voc=Max V|N=2.4V 40 nA
Iy Vecc=Max V|N=5.25V 1 mA
VoL Veg=Min Iiy=—-12mA —0.9 —-1.5 Vv

DRIVER OUTPUT
VoL Vec=Min R =18.50Q 0.75 1.0 1.2 Vv
loH Vec=Max Voyr=2V —-20 10 100 LA
lo Vec=0V Vour=2V 100 nA
i Vec=Max Voyr=0.75V —100 —250 pA
Icc Low Voo =Max 50 80 mA
Iec High TBD mA

DS3892 Electrical Characteristics (Notes2and 3)

CONTROL INPUTS
Symbol Conditions Min Typ Max Units
ViH 2.0 \
ViL 0.8 \
iL Vec=Max V|N=04 —180 —400 pA
i Vec=Max V|y=2.4V 40 pA
I Vec=Max V|N=5.25V 1 mA
VoL Vec=Min liN=—12mA —-0.9 —-1.5 |

RECEIVER
VoL Vec=Min lpL=16 mA 0.35 0.5 \
Von Vec=Min loy= —400 pA 2.4 3.2 \
los Vec=Max Voyr=0V —40 -70 —100 mA
VrH Rec Vec=5V 1.5 1.55 1.6 \
liy Rec Vec=Max V=2V 10 100 pA
I Rec Vec=0V Viy=2V 100 pA
liL Rec Vec=Max V|N=0.75V TBD pA
Icg Low Voo =Max 80 mA
lcg High TBD mA
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§ DS3898 Electrical Characteristics (Notes2and 3)

O | CONTROL INPUTS

§ Symbol Conditions Min Typ Max Units

§ ViH 20 Y

B viL 0.8 \

g IiL Vec=Max V|y=0.4 —180 —400 BA

§ ™ Vec=Max V|y=2.4V 40 HA
Iy Vec=Max Viy=5.25V 1 mA
VoL Vec=Min Iiy=—12mA —-0.9 —-1.5 \"

RECEIVER INPUT
V1H Rec Vec=5V 1.5 1.55 1.6 \
i Rec Vec=Max Viy=2V 10 100 pA
I} Rec Veo=0V V|iN=2V 100 pA
i Rec Veec=Max V|N=0.75V TBD pA
DRIVER OUTPUT

VoL Vec=Min R{=18.5Q 0.75 1.0 1.2 \
loH Vec=Max Voyr=2V —-20 10 100 pA
lo Vec=0V Vour=2V 100 nA
h Voc=Max Voyur=0.75V —100 ~250 mA
lcc Low Voo =Max 90 135 mA
loc High TBD 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 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 and apply to the full operating temperature and V¢ range.

Note 3: All typical values are Vg =5V, Ta= 25°C.

DS3890 Switching Characteristics (Figurs 1)

(0°C<TA<70°C, 4.75V<Vc<5.25V unless otherwise specified)

Symbol Conditions Min Typ Max Units
TauH Anto Bn 9 15 ns
TaHL 9 15 ns
TdLH Dis to Bn 10 18 ns
TaHL 12 20 ns
T, &Ts Bn rise and fall time 3 6 10 ns
DS3892 Switching Characteristics (sigures 2 3and 4)
Symbol Conditions Min Typ Max Units
TaLH Bnto An 12 18 ns
TpHL 10 18 ns
Taz 10 18 ns
TazL Dis to An 8 15 ns
TdHz 4 8 ns
TazH 7 12 ns
TNR Receiver noise rejection 3 6 ns
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DS3898 Switching Characteristics (Figures 4and5) 2
Symbol Conditions Min Typ Max Units §
L Bito BOn 20 30 ns §
TdHL 20 30 ns 8

TaH Dis to BOn 10 18 ns 5

TdHL 12 20 ns g

T &T¢ Bn rise and fall time 3 6 10 ns 3

TNR Receiver noise rejection 3 6 ns ®

General Descriptions (continued)

The DS8982 and DS3898 receiver inputs incorporate a low dards Committee. This standard was adopted to enhance
pass filter in conjunction with high speed comparator to fur- the performance of Backplane Busses. BTL compatible bus
ther enhance the noise immunity. Both devices provide interface circuits feature low capacitance drivers to mini-
equal rejection to both positive and negative noise pulses mize bus loading, a 1V nominal signal swing for reduced
(typically 6 ns) on the bus. power consumption and receivers with precision thresholds
The DS3890 features TTL compatible inputs while both the for maximum noise immunity. This new standard overcomes
DS3892 and DS3898 inputs are BTL compatible. The con- some of the fundamental limitations of TTL bus transceivers
trol inputs on all devices are TTL compatible. in heavily loaded backplane bus applications. Devices de-

signed to this standard provide significant improvements in

BTL “Backplane Transceiver Logic” is a new logic signaling switching speed and data integrity

method developed by IEEE P896 Future Bus Stan-

AC Switching Waveforms

V------
DISABLE 1.5V 1.5V
ov
tDLH
3y
An 1.5V
oV------
tDLH
Voh-=-=-=----- ?
Vo(Bn) 1.55V
Yol —ﬂ
R
TL/F/8700-4
VL = 2.0VOLTS
180
Vi O——1 0S3890 Yo
B
@) L 50
| (INCLUDES JIG CAPACITANCE)
Note: tg =tr<10 ns from 10% to 90% - TL/F/8700-5
FIGURE 1

Driver Propagation Delays
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DS3890/DS3892/DS3898

AC Switching Waveforms (continued)

2v
Vi(Bn) 1.55V
(Bn)
vio— Ds3892
Vo(An)
TL/F/8700-6
Note: tg=tg <10 ns from 10% to 90% TL/F/8700-7
FIGURE 2. Receiver Propagation Delays
WV------
Vi (DISABLE) 1.5v £
oY
DHZ — ’-—
\‘_ 0.5v
0LZ—»
Vo(An) 0.5V 1.5V
TL/F/8700-~-8
tpLz tozL
v v
RLI
3900
(An)
Vi O——1 DS3892 Vo Vi O—— DS3892 Vo
(DISABLE) (DISABLE)
c RL2 o
| (INCLUDES JIG CAPACITANCE) 1.6k l (INCLUDES JIG CAPACITANCE)
TL/F/8700-14 Note: tg = t¢ < 5 ns from 10% to 90% TL/F/8700-9
tpHz tozu
(An) (An)
vi 0— Ds3892 Vo vio—] Ds3892 Vo
(DISABLE) (DISABLE),
a G
| (INCLUDES JIG CAPACITANCE) I (INCLUDES JIG CAPACITANCE)
TLIF/8700-15 TL/F/8700-16

Note: tg = tr < 5 ns from 10% to 90%
FIGURE 3. Propagation Delay from Disable Pin to An
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AC Switching Waveforms (continued)

BUS LOGIC
v 188V -y 2V HIGH LEVEL
14V 1,25V
BUS LOGIC
LOW LEVEL
TL/F/8700-10
(8n)
Vi O—AMW—] Ds3892
330
Note: tg =tz <2 ns from 10% to 90% TL/F/8700-11

FIGURE 4

Receiver Noise Immunity:
“No Response at Output” Input Waveforms

Typical Application

DISABLE

Vi(Bn)

Vo(Bn)

TL/F/8700-12

VL = 2.0VOLTS

Bl OR DISABLE OV

T— 1340

Vi O——1 DsS3898 Vo

30 pF
| (INCLUDES JIG CAPACITANCE)

Note: tg =t <10 ns from 10% to 90% TL/F/8700-13
FIGURE 5

Repeater Propagation Delays
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DS3893

National PRELIMINARY
Semiconductor
Corporation

DS3893 BTL™ TURBOTRANSCEIVER™

General Description

The TURBOTRANSCEIVER is designed for use in very high
speed bus systems. The signaling characteristics of the
TURBOTRANSCEIVER are referred to as “Backplane
Transceiver Logic” (BTL). BTL is a new logic signaling stan-
dard that has been developed to enhance the performance
of backplane buses. BTL compatible transceivers feature
low output capacitance drivers to minimize bus loading, a
1V nominal signal swing for reduced power consumption
and receivers with precision thresholds for maximum noise
immunity. This new standard eliminates the settling time de-
lays, that severely limit the TTL bus performance, to provide
significantly higher bus transfer rates.

The TURBOTRANSCEIVER is compatible with the require-
ments of the IEEE 896 Futurebus standard. It is similar to
the DS3896/97 BTL TRAPEZOIDAL Transceivers (low out-
put capacitance and 1V logic swing) but the trapezoidal fea-
ture has been removed to improve the propagation delay. A
stripline backplane is therefore required to reduce the
crosstalk induced by the faster rise and fall times. This de-
vice can drive a 10 load with a typical propagation delay of
3.5 ns for the driver and the reciever.

