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IMPORTANT NOTICE

Texas Instruments Incorporated (Tl) reserves the right to make changes to its
products or to discontinue any semiconductor product or service without notice,
and advises its customers to obtain the latest version of relevant information to
verify, before placing orders, that the information being relied on is current.

Ti warrants performance of its semiconductor products and related software to
current specifications in accordance with TI's standard warranty. Testing and
other quality control techniques are utilized to the extent Tl deems necessary to
support this warranty. Specific testing of all parameters of each device is not
necessarily performed, except those mandated by government requirements.

Please be aware that Tl products are not intended for use in life-support
appliances, devices, or systems. Use of Tl product in such applications requires
the written approval of the appropriate Tl officer. Certain applications using
semiconductor devices may involve potential risks of personal injury, property
damage, or loss of life. In order to minimize these risks, adequate design and
operating safeguards should be provided by the customer to minimize inherent
or procedural hazards. Inclusion of Tl products in such applications is understood
to be fully at the risk of the customer using Tl devices or systems.

Tl assumes no liability for applications assistance, customer product design,
software performance, or infringement of patents or services described herein.
Nor does Tl warrant or represent that any license, either express or implied, is
granted under any patent right, copyright, mask work right, or other intellectual
property right of Tl covering or relating to any combination, machine, or process
in which such semiconductor products or services might be or are used.

Copyright © 1993, Texas Instruments Incorporated
~ Printed in the U.S.A.



INTRODUCTION

In the 1993 Data Transmission Circuits Data Book, the Linear Products Division of Texas instruments
presents technical information on various products for electronic media and electronic devices.

The Texas Instruments data transmission circuits represent technologies from classic bipolar through
Advanced Low-Power Schottky (ALS), IMPACT™, LinBiCMOS™, CMOS, and BiMOS processes. The ALS
and IMPACT oxide-isolated technologies provide the data transmission family with improved speed-power
characteristics. LinBiCMOS technology features a step-function improvement in impedance, speed, power
dissipation, and threshold stability.

This data book provides information on the following types of products:

® Data line drivers
® Data line receivers
® Data line transceivers

¢ Asynchronous communication elements (UARTS)

The data transmission line drivers, receivers, and transceivers, which support many popular data
transmission standards, can connect electronic devices and systems at high data rates over significant cable
lengths. The UARTSs can control the sending and receipt of data through serial asynchronous data links.

Among new products offered by Tl in the 1993 Data Transmission Circuits Data Book are numerous
LinBiCMOS circuits for EIA RS-485, EIA-232, and IEEE 802.3 10BaseT data transmission standards. New
packaging includes the shrink small-outline package (SSOP and DB) as well as surface-mount packages for
popular mature products.

The data book is organized for quick location of a data sheet. The sequence is alphanumeric except for the
SN prefixed parts; these data sheets are in base part number order, i.e., SN75ALS176 is located next to the
SN75176B. The alphanumeric index provides a quick method of locating the data sheet for a known part
number and indicates new products in this edition. The selection guide is grouped by industry standard and
includes key features and the standard device footprint of the products in each category. The cross-reference
guide lists other manufacturers’ devices with the suggested Tl replacement. Ordering information and
mechanical data are in the last section of the data book.

An applications section has been added in this edition of the data book. This section is a reprint of material
developed for the popular Linear Applications seminar series presented around the world. In this section are
answers to the most commonly asked questions regarding data line circuits and applications.

While this data book offers design and specification data only for data transmission products, complete
technical data for any Tl semiconductor product is available from your nearest Tl Field Sales Office, local
authorized TI distributor, or by writing directly to:

Texas Instruments Incorporated
LITERATURE RESPONSE CENTER
P.O. Box 809066

DALLAS, TEXAS 75380-9066

or telephone the Texas Instruments Literature Response number: 1-800-477-8924.

We sincerely believe the new 1993 Data Transmission Circuits Data Book will be a valuable addition to your
collection of technical literature.

IMPACT and LinBiCMOS are trademarks of Texas Instruments Incorporated.
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ALPHANUMERIC INDEX

AM26C31 ..... L SR 23 SNSSALS198 «ooornnnnn.. 2795 SNTE151 o 2-349
AM26C32 ..... LU 29 SNSSALS15 o ooernnnnn. 2805  SN75158 ..oueuennnnnnnn. 2-349
AM26LS3Y ... 2-13 SNSSLBC176 ...L......... 2639 SNT5154 ...oerennnnnnnn. 2-361
AM26LS32A ........¢cc00. 2-21 SNB5076B . ......000vvunnn 2-135 SN751565 ... .iievrnnnnnns 2-369
AM26LS33A ...... e 221 sNes173 .......5 ... ... 2540 SNTE157 wovrnnnanennnn. 2-379
AM2ES10 «vvreeeereenns. 2-31 SNB5175 ....... USRI 2577  SNTE158 «oerrrnanrennn. 2385
AM2BST1 . eeeeeeeeenns. 2-31 SNB5176B .o vvvvnennnnnn. 2608  SN7T5159 «ovnnnnaneennn.. 2-393
DPB48O . ...veveeennnnnn. 2-39 SNBS179B .. eveeeennnns 2667  SNTE160B .ovvvrnnennnn.. 2-405
DPBABT . .vvveeeeeeennn.. 2-43 sNesALS172A .5 ... ... 2543 SN75161B ..o'rennnnnnnn. 2-423
DS8820A ...... 1: .......... 2-695 SN65ALS174A . .t ......... 2-571 SN75162B .......ci0vvvunns 2-423
DS8830 ....... LU 2-705  SNBSALSI76 .............. 2627  SN75163B ........... C... 2450
LTI080C +vvveernnennnnnn. 2-47 SNEALS180 . voeerennn... 2675  SNTE164B .. ....vunnnnnnn. 2-475
LT1039 ....... LA 2-53 SNE5C185 . oeeennnns 2718 SNTEI72 ovvenrnnnn. 2-535
LT1080 ....... '][ .......... 2-59 SNBSCIBB . .'vvrerrrennnns 2743 SNTS17B oevrrinannnn.. 2549
Lriost ... b 2-59 SNE5C1BY . .oevvveeennnnn. 2750 SNTEI74 oorrrannnnn.. 2563
MAX232 . ....ivininennens 2-71 SN65C189A ... .1: ......... 2-759 SN75175 ... iive vt e 2-577
MC1488 ...... LA 2-737  SNB5C198 ................ 2820 SNTS176A ...uuvvrnnnnnnn. 2-503
MC1489 ...... L 2751 SNB5C1154 ......ovvnnn... 2001  SNTS176B ..uvevnnnnnnnn. 2-603
MC1489A ..... LT 2-751  SNB5C1167 ..... LU 2909  SNZS177B ..vvvrreennnnnn. 2-649
MCB450 .« vvvveeeneennnns. 275  SN65C1168 ..... LN 2809  SN7S178B ....oeeeen.... 2-649
MC3452 .+, 275 SNB5C1406 o v vvnnnn 2035  SN7S179A «ovunneeeenn... 2659
MC3453 . .....vvivinvnennn 2-83 SN65LBC176 ............. 2-639 SN75179B .. .....cevvivvnn 2-667
MCB48E .« eeeennnnnn. 2-87 SNTB0BT v veeveeeennnnnn, 2123 SNTE182 1unvrereannn. 2-695
MCBABT  wvvvveeeennnn.. 2-93 SN75076B . .vvveeennnn. .. 2135 SN75183 ................. 2-705
MCB550 . .oveenenennnn. 2-75 SN7B107A «eeeeeeennn. .. 2471 SNT5186 ..noenrnnnnnnn. 2-721
MCB552 . .vvveerennnnns. 2-75 SN75107B « oo eeeennnn, 2471 SNT5188 ..vvnrnnnnnnn. 2-737
M558 . .vvveennennnns. 2-83 SN75108A . veveeennnn.. 2471 SNTB189 +ovennnnnnnnn. 2-751
N8T13 ........ 1: .......... 2-259 SN75108B .......000neuren 2-171 SN75189A .. ....cvvverunnn 2-751
NeT14 ........ LU 2253 SN75109A ...ovvnnnnnnn.. 2487 SNT5207 .nvunrnnnnnnn. 2-851
N8T23 ........ LA 2259  SNZST10A «ovvvnennnnnns. 2187  SN75207B .vrrnnnnnn.. 2-851
SNSSI07A . vveeerenenns. 2471 SNTEM2 oonnneennnnnnns. 2187  SN7S177 ........ s 2-917
SNSS107B . vvveeneennns. 2471 SNTBM8 wevvennnnnnnnnn, 2197 SNZSMTB wvverneeerennns 2-917
SNS5108A ... vvvvninnnenns 2-171 SN75114 . ..., i 2-209 SN751730 .. .....cvivevnns ,2"951
SN55108B ......ivvevvvnnn 2-171 SN75115 ... ittt 2-217 SN75ALS053 ......... e, 2-97
SN5E5109A .. . iirinennn. 2-187 SN75116 ......cvvivennnnn 2-227 SN75ALS056 ......000vvnn 2-105
SNSE110A «vvvvvennns. 2187 SNTSU7 wonnevnnnnnnnnn 2-227  SN75ALSO57 ....vovnnnnnn. 2-105
SNS5118 .+ vvvveeeannns. 2197 SNZEM8 wovvvnnnnnnnnn. 2227  SN75ALS085 .............. 2-145
SNS5114 v 2200 SNZEM9 oouvvrrrennnnn.. 2-227  SN7SALS12! «.vvvnnnnnnn. 2-247
SNBE115 « v, 2217 SNTSI21 vorerrnnnnnnn. 2241  SN75ALS123 .............. 2-263
SN55116 .. vvinvnenrennns 2-227 SN75122 .......vinvrnnnnn 2-253 SN75ALS126 ..........c0v.. 2-285
SNSE121 «evreeans. 2241 SNT5128 ..ouroeneennnnnn. 2250  SN75ALS130 .............. 2-303
SNBE122 «vveaeanns. 2258 SNTE124 ..oovrnrnnnnnn.. 2267  SN75ALS160 .............. 2-413
SNS5138 «vvvvvennnnnn.. 2317 SNTE125 wovvreennnnnnn, 22738 SN75ALS161 ..ovvnnnnnn... 2-437
SN55173 .. .iiiiinenennns 2-549 SN75126 .......civvevnnnn 2-279 SN75ALS162 ..........c... 2449
SNE5182 ..., 2695  SNTS127 .oouroernnnnnnn. 2273 SN75ALS163 .............. 2-467
SN55183 . ..civvevnrernnns 2-705 SN75128 .......covcinnenn 2-291 SN75ALS164 .............. 2-485
SN55188 .......civivivnnns 2-737 SN75129 .......civvnnnnnn 2-291 SN75ALS165 .............. 2-495
SNE5189 ... 2761 SN7E180 «evrenrnnnnnn. 2297  SN7BALST70 «.euvnneennn.. 2-505
SNSE189A - vvvvnnnns.. 2751 SNTE186 «ovvvrnnnnnnnn.. 2311 SN7SALSI7A +uvuvnnnnnnn. 2-519
SN5EALSO56 .« . vvvnrnnns.. 2105  SN75138 ...overrreeenn... 2317  SN7sALS172A ...1........ 2-543
SNS5ALSOS7 v vvvvvvernns. 2105  SN75140 .oovvvrrnnnnnnn. 2329  SN75ALS173 ..... L 2-557
SNSSALSTE0 - v vvvvvernn.. 2413 SNTS141 oovnnsnnnnnnnns. 2320  SN7SALS174A ...1........ 2-571
SNS5ALS161 ... .. everii.. 2437 SNT5146 ..iii.iiiinnnnn.. 2-337  SN7SALS17S ..... L 2-587
SNSSALS192 .. vvvveeenns. 2778 SNT5150 .eovvnrnnnnnnnn, 2343 SN75ALS176 «.evvnnennnn.. 2627

tNew devices added 1o this volume
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ALPHANUMERIC INDEX

SN75ALS176A ............. 2-627 SN75C185 .......civvvnnnn 2-713 SN75LBC978 . 1 ........... 2-887
SN75ALS176B ............. 26827 SN75C188 ............. ve. 2-743 SN75LV4735 .. f ........... 2-957
SN75ALS180 .......00000.. 2675 SN75C189 ............ vee. 2-759 SNO5176B .......vvvevunnn 2-615
SN75ALS181 .............. 2-687 SN75C189A ..........cuun 2-759 TL16C450 ................ 33
SN75ALS191 .......... vee. 2-769 SN75C198 ..........cc0unn . 2-829 TL16C451 ......cvvvunnns . 327
SN75ALS192 .............. 2-773 SN75C1154 ..... goo 2-901 TL16C452 .. .......0o0vnnns 3-27
SN75ALS193 ...... feeraaas 2-783 SN75C1167 ............... 2-909 TL16C550A ... grorreeeees 3-49
SN75ALS194 .............. 2-795 SN75C1168 ..... 1‘ ......... 2-909 TL16C552 ...........0000 3-79
SN75ALS195 .......... ... 2-805 SN75C1406 ..... g . 2-935 TL3695 ....... Ceeeeaas .. 2-967
SN75ALS197 .............. 2-817 SN75LBC086 ...,.......... 2-161 UA9636AC .. ......c0vvunnn 2-979
SN75ALS199 ........0vvvv 2-839 SN75LBC176 .. 1‘ ......... 2-639 UA9B37AC .....ivvvrennnns 2-985
SN75ALS1177 . 1. ...... vee. 2-925 SN75LBC187 .. t ......... 2-731 UAGB38C .......ivvvnrnnen 2-991
SN75ALS1178 . I: .......... 2-925 SN75LBC241 .. t ......... 2-859 UA9E39C ......0oovvinvennn 2-995
SN75ALS1711 ..... PR 2-943 SN75LBC976 .. f ........ . 2-865
tNew devices added to this volume
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DATA TRANSMISSION CIRCUITS

SELECTION GUIDE
EIA RS-485
DRIVERS/RECEIVERS | DRIVER/RECEIVER | oo PAGE
PER PACKAGE tod (ns) (mA) FOOTPRINT DEVICE TYPE NUMBER
27 27 SN75ALS173 2-557
SN55173 2549
AM26LS32
35 70 SN65173 2-549
0/a SN75173 2549
27 27 SN75ALS175 2-587
MC3486 SNe5175 2577
35 70
SN75175 2-577
SNS5LBC176 2639
25/45 54 SN65LBC176 2-639
SN75LBC176 2639
SN65ALS176 2-627
13/19
30 SN75ALS176 2-627
11.5/18 SN75ALS176A 2-627
SN75176
10/16.5 SN75ALS176B 2-627
22/37 w0 TL3695 2.067
12| 60/35 SN75176A 2-593
o SNB51768 2603
22/35 SN75176B 2-603
SN95176B 2-615
70 SN75177 SN751778B 2-649
22/40 SN75178 SN75178B 2-649
SN75179 SN751798B 2-667
N65ALS 180 2-675
13119 30  |sn7sALsiso SNESALS 8
SN75ALS180 2675
22/37 50 SN75ALS1177 2025
MC34050
22 35/35 10 SN751177 2-917
22/37 50 SN75ALS1178 2025
MC34051
35/35 110 SN751178 2-917
SN75ALS170 SN75ALS170 2505
3/3 1319 %0 SN75ALS171 2-519
SN75ALS171
22/37 72 SN75ALS1711 2-943
o o SNE5ALS172A 2543
AM26LS31 SN75ALS172A 2543
4/0 65 60 SN75172 2-535
22 55 SN75ALS174A 2571
MC3487
65 60 SN75174 2-563
o/0 19.6/33 45 SN75LBC976 SN75LBC976 2-865
26.4/30.7 SN75LBC978 SN75LBC978 2.887
TEXAS b
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1-5