When multiple devices are used to drive a parallel bus, the
driver enables can be tied together and used as a common
contro! line to get on and off the bus. The driver enable
delay is designed to be the same as the driver propagation
delay in order to provide maximum speed in this configura-
tion. The low input current on the enable pin eases the drive
required for the common control line.

The bus driver is an open collector NPN with a Schottky
diode in series to isolate the transistor output capacitance
from the bus when the driver is in the inactive state. The
active output low voltage is typically 1V. The bus is intended
to be operated with termination resistors (selected to match
the bus impedance) to 2V at both ends. Each of the resis-
tors can be as low as 20Q.

Features

W The fastest single ended transceiver (driver enable and
receiver propagation delay are 3.5 ns typical)

u Backplane Transceiver Logic (BTL™) levels (1V logic
swing)

W Less than 7 pF bus-port capacitance

Drives densely loaded backplanes with equivalent load

impedances down to 100

Compiies with |IEEE 896 Futurebus standard

4 transceivers in 20 pin PCC package

Specially designed for stripline backplanes

Separate bus ground returns for each driver to minimize

ground noise

High impedance, MOS and TTL compatible inputs

TRI-STATE® control for receiver outputs

m Built-in bandgap reference provides accurate receiver
threshold

m Glitch free power up/down protection on all outputs

m Oxide isolated bipolar technology

Connection and Logic Diagram
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GND TL/F/8698-1

Order Number DS3893V
See NS Package Number V20A
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Absolute Maximum Ratings (Note 1) Recommended Operating §
Specifications for Military/Aerospace products are not Conditions S
contained In this datasheet. Refer to the assoclated Min Max Units
reliabllity electrical test specifications document. Supply Voltage, Vg 475 5.5 v
Supply Voltage 6.5V Bus Termination Voltage (V1) 1.9 2.1 v
Control Input Voltage 6V Operating Free Air Temperature 0 70 °C
Driver Input and Receiver Output 6V
Receiver Input and Driver Qutput 3v
Power Dissipation at 70°C 900 mW
Storage Temperature Range —65°C to +150°C
Lead Temperature (Soldering, 4 sec.) 260°C

Electrical Characteristics (Notes2and 3) Tp = 0to +70°C, Vcg = 5V £5%

Symbol | Parameter J Conditions l Min [ Typ T Max L Units

DRIVER AND CONTROL INPUT: (DE, RE, Dn)

VIH Minimum Input High Voltage 2.0 \

ViL Maximum Input Low Voltage 0.8 \

) Input Leakage Current DE = RE = Dn = V¢¢ i 1 mA

IH Input High Current DE = RE = Dn = 2.4V 40 pA

L Dy, and RE Inputs Dn = RE = 0V —100 pA

IiLe DE Input DE = 0V —400 rA

Ver Input Diode Clamp Voltage lotamp = 12 mA -15 v

DRIVER OUTPUT/RECEIVER INPUT: (Bn)

VoLs Output Low Bus Voltage Dn = DE = 2.4V (Figure 2} 12 v
Rt = 10Q, V1 = 2V

loHB Output High Bus Current (Power On) Dn = DE = 0.8V, Vgg = 5.25V 10 100 A
Bn = 2V

loHB Output High Bus Current (Power Off) Dn = DE = 0.8V, Vgg = 0V 100 pA
Bn = 2V

VTH Receiver Input Threshold 1.475 1.55 1.625 \

CiN Bus-Port Capacitance Bn = Vr =2V 7 pF

RECEIVER OUTPUT: (Rn)

VoH Voltage Output High g_r; - 10?\//, loh 1mA 25V v

Voltage Outputs Low =2 =

Vou ge Dutp g—; _ o‘g\'f' 20 mA 035 | 05 v

los Output Short Circuit Current % - :)2;\\// —200 mA

Icc Supply Current 70 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 table 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.
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Switching Characteristics 1, = 0to +70°C, voc = 5V 5%

DS3893

Symbol | Parameter | Conditions I Min l Typ l Max TUnits
DRIVER: (Figures 3 and 6)
tDHL Prop. Delay Vy = 2VRy = 109, C_ = 30 pF, DE = 3V 2 3.5 7 ns
1DLH Prop. Delay V1 = 2V, Rt = 10Q,C_ = 30 pF, DE = 3V 2 3.5 7 ns
DR Output Rise time V1 = 2V,Rt = 10Q, C_ = 30 pF,DE = 3V 1 5 ns
toF Output Fall Time V1 = 2V, Rt = 10Q,C_ = 30 pF, DE = 3V 1 5 ns
tDskew Skew Between Drivers
. 1 ns
in Same Package
DRIVER ENABLE: (Figures 3 and 6)
tEHL Enable Delay V1 = 2V, Rt = 10Q,C| = 30pF,Dn = 3V 2 35 7 ns
tELH Disable Delay V1 = 2V,Ry = 10Q,C_ = 30 pF,Dn = 3V 2 3.5 7 ns
RECEIVER: (Figures 4 and 7)
tRHL Prop. Delay CL = 50 pF, RE = DE = 0.3V 2 3.5 8 ns
tRLH Prop. Delay CL = 50pF, RE = DE = 0.3V 2 3.5 8 ns
tRskew Skew Between Receivers
. 1 ns
in Same Package
RECEIVER ENABLE: (Figures 5 and 8)
Rz Receiver Enable to CL = 5pF,R_ = 500, DE = 0.3V 10 12 ns
Output Low S20pen Bn = 2V
tRzH Receiver Enable to G| = 5pF, R = 500, DE = 0.3V 9 12 ns
Output High S10pen Bn= 1V
tRLZ Receiver Disable CL = 5pF, RL = 500, DE = 0.3V 4 6 ns
From Low S20pen Bn = 2V
tRHZ Receiver Disable CL = 5pF, R = 500, DE = 0.3V 4 6 ns
From High S10pen Bn=1V
Vp=2v
{ DS3893 Ry=100
Dn
| U
=
2= '
l Note:n = 1,2,3,4
- TL/F/8698-2
FIGURE 2. Driver Output Low Voltage
AC Test Circuits
Vi=2v
onl DS3893 Ry =100
VDn(t) O VBn(t)
VDE(t) O 23 ! C_ = 30PF

(INCLUDES JIG CAPACITANCE)

TL/F/8698-3
FIGURE 3
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AC Test Circuits (continued)

DS3893
Bn Rn

VBn(t) O——— —-ro VRn(t)
RE Cp =50PF
[ (INCLUDES JIG CAPACITANCE)

=

TL/F/8698-4

FIGURE 4
.
' DS3893 -
i VRn(t) R =500 —0 5V
¢ S2
1V=2v VRE() o= C =5PFF -]
I ! (INCLUDES JIG CAPACITANCE) —
— " - Note: Unless Otherwise Specified
The Switches are Closed TL/F/8698-5
FIGURE 5
Switching Time Waveforms
R ¥
VDn(t) 3v N { ¢ 'd
OR 1.5V 1.5V
VDE(t) 3V
tbHL tbLH
2v 1.55V 1.55V
VBn(t) W 90% 1\ 10% P 10% | 99%
I )
toF — |- ——I - tOR

tg =tz <4ns FROM 10% TO 90%

TL/F/8698-6
FIGURE 6. Driver Propagation Delay

van(t) 1.55V 1.55V
tRLH {RHL
¢ 5V

ad
~

Y )
VRn(t) ¢
ty =t; <4ns FROM 10% T0 90%
TL/F/8698-7
FIGURE 7. Recelver Propagation Delay
tr tp
VRE(t) 3 1.5V 3 1.5V
3V - § ¢ ’
trzL, tRLz
5v
ot ‘ Y,
n _—_L
v 1.5V ¢ ¢

iR VoL
tRzH—~—] ’«-‘RHZ-—| 1
35V

/ { § Vou
v 1.5v
Rn(t) / . 5V

ov

Note: tg = tr < 4 ns From 10% to 90% Note:n = 1,2,3,4 TL/F/8698-8

FIGURE 8. Receiver Enable and Disable Times
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Typical Application

:053893

Application Information

Due to the high current and very high speed capability of the
TURBOTRANSCEIVER's driver output stage, circuit board
layout and bus grounding are critical factors that affect the
system performance.

Each of the TURBOTRANSCEIVER's bus ground pins
should be connected to the nearest backplane ground pin
with a separate trace. The ground pins on the connector
should be distributed evenly through its length.