DATA TRANSMISSION CIRCUITS

SELECTION GUIDE
EIA RS-422A, CCITT v.11
DRIVERS/RECEIVERS | DRIVER/RECEIVER lec PAGE
PER PACKAGE tod (ns) (mA) FOOTPRINT DEVICE TYPE NUMBER
25 SN75157 SN75157 2-379
300 50 SN75146 2-337
0/2 uA9637
25 UA9637A 2-985
85 50 uA9639 uA9639C 2-995
AM26C32 29
30 14
AM26LS32A 2-21
27 24 SN75ALS173 2-557
SN75ALS193 2-783
22 35
: SN75ALS197 2-817
AM26LS32
AM26LS32A 2-21
AM26LS33A 2-21
35 70 SN55173 2-549
0/4 SN65173 2-549
SN75173 2-549
27 27 SN75ALS175 2-587
SNS5ALS195 2-805
22 35 SN75ALS195 2-805
MC3486 SN75ALS199 2-839
70 SN65175 2-577
35 SN75175 2-577
85 MC3486 2-87
SN65ALS176 2-627
13/19
20 SN75ALS176 2-627
11.5/18 ) SN75ALS176A 2-627
10/16.5 SN75ALS1768 2-627.
60/35 50 SN75176 SN75176A 2-593
22/37 50 TL3695 2-967
SN65176B 2-603
1M ( 55
22/35 SN75176B 2-603
SN95176B 2-615
70 SN75177 SN75177B 2-649
22/40. SN75178 SN75178B 2-649
‘ SN75179 SN75179B 2-667
SN65ALS180 2-675
13/19 30 SN75ALS180
SN75ALS180 2-675
25 50 SN75158 SN75158 2-385
200 65 SN75159 SN75159 2-393
7 40 SN75ALS191 2-769
uA9638
15 65 UA9638C 2-991
TEXAS ¢
INSTRUMENTS
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DATA TRANSMISSION CIRCUITS

SELECTION GUIDE
EIA RS-422A, CCITT v.11 (continued)
DRIVERS/RECEIVERS | DRIVER/RECEIVER Icc PAGE
PER PACKAGE tod (ns) (mA) FOOTPRINT DEVICE TYPE NUMBER
SNB5C1167 2-909
12/27 9
SN75C1167 2-909
MC34050
22/37 50 SN75ALS1177 2-925
2 35/35 110 SN751177 2917
SNB5C1168 2-909
12/27 9
MC34051 SN75C1168 2-909
22/37 50 SN75ALS1178 2.925
35/35 110 SN751178 2917
13/19 90 SN75ALS170 SN75ALS170 2-505
3 7 7 SN75ALS1711 2-943
/3 2213 2 SN75ALS171
13/19 90 SN75ALS171 2519
12 3 AM26C31 2-3
SN55ALS192 2773
14 45
SN75ALS192 2-773
2 o AM26LS31 SNB5ALS172A 2-543
SN75ALS172A 2-543
65 60 SN75172 2-535
20 80 AM26LS31 2-13
4/0 14 45 SN55ALS194 2-795
SN75ALS194 2-795
SN65ALS174A 2-571
22 55 MC3487
SN75ALS174A 2-571
65 60 SN75174 2-563
20 MC3487 2-93
a 80 SN75151 SN75151 2-349
SN75153 SN75153 2-349
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1-7




DATA TRANSMISSION CIRCUITS

SELECTION GUIDE
EIA/TIA-232
DR s ® | SUPPLY VOLTAGE(S) |  FOOTPRINT DEVICE TYPE NUWSER
MC1489 2-751
SN55189 2-751
SN75189 2-751
MC1489A 2-751
SN55189A 2-751
0/4 A MC1489 SN75189A 2751
SNesC189 2759
SN75C189 2-759
SN65C189A 2-759
SN75C189A 2-759
5Vori2Vv SN75154 SN75154 2-361
n 5V SN75155 SN75155 2369
SN75150 SN75150 2343
2/0 +12V
UA9636 UA9G3BAC 2079
LT1080 LT1080 2-59
22 5V LT1081 259
MAX232 MAX232 2-71
LT1039 LT1039 253
3/3 MC145406 SN65C1406 2-935
+5V SN75C1408 2035
SN75C185 SN65C185 2-713
3/5 SN75C185 2-713
5V SN75LBC187 SN75LBC187 2-731
MC1488 2-737
9V SN55188 2-737
MC1488 SN75188 2737
SN65C188 2-743
40
SN75C188 2743
5V LT1030 LT1030C 2-47
NTC1o8 SNE5C198 2829
SN75C198 2829
212V,5V SN75186 SN75186 2721
44 oy N7soTee SNB5C1154 2901
SN75C1154 2001
4/5 5V MAX241 SN75LBC241 2-859
Tixas WP
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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DATA TRANSMISSION CIRCUITS

SELECTION GUIDE
miscellaneous standards
DRIVER/RECEIVER PAGE
STANDARD PER PACKAGE FOOTPRINT DEVICE TYPE NUMBER
11 SN75061 SN75061 2-123
IEEE 802.3 (Ethernet) 212 SN75ALS085 SN75ALS085 2-145
SN75LBC086 SN75LBC086 2-161
DS3893 SN75ALS053 2.97
4/4 SN55ALS057 2-105
DS3897
|EEE 896.1 (Futurebus) SN75ALS057 2-105
SN55ALS056 2-105
DS3896
SN75ALS056 2-105
SN55ALS160 2-413
SN75160 SN75160B 2-405
SN75ALS160 2-413
SN55ALS161 2-437
SN75161 SN75161B 2-423
8/8 SN75ALS161 2-437
IEEE 488 (GPIB) SN75162B 2-423
SN75162
SN75ALS162 2-449
SN75163B 2-459
SN75163
SN75ALS163 2-467
SN75164B 2-475
SN75164
SN75ALS164 2-485
SN75165 SN75ALS165 2-495
0/3 N8T24 SN75124 2-267
o8 SN75128 SN75128 2-291
SN75129 SN75129 2-291
SN75123 2-259
2/0 N8T23 SN75ALS123 2-263
IBM 360/370 N8T23 2-259
3/3 SN751730 SN751730 2-951
SN75126 2-279
MC3481
40 SN75ALS126 2-285
SN75130 2-297
MC3485
SN75ALS130 2-303
AM26C32 29
EIA RS-423 0/4 AM26L.S32 AM26LS32A 221
AM26LS33A 2-21
TEXAS %3
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1-9



DATA TRANSMISSION CIRCUITS
SELECTION GUIDE

miscellaneous standards (continued)

DRIVER/RECEIVER PAGE
STANDARD PER PACKAGE FOOTPRINT DEVICE TYPE NUMBER
SN55173 2-549
SN65173 2-549
SN75173 2-549
AM26LS32
SN75ALS173 2-557
SN75ALS193 2-783
SN75ALS197 2-817
0/4 MC3486 2-87
SN55ALS195 2-805
SN75ALS195 2-805
EIA RS-423
MC3486 SN65175 2-577
SN75175 2-577
SN75ALS175 2-587
SN75ALS199 2-839
SN75157 SN75157 2-379
SN75146 2-337
0/2 uA9637
uA9637AC 2-985
UA9639 uA9639C 2-995
2/0 UA9636 UuA9636AC 2-979
general purpose
DRIVERS/RECEIVERS TYPE OF DRVR (RL)/ PAGE
PER PACKAGE LINE CIRCUIT RVR (Vin) FOOTPRINT | DEVICETYPE | \impeR
| DS8820A 2-695
Differential, -15 < Vicm < 15 V 1000 mV DS8820
SN55182 2-695
] ] ' SN75207 2-851
Differential, -3 < VicM <3V 10mv
SN75207B 2-851
SN55107A 2-171
SN55107B 2-171
SN75107A 2-171
SN75107B - 2171
SN7s107 SN75207 2-851
0/2 Differential, -6 < VicM <6V 25 mV
SN75207B 2-851
SN55108A 2-171
SN55108B 2-171
SN75108A 2-171
SN75108B 2-171
] . SN55115 2217
Differential, -15 < VjcmM < 15V 1000 mV SN75115
SN75115 2-217
SN75140 SN75140 2-329
Single Ended Adjustable
SN75141 SN75141 2-329

1-10
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DATA TRANSMISSION CIRCUITS

general purpose (continued)
DRIVERS/RECEIVERS TYPE OF DRVR (RL)/ PAGE
PER PACKAGE LINE CIRCUIT RVR (Vigy) FOOTPRINT | DEVICETYPE | \imBER
. SN55122 2-253
0/3 Single Ended, 600-mV Hysteresis TTL N8T14 SN75122 2-253
N8T14 2-253
ECL to TTL With Latch ECL DP8480 DP8480 2-39
MC3450 2-75
MC3450
0/4 Diff il -3 <V av 25 mV MC3550 2-75
ifferential, -3 < <
» IcM MCa452 2.75
MC3452
MC3552 2-75
" . : SN650768 2-135
Differential, Wired-OR 300 Q/200 mV | SN75076B
SN75076B 2-135
SN55116 2-227
Differential, =15 < Vicm < 15V SN75116
7 SN75116 2-227
Differential, 0 < VicM <6 V 100 /1000 mV | SN75117 SN75117 2-227
Differential, =15 < Vicm < 15V SN75118 SN75118 2-227
Differential, 0 < VicM < 6 V SN75119 SN75119 2227
DSs8830 2-705
2/0 Differential, Voltage Mode 100 Q DS8830 SN55183 2-705
SN75183 2-705
SN55121 2-241
. SN75121 2-241
Single Ended, Emitter Follower 50 Q N8T13
SN75ALS121 2-247
N8T13 2-259
SN75109 SN55109A 2-187
SN75109 SN75109A 2-187
2/0 Differential, Current Mode NA SN55110A 2-187
SN75110
SN75110A 2-187
SN75112 SN75112 2-187
SN55113 2-197
SN75113
" " SN75113 2-197
Differential, Voltage Mode 100 Q
SN55114 2-209
SN75114
SN75114 2-209
TTL to ECL With Latch 10K ECL DP8481 DP8481 2-43
4/0 ] . MC3453 MC3453 283
Differential, Current Mode NA
MC3453 MC3553 2-83
AM26S10 AM26S10 2-31
Single Ended, Open Collector 50 Q
AM26S11 AM26S11 2-31
4/4 Single Ended 100 Q N8T26 SN75136 2-311
. SN55138 2-317
Single Ended, Open Collector 50 @ SN75138
. SN75138 2-317

TEXAS'.{‘P
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DATA TRANSMISSION CIRCUITS

SELECTION GUIDE
controllers
DESCRIPTION FUNCTION PRODUCT FEATURES DEVICE TYPE | PACKAGE Nsagiﬂ
UART? Single ACE Without FIFO¥ | Programmable Baud Generation TL16C450 FN, N 3-3
Single ACE With Parallel -
UART? Port and Without FIFOF Programmable Interface Characteristics | TL16C451 FN 3-27
Dual ACE With Parallel
UARTt Port and Without FIFO$ Programmable Interface Characteristics | TL16C452 FN 3-27
UART? Single ACE With FIFO# Functional Upgrade of the 16C450 TL16C550A FN, N 3-49

T UART — Universal Asynchronous Receivers/Transmitters
#FIFO — First In First Out

1-12
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DATA TRANSMISSION CIRCUITS
CROSS-REFERENCE GUIDE

Manufacturers are arranged in alphabetical order.

Texas Instruments makes no warranty as to the information furnished and the buyer assumes all risk in the use
thereof. No liability is assumed for damages resulting from the use of the information contained herein.

SUGGESTED PAGE
AMD Tl NO.
REPLACEMENT
AM26LS31 AM26LS31 2-13
AM26L.S32 AM26LS32A 2-21
AM26LS32A AM26LS32A 2-21
AM26LS33 AM26LS33A 2-21
AM26S10 AM26S10 2-31
AM26S11 AM26S11 2-31
26L.S31 AM26LS31 2-13
26L.832 AM26LS32A 2-21
SUGGESTED PAGE
AT&T TI NO.
REPLACEMENT
41LF AM26LS32A 2-21
41LG AM26LS31 2-13
LINEAR SUGGESTED PAGE
TECHNOLOGY TI NO.
REPLACEMENT
LT1030 LT1030C 2-47
LT1039 LT1039 2-53
LT1080 LT1080 2-59
LT1081 LT1081 2-59
SUGGESTED PAGE
MAXIM Tl NO.
REPLACEMENT
MAX232 MAX232 2-71
MAX241 SN75LBC241 2-859
SUGGESTED PAGE
MOTOROLA TI NO.
REPLACEMENT
AM26LS31 AM26LS31 2-13
AM26LS32 AM26LS32A 2-21
MC1488 SN75188 2-737
MC1489 SN75189 2—-751
MC1489A SN75189A 2-751
MC26S10 AM26S10 2-31
MC3450 MC3450 2-75
MC3452 MC3452 2-75
MC3453 MC3453 2-83
MC3481 SN75126 2-279
MC3485 SN75130 2—-297
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DATA TRANSMISSION CIRCUITS

CROSS-REFERENCE GUIDE
SUGGESTED PAGE
MOTOROLA TI NO.
REPLACEMENT
MC3486 MC3486 . 2-87
MC3487 MC3487 2-93
MC3488A uA9636A 2-979
MC34050 SN751177 2-917
MC34051 SN751178 2-917
MC6880A SN75136 2-311
MC75107 SN75107A 2-171
MC75107 SN75107B 2-171
MC75108 SN75108A 2-171
MC75108 SN75108B 2-171
MC75127 SN75127 2-273
MC75128 SN75128 2-291
MC75129 SN75129 - 2-291
MC75S110 SN75110A 2-187
MC8T26A SN75136 ' 2-311
SN75172 SN75172 2-535
SN75173 SN75173 2-549
SN75174 SN75174 . 2-563
SN75175 SN75175 2-577
NATIONAL SUGGESTED PAGE
SEMICONDUCTOR TI NO.
REPLACEMENT
DM26LS32 - AM26LS32A 2-21
DP8480 DP8480 2-39
DP8481 ’ DP8481 2-43
DS1488 SN75188 2-737
DS1489 SN75189 2-751
DS1489A SN75189A 2-751
- DS14C232 MAX232 2-71
DS14C241 SN75LBC241 2-859
DS14C88 SN75C188 2-743
DS14C88T SN65C188 2-743
DS14C89A SN65C189A 2-759
DS14C89T SN75C189A 2-759
DS16F95 SN95176B 2-615
DS26C31 AM26C31 ' 2-3
DS26C32A AM26C32 ) 2-9
DS26F31 SN75ALS192 2-773
DS26F32 . SN75ALS193 2-783
DS26LS31 AM26LS31 2-13
DS26LS32 AM26LS32A 2-21
DS26LS33 AM26LS33A 2-21
DS26LS33A AM26LS33A 2-21
DS26S10 AM26S10 2-31
pS26$11 AM26S11 2-31
DS3486 MC3486 2-87
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DATA TRANSMISSION CIRCUITS

CROSS-REFERENCE GUIDE

NATIONAL SUGGESTED PAGE

SEMICONDUCTOR TI NO.

REPLACEMENT

DS3487 MC3487 2-93
DS34F86 SN75ALS195 2-805
DS34F87 SN75ALS194 2-795
DS35F86 SN55ALS195 2-805
DS35F87 SN55ALS194 2-795
DS3603 SN75107A 2—-171
DS3603 SN75107B 2—-171
DS3603 SN75108A 2—-171
DS3603 SN75108B 2-171

DS3650 MC3450 2-75

DS3652 MC3452 2-75
DS3695 SN75176B 2-603
DS3695 TL3695 2-967
DS3695A SN75176B 2—603
DS3695A TL3695 2-967
DS3697 SN75177B 2—649
DS36F95 SN75ALS176 2-627
DS55107 SN55107B 2—171
DS55108 SN55108B 2-171
DS55110A SN55110A 2-187
DS55113 SN55113 2—-197
DS55121 SN55121 2—241
DS55122 SN55122 2-253
DS55173 SN55173 2-549
DS75107 SN75107A 2-171
DS75107A SN75107B 2—-171
DS75108 SN75108A 2—171
DS75108A SN75108B 2—-171
DS75113 SN75113 2—-197
DS75114 SN75114 2—209
DS75115 SN75115 2-217
DS75121 SN75121 2—-241
DS75123 SN75123 2—259
DS75124 SN75124 2-267
DS75129 SN75129 2—-291
DS75150 SN75150 2-343
DS75154 SN75154 2-361
DS75176B SN75176B 2-603
DS75176B TL3695 2-967
DS75176BT SN65176B 2—603
DS7820A SN55182 2-695
DS7830 SN55183 2-705
DS8820 DS8820A 2—695
DS8830 DS8830 2-705
DS8830 SN75182 2695
DS8832 SN75183 2-705
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DATA TRANSMISSION CIRCUITS

CROSS-REFERENCE GUIDE
NATIONAL SUGGESTED PAGE
SEMICONDUCTOR Ti ' NO.
REPLACEMENT
DS96110A SN75110A 2-187
DS9614 SN55114 2-209
DS9615 SN55115 2217
DS96172 SN75172 2-535
DS96173 SN75173 2-549
DS96174 SN75174 2-563
DS96175 SN75175 2-577
DS96177 SN75177B 2-649
DS9636A uA9636AC 2-979
DS9637A uA9637AC 2-985
DS9638 uA9638C 2-991
DS963%A uA9639C 2-995
DS96F172 SN75ALS172A 2-543
DS96F173 SN75ALS173 2-557
DS96F174 SN75ALS174A 2-571
DS96F175 SN75ALS175 2-587
MC145406 SN75C1406 2-935
UA26LS32 AM26LS32A 2-21
UA9636A uA9636AC 2-979
UA9637A uA9637AC 2-985
! uA9639 uA9639C 2—995
. SUGGESTED PAGE
SIGNETICS TI NO.
REPLACEMENT
AM26LS31 AM26LS31 2-13
AM26LS32 AM26LS32A 2-21
AM26LS33 AM26LS33A 2-21
MC1488 SN75188 2-737
MC1489 MC1489 2—-751
MC1489A MC1489A 2-751
TEXAS
INSTRUMENTS
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AM26C31C, AM26C31I
QUADRUPLE DIFFERENTIAL LINE DRIVERS

SLLS103B - D3636, DECEMBER 1990 — REVISED JANUARY 1993

® Moeets EIA Standard RS-422-A and CCITT D OR N PACKAGE
Recommendation V.11 (TOP VIEW)
¢ Low Power, Icc = 100 pA Typ 1A 1 U16]Vcc
® Operates From a Single 5-V Supply 1Y([] 2 15[] 4A
. 1Z[] 3 14]] 4Y
¢ Low Pulse Distortion (tgi(p) = 0.5 ns Typ) 2z(}s 121G
6 1"
¢ High Output Impedance in Power-Off :ZE 7 10 } §$
Conditions aND[] 8 oflsa
¢ Direct Replacement for National
Semiconductor DS26C31 FUNCTION TABLE
®* Improved Replacement for AM26LS31 (each driver)
® ESD Protection Exceeds 2000 V Per INPUT ENABLES OUTPUTS
MIL-STD-883C, Method 3015 A ¢ G Yy 2
H H X H L
description h ; ’,f h E
The AM26C31C and AM26C311 are quadruple x N
complementary-output line drivers designed to H = hiah lavel X = Irelovant
meet the requirements of EIA Standard RS-422-A L= .of, ,ezf Z= h'ir;he,:pedanoe {of)

and CCITT V.11. The 3-state outputs have high-

current capability for driving balanced lines such as twisted-pair or parallel-wire transmission lines, and they
provide a high-impedance state in the power-off condition. The enable function is common to all four drivers and
offers the choice of an active-high or active-low enable input. BICMOS circuitry reduces power consumption
without sacrificing speed.

The AM26C31C is characterized for operation from 0°C to 70°C, and the AM26C311 is characterized for
operation from —40°C to 85°C.

logic symbolt logic diagram (positive logic)
e 2 - EN G —
512 5 12 )
1 1Y
I - 1A 3 2
1 > v | 2 v L 6
1A v‘k_s_ 1z A 7 . 2y
2z
7 S oy 10
2A ~ 5 o 9 3y
10 3A 1"
9 3y az
3A N1 az 14
14 15 ay
15 ay aA E
aA N 13

1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC
Publication 617-12.

PRODUCTION DATA information s ¢ Copyright © 1993, Texas Instruments Incorporated

urrent as dwallwkn date.
mmmgwmmwm‘mmw oxas Instruments
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AM26C31C, AM26C31I
QUADRUPLE DIFFERENTIAL LINE DRIVERS

SLLS103B - D3636, DECEMBER 1990 — REVISED JANUARY 1993

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage range, Vog (See Note 1) ...t -05Vto7V
Input voltage range, V| ... e s -05VtoVgo +05V
Output voltage range, VO oo ov vt -05Vto7V
Input or output clamp current, K OF IOK -+« oo i i e +20 mA
OUIPUL CUITENE, 10« ottt e i i e st aas +150 mA
0 o L1 =7 1| P 200 mA
GIND CUITBNE .ottt e i e e et —200 mA
Continuous total power dissipation ...................o i .. See Dissipation Rating Table
Operating free-air temperature range, TA: AM26C31C ...........ciiiiiiiiiiiinrnenn. 0°C to 70°C

AM26C31 .. —40°C to 85°C
Storage temperature range ...........ivuiiiii i e ~65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from casefor 10seconds ............cvviviiiiinnnn, 260°C

NOTE 1: All voltage values, except differential output voltage Vop, are with respect to network ground terminal.

DISSIPATION RATING TABLE

PACKAGE " Tas25°C DERATING FACTOR TA=70°C Ta =85°C
POWER RATING ABOVE Tp =25°C POWER RATING POWER RATING
D 950 mW 7.6 mW/°C 608 mW 494 mW
N 1150 mwW 9.2 mW/°C 736 mW 598 mW

recommended operating conditions

MIN NOM MAX| UNIT

Supply voltage, Voo ' 45 5 5.5 \
High-level input voltage, V|4 2 \4
Low-level input voltage, Vi ‘ 0.8 \
High-level output current, IoH -20} mA
Low-level output current, lo|_ 20| mA

: . AM26C31C 0 70
Operating free-air temperature, To °C

AM26C311 —40 85
Texas W
INSTRUMENTS

24

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



AM26C31C, AM26C31I

QUADRUPLE DIFFERENTIAL LINE DRIVERS

SLLS103B - D3636, DECEMBER 1990 — REVISED JANUARY 1993

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
VoH High-level output voltage o =-20 mA 2.4 3.4 \%
VoL Low-level output voltage lo=20mA 0.2 0.4 \%
IVopl Differential output voltage RL=100Q 2 3.1 \Y
AVop| Change in magnitude of differential output voltage¥ RL=100Q +0.4 \Y
Voc Common-mode output voltage RL=100¢Q 3 \
AVoc| Change in magnitude of common-mode output voltage¥ | R_ =100 Q +0.4 \'
] Input current V| atVce, VIH, VIL, or GND +1 pA
; N Vcc =0, Vo=6V 100
lo(off) Driver output curent with power off A
Vece =0, Vo=-025V -100
los Driver output short-circuit current Vo=0 -30 -160 mA
e Vo=25V 20| pA
loz Off-state (high-impedance state) output current
Vo=05V -20| pA
Io=0, Vi=0Vors5V 100| A
| Quiescent supply current = =
cC pply cul lo=0, Vi=24Vor05V, 15 sl ma
See Note 2
Cj Input capacitance 6 pF

T Al typical values are at Voo = 5 V and T = 25°C.
¥ AVop| and A[VQc| are the changes in magnitude of Vop and Vo, respectively, that occur when the input is changed from a high level to a

low level.

NOTE 2: Measured per input. All other inputs are at 0 V or 5 V.

switching characteristics, Voc =5V, Tp = 25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
tPLH Propagation delay time, low-to-high-level output 7 12 ns
tPHL Propagation delay time, high-to-low-level output See Figures 1and 2, S1is open 7 12 ns
tsk(p)  Pulse skew (|tpLH —tpHLI) 0.5 4 ns
D, tip  Differential output rise and fall times See Figures 1 and 4, S1is open 5 10 ns
tpzH Output enable time to high level 10 19 ns
tpzL Output enable time to low level . . 10 19 ns

- - - See Figures 1 and 3, S1 is closed
tPHZ Output disable time from high level 7 16 ns
tprz Output disable time from low level 7 16 ns
de Power dissipation capacitance (see Note 3) No load 100 pF

NOTE 3: Cpq is used to estimate the switching losses according to Pp = Cpg Vg2 fwhere Pp is in watts, Cpd s in farads, Vg g is in volts, and

fis in hertz.

Tixas @
INSTRUMENTS
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AM26C31C, AM26C311 | \
QUADRUPLE DIFFERENTIAL LINE DRIVERS

SLLS103B - D3636, DECEMBER 1990 — REVISED JANUARY 1993

PARAMETER MEASUREMENT INFORMATION

Input w
®

| 50Q
I~ 40 pF 500 Q

= 40 pF o— 15V
= 40 pF 50 Q S1

Al

A

Al

Figure 1. Test Circuit

—————— 3v
Input A 1.3V 1.3V
| | ov
see Note B,
¢ ) e oy —» [P tPHL
| | ——=- VOH
OutputY | I 1.5V
v
smw—u-ﬂ Skew—lﬂ-—ﬂ oL

tPHL —k————-b' H— tPLH -—ql

| ly Vou
Output 2 56; 15V /

VoL

Figure 2. Propagation Delay Times and Skew Waveforms

Enable G ) ———— 3V
(seeNoteC) 45y 15V
Enable G | N — — — — oV
|h— tpzL — tpLz ||‘ ’l
—+— — ~45V .
' Wavt;fo:m 01 : $1 Closed \1,5\, : in?ﬂ_ ~15V
(see Note D) | I =F=—— VoL
| | o5V
le— tpzH _.; tpHz ¥ o5V
|
Waveform 2 $1 Open }:{1 v X— :+_£ T Vsn;v
5 ~1.
(see Note D) AR S$1 Closed

Figure 3. Enable and Disable Time Waveforms

NOTES: A. Allinput pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zg ~ 50 @, t; < 15.ns, and tf < 6 ns.
B. When measuring propagation delay times and skew, switch S1 is open.
C. Each enable is tested separately.
D. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. Waveform 2
is for an output with internal conditions such that the output is high except when disabled by the output control.

TEXAS ¢
INSTRUMENTS
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'AM26C31C, AM26C31l
QUADRUPLE DIFFERENTIAL LINE DRIVERS

SLLS103B — D3636, DECEMBER 1990 — REVISED JANUARY 1993

PARAMETER MEASUREMENT INFORMATION

3V ———-
ov
Output 90% 90%
(differential) 10%./ | I\ 10%
[ I
—» Ih— t D *{ l—
1 ]

Figure 4. Differential Output Rise and Fall Times

TExas ¢
INSTRUMENTS
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AM26C32C, AM26C32l
QUADRUPLE DIFFERENTIAL LINE RECEIVERS

SLLS104B - D3634, DECEMBER 1990 — REVISED DECEMBER 1992

® Meets EIA Standards RS-422-A, RS-423-A, D, N, OR NSt PACKAGE

and CCITT Recommendation V.11 , (TOP VIEW)
* Low Power, Icc = 9 mA Typ 8~ 1ol Vee
® +7-V Common-Mode Range With +200-mV 1A 2 15]] 4B
Sensitivity 1v[] 3 14]] 4A
* Input Hysteresis .. .60 mV Typical 23% 45 :: % %Y
® tpd=19ns (Typ) 2a(l s 1] 3y
¢ Operates From a Single 5-V Supply GlﬁgE ; 13 :]' g’;

® 3-State Outputs
tThe NS package is available in
® Input Fail-Safe Circuitry left-ended taped and reeled (order

device AM26C32CNSLE).
® Improved Replacement for AM26L.S32

description

The AM26C32C and AM26C32! are quadruple differential line receivers for balanced and unbalanced digital
data transmission. The enable function is common to all four receivers and offers a choice of active-high or
active-low input. Three-state outputs permit connection directly to a bus-organized system. Fail-safe design
ensures that if the inputs are open, the outputs will always be high. .

The AM26C32 is manufactured using a BiCMOS process, which is a combination of bipolar and CMOS
transistors. This process provides the high voltage and current of bipolar with the low power of CMOS to reduce
the power consumption to about one-fifth that of the standard AM26LS32 while still maintaining ac and dc

performance.
The AM26C32C is characterized for operation from 0°C to 70°C, and the AM26C32I is characterized from
—40°C to 85°C.
FUNCTION TABLE
(each receiver)
DIFFERENTIAL | ENABLES
INPUT G G outPuT
H X H
ViD= VT4 X L H
H X ?
Vr-sVID=VTe | L 2
H X L
ViD s VT4 X L L
X L H z

H = high level, L =low level, X =irrelevant
Z = high impedance (off), ? =indeterminate

DATA information is current as of publication date. Copyright © 1992, Texas Instruments Incorporated

Er‘o:;m': conform to specifications p'f mo lmno of Texas Inmmms @
tandadwamany Producton ) TEXAS
INSTRUMENTS
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AM26C32C AM26C32l

QUADRUPLE DIFFERENTIAL LINE RECEIVERS
SLLS104B — D3634, DECEMBER 1990 ~ REVISED DECEMBER 1992
logic symbolt logic diagram (positive logic)
4
— EN G
g 12
p
| C
2
1A
w21, v 3 2 1y
v 1Y 1B
1B 1o
2 & q
6
28 L D 5 2y 2A 5
| § oy
aa 10 7
38 2 — 3 3
14
4A 1B L4y aa 10
4B LB Io _]l 3Y
3B 2 g
1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12.
14
aA
o 13 gy
48 15
EQUIVALENT OF A OR B INPUT EQUIVALENT G OR G INPUT TYPICAL OF ALL OUTPUTS
Vee * 2 Vee * r— - Vee
Input
288 kQ Input - Output
NOM
GND GND - —_— GND

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Ve (see Note
Input voltage range, V.