Although the bandgap reference receiver threshold pro-
vides sufficient DC noise margin (Figure 1), ground noise
and ringing on the data paths could easily exceed this mar-
gin if the series inductance of the traces and connectors are
not kept to a minimum. The transceivers should be mounted
as close as possible to the connector. It should be noted
that even one inch of trace can add a significant amount of
ringing to the bus signal.

1.9v
275mV

1.625V
1.475V

275mV
1.2v L

TL/F/8698-10
FIGURE 1. Noise Margin

20 OHM LOADED BACKPLANE

20

B.G. REFERENCE GROUND

TL/F/8698-9

NV,

19

DS3893

oo

D1

D4

STRIP=LINE BACKPLANE

FIGURE 2

CONNECTOR—hg

BACKPLANE GROUND—

TL/F/8698-11
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DS3896/DS3897 Futurebus Trapezoidal™ Transceivers

General Description

These advanced IEEE-896 Futurebus compatible transceiv-
ers are specifically designed to overcome problems associ-
ated with driving a densely populated backplane, and thus
provide significant improvement in both speed and data in-
tegrity. Their low output capacitance, low output signal
swing and noise immunity features make them ideal for driv-
ing low impedance buses with minimum power consump-
tion.

The DS3896 is an octal high speed schottky bus transceiver
with common control signals, whereas the DS3897 is a
quad device with independent driver input and receiver out-
put pins. The DS3897 has a separate driver disable for each
driver and is, therefore, suitable for arbitration lines. On the
other hand, the DS3896 provides high package density for
data/address lines.

The open collector drivers generate precise trapezoidal
waveforms, which are relatively independent of capacitive
loading conditions on the outputs. This significantly reduces
noise coupling to adjacent lines. In addition, the receivers
use a low pass filter in conjunction with a high speed com-
parator, to further enhance the noise immunity and provide
equal rejection to both negative and positive going noise
pulses on the bus.

To minimize bus loading, these devices also feature a
schottky diode in series with the open collector output that
isolates the driver output capacitance in the disabled state.
The output low voltage is typically “1V” and the output high
level is intended to be 2V. This is achieved by terminating
the bus with a pull up resistor to 2V at both ends. The device

can drive an equivalent DC load of 18.59) (or greater) in the
above configuration.

These signalling requirements, including a 1 volt signal
swing, low output capacitance and precise receiver thresh-
olds are referred to as Bus Transceiver Logic (BTLT™).

Features

W 8 bit DS3896 transceiver provides high package density

W 4 bit DS3897 transceiver provides separate driver input
and receiver output pins

m Meets IEEE 896 Futurebus specification

m BTL compatible

m Less than 5 pF output capacitance for minimal bus
loading

| 1 Volt bus signal swing reduces power consumption

m Trapezoidal driver waveforms (t,, i = 6 ns typical) re-
duce noise coupling to adjacent lines

m Temperature insensitive receiver thresholds track the
bus logic high level to maximize noise immunity in both
high and low states

m Guaranteed A.C. specifications on noise immunity and
propagation delay over the specified temperature and
supply voltage range

m Open collector driver output allows wire-or connection

| Advanced low power schottky technology

m Glitch free power up/down protection on driver and re-
ceiver outputs

m TTL compatible driver and control inputs and receiver
outputs

Logic and Connection Diagrams

DS3896N, J DS3897N, J DS3897V
g et E, By Dy Ry D

Ali—_g )o_oE[—ﬂm b1 = ‘h‘!: - 2 g 1o 2
A2 2 19 B2 R1 2 ,t——\ i1s E1

3 ﬁ 18 3 -
A3 E] E I 83 02 -\ 82
M —-FQEE | = o4 R2 2 :.!{]j Llzg

5 16
Voo = 1= GND vee _5‘ 16 o
as 2 13 g

"Qoﬁ 03 2 = e 13 g

7 14 |-|_J'
A6 :E_] ,‘:_; ] B6 ; 1 e
B 3 fs E & B, E4 RE TE Ry

:Q"ﬁ i B ——\ 130

9 12 TL/F/8510-11
A8 B8 9 L2, Order Number DS38964, N,
@ 1 o Re 4 DS3897J, N or DS3897V

— —10 1" _ See NS Package Number

CHIP Lﬁ TRANSMIT —{>o0- — RE
DISABLé RECEVE / * J20A, N20A or V20A

TL/F/8510-1

TL/F/8510-2
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Absolute Maximum Ratings (Note 1) Recommended Operating

DS3896/DS3897

Specifications for Military/Aerospace products are not

Conditions

contained in this datasheet. Refer to the associated

Min Max  Units

reliability electrical test specifications document. Supply Voltage, Vcg 475 5.25 v
Supply Voltage 6v Bus Termination Voltage 1.90 210 v
Control Input Voltage 5.5V Operating Free Air Temperature 0 70 °C
Driver Input and Receiver Output 5.5V
Receiver Input and Driver Output 2.5V
Power Dissipation at 70°C N Package 1480 mW

J Package 1250 mW
Storage Temperature Range —65°Cto +150°C
Lead Temperature (Soldering, 4 sec.) 260°C

Electrical Characteristics: (Note2and3)(0°C < Ta < 70°C, 4.75V < Vg < 5.25V unless otherwise specified)

SVmboli Parameter T Conditions ' Min | Tpr Max l Units

Driver and Control Inputs: (An, Dn, En, CD, T/R, RE, TE)

VIH Logical ““1” Input Voltage 2.0 \2

ViL Logical “0" Input Voltage 0.8 )

1 Logical ““1” Input Current An = Dn = En = V¢ 1 mA

H Logical “1" input Current An = Dn = En = 24V 40 rA

e Logical ““0” Input Current An = Dn = En = 0.4V -1 -1.6 mA

IiLc Logical “0” Input Current CD = T/R = RE = TE = 0.4V —180 | —400 pA

Voo Input Diode Clamp Voltage Iclamp = —12mA -0.9 -1.5 \

Driver Output/Receiver Input: (Bn)

VoL Low Leve! Bus Voltage An=Dn=En= TE =2V,VL =2V 0.75 1.0 1.2 \
RL = 18.50, CD = TE = 0.8V (Figure 1)

IHB Maximum Bus Current (Power On) | An = Dn = En = 0.8V, Vg = 5.25V 10 100 pA
Bn = 2V

s Maximum Bus Current (Power Off) [ An = Dn = En = 0.8V, Vo = OV 100 pA
Bn = 2V

VTH Receiver Input Threshold Vee = 5V 1.5 1.55 1.60 \

Receiver Output: (An, Rn)

VoH Logical “1” Output Voltage Bn = 1.2\_/, I0H_= —400 pA 24 3.2 \
CD = T/R = RE = 0.8V

VoL Logical “0"” Output Voltage Bn = 2V,lgL = 16 mA 0.35 0.5 v
CD = T/R = RE = 0.8V

los Output Short Circuit Current Bn = 1.2_\_/ o —40 -70 —-100 mA
CD=T/R=RE =08V

lcc Supply Current (DS3896) Vce = 5.25V 90 135 mA

Icc Supply Current (DS3897) Vce = 56.25V 50 80 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 table of “Electrical Characteristic” 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 Voc = 5V and Tq = 25°C.
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DS3896 Switching Characteristics
(0°C < Tp < 70°C, 4.75V < Ve < 5.25V unless otherwise specified)

Symbol r Parameter Conditions I Min I Typ I Max I Units
Driver:
tpLH AntoBn CD = 0.8V, T/R = 2.0V, VL = 2V 9 15 ns
toHL (Figure 2) 9 15 ns
tpLHC CDtoBn An = T/R = 2.0V, VL = 2V, 10 18 ns
tDHLC (Figure 2) 12 20 ns
toLHT T/RtoBn VCl = An, VG = 5V, (Figure 5) 15 25 ns
tDHLT CD = 0.8V, RC = 390, CL = 30 pF 22 35 ns
RL1 = 180, RL2 = NC, VL = 2V
tr Driver Output Rise Time CD =08V, T/R=2V,VL=2V 6 10 ns
tr Driver Output Fall Time (Figure 2) 6 10 ns
Receiver:
tRLH Bnto An CD = 0.8V, T/R = 0.8V 12 18 ns
tRHL (Figure 3) 10 18 ns
taLZC CDto An Bn = 2.0V, T/R = 0.8V,CL = 5pF 10 18 ns
RL1 = 3909, RL2 = NC, VL = 5V  (Figure 4)
tRzLC Bn = 2.0V, T/R = 0.8V, CL = 30 pF 8 15 ns
RL1 = 3909, RL2 = 1.6k, VL = 5V (Figure 4)
tRHZC Bn = 0.8V, T/R = 0.8V, VL = 0V, 4 8 ns
RL1 = 3909, RL2 = NC, CL = 5 pF (Figure 4)
tRzHC Bn = 0.8V, T/R = 0.8V, VL = 0V, 7 12 ns
RL1 = NC, RL2 = 1.6k, CL = 30 pF (Figure 4)
tRLzT T/Rto An VCI = Bn, VC = 2V, RC = 189, 14 20 ns
CD = 0.8V, VL = 5V, RL1 = 390,
RL2 = NC, CL = 5 pF (Figure 5)
tRZLT VCI = Bn, VC = 2V, RC = 184, 24 40 ns
CD = 0.8V, VL = 5V, RL1 = 3900,
RL2 = 1.6k, CL = 30 pF (Figure 5)
tRHZT VCl = Bn,VC = 0V, RC = 1841, 4 8 ns
CD = 0.8V, VL = 0V, RL1 = 390Q,
RL2 = NC, CL = 5 pF (Figure 5)
tRZHT VCl = Bn,VC = 0V, RC = 18, 8 15 ns
CD = 0.8V, VL = 0V,RL1 = NC
RL2 = 1.6k, CL = 30 pF (Figure 5)
tNR Receiver Noise (Figure 6) 3 6 ns
Rejection Pulse Width
Note: NC means open
DS3897 Switching Characteristics
(0°C < Tp < 70°C, 4.75V < Vg < 5.25V unless otherwise specified)
Symbol l Parameter T Conditions | Min l Typ l Max | Units
Driver:
toLH Dn, Ento Bn TE = 0.8V, RE = 2.0V, VL = 2V 9 15 ns
tDHL (Figure 2) 9 15 ns
tOLHT TEtoBn An = RE = 2.0V, VL = 2V, (Figure 2) 10 18 ns
tOHLT 12 20 ns
RL1 = 180, RL2 = NC, VL = 2V (Figure 5)
tr Driver Output Rise Time CD = 0.8V,T/R = 2V,VL = 2V 10 ns
tF Driver Output Fall Time (Figure 2) 10 ns
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DS3897 Switching Characteristics continued)
(0°C < Ta < 70°C, 4.75V < V¢ < 5.25V unless otherwise specified)

Symbol r Parameter Conditions L MInJ Typ | Max LUnlts

Receiver:

tALH BntoRn TE = 2.0V,RE = 0.8V (Figure 3) 10 18 ns

tRHL 12 18 ns

tRLZR REtoRn Bn=TE = 2V,VL =5V,CL=5pF . 10 18 ns
RL1 = 3900, RL2 = NC (Figure 4)

tRZLR Bn = TE = 2V, VL = 5V, CL = 30 pF 8 15 ns
RL1 = 390Q, RL2 = 1.6k (Figure 4)

tRHZR Bn = 0.8V, TE = 2V, VL = 0V, 4 8 ns
RL1 = 3909, RL2 = NC, CL = 5 pF(Figure 4)

1RZHR Bn = 0.8V, TE = 2V, VL = 0V, 7 12 ns
RL1 = NC, RL2 = 1.6k, CL = 30 pF(Figure 4)

NR Receiver Noise (Figure 6) 3 6 ns

Rejection Pulse Width

Driver plus Receiver:

{DRLH DntoRn TE = RE = 0.8V (Figure 7) 20 30 ns

{DRHL 20 30 ns

Note: NC means open

DS3896
OR
ps3s97 | (Bn)

Volb

TL/F/8510-3

FIGURE 1. Driver Output Low Voltage Test

NV-=------
(cp) 1.5V. \tr
ov
Vi ‘DLHC_’ Ll
Vai

DS3896
Vi O] OR Vo

An,Dn,En,cD) | Ds3ge7 |(Bn)
(An,Dn ) I 30 pF (INCLUDES JIG CAPACITANCE)

FIGURE 2. Driver Propagation Delays

Note: t;, = t < 5 ns from 10% to 90%

TL/F/8510-4
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tr
Vi(Bn) 1.55v
< tRHL
Voh
Vo (An,Rn) 1.5V
Yol
5v
3900
DS3896

Vi OR
(Bn)] DsS3897 [(An,Rn) |
1.6kl 30 pF (INCLUDES JIG CAPACITANCE)

TL/F/8510-5
Note: tg = tg < 10 ns from 10% to 90%

FIGURE 3. Recelver Propagation Delays

Vo (A I’\) T'

DS3896
Vio—— oR
(c0)] ps38e7

Vo

C (INCLUDES JIG CAPACITANCE)

- - TL/F/8510-8
Note: t; = t; < 5 ns from 10% to 90%

FIGURE 4. Propagation Delay from CD pin to An
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DS3896/DS3897

T N DO EERORo T e e = -

-

S 2
Vi(T/R) o 15 V;l\tr tf’\‘fv
YoHT | |~ — | toLur
Vo (Bn) 155V 155V
tRuzr—| |- — |~ Rt
Vo (An) 0.5V 1.5v
T
tRHZT — 14—

Vo (An) 05V

Vi Q] 53896 Vo
(T/R)]  or
Ve O=—AAM———=1 D33897 C_ (INCLUDES JIG CAPACITANCE)
RC {An, Bn)

Note: t, = t; < 5 ns from 10% to 90%

FIGURE 5. Propagation Delay from T/R pin to An or Bn

t oy BUS LOGIC
T55y | HIGH LEVEL

- - - -1.25Y

1.85Y- - - -
Vi 1.55V

1.1V

BUS LOGIC —
LOW LEVEL |
SV
3300
DS3896
Vi O—AN OR Vo

30 pF (INCLUDES JIG CAPACITANCE)

1.6kQ I

Note: t, = {; = 2 ns from 10% to 90%

FIGURE 6. Receiver Noise Immunity: “No Response at Output” Input Waveforms

TL/F/8510-7
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DS3896

v T vi sV
180 (o) % 3900

O Vo

OR

(Bn)] ps3e7 f(Rn) l
30pF I 1.6k0 I 30 pF (INCLUDES JIG CAPACITANCE)
= = = TL/F/8510-9
Note: t; = ty < 5 ps from 10% to 90%
FIGURE 7. Driver Plus Receiver Delays
Typical Application
2v 2v
39 tsy 3905y
L L L L ¢ &
4 4 el 4 7
P--——- ---aeq —---mlheee-y ---- ----y -- - - -—-——-— e e - -——--
| DS3836 /DS3897, | DS3896 /DS3897 | | DS3896 | /DS3897! | DS3896 /DS3897 ) | DS3896 /DS3897 |
)

R R R Y

R e R Y]

TL/F/8510-10
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The Proposed IEEE 896
Futurebus—A Solution to
the Bus Driving Problem

The IEEE 896 Futurebus is a proposed general-purpose bus
standard for high-performance microcomputer systems.
With a strong emphasis on speed and reliability, P896 offers
a number of innovative features that are not found in other
backplane buses.

A major contribution to its performance comes from its elec-
trical specifications. The Futurebus solves, for the first time,
the fundamental problems associated with driving a densely
populated backplane—as a result, it provides significant im-
provements in both speed and data integrity. Two years of
effort by the P896 committee have culminated in a deeper
understanding of the physics of the backplane bus, leading
to an ingenious solution to the bus problem.

Speed is probably the most important feature of any bus
standard. This is especially true for the Futurebus, since its
totally asynchronous protocol permits continuous speed en-
hancements through advances in technology. In fact, the
maximum data transfer rate between any two plug-in cards
is determined simply by the sum of the response times of
the two cards and the bus delay. Ultimately, as logic devices
get faster, bus delay will be the dominating factor limiting
bus speed.

There are two components to the bus delay in a typical
system, namely, the settling time and the propagation delay.
The settling time is the time needed for reflections and
crosstalk to subside before data are sampled; it is usually
several times longer than the backplane propagation delay.
As will be shown later, the settling time is the price the user
pays for not driving the bus properly.

By using a special transceiver, the Futurebus not only elimi-
nates the settling time delay but also reduces the propaga-
tion delay of the loaded backplane to provide maximum
possible bus throughput.