Output voltage, Vo

Output current, Ig
Continuous total power dissipati

Storage temperature range

A or B inputs
G or G inputs

1)

1on
AM26C32C
AM26C32l

Operating free-air temperature range, Ta:

...................................................................... +25 mA

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds

See Dissipation Rating Table

NOTE 1: All voltage values, except differential output voltage, Vop, are with respect to network ground terminal. Currents into the device are
positive and currents out of the device are negative.

2-10
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AM26C32C, AM26C32]

QUADRUPLE DIFFERENTIAL LINE RECEIVERS

SLLS104B — D3634, DECEMBER 1990 — REVISED DECEMBER 1992

DISSIPATION RATING TABLE
PACKAGE TAs25°C DERATING FACTOR Tao=70°C Ta =85°C
POWER RATING ABOVE Tp =25°C POWER RATING POWER RATING
D 950 mW 7.6 mW/°C 608 mW 494 mW
N 1150 mW 9.2 mW/°C 736 mW 598 mW
NS 625 mW 5.0 mW/°C 400 mW 3256 mW
recommended operating conditions
MIN NOM MAX| UNIT
Supply voltage, Vcc 45 5 5.5 Vv
High-level input voltage, V|4 2 \4
Low-level input voltage, V| 0.8 Vv
Common-mode input voltage, V¢ +7 \Y
High-level output current, oy -6 mA
Low-level output current, Io 6| mA
AM26C32C 0 70
Operating free-air temperature, Ta °C
AM26C32| -40 85

electrical characteristics over recommended ranges of Vgg, Vi,

temperature (unless otherwise noted)

and operating free-air

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
VT4 Differential input high-threshold voltage Vo =VoHmin, IgH=-440pA 0.2 Vv
V- Differential input low-threshold voltage Vo =045V, loL=8mA -0.2% v
Vhys  Hysteresis (V1. — VT 60 mv
VIK Enable input clamp voltage Vec =45V, I|=—18 mA -1.5 v
VoH  High-level output voltage Vip=200mV, IpH=-6mA 2.7 \'
VoL Low-level output voltage VIp=-200mV, IpoL=6mA 0.2 0.3 \'2
loz %ﬁ&?&:ﬁ%"impedaﬂw'ﬂa@ Vo = Vgg or GND 0.5 +5
. V=10V, Other input at 0 V 1.5
I Line input current mA
Vi=-10V, Other inputat 0 V -25
IIH High-level enable current V=27V 20 pA
L Low-level enable current V=04V -100 pA
f Input resistance One input to ac ground 17 kQ
Ico Supply current VoG =55V All outputs disabled 9 14 mA
All outputs enabled 12
Texas %
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-11



AM26C32C, AM26C32I
QUADRUPLE DIFFERENTIAL LINE RECEIVERS

SLLS104B - D3634, DECEMBER 1990 - REVISED DECEMBER 1992

switching characteristics over recommended ranges of Vcc, Vic, and operating free-air
temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX]| UNIT
tpLH Propagation delay time, low-to-high-level output 10 19 30 ns
tpHL Propagation delay time, high-to-low-level output 10 19 30 ns
i Output fall time 4 9 ns
tr Output rise time : See Figure 1 4 9 ns
tpzH  Output enable time to high level 13 22 ns
tpzL  Output enable time to low level 13 22 ns
tpHz  Output disable time from high level 13 22 ns
tprz  Output disable time from low level _ 13 22 ns

1 All typical values are at Vo =5V, Ta =25°C, and V|G = 0.
1 The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold levels
only.

PARAMETER MEASUREMENT INFORMATION

Test Point vee 0 - 25V

S1 Input oV oV
From Output S ! H
Under Test !
RL=1kQ ! !
L tpLH —le—di d

CL =50 pF — =V
(see Note A) (see Note B) Output 1.3V l 90% 90% 1L‘1sv oH
: 10% l S1and S2 CIosedI 10% \,
: | | oL
S2 : t—w h—— —ﬂ e—t

TEST CIRCUIT VOLTAGE WAVEFORMS FOR tp[ H, tPHL

""l I"sSns _’; |<—s5ns —»l 'ﬁ-55ns ""i |- s5ns

—_——— | e 3y
Enable G v Enable G |4 90%  90% N\ |
(see NoteC) 1 1 13V 10% (see Note C) 1 13V 13V N 10%
oV oV
0% I 1l 3v , T | rsow av
EnableG 13y 13V EnableT 300N 13V
(see Note C) | 10% 10% 1_'_____ oV (see NoteC) ™ | 0% 0%y “ _ __ov

tpzH ﬁ o5V tpzL ¢ l . S1Closed
_:_ Vor | Pz M 55 iosed
1 Open | 05V
Output 13V [ ~14V
SZCIosed 13V ~1-4V Output s1c : ’
.,4_.| S1 Closed 1 Closed -—
tPHZ S2 Closed S2 Open [ v
& Vou
VOLTAGE WAVEFORMS FOR tpz, tpzH VOLTAGE WAVEFORMS FOR tp 2, tpz1_

NOTES: A. C includes probe and jig capacitance.
B. All diodes are 1N3064 or equivalent.
C. Enable G is tested with G high; G is tested with G low.

Figure 1. Test Circuit and Voltage Waveforms

TExas @
INSTRUMENTS

2-12 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



AM26L.S31C
QUAD DIFFERENTIAL LINE DRIVER

SLLS114 — D2433, JANUARY 1979 — REVISED MAY 1990

® Meets EIA Standard RS-422-A D OR N PACKAGE
® Operates From a Single 5-V Supply (TOP VIEW)
® TTL Compatible 1A} 1 4 16]] Voo
1Y[] 2 15[] 4A
[ )
Complementary Outputs 1z(] s 14]] 4y
® High Output Impedance in Power-Off G[]4 13]] 4z
Conditions 2z(] s 12[1G
* C I tary O Enable Input: 2vife nilez
omplementary Output Enable Inputs oAl 7 10f] 3y
8 9
description GND (] ] 3A
The AM?6L831 C is a guad complementary- FUNCTION TABLE
output line driver designed to meet the (each driver)
requirements of EIA Standard RS-422-A Federal
Standard 1020. The 3-state outputs have INPUT ENABLES OUTPUTS
high-current capability for driving balanced lines A G G Y z
such as twisted-pair or parallel-wire transmission 'I'_' : )’E 'l'_' l'_-'
lines, and they provide a high-impedance state in H X L H L
the power-off condition. The enable function is L X L L H
common to all four drivers and offers the choice of X L H Zz z
an active-high or active-low enable input. H = high level X = irrelevant
Low-power Schottky circuitry reduces power L =low level Z = high impedance (off)
consumption without sacrificing speed.
The AM26LS31C is characterized for operation
from 0°C to 70°C.
logic symbolt logic diagram (positive logic)
s =1 . 4
¢ EN T >
G _1_2_B G ———d 2
r 1 1Y
1A 3 12
1 > v | 2 1Y L 6
1A v B 3 4z 7 2y
2A >{ 5
7 - ° 2y 1 10
2A NP 9 3y
10 3A 1
9 3y 3z
3A LI 14
14 15 qY
15 ay aA : 3
4A 1B

1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and
|IEC Publication 617-12.

PRODUCTION DATA Information is current as of publication date. Copyright © 1990, Texas Instruments Incorporated
Products conform to specifications

per the terms of Texas Instruments
standard warranty. P not ly inc!

d
tesing of all parameters. gdom e TEXAS #
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AM26LS31C -
QUAD DIFFERENTIAL LINE DRIVER

SLLS114 - D2433, JANUARY 1979 — REVISED MAY 1990

schematic (each driver)

Input A

55
e

m
e AM—
M-
Common to All Four Drivers >
Vee ‘E %
» | To Three
Other
_ Drivers

EnableG —9
Enable G % %

GND ‘T - - i -

e - J

All resistor values are nominal.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vo (seeNote 1) .......oovviiiniiiiiin P 7V
INPUEVORAQGE, V| ..o e e e 7V
Output offstate VORAGE .. ... ...ttt i e i e i i e e 55V
Continuous total power dissipation ................ ... .. i See Dissipation Rating Table
Operating free-air temperature range, TA ... covvtneiiiiiii it 0°C to 70°C
Storage temperature range .. ........teiite et e —65°C to 150°C
-Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ................ccviiiiiiinnnn. 260°C

NOTE 1: All voltage values, except differential output voltage Vop, are with respect to network ground terminal.

DISSIPATION RATING TABLE
PACKAGE Tas25°C DERATING FACTOR Ta =70°C
POWER RATING ABOVE Tp =25°C POWER RATING
D 950 mW 7.6 mW/°C 608 mW
N 1150 mW 9.2 mW/°C 736 mW
TEXAS ¢
INSTRUMENTS
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AM26LS31C
QUAD DIFFERENTIAL LINE DRIVER

SLLS114 — D2433, JANUARY 1979 — REVISED MAY 1990

recommended operating conditions

MIN NOM MAX| UNIT
Supply voltage, Voo 4.75 5 525 \'
High-level input voltage, Vi 2 \"
Low-level input voltage, V| 0.8 \%
High-level output current, Ioq -20| mA
Low-level output current, oL 20| mA
Operating free-air temperature, Ta ] 70 °C

electrical characteristics over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX]| UNIT
VIK Input clamp voltage Voc =475V, lj=-18mA -1.5 \%
VOH High-level output voltage Vocc =475V, IoH=-20mA 25 v
VoL Low-level output voltage Vcc =475V, loL=20mA 0.5 \'
L ' Vo=05V -20
loz Off-state (high-impedance state) output current Vcc =475V HA
Vo=25V 20
] Input current at maximum input voltage Vcc=525V, V|=7V 0.1 mA
[[T%] High-level input current Vec=5625V, V=27V 20| pA
TN Low-level input current Vcc=525V, V=04V -0.36 A
los Short-circuit output current¥ Vgc=5.25V -30 -150| mA
Icc Supply current Vcc =5.25V, Alloutputs disabled 32 80| mA
1 Al typical values are at Vg = 5 Vand Tp = 25°C.
¥ Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
switching characteristics, Voc =5V, Tp = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
tpLH Propagation delay time, low-to-high-level output 14 20 ns
: P CL=30pF, S1 and S2 open,
tpHL Propagation delay time, high-to-low-level output See Figure 1 14 20 ns
Output-to-output skew 1 6 ns
. CL=30pF, RL=75Q,
tpzH Output enable time to high level See Figure 1 25 40 ns
" CL=30pF, RL=1809Q,
tpzL Output enable time to low level See Figure 1 37 45 ns
tpHz Output disable time from high level CL=10pF, S1 and S2 closed, 21 30 ns
tpLz Output disable time from low level See Figure 1 23 35| ns
INSTRUMENTS
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AM26LS31C
QUAD DIFFERENTIAL LINE DRIVER

SLLS114 — D2433, JANUARY 1979 — REVISED MAY 1990

PARAMETER MEASUREMENT INFORMATION

————— — — 3V
Test Point Vee Input A 1.3V 13V
(see Notes B | | ov
and C
1800 ) e tpLy — [¢&—>+ tPHL
l ] I ——= VoH
Output Y 1.5V
Frsmeu.?.:t;tt I | VoL
nder | Skew—4» | Skew—¢

tPHL —!1—————-q l¢— tpLH —ql

CL
(see Note A) I | |, Vou
= o—_L Output 2 \ 1.5V /

L — VoL
TEST CIRCUIT PROPAGATION DELAY TIMES AND SKEW
Enable G J————— — - 3V
(seeNoteD) gy >‘ (see Note D) 15V ‘
Enable G ~— | I\——-—-———OV
}
— tpLz ——»
| Pz — PLZ T | $1 Closed
T 4+ —— ~45V | S2 Closed
ey | g Ny = =
(see Note E) I P T ._{__.__._ VoL
‘ ' ' o5V
le— tpzy _ul tpHz —1&—» o5V
) i
|
Waveform 2 S10pen ' I S S
S2 Closed 1.5V -1
(see Note E) Ay $1 Closed
S2 Closed

ENABLE AND DISABLE TIME WAVEFORMS

NOTES: A. Ci includes probe and jig capacitance.
B. Allinput pulses are supplied by generators having the following characteristics: PRR s 1 MHz, Zo ~50 Q, t; = 15 ns, and tf < 6 ns.
C. When measuring propagation delay times and skew, switches S1 and S2 are open.
D. Each enable is tested separately.
E. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. Waveform 2
is for an output with internal conditions such that the output is high except when disabled by the output control.

Figure 1. Test Circuit and Voitage Waveforms

TEXAS @
INSTRUMENTS
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AM26LS31C
QUAD DIFFERENTIAL LINE DRIVER

SLLS114 — D2433, JANUARY 1979 — REVISED MAY 1990

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE OUTPUT VOLTAGE
vs vs
ENABLE G INPUT VOLTAGE ENABLE G INPUT VOLTAGE
) Load = 470 2 to GND Ve 25V ' Vec=5V ' '
oad = 470 Q to =5. = =70°
See Note A b Load = 470 Q to GND Ta=70°C
Tp = 25°C [ Vec=5V See Note A (
3 L 3 Tpo=0C —
> Vee =475V > A=
2 & Ta=25C —§
g g {
s> >
5 2 5 2
Q.
g g
o o
1 I
o o
> 1 > 1
o 0
: 0 1 2 3 o 1 2 3
V|- Enable G Input Voltage - V V| - Enable G Input Voltage -V
Figure 2 Figure 3
OUTPUT VOLTAGE OUTPUT VOLTAGE
vs vs
ENABLE G INPUT VOLTAGE ENABLE G INPUT VOLTAGE
6 T T T 6 T T
Vec =525V Load = 470 Qto Ve Vec=5V
\ See Note B Load =470 QtoVce
5 Ta =25°C 5 See Note B
Vec=5V \
> Vce =475V \ >
o 4 [ 4
g g
5 5 Ta=70°C ¥
§ s s 3 A \
T
% g. Ta =25°C N
Cl> o \ 4—— Tpo=0°C
2 12
g \ g \ \\
1 1 \\
0 o
0 1 2 3 0 1 2 3
V| - Enable G Input Voltage -V V| - Enable G Input Voltage -V
Figure 4 Figure 5

NOTES: A. The Ainput is connected to Vg during the testing of the Y outputs and to ground during testing of the Z outputs.
B. The Ainput is connected to ground during the testing of the Y outputs and to Vg during the testing of the Z outputs.