THE PHYSICS OF THE BACKPLANE BUS

For high-speed signals the bus acts like a transmission line
with an associated characteristic impedance and propaga-
tion delay whose unloaded values, Z, and tpo, are given by

Zo = JL7C
tpo = VL/C

¢ = length of the bus, L = distributed inductance per unit
length, and C = distributed capacitance per unit length.(1)
These values can be calculated for a typical microstrip
backplane (Figure 7) by means of the following equations:
Zo = (87/e + 1.41)
®In [5.98n/(0.8w + 1)1
too = 1.017/0.475 ¢, + 0.67 ns/ft

where ¢, = relative dielectric constant of the board material
(typically e, = 4.7 for fiberglass and w,h,t = the dimensions
indicated in Figure 1. For a typical P896 backplane, t =
1.4 mils, w = 25 mils, h = V¢ inch, and ¢ = 4.7. By
substituting these values we get Z, = 100Q and tpo =
1.7 ns/ft.

Printed previously IEEE.

National Semiconductor Corp.
Application Note 458
R. V. Balakrishnan

These values correspond to an unloaded backplane. When
the backplane is uniformly loaded with the capacitance of
plug-in cards and connectors at frequent intervals, the load-
ed values of the impedance, Z|, and the propagation delay,

tpL, are given by

Z| = Zo/N1 + CL/C)

toL = tpo/V1 + CL/C)
where C| = the distributed load capacitance per unit
length.(1)
The distributed capacitance, C of the unloaded backplane
can be measured in the lab. For our microstrip, it is 20 pF/ft.
This does not include, however, the capacitance of the con-
nectors mounted on the backplane and the associated plat-
ed-through holes, which can amount to 5 pF per card slot.

sonaL unen_ Y
B SN

1

!

DIELECTRIC INSULATION
(ep)

% ZA

GROUND PLANE /

TL/F/8842-1
FIGURE 1. Cross Section of a Microstrip Bus Line

The loading capacitance of the plug-in card, however, is
dominated by the loading capacitance of the transceiver,
which can be 12-20 pF for TTL devices. Allowing another
3-5 pF for printed-circuit traces and the connector, the total
loading per card slot can add up to 30 pF. For a system
such as P896, which has 15 slots per foot, C|. = 450 pF/ft.

Therefore,

Z, = 100/y1 + (450/20) = 20Q

tL=17 Y1 + (450/20) = 8.25 ns/ft
As can be seen above, the capacitive loading drastically
alters both the impedance and the propagation delay of the
bus. This reduces the bus throughput in two ways. One obvi-
ous impact is the increased propagation delay. But the not
so obvious and even more serious problem is the reduced
bus impedance, which is much harder to drive.
For example, to drive the loaded bus properly with a TTL
driver which has a 3V nominal swing, the required drive cur-
rent, Ip, must be

Ip = 3V/(2,./2)
The impedance seen by the driver is half of Z|, since from a
given board two transmission lines are being driven, one
towards each terminator (Figure 2). Therefore,
Ip = 3/(20/2) = 300 mA
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FIGURE 2. The Loaded Bus—Each Driver Sees Two Loaded Line Impedances in Parallel (Z_ |2, = Z /2).

This is much higher than the standard TTL's drive capability
of 50 to 100 mA. Figure 3 shows the effect of using a 50 mA
driver, in this situation, on the bus waveform. The voltage
swing on the bus has its first transition at 0.5V, the product
of the drive current and Z\ /2. This value falls well below the
upper threshold limit of the TTL receiver. Therefore, several
round-trip delays to the nearest termination are required for
the waveform to cross the receiver threshold region. In our
example, one round-trip delay is 2tp|_ = 16.5 ns/ft. There-
fore the settling times can exceed 100 ns even for relatively
short buses. This long settling time drastically affects bus
throughput at high speeds. Even worse, the voltage steps in
the threshold region can cause multiple triggering in the
cases of the clock and strobe signals.

One way to solve these problems is to use 100 mA drivers
with precision receivers that have a narrow threshold region
such that the first transition crosses well over the threshold.
This technique is widely used for clock lines to avoid multi-
ple triggering. Its use on data/address lines is limited be-
cause of the significantly higher power requirement arising
from the large number of lines involved (32 address/data
lines).

Even if power is not a limitation, switching to higher current
drivers provides only a marginal improvement. The reason
for this is quite simple. A higher current driver unfortunately
has a higher output capacitance, which reduces the bus im-
pedance further. This in turn requires an even higher current
drive for proper operation.

The Futurebus Transceiver

A more elegant solution—one that is now a part of the P896
proposal—directly attacks the root of the problem, namely,
the large output capacitance of the transceiver. By simply
adding a Schottky diode in series with an open-collector
driver output, the capacitance of the drive transistor is iso-
lated by the small reverse-biased capacitance of the diode
in the non-transmitting state (Figure 4). The Schottky diode
capacitance is typically less than 2 pF and is relatively inde-
pendent of the drive current. Allowing for a receiver input
capacitance of another 2 pF, the total loading of the Future-

bus transceiver can be kept under 5 pF. The P896 draft
specifies a maximum plug-in card capacitance of 10 pF to
accommodate the 5 pF trace and connector capacitances.

In addition to reducing the loading on the bus, the Futurebus
transceiver features several other enhancements over a
conventional TTL transceiver that drastically reduce power
consumption and improve system reliability.

A major portion of the power savings comes from a reduced
voltage swing—1V—on the bus. Contrary to popular belief,
the lower swing does not reduce crosstalk immunity (provid-
ed the receiver threshold is tightly controlled).(2) The in-
duced crosstalk from other lines on the bus scales down
with the amplitude of the signal transistion causing it. Con-
sequently, if a line receiver has a precision threshold, the
noise margin, expressed as a percentage of signal ampli-
tude, remains the same, as does the crosstalk immunity.
However, the absolute noise margin, with reference to a
noise source external to the bus, does shrink linearly with
amplitude. Fortunately, the low impedance and the relatively
short length of the bus make this externally generated noise
component insignificant in high-speed backplanes. Never-
theless, it is recommended that the backplane be shielded
from strong noise sources external to the bus.

Noise Immunity and EMI

The Futurebus transceiver has a precision receiver thresh-
old centered between the low and high bus levels of 1 and
2V, respectively (Figure 5). Confined to a narrow region of
+3 percent 50 mV), the threshold voltage tracks the bus
high level to provide a maximum-percentage noise margin
with respect to the low and high signal levels of the bus. In
addition, to reduce crosstalk, which is proportional to di/dt,
the driver features a trapezoidal output waveform with a
6 ns transition time. Moreover, the receiver incorporates a
noise filter which selectively rejects crosstalk noise pulses
of up to 8 ns in pulse width. These techniques, borrowed
from the DS3662 trapezoidal bus transceiver from National
Semiconductor, virtually eliminate crosstalk, thereby in-
creasing system reliability by several orders of magnitude.
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Detailed analyses of crosstalk problems in buses, and dis-
cussions of how the trapezoidal tranceiver overcomes the
problems, can be found in three articles by Balakrish-

nan.(2-4)

DRIVE CURRENT

The backplane impedance in the P896 draft is specified as
50 minimum and 60Q maximum with the connectors
mounted. In our microstrip example, due to the connector
and the plated-through holes, a 50Q minimum impedance
translates into a maximum allowable capacitance of 4 pF
per slot. This can be easily attained with some care in print-
ed-circuit board design. A fully loaded Futurebus, therefore,
has an impedance whose worst-case value is given by

1510
Zenin = 50/,/1 Syl

= 300
The drive current required for a 1V swing is
Ip = 1/(30/2)
However, with a precision receiver threshold it is possible
for the driver to swing past the threshold with a comfortable
margin even if the first step climbs to only 75 percent of the
final amplitude under worst-case loading (see again Figure

3y
25 50mA DRIVER
v
THRESHOLD
REGION 7/
0.8v i
v, = INITIAL VOLTAGE STEP

ov
TL/F/8842-3
FIGURE 3. TTL Bus Waveforms—50 mA Driver
vs 300 mA Driver

DRIVER :

TRAPEZOIDAL -” CpR1 TO 2pF

) __I—'— VT
& RECEVER
: sz THRESHOLD
“ REGION
v VoL
TL/F/8842-5

FIGURE 5. P896 Signaling Levels and the
Worst-Case Bus Waveform
5). Therefore, the drive current can be reduced by 25 per-
cent to save power, without affecting performance:

1
Ip 30/20.75 50 mA
At this current level, the power dissipated in the driver is low
enough to allow eight to ten transceivers to be built into a
single, narrow, dual-in-line plastic package.
National Semiconductor has two Futurebus transceivers,
the DS3896 and the DS3897, that are now available in sam-
ple quantities. The DS3896 is an octal device with common
control signals, whereas the DS3897 is a quad device with
independent driver input and receiver output pins. The
DS3897 has a separate driver disable for each driver and is,
therefore, suitable for arbitration lines. On the other hand,
the DS3896 provides high package density for data/ad-
dress lines.
Fabricated in an oxide-isolated bipolar process, these devic-
es combine very high speed with large drive capability. The
propagation delays are 8 ns typical for the driver and 10 ns
typical for the receiver.