TExas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-17



AM26LS31C
QUAD DIFFERENTIAL LINE DRIVER

SLLS114 - D2433, JANUARY 1979 — REVISED MAY 1990

TYPICAL CHARACTERISTICS
HIGH-LEVEL OUTPUT VOLTAGE ‘ HIGH-LEVEL OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE HIGH-LEVEL OUTPUT CURRENT
5 T 4 I (
Vec=5V N~ Vec=525V
> See Note A > - Vi c=5 \"
i | ] I~~~
3 ¢ ' 2 = 4
IoH =—20mA g 3 ~
S £ N
S S \\
/
E. 3 = §. Veec =475V [~
5 IOH = —40 mA 5 ’ ™
° ° 2
2 2
3 2 3
z z
<) =)
T T
1 [ 1
xr 1 T
o o Ta =25°C
See Note A
0 oLl 1 |
(0] 10 20 30 40 50 60 70 80 [} -20 -40 -60 -80  -100
TA - Free-Air Temperature ~ °C . IoH — High-Level Output Current — mA
Figure 6 Figure 7
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE LOW-LEVEL OUTPUT CURRENT
05—y / ' 1 T
y Ta =25°C
loL =40 mA 09 [~ Soe Note B
>' 04 See Note B >|
g g g, 0.8 /
g g =
"g". 0.3 ‘é_ 0.6 /1/
6 S os Vce =475V
§ 02 § 0.4 e
H 3 os ///Vcc =525V
ot y
P VoL
6‘ 0.1 4 027
(¢]
> > /
0.1
] 1]
] 25 50 75 0 20 40 60 80 100 120
Ta - Free-Air Temperature - °C loL — Low-Level Output Current — mA
Figure8 - Figure 9 ‘

NOTES: A. The A input is connected to Vg during the testing of the Y outputs and to ground during testing of the Z outputs.
B. The Ainput is connected to ground during the testing of the Y outputs and to Vg during the testing of the Z inputs.

TEXAS ¢
INSTRUMENTS
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AM26LS31C
QUAD DIFFERENTIAL LINE DRIVER

SLLS114 — D2433, JANUARY 1979 — REVISED MAY 1990

TYPICAL CHARACTERISTICS
Y OUTPUT VOLTAGE

vs
DATA INPUT VOLTAGE

Y OUTPUT VOLTAGE
vs
DATA INPUT VOLTAGE

5
No Load No Load
Ta =25°C Ta=25°C
Vec =525V - 4 TA=70°C ]
> Ve =5V >
. — e ] (
= [ o,
g cc ? rf Ta=0°C
S S Ta=25°C J
|
o 3 2
] )
2 2 ll
1
0
1 2~ o 1 2 3
V) - Data Input Voltage - V Vi - Data Input Voltage - V
Figure 10 Figure 11
Texas W
INSTRUMENTS
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AM26LS32AC, AM26LS33AC, AM26LS32AM, AM26LS33AM
QUAD DIFFERENTIAL LINE RECEIVERS

SLLS115A — D2434, OCTOBER 1980 — REVISED MARCH 1993

AM26L.S32A Meets EIA Standards RS-422-A
and RS-423-A

AM26LS32A Has +7-V Common-Mode
Range With +200-mV Sensitivity

AM26LS32A Has +15-V Common-Mode
Range With +500-mV Sensitivity

Input Hysteresis . . . 50 mV Typical
Operates From a Single 5-V Supply
Low-Power Schottky Circuitry

3-State Outputs

Complementary Output Enable Inputs
Input Impedance . . . 12 kQ Min

Designed to Be Interchangeable With
Advanced Micro Devices AM26LS32 and
AM26LS33

description

The AM26LS32A and AM26LS33A are quad line
receivers for balanced and unbalanced digital
data transmission. The enable function is
common to all four receivers and offers a choice
of active-high or active-low input. The 3-state
outputs permit connection direct to a bus-
organized system. Fail-safe design ensures that if
the inputs are open, the outputs will always be
high.

Compared to the AM26LS32 and the AM26LS33,
the AM26LS32A and AM26LS33A incorporate an
additional stage of amplilfication to improve
sensitivity. The input impedance has been
increased resulting in less loading of the bus line.
The additional stage has increased propagation
delay; however, this will not affect inter-
changeability in most applications.

The AM26LS32AC and AM26LS33AC are
characterized for operation from 0°C to 70°C. The
AM26LS32AM  and  AM26LS33AM  are
characterized for operation over the full military
temperature range of —55°C to 125°C.

AM26LS32AC, AM26LS33AC ... D OR N PACKAGE

AM26L.S32AM, AM26LS33AM .. . J PACKAGE

(TOP VIEW)
181 U16 Vee
1A [} 2 15]] 4B
1Y [} 3 14]] 4A
Gls 13014y
2v [} s 12]] G
oA [l e 1] 3y
oB[}7 10]] 3A

GND I 8 o[l 3B

AM26LS32AM, AM26LS33AM . . . FK PACKAGE
(TOP VIEW)

08
oz

3 2 1 2019
18[] 4A

17[] 4y
16[] NC
15[} G
14[] 3Y

9 10 11 12 13
s ¥ o ¥ o ¥ o Vo |

%2983

1Y

NC
2y

@ N O ;O h

NC-No internal connection

FUNCTION TABLE
(each receiver)

m
4
>
o
fn
(7]

OUTPUT
Y

DIFFERENTIAL
A-B

ViD= VTH

VTL s VID = VTH

ViD= VTL
X

X IjrjX T|X TIX T|O
rX|x|r X|r Xl X|0

I I|Njr |~V I

Open

H= high level,
X =irrelevant,

L =lowlevel, ? =indeterminate;
Z = high impedance (off)

PRODUCTION DATA information is current as of publication date. Copyright © 1993, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas instruments

standard wamanty. does not rily include

testing of all parameters. I ms
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AM26LS32AC, AM26LS33AC, AM26LS32AM, AM26LS33AM
QUAD DIFFERENTIAL LINE RECEIVERS

SLLS115A - D2434, OCTOBER 1980 — REVISED MARCH 1993

logic symbolt

z1

H

Ip

257_5

sA10

° 1
38 —DN

4A14

431_55

13

1Y

2y

3y

L) 4

logic diagram (positive logic)

1A
1B

2A
2B

3A
3B

4
G
2 3
; v
6
5
Z[g 2
10
1

. 13,
15
4B

1 This symbol is in accordance with ANSI/IEEE Std 91-1984

and IEC Publication 617-12.
Pin numbers shown are for D, J, and N packages.

schematics of inputs and outputs

EQUIVALENT OF EACH EQUIVALENT OF EACH ENABLE INPUT TYPICAL OF ALL OUTPUTS
DIFFERENTIAL INPUT
VCC E _— Vcc ———
100 kQ 850
< 8.3kQ NOM
A Input Only NOM
® Output
Input— — | Enable —
é 100 kQ
< Blinput Only
[ 4
INSTRUMENTS
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AM26LS32AC, AM26LS33AC, AM26LS32AM, AM26LS33AM
QUAD DIFFERENTIAL LINE RECEIVERS

SLLS115A - D2434, OCTOBER 1980 — REVISED MARCH 1993

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

AM26LS32AC AM26LS32AM UNIT
AM26LS33AC AM26LS33AM
Supply voltage, Vcc (see Note 1) 7 7 v
Input voltage, any differential input +25 +25 v
Differential input voltage (see Note 2) +25 +25 v
Continuous total power dissipation See Dissipation Rating Table
Operating free-air temperature range 0to 70 -55t0 125 °C
Storage temperature range —65to 150 —65to0 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D or N package 260 °C
Case temperature for 60 seconds FK package , 260 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds J package 300 300 °C
NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.
2. Differential voltage values are at the noninverting (A) input terminals with respect to the inverting (B) input terminals.
DISSIPATION RATING TABLE
PACKAGE Tas25°C DERATING FACTOR Ta =70°C Ta =125°C
POWER RATING ABOVE Tp =25°C POWERRATING POWER RATING
D 950 mW 7.6 mW/°C 608 mW —
FK 1376 mW 11.0 mW/°C 880 mW 275 mW
J 1375 mW 11.0 mW/°C 880 mW 275 mW
1150 mW 9.2 mW/°C 736 mMW —
recommended operating conditions
AM26LS32AC AM26LS32AM
AM26LS33AC AM26LS33AM UNIT
MIN NOM MAX| MIN NOM MAX
Supply voltage, Vo 4.75 5 525 45 5 5.5 \%
High-level input voltage, V|4 2 2 v
Low-level input voltage, V|| 0.8 0.8 \4
AM26LS32AC, AM26LS32AM 7 =7
Common-mode input voltage, V|c v
AM26LS33AC, AM26LS33AM +15 +15
High-level output current, IoH —440 —-440 | pA
Low-level output current, Io 8 8| mA
Operating free-air temperature, Tp 0 70| -55 125 °C

TEXAS %
INSTRUMENTS
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AM26LS32AC, AM26LS33AC, AM26LS32AM, AM26LS33AM
QUAD DIFFERENTIAL LINE RECEIVERS

SLLS115A - D2434, OCTOBER 1980 — REVISED MARCH 1993

electrical characteristics over recommended ranges of Vgc, Vic, and operating free-air
temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
" . . AM26LS32A 0.2 :
VT4 Positive-going threshhold voltage Vo =VoHmin, IoH =-440 pA AVZOLSS3A Y mV
VT- Negative-going threshhold voltage |Vp=0.45V, loL=8mA AM261 Se2A -0zt \'
AM26LS33A -0.5¢
Vhys Hysteresis (V14— V1) 50 mV
VIK Enable input clamp voltage Vcc =MiN, lj=-18 mA -1.5 \'4
VoH High-level output voltage \\;gg) : oh.nslb\‘/'y :g?-. == 1—)%/;40 pA :22:: : :33::; 2: v
VoL Low-level output voltage xgg) : owgh\l/’, ‘ Vip=-TV :g:: ; : :: 004: "
X igh-i Vo=24 20
07 e T v - wax Vozow =] *
. Vi=15V, Other inputat =10 Vto 15V 1.2
] Line input current . - mA
Vi=-15V, Other inputat ~15Vto 10V -1.7
I(EN)  Enable input current Vj= 65V 100 pA
IH High-level enable current Vi= 27V 20 wA
e Low-level enable current V= 04V -036| mA
4 Input resistance Vic=-15Vto 15V,  One input to ac ground 12 15 kQ
los Short-circuit output current$ Vce = MAX -15 -85| mA
Icc Supply current Voo = MAX, All outputs disabled 52 70| mA

1 All typical values are at VGG =5 V, Ta = 25°C, and V|G = 0.

% The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold levels
only.

§ Not more than one output should be shorted to ground at a time, and duration of the short circuit should not exceed one second.

switching characteristics Voc =5V, Tp =25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

t Propagation delay time, low-to-high-level output 20 35 ns
PLH p2g =l - g s CpL=15pF, See Figure 1
tPHL Propagation delay time, high-to-low-level output 22 35 ns
t Output enable time to high level 17 22 ns
PZH ia J CL=15pF, See Figure 1
tpzL Output enable time to low level 20 25 ns
tpHZ Output disable time from high level . 21 30 ns

- CL=5pF, See Figure 1
tpLz Output disable time from low level 30 40 ns

INSTRUMENTS

2-24 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
. p



AM26LS32AC, AM26LS33AC, AM26LS32AM, AM26LS33AM
QUAD DIFFERENTIAL LINE RECEIVERS

SLLS115A - D2434, OCTOBER 1980 — REVISED MARCH 1993

PARAMETER MEASUREMENT INFORMATION

Vee

Test
Point g RL=2k@ = p— = 25V
s1 Input ov ov
| -25V

|
tPLH —¢—b| tPHL ——¥
|

From Output VoH
Under Test < T——
s 5ka Output 13V 13V
CL See Note B VoL
(see Note A) :_E S1 and S2 Closed
- s2
0=
- VOLTAGE WAVEFORMS FOR tp| s tPHL

TEST CIRCUIT

-—J Ih— =5ns

|s2 Closed

VoH le—» ~1.4V
S10pen | t K
OutPUt 52 Closed # 1.3V PLZ'| 1‘5_-
~1.4V $1 Closed — &~ VoL
osv—

S1 Closed
1 S2 Open
PHZ S2 Closed P

VOLTAGE WAVEFORMS FOR tpHz: tpzH
NOTES: A. Cy includes probe and jig capacitance.

Q, All diodes are 1N3064 or ¢ equivai_ent.
C. Enable G is tested with G high; G is tested with G low.

Figure 1

VOLTAGE WAVEFORMS FOR tp| 2 tpz|_

TExXas %
INSTRUMENTS re
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AM26LS32AC, AM26LS33AC, AM26LS32AM, AM26LS33AM |
QUAD DIFFERENTIAL LINE RECEIVERS

SLLS115A — D2434, OCTOBER 1980 - REVISED MARCH 1993

TYPICAL CHARACTERISTICS
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
vs vs
HIGH-LEVEL OUTPUT CURRENT? FREE-AIR TEMPERATURE
5 T : 5 T T T
Vip=0.2V Vec=5V
> Ta =25°C ) > Vip=02mV
| ! | loH =—-440 pA
3 4 g’ 4
£ 8
S F\ 3
FEEA N\ AN FR
5 cc =525V
3 \\ T 3
- [
s, NNR vee=sv g
0 - 2
£ N S
T Vec =55V %
I
Ve =475V k N !
x b o
S 1 N\’\ S 1
Vec =45V \
\ 45V NN\ .
o - -10 -20 -30 -40 -50 0O 10 20 30 40 50 60 70 80
loH — High-Level Output Current - mA Ta — Free-Air Temperature — °C
Figure 2 Figure 3
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
LOW-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE
0.6 0.5
T T | | |
Vec=5V Vec=5V
> Tp =25°C /] > Vip=-02V
o 05— vip=-02mVv & 04l loL=8mA
g P g
2 o4 S
‘§5_ / g 03
O o3 A S
§. // g o2
£ o2 z
] |
L .
d o 0.1
L ooal— L @
0 . ! 0
o 5 10 15 20 25 30 0O 10 20 30 40 50 60 70 80
loL — Low-Level Output Current - mA Ta — Free-Air Temperature —°C
Figure 4 Figure 5
TV =5.5Vand Vo = 4.5 V applies to M suffix devices only.
Texas W
INSTRUMENTS
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AM26LS32AC, AM26LS33AC, AM26LS32AM, AM26LS33AM

QUAD DIFFERENTIAL LINE RECEIVERS

SLLS115A — D2434, OCTOBER 1980 — REVISED MARCH 1993

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE OUTPUT VOLTAGE
vs vs
ENABLE VOLTAGE ENABLE VOLTAGE
5 v T v T 5 T v T T
D =0.2 Vecec =5
451 Tp=25°C 45— yp=02V
‘rLoad=8kntoGND | Vcc=55V __ | . Load = 8 kQ to GND
Vec =5V
> 35 lcc + > aslTa= 70°C »
o Vec =45V @ Ta=25°C >
g o B heb AN . B
S s
; 25 S L5
2 i |
g 2 5 2
° o
1
1.5 15
O K F
1 1
0.5 0.5
o 0
] 0.5 1 15 2 25 3 0 0.5 1 15 2 25 3
Enable G Voltage -V Enable G Voltage -V
Figure 6 Figure 7
OUTPUT VOLTAGE OUTPUT VOLTAGE
A\ vs
ENABLE VOLTAGE ENABLE VOLTAGE
6 T 6
= 1
Ve =88V Vip=-02V
5 Vec=5V Load =1 kQ to Vgc 5
Vee =45V Ta=25°C
> > "
cla 4 ‘|, 4 Ta=0C _ |
Ta =25°C
£ 5 Ta-20
g 3 ; 3 L _—] A=70
g g
o
1 2 ? 2
L 2
1 1| vec =5V
Vip =-02V
Load =1kQto Vcc
0 o L L
(] 0.5 1 15 2 25 3 0 0.5 1 1.5 2 25 3
Enable G Voitage - V Enable G Voltage -V
Figure 8 Figure 9
INSTRUMENTS
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AM26LS32AC, AM26LS33AC, AM26LS32AM, AM26LS33AM
QUAD DIFFERENTIAL LINE RECEIVERS