1]

- e

TRAPEZOIDAL

RECEIVER [
' '

BUS

i /—\
1.55v / \ Viy
v t,=4n6nS

BUS OUTPUT WAVEFORM

v Cpe1 70 2pF

TL/F/8842-4

FIGURE 4. The Futurebus Trapezoidal Transceiver
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FIGURE 6. The Futurebus Termination Circuit

OTHER HIGHLIGHTS

Bus Propagation Delay

There is an additional benefit resulting from reducing the
capacitive loading on the bus. This benefit arises from the
reduced propagation delay, which further improves the bus
speed.

Recalculating the loaded propagation delay for the Future-
bus transceiver yields

tpL = tpo V1 + (CL/C)
5+ (10 + 4)15

=17
20

= 5.765 ns/ft

This is a 30-percent improvement over the TTL example. It
should be noted that this is the worst-case delay per foot
and that the asynchronous nature of the Futurebus protocol
will take full advantage of lower propagation delays in a
typical system, either due to lower loading levels or due to
the closer spacing of two plug-in boards that are in commu-
nication.

Termination

The drive current and the signal swing determine the termi-
nation resistors. If the drive current is derived properly, the
termination will match the bus impedance under the given
loading. For P896, the value of each of the two termination
resistors, Ry, is

1V
Rr = (m) 2 =400

This value is greater than the loaded impedance of the Fu-
turebus, because the drive current is only 75 percent of that
required for a full swing on the first transition. However, in a
practical bus the impedance varies with various load condi-
tions, and therefore the above termination value is a good
compromise between the worst-case values of the bus im-
pedances of 30 and 50Q.

The P896 draft requires that the bus be terminated at both
ends, with a single resistor of 390 connected to an active
voltage source of 2V (Figure 6). This arrangement has a
significantly lower power dissipation than a “Thévenin-
equivalent” two-resistor termination connected to ground

and the 5V rail. The 2V source is derived from the 5V supply
using a potential divider followed by a buffer; the source can
be shared among all the bus lines as long as it is properly
bypassed for alternating current close to each resistor. The
termination voltage is deliberately made to follow the 5V
supply variation in order to keep the receiver threshold at
the center of the bus swing with supply variations.

Wire-OR Glitch

One of the advantages of an open-collector bus is a wire-
OR capability. This feature is fully exploited in the P896 bus,
particularly in its sophisticated arbitration protocol and
broadcast mechanism. Unfortunately, due to the fundamen-
tal nature of transmission lines, wire-ORing on the bus can
cause erroenous glitches having pulse widths of up to the
round-trip delay of the bus. The analysis of the wire-OR
glitch is covered well by Theus and Gustavson.(5)

To overcome the wire-OR glitch, the broadcast acknowl-
edge lines (Al* and DI*) and the three arbitration control
lines are required to have integrators at the output of the
receiver capable of rejecting pulses having widths of up to

the maximum round-trip delay of the bus.

And More

Geographic addressing and live insertion and withdrawal ca-
pability are some of the other highlights of the Futurebus.

The reader is encouraged to read the draft proposal,(6) and
the article by Theus and Borrill in this issue, for more details.

The electrical specification of P896 is based on a thorough
knowledge of backplane operation. A combination of theo-
retical analysis and bench measurements has been used to
create an electrically clean bus environment. Significant im-
provements have been made in favor of higher perform-
ance—at the expense of only a slight increase in today’s
cost and complexity—to assure a long design lifetime for
the standard. The result is a proposed standard that has the
performance, in terms of both speed and reliability, to justify
the name, “Futurebus”.
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DS75160A/DS75161A/DS75162A

IEEE-488 GPIB Transceivers

General Description

This family of high-speed-Schottky 8-channel bi-directional
transceivers is designed to interface TTL/MOS logic to the
|EEE Standard 488-1978 General Purpose Interface Bus
(GPIB). PNP inputs are used at all driver inputs for minimum
loading, and hysteresis is provided at all receiver inputs for
added noise margin. The IEEE-488 required bus termination
is provided internally with an active turn-off feature which
disconnects the termination from the bus when Vg is re-
moved. A power up/down protection circuit is included at all
bus outputs to provide glitch-free operation during Vo pow-
er up or down.

The General Purpose Interface Bus is comprised of 16 sig-
nal lines — 8 for data and 8 for interface management. The
data lines are always implemented with DS75160A, and the
management lines are either implemented with DS75161A
in a single-controller system, or with DS75162A in a multi-
controller system.

Features

| 8-channel bi-directional non-inverting transceivers

m Bi-directional control implemented with TRI-STATE®
output design

Meets IEEE Standard 488-1978

High-speed Schottky design

Low power consumption

High impedance PNP inputs (drivers)

500 mV (typ) input hysteresis (receivers)

On-chip bus terminators

No bus loading when V¢c is removed

Power up/down protection (glitch-free)

Pin selectable open collector mode on DS75160A driv-
er outputs

B Accommodates multi-controller systems

Connection Diagrams

Dual-In-Line Package

20

1
TE ==—d ‘ ' —Vce
( 19
81— b D1 W
82— 18 p2
B4 V7 b3
B — LA
BUS DS75160A & TERMINAL
85—-6- -‘i ]
6= Y 0
87 =2 AENW
12
| 88— — D8
P
ono - 1
TL/F/5804-1
Top View
Order Number DS75160AN

See NS Package Number N20A
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Absolute Maximum Ratings (Note 1)

Operating Conditions

Specifications for Military/Aerospace products are not Min Max Units
contained in this datasheet. Refer to the associated Ve, Supply Voltage 4.75 5.25 v
reliability electrical test specifications document. Ta, Ambient Temperature 0 70 °C
Supply Voltage, Ve 7.0V loL, Output Low Current
Input Voltage 5.5V Bus 48 mA
Storage Temperature Range —65°C to +150°C Terminal 16 mA
Lead Temperature (Soldering, 4 sec.) 260°C
Maximum Power Dissipation* at 25°C
Molded Package 1897 mW
*Derate molded package 15.2 mW/°C above 25°C.
Electrical Characteristics (Notes 2 and 3)
Symbol Parameter Conditions Min | Typ | Max | Units
ViH High-Level Input Voltage 2 v
ViL Low-Level Input Voltage 0.8 \
Vik Input Clamp Voltage | = —-18mA —08| —15 \
VHys Input Hysteresis Bus 400 | 500 mV
VoH High-Level Terminal loH = —800 pA 27 3.5 v
Output Voltage Bus (Note5) | lgn = —5.2mA 25 | 34
VoL Low-Level Terminal loL = 16 mA 0.3 0.5 v
OutputVoltage | gyg lon = 48 mA 04 | 05
m :—nght-l.cevel t Terminal and V| = 5.5V 0.2 100 1A
nput Curren TE, PE, DC, V=27V 0.1 20
e Low-Level SClnputs V) = 0.5V —10 | 100 | ua
Input Current w
VBIAS Terminator Bias Driver _
Voltage at Bus Port Disabled ligous) = 0 (No Load) 25 | 80 ) 87 v
ILoAD Terminator Vi(bus) = —1.5V 10 0.4V -1.3
Bus Loading Vipus) = 0.4V to 2.5V 0 —-3.2
Current .
Bus Driver 2.5
Disabled Vipus) = 2.5V t0 3.7V a2 mA
Vi(bug) = 3.7V to 5V 0 25
Vius) = 5V t0 5.5V 0.7 2.5
Vee = 0, Vipus) = 0Vto 2.5V 40 rA
los Short-Circuit Terminal ;| VI = 2V, Vg = 0V (Note 4) -15| -35 | —75 mA
Output Current Bus (Note 5) —35 | =75 | —150
lcc Supply Current DS75160A Transmit, TE = 2V, PE = 2V, V| = 0.8V 85 125
Receive, TE = 0.8V, PE = 2V, V; = 0.8V 70 100 mA
DS75161A TE = 0.8V,DC = 0.8V, V| = 0.8V 84 125
DS75162A TE = 0.8V,DC = 0.8V, SC = 2V, V| = 0.8V 85 125
CiN Bus-Port Bus Ve = 5Vorov,V, = 0Vto 2V,
Capacitance f=1MHz 20 30 PF

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: Unless otherwise specified, min/max limits apply across the 0°C to +70°C temperature range and the 4.75V to 5.25V power supply range. All typical
values are for Ty = 25°C and Vgg = 5.0V.