SLLS115A - D2434, OCTOBER 1980 — REVISED MARCH 1993

TYPICAL CHARACTERISTICS
AM26LS32A AM26LS33A
OUTPUT VOLTAGE OUTPUT VOLTAGE
vs vs
DIFFERENTIAL INPUT VOLTAGE DIFFERENTIAL INPUT VOLTAGE
5 T T 5 T T T T T
Vec=5V Vecec=5V, lp=0, TA=25°C
45 19=0 45
Ta=25C (| ([ . 4
T as vic = | vic =]} vic = T as vic= v = Vi =
o -7v Jjov 7v o -15V ov 15V
g 5 g
S 4 S 4
25
§. L 4 2y 4 E. 28 4 v a vy 4
3 2 V- V- V- v 3 21— V1- V- V-
! V1 )| v T+ ! VT4 VT4 VT4
O 15 O 15
1 1
0.5 0.5
o 1]
-200-150 -100 -50 O 50 100 150 200 -200-150 -100 -50 O 50 100 150 200
Vip - Differential Input Voitage - mV Vjp - Differential Input Voltage — mV
Figure 10 Figure 11
INPUT CURRENT
A\
INPUT VOLTAGE
4
3
E 2
i oo =
g o
g. Vcc =0V
£ -1
1
- V, =
-2 fc¢ sV The Unshaded Area
Shows Requirements of
-3 Paragraph 4.2.1 of EIA
Standards RS-422-A and
s RS-423-A
Tl25-20-15-10-5 0 5 10 15 20 25

Vi - Input Voltage -V

Figure 12

TE{AS@

INSTRUMENTS
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AM26LS32AC, AM26LS33AC, AM26LS32AM, AM26LS33AM
QUAD DIFFERENTIAL LINE RECEIVERS

SLLS115A - D2434, OCTOBER 1980 — REVISED MARCH 1993

APPLICATION INFORMATION

1/ AM26LS31AC 1/4 AM26LS32AC

I S .
t Data
Dataln RT% out

15 .

1/4 AM26LS32AC 1/4 AM26LS33AC
Data Data
out Out

t Rt equals the characteristic impedance of the line.
Figure 13. Circuit With Multiple Receivers

INSTRUMENTS
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AM26S10C, AM26S11C
QUADRUPLE BUS TRANSCEIVERS

SLLS116A - D2298, JANUARY 1977 — REVISED JANUARY 1993

¢ Schottky Circuitry for High Speed, Typical D OR N PACKAGE
Propagation Delay Time ... 12 ns (TOP VIEW)

® Drivers Feature Open-Collector Outputs for )
Party-Line (Data Bus) Operation GND ] 1 16f] Vee

* Driver Outputs Can Sink 100 mA at 0.8 V 1BE 2 15]]4B
Maximum 1R{]s  14fJ4R

¢ PNP Inputs for Minimal Input Loading ;gE : :: % 4SD

¢ Designed to Be Interchangeable With 2r(] s 1] 3D
Advanced Micro Devices AM26S10 and 28(]7 10] 3R
AM26S11 GND[] 8 o[l 38

description

The AM26S10C and AM26S11C are quadruple bus transceivers utilizing Schottky-diode-clamped transistors
for high speed. The drivers feature open-collector outputs capable of sinking 100 mA at 0.8 V maximum. The
driver and strobe inputs use pnp transistors to reduce the input loading.

The driver of the AM26S10C is inverting; the driver of the AM26S11C is noninverting. Each device has two
ground connections for improved ground current-handling capability. For proper operation, the ground pins
should be tied together.

The AM26S10C and AM26S11C are characterized for operation over the temperature range of 0°C to 70°C.

Function Tables

AM26S10C
(transmitting)

INPUTS | OUTPUTS
S D B R
L H L H.
L L H L

AM26S11C
(transmitting)

INPUTS | OUTPUTS
S D B R
L H H L
L L L H

AM26S10C AND AM26S11C
(receiving)
INPUTS OUTPUT
s B D R
H H X L
H L X H

H = high level, L = low level, X = irrelevant

PRODUCTION DATA information s current as of lication date.

Copyright © 1993, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas Instruments H .
standard warranty, p g does not rily include
testing of all parameters.

INSTRUMENTS
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AM26S10C, AM26S11C
QUADRUPLE BUS TRANSCEIVERS

SLLS116A - D2298, JANUARY 1977 — REVISED JANUARY 1993

logic symbolst
AM26S10C

s 2 _afen

2
1D ; 10 :j_ 18
1R ;——1—
20 7
I > e>— 28
b T .
3R }g—<- ><>—— 38
4D 15
ar 1 e 48

S

1D
1R
2D
2R
3D
3R
4D
4R

AM26S11C
12 EN1
4 2
s ey
3—«- <
5 o 7
6 >—e>—— 2B
—_—
LN 9
10 ) ~<»— 3B
LN 15
14 P<e— 4B
— -]

t These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

logic diagrams (positive logic)

AM26S10C AM26S11C
s %_ s LQD_
- 2 - 2
1B 1B
o 2 1 & cD
iR 3 1R 3
" 7 (= 7
2B 28
2 3 20 3 cD ,
R & R &
[ = 9 1L—1 9
3B
o M B L) —OI" >
ar 10 ar 10
- 15 —] 15
4B
w0 B “ o 2>
R 1 R 1
INSTRUMENTS
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, AM26510C, AM26S11C
QUADRUPLE BUS TRANSCEIVERS

SLLS116A — D2298, JANUARY 1977 — REVISED JANUARY 1993

schematic (each transceiver)

B Vee
2kQ 110 Q %
NOM NOM
P ool
I N R
AM26S11
B | Jj“ e
| | §
Je I ] ___I h 4
] AM26S10 } :| :
D q | - —
x l
. GND
| I 1 ”
| @ 2.7 kQ |
| NOM |
| . Loz
ommon
I i To Three —‘: Clrouttry
| Other
= Drivers
To One To Two
Oth '——’ Oth

= s [ __‘E Rec:Ever Recili'vers
I %
I
L %4 L |

Tixas WP

INSTRUMENTS
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AM26S10C, AM26S11C

QUADRUPLE BUS TRANSCEIVERS

SLLS116A — D2298, JANUARY 1977 — REVISED JANUARY 1993

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Voo (seeNote 1) ... ..ottt -05Vto7V
Driver or strobe input voltage range, V| ... e -0.5Vto55V
Bus voltage range, driveroutput off, Vg ... -0.5Vto5.25V
Driver or strobe input currentrange, Ij ... —30 mAto 5 mA
Driveroutput current, lg . ... i e e s 200 mA
Receiveroutput current, g ... ..o e s 30 mA
Continuous total power dissipation .................ciiiiiiiiiiiiii See Dissipation Rating Table
Operating free-air temperature range ............c.oeiiieteiniiiineeeeneeeneeeaanannns 0°C to 70°C
Storage temperature range ... ..ottt e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ..............coviiiiininnnnnss 260°C
NOTE 1: All voltage values are with respect to network ground terminals connected together.
DISSIPATION RATING TABLE
PACKAGE TA s25°C DERATING FACTOR Ta = 70°C
POWER RATING ABOVE Ty = 25°C POWER RATING
D . 950 mW 7.6 mW/°C 608 mW
N 1150 mW 9.2 mW/°C 736 mW
recommended operating conditions
MIN NOM MAX | UNIT
Supply voltage, Vcc 4.75 5 525 \
" . DorS 2
High-levael input voltage, ViH B 28 v
Low-] . DorS 0.8
ow-level input voltage, V) 5 175 v
Receiver high-level output current, loH -1 mA
Driver 100
Low-level output current, Io| - mA
Receiver 20
Operating free-air temperature, To 0 70 °C

2-34
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AM26S10C, AM26S11C
QUADRUPLE BUS TRANSCEIVERS

SLLS116A - D2298, JANUARY 1977 — REVISED JANUARY 1993

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
VIK Input clamp voltage DorS |Vcc=475V, h=-18mA -1.2 \")
- Vcc =475V, VIH=2V, ViL=08YV,
VoH  High-level output voltage R I0H =—1mA 2.7 3.4 \"
R loL =20 mA 0.5
= = loL =40 mA 0.33 0.5
VoH Low-level output voltage Voc=475V,  ViH=2V, oL v
B ViL=08V loL =70 mA 042 07
loL=100mA 0.51 0.8
v v Vcc=525V, Vo=08V -50
=2V,
loofy  Off-stage output current B- V:E= 08V Vec=525V, Vo=45V 100] pA
Vee =0, Vo=45V 100
D 30
[[T¥} High-level input current s Vcc=525V, V=27V 20 pA
I ::p"l‘j‘: 3:;’:;; at maximum DorS |Vog=525V, V=55V 100 pA
D —-0.54
TR Low-level input current Vcc=525V, V=04V mA
S —-0.36
los Short-circuit output current¥ R Vce =525V -18 -60] mA
Vcc =525V, StrobeatOV, Noload, 45 70
lcc Supply current All driver outputs low 80 mA
1 All typical values are at Tp = 25°C and Vgg =5 V.
$ Not more than one output should be shorted to ground at a time, and duration of the short circuit should not exceed one second.
\
switching characteristics, Voc =5V, Tp =25°C
FROM TO TEST AM26S10C AM26S11C
PARAMETER (NPUT) |(OUTPUT) | CONDITIONS [ WMIN —TvP WAX| MIN _1vP MaX| "
Propagation delay time,
tPLH low-to-high-level output D B 10 15 12 19 ns
Propagation delay time,
tPHL high-to-low-level output 10 18 12 19
Propagation delay time,
PLH  jow.-to-high-level output s 5 14 18 v 20 "
Propagation delay time,
PHL high-to-low-level output See Figure 1 13 18 14 20
4 Propagation delay time, g 10 15 10 15
PLH  |ow-to-high-level output B R' ns
Propagation delay time,
PHL  high-to-low-level output o1 s
Transition time,
TLH low-to-high-level output B 4 10 4 10 ns
Transition time,
THL high-to-low-level output 2 4 2 4
TEXAs *?
INSTRUMENTS
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AM26S10C, AM26S11C
QUADRUPLE BUS TRANSCEIVERS

SLLS116A - D2298, JANUARY 1977 — REVISED JANUARY 1993

PARAMETER MEASUREMENT INFORMATION

Pulse Vee
Generator
(see Note A)
50 Q
AM26S11C M
T D ] 2800
| amzsstoc _l_":""' “‘g’
(see Note C)
50 pF —— A
L
(see Note B) T 15pF 1~
Pulse ~ (see Note B)
Generator A1 1 :
(see Note A) = = =
D - S B R
' TEST CIRCUIT
’ AM26S11C
l l 8V
Driver Input X X __________________ 15V
| | ov
: AM26S10C :
| | 3V
| |
Strobe Input | | ) 15V
i : ov
-.'
VOoH
Bus 15V
N | VoL
tpH [ tpLy + [ tpHL ¥ [+ tpLy
| BtoR | BtoR | BtoR | BtoR
| | | VoH
15V

Receiver Output

VoL

VOLTAGE WAVEFORMS

\
NOTES: A. The pulse generators have the following characteristics: Zg =50 Q, ty = 10 £ 5 ns.
B. Includes probe and jig capacitance.
C. Alldiodes are 1N916 or equivalent.

Figure 1. Test Circuit and Voltage Waveforms

TExas @
INSTRUMENTS
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AM26S10C, AM26S11C
QUADRUPLE BUS TRANSCEIVERS

SLLS116A - D2298, JANUARY 1977 — REVISED JANUARY 1993

APPLICATION INFORMATION

Strobe Strobe Strobe
Driver Driver
Inputs Inputs
Receiver P Receiver Receiver
Outputs Outputs Outputs
/_/H /_/H
DDDD S R DDDD s RJ DDDD S R
5V AM2es10c/ R AMzestoc/ R AM26s10c/ R sV
AM26S11C R AM26S11C R AM26S11C R
B BB B R BB BB R B BB B R
100 Q 100 Q
e | i l 00 4
100 Q 100 Q !
100 Q 100 Q !
100 Q 100 Q
A VA

100-Q Transmission Line

Figure 2. Party-Line System

TExas
INSTRUMENTS
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DP8480
10K ECL-TO-TTL LEVEL TRANSLATOR WITH LATCH

SLLS035B —- D3058, NOVEMBER 1987 ~ REVISED FEBRUARY 1993

¢ ECL Control Inputs N PACKAGE
¢ 3-State Outputs (TOP VIEW)
¢ 10K ECL Input Compatible
P P vee [ 1 U16]Vcc
¢ Direct Replacement for National po (]2 15[] Q0
Semiconductor DP8480 pifls 11 Q1
D24 13 g Q2
description p3fls 12flQs
pDafls 11]] Q4
This circuit translates ECL-input levels to TTL- Eld 10]] OF
output levels and provides an inverting anD [l 8 of] GND
transparent latch. The 3-state outputs are

designed to drive highly capacitive loads. All
inputs operate at ECL levels.

If latch enable (LE) is low, the latches are transparent and the Q outputs follow the complement of the D inputs.
If LE is high, the outputs are latched. If output enable (OE) is high, the outputs are in the high-impedance state,
as they are during power up and power down.