Note 3: 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 4: Only one output at a time should be shorted.
Note &: This characteristic does not apply to outputs on DS75161A and DS75162A that are open collector.
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Switching CharacteristiCs vcc = 5.0v £5%, T4 = 0°C 1o 70°C (Note 1)

[}
wn
\‘
o
Symbol Parameter From To Conditions DS75160A DS75161A DS75162A Units 8
Min | Typ [ Max | Min | Typ | Max | Min | Typ | Max 2
) ) _ O
tpLH Propagagon Delay Time, VL =23V 10 | 20 10 | 20 10 | 20 ns N
Low to High Level Output ) RL = 38.30 N
Terminal | Bus CL = 30 pF <
tpHL Propagation Delay Time, L= »
High to Low Level Output Figure 1 |2 4] 20 1420 ns ;
S~
tPLH Propaga’qon Delay Time, VL = 5.0V 14 | 20 14 | 20 14 | 20 ns 8
Low to High Level Output Bus Terminal RL = 2400 ~I
; . C_ = 30pF <
tPHL Propagation Delay Time, L >
High to Low Level Output Figure 2 10] 20 10] 20 10 20 ns §
tpzH Output Enable Time ’ V) = 3.0V
to High Level VL= OV 19 | 32 23 | 40 23 | 40 | ns
N . R = 4800
tpHz Output Disable Time L-
From High Level TE, DC, C!_ = 15pF 15 | 22 15| 25 15 | 25 ns
orSC Figure 1
tpzL Output Enable Time (Note 2) | Bus V| =0V 24 | 35 28 | 48 o8 | a8 ns
to Low Level (Note 3) VL =23V
R . R = 38.3Q
tpLz Output Disable Time L-
From Low Level ,(_EL = 175 pF 17 | 25 17 | 27 17 | 27 ns
igure
tpzH Output Enable Time V) = 3.0V
to High Level VL =0V 17 | 33 18 | 40 18 | 40 | ns
. - RL = 3kn
tpHz :‘2{‘;“;9':?_‘:\‘;?'“9 TE, DG, CL = 15pF 15 | 25 22 | 33 22|33 ns
'9 orSC Terminal | Figure 1
tpzL Output Enable Time (Note 2) V=0V 25 | 39 28 | 52 28 | 52 ns
to Low Leve! (Note 3) VL =5V
X X RL = 28092
tpLz Output Disable Time L
From Low Level ,C_EL = 1;5 pF 15 | 27 20 | 35 20 | 35 ns
igure
tpzH Output Pull-Up Enable V=38V
Time (DS75160A Only) | PE Bus VL=V 0] 17 NA NA ns
tpHz | OutputPull-UP Disable | (Note2) A = 4800 0| 15 NA NA "
Time (DS75160A Only) f_!— =1 f pF
igure

Note 1: Typical values are for Voc = 5.0V and Ta = 25°C and are meant for reference only.
Note 2: Refer to Functional Truth Tables for control input definition.

Note 3: Test configuration should be connected to only one transceiver at a time due to the high current stress caused by the V) voltage source when the output
connected to that input becomes active.

Switching Load Configurations

v Vi

TEST TEST

DEVICE AL DEVICE R
viOo—{ N vio—{ N IN314

out | out
V¢ O] CONTROL o Vg O==d CONTROL

*

T oy IN914

TL/F/5804-8 Ng14
V¢ logic high = 3.0V
V logic low = OV V¢ logic high = 3.0V a1
*CL includes jig and probe capacitance ' Vg logic low = 0V =
FIGURE 1 TL/F/5804-9
*Cy includes jig and probe capacitance
FIGURE 2
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Connection Diagrams (Continued)

BUS

BUS <

Dual-In-Line Package

20
TE— U L— vee
2 19 )
REN— — REN
o= M- IFC
3 17
NpAc— — NDAC
NRFD — LI
DSTS161A L TERMINAL
DAV = 15 Dav
: L 14
£01 — — E0I
atn 13 1
sro— 12 sra J
1
o =Y AL
Top View
Dual-In-Line Package
L 22
se= W — Ve
e L2 (o usep)
REN—] 20 Cen )
IFC = 19 o
NDAC ~ % noac
NRFD = 0S75162A T wRED
} TERMINAL
DAV 16 0y
]
01—t 2 cor
ATN = 14 ,on
sra 2L 13 o
J
oD - 12 e
Top View

Order Number DS75161AN or DS75162AN
See NS Package Number N20A or N22A

TL/F/5804-2

TL/F/5804-3
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Functional Description Logic Diagrams

DS75160A DS75160A
This device is an 8-channel bi-directional transceiver with [ n ,J _ |
one common direction control input, denoted TE. When " Li "

used to implement the IEEE-488 bus, this device is connect-
ed to the eight data bus lines, designated DIO{~DIOg. The
port connections to the bus lines have internal terminators,
in accordance with the IEEE-488 Standard, that are deacti- "
vated when the device is powered down. This feature guar-
antees no bus loading when Vcg = OV. The bus port out-
puts also have a control mode that either enables or dis-
ables the active upper stage of the totem-pole configura-
tion. When this control input, denoted PE, is in the high
state, the bus outputs operate in the high-speed totem-pole L > 8
mode. When PE is in the low state, the bus outputs operate
as open collector outputs which are necessary for parallel
polling.

DS75161A

This device is also an 8-channel bi-directional transceiver
which is specifically configured to implement the eight man-
agement signal lines of the IEEE-488 bus. This device, TERMINAL % Bus
paired with the DS75160A, forms the complete 16-line inter-

face between the IEEE-488 bus and a single controller in- " N .
strumentation system. In compliance with the system orga- o i
nization of the management signal lines, the SRQ, NDAC,
and NRFD bus port outputs are open collector. In contrast
to the DS75160A, these open collector outputs are a fixed
configuration. The direction control is divided into three
groups. The DAV, NDAC, and NRFD transceiver directions o —E
are controlled by the TE input. The ATN, SRQ, REN, and
IFC transceiver directions are controlled by the DC input.
The EOI transceiver direction is a function of both the TE
and DC inputs, as well as the logic level present on the ATN
channel. The port connections to the bus lines have internal ol [& ‘w
terminators identical to the DS75160A.

V2915250a/V1I91S.SA/v09LS.Sa

DS75162A ﬂ
This device is identical to the DS75161A, except that an
additional direction control input is provided, denoted SC. n N '
The SC input controls the direction of the REN and IFC n 1 "
transceivers that are normally controlled by the DC input on
the DS75161A. This additional control function is instrumen- ,
tal in implementing multiple controller systems. T -%}J
Table of Signal Line Abbreviations ol D |
Signal Line | .
Classi- Definition Device
monic
fication
Note 1:
DC | Direction Control | DS75161A/ i
DS75162A Note 2: —Q— Denotes recelver
COﬂtl’O' PE PU"-Up Enable DS751 SOA Note 3: Driver and receiver outputs are totem-pole configurations
. N : T iver outputs. can havi ir activi -uj
Signals TE Talk Enable All dl?a.bl‘ed :ye ::uz:\::\g“::; POE' 3?:’:’1(2?: 11: tohtan: I‘oh;c locv:I s:a‘::."n::
SC System Controller DS75162A mode configures the outputs as open collector.
TL/F/5804-
Data B1-B8 | Bus Side of Device L/F/e04-4
170 Ports D1-D8 | Termina! Side DS75160A
of Device

ATN | Attention

DAV | Data Valid

EOl | End or Identify
Management| IFC | Interface Clear DS75161A/

Signals NDAC | Not Data Accepted | DS75162A

NRFD | Not Ready for Data
REN | Remote Enable
SRQ | Service Request
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1
TE

71
( 15 ]
DAV —>— AV
Ri
woac - 'l: LU 2 noac
narnL——-d—& i LI
] <7
€01 M E ! £01
TERMINAL ‘%
q
ATN 13 $ L ATN
sno 2 é o L s
nen PI/L 2 nen
L e & $ L

TL/F/5804-5

BUS

Note 1: —D— Denotes driver
Note 2. «-— Denotes receiver

Note 3: Symbol “OC" specifies open collector output
Note 4: Driver and receiver outputs that are not specified *OC" are totem-pole

configurations

TERMINAL

e R N A o T T T e e
Logic Diagrams (continued)
DS75161A DS75162A

DAV 10 _ ‘Vg ! DAV
NoAC — E L £ noac
NRFD _"——‘—$ﬂ s NRFD
o1 — l': L
! i BUS
ATN L & $ ATN
—<}
sRa 19 ‘/1 oc 10 sRe
—<
) 3
REN 12 REN
e .
: V IFC J
s -—-I >0—

TL/F/5804-6

TL/F/5804-7
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Switching Waveforms

Transmit Propagation Delays

a0
TERMINAL®

(INPUT) 1w 1

L
[

]—-—!un tPHL
8uUs 20V
(ouTPuT) oV
TL/F/5804~10
Recelve Propagation Delays
. 30v
BUS'
NPUT) 18V

;r

w
?

TERMINAL

(OUTPUT) 15V 15

Terminal Enable/Disable Times

TL/F/5804-11

W
CONTROL*

INPUT 1.5V 1.5V
o
Lz L748
TERMINAL
OUTPUT 10%

3
=
N

TERMINAL 80%
ouTPUT 16v

Bus Enable/Disable Times

TL/F/5804-12

CONTROL*
NPUT 15

tP2L

BUS
ouTPUT oav
ZH
BUS 0% 20V

OUTPUT

TL/F/5804~-13
*Input signal: f = 1.0 MHz, 50% duty cycle, t; = t; < 5ns

Performance Characteristics

Bus Port Load Characteristics

4
2
0 .0
IEEE 488-1978
-2 7 LOAD REGION

1L0AD — BUS CURRENT (mA)
L

-2 -1 0 1t 2 3 4 5 6

V) - BUS VOLTAGE (V)
TL/F/5804-14

Refer to Electrical Characteristics table
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DS75160A/DS75161A/DS75162A

T e Lo

O = = W

TOT T W o

Functional Truth Tables

DS75160A

Control Input Data Transceivers
Level
TE PE Direction | Bus Port Configuration
H H T Totem-Pole Output
H L T Open Collector Output
L X R Input
DS75161A
Control Input Level Transcelver Signal Direction
TE DC ATN* | EOI|REN|IFC|SRQ|NRFD|NDAC | DAV
H H R RIR|T R R T
H L T T|T]|R R R T
L H R R|R{ T T T R
L L T T T R T T R
H X H T
L X H R
X H L R
X L L T
DS75162A

Control Input Level

Transceiver Signal Direction

SC TE DC

ATN* [EOI| REN | IFC| SRQ | NRFD { NDAC | DAV

L B e e o B s o B s o
DIIDDTDAAAA
DD ITIVAAAA
DHDHITAHDA
444D
443303443132
DD A4ADDAHA

XXXX|mrHrr-IIIXI
XXrrIXI|rmrIIrrIXI
rIXX|rIrIrIrI

r—rIX

41D

H = High level input
L = Low level input
X = Don't care

T = Transmit, i.e., signal outputted to bus
R = Receive, i.e., signal outputted to terminal
*The ATN signal level is sensed for internal multiplex control of EQOI transmission direction logic.
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DS7640/DS8640 Quad NOR Unified Bus Receiver
General Description Features
The DS7640 and DS8640 are quad 2-input receivers de- M Low input current with normal Vcc or Vec = OV
signed for use in bus organized data transmission systems (30 pA typ)

interconnected by terminated 120 impedance lines. The  m High noise immunity (1.1V typ)

external termination is intended to be 180 resistor from  m Temperature-insensitive input thresholds track bus logic
the bus to the + 5V logic supply together with a 39012 resis- levels

tor from the bus to ground. The design employs a builtin @ TTL compatible output

input threshold providing substantial noise immunity. Low g Matched, optimized noise immunity for “1” and “0”
input current allows up to 27 driver/receiver pairs to utilize a levels

common bus. ® High speed (19 ns typ)

Connection Diagram
Dual-In-Line Package

ouT3 outa IN4A IN 48 iN3A IN 3B Vee

14 13 12 1 10 I 9 la

|| 2 | 3 I 4 5 5 7
GND ouT 2 auT 1 IN1A IN18B IN2A IN 2B
TL/F/5805-1
Top View
Order Number DS7640J, DS8640J or DS8640N
See NS Package Number J14A or N14A
Typical Application
1202 Unified Data Bus
+5V +5v
180 180

330 |

s --! |_ _1| r_ ——! ”“
| 1 |
| (| |
| | |
~ _J

r____
—|—°<}J

TL/F/5805-2
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DS7640/DS8640

Absolute Maximum Ratings note 1) Operating Conditions
Specifications for Military/Aerospace products are not Min Max Units
contained in this datasheet. Refer to the associated Supply Voltage (Vcg)
reliability electrical test specifications document. DS7640 4.5 55 \"
Supply Voltage 7.0V DS8640 4,75 5.25 \"
Input Voltage 5.5V Temperature (Tp)
Storage Temperature Range —65°C to +150°C DS7640 —55 +125 °C
Maximum Power Dissipation* at 25°C DS8640 0 +70 °C
Cavity Package 1308 mW
Molded Package 1207 mW
Lead Temperature (Soldering, 4 seconds) 260°C

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

Electrical Characteristics
The following apply for Vmin < Voc < Vmaxs TMIN < Ta < Tmax, unless otherwise specified (Notes 2 and 3)

Symbol Parameter Conditions Min Typ | Max | Units
Vi High Level Input Threshold VouT = VoL DS7640 1.80 | 1.50 v
DS8640 1.70 | 1.50 \
ViL Low Level Input Threshold Vout = VoH DS7640 1.50 1.20 v
DS8640 1.50 | 1.30 \
IiH Maximum Input Current VIN = 4V Vee = VMax 30 80 pA
Voc =0V 1.0 50 pA
I Maximum Input Current Vin = 0.4V, Voo = Vmax 1.0 50 pA
VoH Output Voltage loH = —400 pA, Viy = VL 24 \
VoL Output Voltage loL. = 16 MA, ViN = VI 0.25 0.4 \"
los Output Short Circuit Current | V)y = 0.5V, Vos = 0V, Voo = Vmax, (Note 4) —18 -55 mA
lcc Power Supply Current VIN = 4V, (Per Package) 25 40 mA

Switching Characteristics 1, = 25, nominal power supplies unless otherwise noted

Symbol Parameter Conditions Min Typ Max Units
tpd Propagation Delays (Notes 5 and 6) Input to Logic “1” Output 10 23 35 ns
Input to Logic 0" Output 10 15 30 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 DS7640 and across the 0°C to +70°C range for
the DS8640. All typical values are T = 25°C and Vg = 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: Fan-out of 10 load, Cyoap = 15 pF total, measured from Vi = 1.5V to Voyt = 1.5V, Vjy = OV to 3V pulse.

Note 6: Apply to Voo = 5V, Tp = 25°C.
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DS7641/DS8641 Quad Unified Bus Transceiver

General Description

The DS7641 and DS8641 are quad high speed drivers/re-
ceivers designed for use in bus organized data transmission
systems interconnected by terminated 1200 impedance
lines. The external termination is intended to be a 1800
resistor from the bus to the +5V logic supply together with
a 3900 resistor from the bus to ground. The bus can be
terminated at one or both ends. Low bus pin current allows
up to 27 driver/receiver pairs to utilize a common bus. The
bus loading is unchanged when Vgg = 0V. The receivers
incorporate tight thresholds for better bus noise immunity.
One two-input NOR gate is included to disable all drivers in
a package simultaneously.

Features

W 4 separate driver/receiver pairs per package

m Guaranteed minimum bus noise immunity of 0.6V, 1.1V
typ

® Temperature insensitive receiver thresholds track bus
logic levels

| 30 pA typical bus terminal current with normal Vg or
with Vg = 0V

m Open collector driver output allows wire-OR connection

B High speed

W Series 74 TTL compatible driver and disable inputs and
receiver outputs

Connection Diagram

Dual-In-Line Package

Veo  BUST  INT  OUTY

BUS2 IN2

OUT 2 DISABLE A

16 15 14 ||3 ltz 1 10 9
| : ;

1 2 IJ |4 5 6 7 8
BUS3 IN3 OUT3 BUS4 N4 OUT4 DISABLEB GND

TL/F/5806-1

Top View

Order Number DS7641J, DS8641J or DS8641N
See NS Package Number J16A or N16A

Typical Application

1209 Unified Data Bus

+5V

180

390 r'—_"‘

TL/F/5806-2
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DS7641/DS8641

Absolute Maximum Ratings (ote 1)

Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the associated
reliabllity electrical test specifications document.

Supply Voltage

Input and Output Voltage

Storage Temperature Range
Maximum Power Dissipation* at 25°C

A%
5.5V
—65°Cto +150°C

Operating Conditions

Min Max
Supply Voltage, (Vo)
DS7641 4.5 55
DS8641 4.75 5.25
Temperature Range, (Ta)
DS7641 —55 +125
DS8641 0 +70

Units

\'
\'

°C
°C

*Derate cavity pa