The DP8480 is characterized for operation from 0°C to 75°C.

logic symbolt logic diagram
10 ECL/TTL
OE —7——5 EN
E —Neci oE 10
2 -1 - 15 _
Do 1D vhb—— o
3 14 _ E’
D1 — >—————13 a1 . ECL/TTL
D2 . >——1262 -1 =N b5 &
D3 p >—"— a3 po 2 1D
D4 > ——— Q4
) - - ECL/TTL
T This symbol is in accordance with ANSI/IEEE Std 91-1984
and IEC Publication 617-12. et $—|EN 14
3 v Q1
D1 1D
FUNCTION TABLE
(each latch/translator) ECL/TTL
OE LE D Q [ e [o]] —EN 13 _
a4 v Q2
H X X 4 D2 1D
L L L H
L L H L ECL/TTL
L H X Qo o c1 ¢—EN -
5 vpb—2 a3
D3 1D
ECL/TTL
Jdct1 _{en —
6 v LL Q4
pa —1D ,

PRODUCTION DATA information Is current as of publication date. Copyright © 1993, Texas Instruments Incorporated
Products conform to specifications per the terms of #nn Instruments H

standard warranty. Pre does not ly include

testing ofall parametos. EXAS
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DP8480

10K ECL-TO-TTL LEVEL TRANSLATOR WITH LATCH

SLLS035B — D3058, NOVEMBER 1987 — REVISED FEBRUARY 1993

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPlY VORAGE, VoG ottt vttt i i e e e 7V
SUPPIY VORAGE, VEE -ttt vttt it e et et s -8V
Input voltage range, V| ... i e 0Vto Vg
OUtPULt VORAGE, VO ..ot it ittt i e e e e 55V
Continuous total dissipation .............. oo See Dissipation Rating Table
Operating free-air temperature range ..............miiiiiiiii ittt 0°Cto 75°C
Storage temperature FaNQe ..........viurtteitt it eaee e itaa e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ...............cceiivivveninnn, 260°C
’ DISSIPATION RATING TABLE
PACKAGE Tas25°C DERATING FACTOR Ta =75°C
POWER RATING ABOVE Tp = 25°C POWER RATING
N 1150 mwW 9.2mwW/°C 690 mW
recommended operating conditions
MIN NOM  MAX | UNIT
Supply voltage, Voo 45 5 5.5 \%
Supply voltage, VEE -468 -520 -572 Vv
Ta=0°C —1145 -840
High-level Input voltage, V|H (see Note 1) TA =25°C -1105 -810 mV
Tp =75°C -1045 -720
Tao=0°C -1870 —-1490
Low-level Input voltage, Vj_ (see Note 1) TA=25°C -1850 -1475 mV
Tp =75°C -1830 —-1450
Pulse duration, F-E low, ty (see Figure 1) 5 ns
Setup time, data before LE?  ts, (see Figure 1) 3 ns
Hold time, data after ﬁ‘r. th (see Figure 1) 3 ns
Operating free-air temperature, Ta 0 75 °C

NOTE 1: The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic

levels only.

electrical characteristics over recommended ranges of supply voltages and operating free-air
temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
VoH High-level output voltage loH =—-10mA Vec—2 \%
VoL Low-level output voitage loL=12 mA 0.2 0.5 \
IH High-level input current ViH = V|H max 75 350 pA
L Low-level input current ViL =V|L min 50 85 I
losH High-state short-circuit output current VosH =0, See Note 2 -70 -150 mA
losL.  High-state short-circuit output current VosL=25V, See Note 2 70 150 mA
loz High-impedance state output current Vo=0to5V +1 +50 pA
lcc  Supply current from Voo Outputs open, Inputs = Vi 16 35| mA
=3 Supply current from VEg Outputs open, Inputs = Vj_ -30 -50] mA

1 Typical values are at VoG =5V, VEE = —5.2 V, Tp = 25°C.
NOTE 2: During testing of IogH or [ogL. only one output should be tested at a time and the current should be limited to a maximum of =120 mA.

2-40
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DP8480

10K ECL-TO-TTL LEVEL TRANSLATOR WITH LATCH

SLLS035B - D3058, NOVEMBER 1987 — REVISED FEBRUARY 1993

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
tpLH Propagation delay time, low-to-high-level output from LE input 4 10 15 ns
tpHL Propagation delay time, high-to-low-level output from LE input 4 1 15 ns
tpLH Propagation delay time, low-to-high-level output from D input CL =50 pF, 3.5 10 15 ns
tpHL Propagation delay time, high-to-low-level output from D input See Figure 1 35 1 15 ns
ten Output enable time from OE input 6 12 25| ns
tgis  Output disable time from OE input 45 8 22| ns

1 Typical values are at VoG = 5 V, VEE = —5.2 V, T = 25°C, and with all channels switched simultaneously.
PARAMETER MEASUREMENT INFORMATION
7v
S1
500 Q
Q
C
(s'ae Note A) 500 @
LOAD CIRCUIT

"ty

| | fr—— | e ———— — —— — — — — — -0.8V

| | | -1.8V

| — le—1y |

j—t tgy — | |
| | } -0.8V

o X fe\ S o/

I } | e -1.8V

| i tpHL¥ } ke~ tp
& l 24V | | 24V ~ VoH
Q(S10pen) | | \r 0.8V | | 08V

| | | VoL
letp ¥ & tp H ¥
-0V em——————— 110V
OE 7( 50% OE 5|§ 50%
4 -147V | -1.47V
—r—tdis je—ten —¥
| 35V | VOH
a VoH=-0.3V S1 Closed g S1 Closed X 24V
. —VQE +03V oV S10pen 0.8V v,
S1 Open oL
NOTES: A. C|_includes probe and jig capacitance.
B. ECL input rise times and fall time are 2 ns + 0.2 ns from 20% to 80%.
Figure 1. Load Circuit and Voltage Waveforms
INSTRUMENTS
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DP8481
10K TTL-TO-ECL LEVEL TRANSLATOR WITH LATCH

SLLS036B — D3059, NOVEMBER 1987 — REVISED FEBRUARY 1993

® ECL Control Iinputs

N PACKAGE
® 10K ECL Compatible (TOP VIEW)
® Propagation Delay ... 4 ns
ropag v VP Vee (] 1 u16]Vcc
® Direct Replacement for National Qof2 15]] DO
Semiconductor DP8481 s 1af] D1
Q2[4 13fjD2
description Q3]s 12[] D3
, Q4] s 11[) D4
This circuit translates TTL-input levels to ECL- oE[]7 1ohie
output levels and provides a 5-bit transparent GND[] 8 o) GND
latch. The outputs are gated by output enable

(OE) and can be wire-OR connected. The latch
enable (LE) and OE inputs are ECL.

If latch enable (LE) is low, the latches are transparent and the Q outputs follow the complement of the D inputs.
If LE is high, the outputs are latched. If output enable (OE) is low, the outputs are forced to the low level.

The DP8481 is characterized for operation from 0°C to 75°C.

logic symbolt logic diagram (positive logic)
7
OE EN [ECL] 7
E 22 Neteey OE <D<>
m |
ECL/TTL _ — 10
po 2 1D L—z Qo LE ‘CI >°—
D1 14 >—-—4 a1 TTL/ECL —d c1 q 2
p2 13 ¥-——5 G2 po & 1D
p3 12 ¥—6 a3
1 N - <
D4 Q4 1a [FToECL c1 3
D1 1D
t This symbol is in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12.
*—J C1 4 4
13_|TTL/ECL D——
FUNCTION TABLE D2 1D
(each latch/translator)
OE LE D Q odc1 p s
TTL/ECL
H L H L o3 12 / 1D
H L L H
H H X Qp L o
L X X L 1 [rece c1
D4 1D

PRODUCTION DATA Information is current as of publication date.

Praducts cofom o apuclioonspa the e of e et J@ '
andard wamary. racicionprocessn doe o recseaiy niode TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright © 1993, Texas Instruments Incorporated
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DP8481
10K TTL-TO-ECL LEVEL TRANSLATOR WITH LATCH

SLLS036B — D3059, NOVEMBER 1987 - REVISED FEBRUARY 1993

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPlY VORAGE, VoG vttt i e e e e 7V
Supply VOtAGE, VEE . ...\ttt e -8V
Input voltage range, Vj: OEor LEinput ..........oiiiiiiiiiiii i 0Vito VEg
Dinputs ...t e ..... =1Vto55V
OULPUL CUITENL, 10 .« v ottt e e it e i i —50 mA
Continuous total dissipation .............ooiiiiiiii i i See Dissipation Rating Table
Operating temperature range, TA ... vttt i it it i 0°C to 75°C
Storage temperature range .. ..........oiiiiiiiiiiiiie it e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ..............c..coiiiiieinne.. 260°C
DISSIPATION RATING TABLE
Ta<25°C DERATING FACTOR TA=75C
PACKAGE POWERRATING  ABOVETA=25°C  POWER RATING
N 1150 mW 9.2 mW/°C 690 mW

recommended operating conditions

MIN NOM  MAX|] UNIT
Supply voltage, Voo 4.5 5 55 \%
Supply voltage, VEE —-4.68 -5.20 -572 \"
High-level input voltage, Vi (TTL-level D inputs) 2 \%
Low-level input voltage, V) (TTL-level D inputs) 0.8 \"
Hiah-level inout volt v Ta=0°C -1145 -840
(El%L-lee‘:/eellg:E a‘r/:l %ei;lplljt‘s) (see Note 1) Ta=25°C _1105 “81of mv
Ta =75°C - —-1045 -720
Low-level inbut volt v TA=0°C - | -1870 -1490
EOLfevel OF and %‘g’nplul'ts) (see Note 1) Ta=25°C ~1850 _1475) mv
TA=75°C —-1830 ~1450
Pulse duration, i low, ty (see Figure 1) 5 ns
Data before ii‘ (see Figure 1) 5
Setup time, tgy, - ns
Data before OE? (see Note 2 and Figure 1) - 55
Hold time, data after LE1, ty, (see Figure 1) 1 ns
Operating free-air temperature, TA : 0 75 °C

NOTES: 1. The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic

levels only.
2. This setup time applies when operating inthe transparent mode (ﬁis low) andit is necessary that valid data be available atthe output
immediately after the outputs are enabled.
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DP8481
10K TTL-TO-ECL LEVEL TRANSLATOR WITH LATCH

SLLS036B - D3059, NOVEMBER 1987 — REVISED FEBRUARY 1993

electrical characteristics over recommended ranges of supply voltages and operating free-air
temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
ViK Input clamp voltage D0o-D4 lj=—12mA -08 -1.2 \
H High-level input current Do-b4 Viz23y ! 20 pA
OE, LE Vj=-08 V 200
. Do-D4 V=05V -50 -200
I Low-level input current — HA
OE, LE Vi=-18 V 150
) VEE=-52V, TA=0°C -1000 -840
VoH '(:f;","f;’t:'s°;‘g’:; ‘;‘)’“age VEE=-52V, TA=25°C ~960 —810| mv
VEE=-52V, TA=75°C —900 -720
. . VEg=-52V, Ta=0°C —-1020
VOH(C) zreil;cglolzlegsh;lea\:‘e; g;xt put voltage VEE=-52V, TA=25°C —980 mv
VEg=-5.2V, TA=75°C -920
VEE=-52V, Ta=0°C —-1870 -1665
VoL l(‘:e“;m:::t’;:t dvg)'tage VEE=-52V, TA-=25°C 1850 ~1650 | mV
VEg=-5.2V, Tap=75°C -1830 -1625
» VEE=-5.2V, TA=0°C —-1645
VoL(c) ?s:t::!; \:-:e\;:ldo;tput voitage VEE=-5.2V, TA=25°C -1630| mVv
VEE=-5.2V, TA=75°C —-1605
lcc Supply current from Voo Vcc =55V 20| mA
IEE Supply current from VEg VEE=-5.7V -90| mA
NOTES: 1. The algebraic convention, in which the least positive (most negative) value is designated one minimum, is used in this data sheet for

logic levels only.

3. VoH and Vo are tested using the outer-limit values Vi max and Vji_min. The critical values VoH(c) and VoL (C) are tested using
the inner-limit values V|4 min and V||_max. The latter values ensure the noise margins of 1565-mV high and 125-mV low associated

with 10K ECL.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

. PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
tpLH Propagation delay time, low-to-high-level output from LE input 1.5 4 6 ns
tpHL Propagation delay time, high-to-low-level output from LE input 1.5 4 6 ns
tpLH Propagation delay time, low-to-high-level output from D input RL=50Qto-2V, 25 4 7.5 ns
tpHL Propagation delay time, high-to-low-level output from D input See Figure 1 25 4 75| ns
ten Output enable time from OE input 1 3 4 ns
tdis Output disable time from OE input 1 3 4 ns

1 Typical values are at Vo =5 V, VEE = —-5.2 V, Ta = 25°C.
Texas %
INSTRUMENTS
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DP8481
10K TTL-TO-ECL LEVEL TRANSLATOR WITH LATCH

SLLS036B - D3059, NOVEMBER 1987 — REVISED FEBRUARY 1993

PARAMETER MEASUREMENT INFORMATION

ViH
OE 50% Skl 50%

T ov
le—ten —¥
| I~ VoH
[+ j(so‘x. 50%
VoL
be— tyy—»!
——U New /N
LE 50% 50%
— |
| T ke |
}'—|‘tsu ——’: l ) |
| : | | : 3V
D 15V I | 1.5V I 1.5V 15V
| I - ov
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NOTE A: ECL inputrise and fall times at OE and LE are 2 ns 0.2 ns from 20% to 80%. TTL input rise and fall times at D inputs are 3 ns maximum
measured between 10% and 90%.

Figure 1. Switching Time Waveforms
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LT1030C
QUAD LOW-POWER LINE DRIVER

SLLS048C — D3297, APRIL 1989 — REVISED MARCH 1993

® Low Supply Voltage ... +5Vto =15V D OR N PACKAGE
® Supply Current. .. 500 pA Typ (TOP VIEW)
® Zero Supply Current When Shut Down W)
* Outputs Can Be Driven +30 V vﬁﬁ;ﬂ 17 1 J‘S’gg+ .
. y 2 13
Output Open When Off (3-State) outi(l 3 1201 1N4
¢ 10-mA Output Drive oN/OFE[] 4 11j) ouT4
¢ Output of Several Devices Can Be IN2{] 5 10]INC
Paralleled OUT2¥ 6 o[} IN3
* Meets ANSI/EIA-232-D-1986 Specifications GND[] 7 s outs
(Revision of EIA Std RS-232-C) . !
NC - No internal connection
® Designed to Be Interchangeable With
Linear Technology LT1030 AVAILABLE OPTIONS
description PACKAGE
TA SMALL OUTLINE | PLASTIC DIP
The LT1030C is an EIA-232 line driver that (D) (N)
operates over a +5-V to +15-V sup;?ly voltage 0°C to 70°C LT1030CD LT1030CN
range on low supply current. The device can be
shut down to zero supply current. Current limiting The D package is available taped and reeled. Add the
fully protects the outputs from externally-applied suffix R to the device type (.., LT1030CDR).
voltages of +30 V. Since the output swings to
within 200 mV of the positive supply and to within logic symbol'f
1 V of the negative supply, supply voltage
requirements are minimized. 13
q . STROBE————NG1
A major advantage of the LT1030C is the ON/OFF 4  EN
high-impedance output state when the device is . r
i 3
O o ree slovs soverel 2 _—ofi 5
) N2 ——— ouT2
The divide can rtf>e used Ias Ian EIAI\-232 driver, e —2 A r______: outs
micropower interface, or level translator, among Ne 2 r ouT4
others.
The LT1030C is characterized for operation from ¥This symbol is in accordance with ANSI/IEEE Std 91-1984
o N and IEC Publication 617-12.
0°C to 70°C.
Terminal Functions
PIN
DESCRIPTION
NAME NO
GND 7 Ground pin
IN1, IN2, 2, 5, |Logic inputs. Operate properly on TTL or CMOS levels. Output valid from V| =Vgc~+ 2 Vto 15 V. Connectto 5V
IN3, IN4 9,12 | when not used.
ON/OFF 4 Shuts down entire circuit. Cannot be left open. For normally on operation, connect between 5V and 10 V. If Vj_is
at or near 0.8 V, significant settling time may be required.
OUT1, OUT2, 3,6, |Line driver outputs
OUT3,0UT4 8,11
STROBE 13 | Forces all outputs low. Drive with 3 V. Strobe terminal input impedance is approximately 2 k€2 to GND. Leave open
when not used.
Vee+ 14 Positive supply
Vee- 1 Negative supply

PRODUCTION DATA information Is current as of publication date.
Products conform to
standard warranty. Production
testing of all parameters.

per the terms of Texas
processing does

Copyright © 1990, Texas Instruments Incorporated
Instruments
not necessarily include
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LT1030C
QUAD LOW-POWER LINE DRIVER

SLLS048C - D3297, APRIL 1989 — REVISED MARCH 1993

logic diagram
ON/OFF
13 p
STROBE ——¢-( 3 oumt
Nt —21 Qg
4
19 £ ourz
N —1 g
C—(b
9 9 )} 8 OouT3
IN3 - e I/ |
—Q 1
12 }—————I >_——— ouTs
INa —(O

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage range, Vogy (SeeNote 1) ... OVtoi5V
Supply voltage range, VoG — . vv vttt e OVto-15V
Input voltage range, logic inputs, V| ...t Veoe-to 25V
Input voltage range at ON/OFF, V| ... ottt it e i 0OVto12Vv
Output voltage range (@ny Output) . ...........ccoveiiiiiiiiiiiieninene. Vee+—30VitoVoo-+30V
Duration of output short circuit to +30 V at (or below) 25°C (see Note2) ...................... unlimited
Continuous total dissipation ............ ... i See Dissipation Rating Table
Operating free-air temperature range, TA . ...ttt ittt i i 0°C to 70°C
Storage temperature raNge ..........cuvtrtiitiirieiiniaere e eerrnenarereaaaas —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from casefor 10seconds ................ccoiviviinnn . 260°C

NOTES: 1. Allvoltage values, except differential voltages, are with respect to GND.

2. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation rating is not exceeded.

DISSIPATION RATING TABLE
PACKAGE Tas25°C DERATING FACTOR TA=70°C
POWER RATING ABOVE Tp =25°C POWER RATING
D 950 mW 7.6 mW/°C 608 mW
N 1150 mW 9.2 MW/°C 736 mW
recommended operating conditions
MIN MAX | UNIT

Supply voltage, VoG + i 5 15 \
Supply voltage, Voo — -5 -15 \'
High-level input voltage, V|H (see Note 3) 2 15 Vv
Low-level input voltage, V)i (see Note 3) . 0.8 v
Operating free-air temperature, Tp 0 70 °C

NOTE 3: These VjH and Vj_ specifications apply only for inputs IN1—IN4. For operating levels for ON/E)E, see Figure 2.
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LT1030C
QUAD LOW-POWER LINE DRIVER

SLLS048C —- D3297, APRIL 1989 — REVISED MARCH 1993

electrical characteristics over operating free-air temperature range, Vo, = +5Vto =15V (unless

otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
VOM+  Maximum positive peak output voltage swing [lo=-2mA, Tpo=25°C |Vcc4+—0.3 Vco4+—0.1 \'
VoM-  Maximum negative peak output voltage swing |lpo =2 mA, TA=25°C Vec-+09 Vgoo-+1.4 \2
H High-level input current Viz2V, TA=25°C 2 20 wA
L Low-level input current Vis08YV, Ta =25°C 10 20 pA
Vi=0 -0.1 -10
N Input current, ON/OFF ! pA
Vi=5V 30 65
lo Output current TA =25°C 5 12 mA
¥ V0==15V, TA=25°C,
loz Off-state output current ON/OFF at 0.4 V +2 +100 A
Icc Supply current (all outputs low) Vizat24V, lo=0 500 1000 pA
! \ Off-state supply current ON/__OFF atodv 10 pA
CcClofh PRy ON/OFF at 0.1 V 10 150
operating characteristics, Voo, = =5 Vto =15V, T =25°C
PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
SR Driver slew rate RL=3kQ,  C_=51pF 4 15 30| Vius
t Al typical values are at VoG . = =12V, Ta = 25°C.
INSTRUMENTS
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LT1030C

QUAD LOW-POWER LINE DRIVER

SLLS048C — D3297, APRIL 1989 — REVISED MARCH 1993

TYPICAL CHARACTERISTICS
MAXIMUM PEAK OUTPUT VOLTAGE SWING ON/OFF TERMINAL VOLTAGE
vs vs
QUTPUT CURRENT FREE-AIR TEMPERATURE
Vees 1.8 T y
[r— Vece =212V
> vge,.-02 16> R =3kQ
[ Output High ~ | |
E Vee +'°‘4: - + >| 14 \\\ Min On Voltage —
(] o
2> Vgg-+14 =] N l
§_ g 12 \
5 Vee-+12 S N
o L E 1 \ Max Off Voltage = —
> = I 200
§ Vee-+1 — § o \\ ~— ‘o< 7.}
g Vec-+08 Outputlow | e \ T~ —
% Vcc-+06 74 é 06 \
E‘ Vcc-+04 © o4 =
- ge-+ Max Off Voltage D e
> Veo+02' Veca==12V 4 021~ Ig< 20 pA
Ta =25°C | I '
Vee- L GND
0 =1 +2 +3 4 =5 0 10 20 30 40 50 60 70
lo—Output Current — mA TA — Free-Air Temperature — °C
Figure 1 Figure 2
MAXIMUM PEAK OUTPUT VOLTAGE SWING ON/OFF TERMINAL CURRENT
vs vs
FREE-AIR TEMPERATURE ON/OFF TERMINAL VOLTAGE
Vee+ 140 T T
>| 120 Vees==12V
& Vec,-02 - TA=25°C
5 ! lo=1mA H
S = =
; Vce+-04 lo=5ma g 100 é
§ 5 /
pony I: ~ 80
3 Vee-+14 £ //
S S o
; |° =-5mA g /
5 Vee-+12 £ /
5 g % /
=2 Vee- +1 I& /
[ o 20
3 z /
S Vog-+08 [t lo=-1ma O 1 A
Vegs =212V \"\t\
Vee-+06 ! I ] -20
o 10 20 30 40 S50 60 70 0 25 5 75 10 125 15
Ta ~ Free-Air Temperature - °C ON/OFF Terminal Voltage -V
Figure 3 Figure 4
INSTRUMENTS

2-50

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



LT1030C
QUAD LOW-POWER LINE DRIVER

SLLS048C — D3297, APRIL 1989 — REVISED MARCH 1993

10 - Output Current - mA

Icc(off)— Off-State Supply Current - nA

TYPICAL CHARACTERISTICS
OUTPUT CURRENT LIMIT OFF-STATE OUTPUT CURRENT
Vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
30 T T -1 T T T
Veeg:=212V ' Vega==212V
™ Vo =-25V
NG < B
27.5 P =IL /7
\ : » A
25 ™~ £ /
\ [ /
Sinking 5
225 g _
\ o 01 va
\ 2 A~
20 é
I
17.5 |- Sourcing S //
- /
15 -0.01
0O 10 20 30 40 50 60 70 25 30 35 40 45 50 55 60 65 70
TA — Free-Air Temperature — °C Ta — Free-Air Temperature - °C
Figure 5 Figure 6
OFF-STATE SUPPLY CURRENT SUPPLY CURRENT
vs Vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
o1 T T 5 T T
[ Vcca==12V / as | TA=2C
007 | ON/OFFato.av V4
// 4
0.05 §| 35
/ - ——
/ £ T All OutputsHigh ~ |
o
0.03 / z 25
/ B .
7]
O 15
o
1
All Outputs Low
05
0.01 V4 0
45 * 50 55 60 65 70 10 125 15 175 20 225 25 275 30
Ta - Free-Air Temperature ~°C IVece + = Vee—| — Total Supply Voltage -V
Figure 7 Figure 8
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LT1030C .
QUAD LOW-POWER LINE DRIVER

SLLS048C —~ D3297, APRIL 1989 — REVISED MARCH 1993 \

TYPICAL CHARACTERISTICS
SUPPLY CURRENT SLEW RATE
vs - vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
4 T T - 17 T T
Veee=+12V Vecs=t12V
35 . RL =3kQ

s 16 CL =51 pF
< ® ;
3 e = 4
é a | All Outputs High ;' \ /
5 . . i
s % \ Fall n:,/
(i 2 o 15
2 £ ,
.%/ ‘15 1
<'.> - Rising
o 1 14 —

All Outputs Low //
0.5 /
0 13
] 10 20 30 40 50 60 70 ] 10 20 30 40 50 60 70
Ta = Free-Air Temperature - °C Ta — Free-Air Temperature - °C
Figure 9 Figure 10
APPLICATION INFORMATION

forward biasing the substrate

As with other bipolar integrated circuits, forward biasing the substrate diode can cause problems. The LT1030C
will draw high current from Vgc ., to GND if Vo is open circuited or pulled above ground. If this is possible,
connecting a diode from Vg — to GND will prevent the high-current state. Any low-cost diode can be used (see

Figure 11).

LT1030C

1 14
1N4001

7 8

Figure 11. Connecting a Diode From Vgc_to GND
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LT1039
TRIPLE EIA-232 LINE TRANSCEIVER

SLLS105B — D3627, FEBRUARY 1991 — REVISED JANUARY 1992

¢ Meets All EIA-232-D (Revision of RS-232-C) ' DW OR N PACKAGE
Specifications (TOP VIEW)

¢ Three Independent Drivers and Receivers
Per Package

¢ EIA-232 Inputs and Outputs Withstand
30V

® 3-State Outputs
¢ All Outputs Are Short-Circuit Protected

®  Virtually Zero Supply Current When
Shutdown

¢ Output of Several Devices Can Be
Paralleled

® Operates From +5-V to +15-V Supplies
¢ Designed to Be Interchangeable With
Linear Technology LT1039

description

The LT1039 is a triple EIA-232 line transceiver designed to meet the requirements of Standard EIA-232-D. All
outputs are fully protected against an overload or short to ground. A major advantage of the LT1039 is
high-impedance output states when the device is off or powered down. This feature allows several different
devices to be connected together on the same bus.

The bias pin provides a receiver to be kept alive when the LT1039 is shutdown (ON/OFF = low).
The LT1039 is characterized for operation from 0°C to 70°C.

AVAILABLE OPTIONS
PACKAGE
TA SMALL OUTLINE PLASTIC DIP
(owW) N)
0°C to 70°C LT1039CDW LT1039CN

The DW package is available taped and reeled. Add the suffix R to the
device type (i.e., LT1039CDWR).

PRODUCTION DATA information Is current as of publication date. Copyright © 1992, Texas Instruments Incorporated
tanlrs wamanty. reucion rocsaeing doos ot necomsary e
testing of all parameters, v I m
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LT1039
TRIPLE EIA-232 LINE TRANSCEIVER

SLLS105B - D3627, FEBhUARY 1991 — REVISED JANUARY 1992

logic symbolt

ON/OFF -—-|‘7 EN I

2

BIAS — ] > o hte riour

R1IN IT

R2IN -2 N 14 goout

RaIN Z 12 Rraout
pout4A-4v J 15 pin
D20UT -8~ 13 pain
D3oUT -8« 1 pain

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

logic diagram
onjorF 2
BIAS 12
3

16

R1IN — R10UT

)

14

R2IN i%_—. R20UT
1

7
R3IN

3

12

—=— R3OUT

15 pun

" p1ouT

6

13

D20UT

psout -8

LSS

D2IN

1

—— D3IN
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LT1039
TRIPLE EIA-232 LINE TRANSCEIVER

SLLS105B — D3627, FEBRUARY 1991 — REVISED JANUARY 1992

Terminal Functions

PIN
DESCRIPTION
NAME NO.
BIAS 2 Keeps receiver 1 alive while the LT1039 is in the shutdown mode. Leave BIAS open when not in use.
D1IN, D2IN, D3IN 15, 13, | Line driver inputs. Operate properly on TTL or CMOS levels. Output valid from V| = (Vpp-) + (2to 16 V).
1 Connect to 5 V when not used.
D10UT, D20UT, 4, 6,8 |Line driver outputs
D3OUT
GND 10 Ground
ON/OFF 17 Shuts down entire circuit. Cannot be leftopen. IfV|y_is at or near 0.8V, significant settlingtime may be required.
R1IN, R2IN, R3IN  3,5,7 |Receiver inputs. Input impedance is normally 30 kQ. Accepts EIA-232 voltage levels and has 0.4 V of
hysteresis to provide noise immunity.
R10UT, R20UT, 16, 14, | Receiver outputs with TTL/CMOS voltage levels
R30UT 12
VoD + 1 Positive supply voltage for driver
Vpp- 9 Negative supply voltage for driver
Vce 18 5-V supply voltage for receivers

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage range, Vpp, (See Note 1) ..o o OVto15V
Supply VORAGE range, VDD . ettt e 0Vto-15V
SUPPIY VORAGE, VoG oottt e e e e e e e 7V
Input voltage range, driver input .. ..... ... i i e e Vpp-to 25V

FECRIVEN INPUL ... o e +30V
Input voltage range, ON/OFF ... .. . i it e e OVto12V
Output voltage range, driveroutput ..............coviiiiiieiannn.n Vpp+—30VtoVpp_+30V
Duration of output short circuit at (or below) T =25°C (to+30V,seeNote2) ................. unlimited
Continuous total dissipation ............ ... . . i See Dissipation Rating Table
Operating free-air temperature range, Ta ..ottt ettt 0°C to 70°C
Storage temperature FANGE ... .....vuuett ittt ettt e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ..................ccoviiviinn... 260°C

NOTES: 1. All voltage values, except differential voltages, are with respect to the GND terminal.
2. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation rating is not exceeded.

DISSIPATION RATING TABLE

PACKAGE Ta s25°C DERATING FACTOR Ta =70°C
POWER RATING ABOVE Tp = 25°C POWER RATING
DW 1025 mW 8.2mW/°C 656 mW
N 1150 mW 9.2 mW/°C 736 MW

TEXAS ‘t’?
INSTRUMENTS
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LT1039 v
TRIPLE EIA-232 LINE TRANSCEIVER

SLLS105B - D3627, FEBRUARY 1991 — REVISED JANUARY 1992

recommended operating conditions

MIN NOM MAX| UNIT
Supply voltage; VpD + 5 12 5] Vv
Supply voltage, Vpp— -5 -12 -15 v
Supply voltage, Voo ’ 4.75 5 525 \"
High-level input voltage, V|H (see Note 3) 2 \'
Low-level input voltage, Vj|_ (see Note 3) 0.8 \"
Operating free-air temperature, To (] 70 °C

NOTE 3: VjH and Vj_specifications apply only for inputs D1IN to D3IN. ~

DRIVER SECTION

electrical characteristics over recommended operating free-air temperature range, Vpp. =+11.4V
to +12.6 V, ON/OFF at 2.5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
Vo M pestie psk op | Voo, -04 Vo4 -04
Maximum negative peak output Load = 3 ke to GND v
VoM- voltage swing Vpp-+1.0 Vpp-+15
IiH High-level input current Viz2V 1 20 nA
e Low-level input current Vis0.8V : 5 20 pA
V=0 15
Vi=5V 80
Sourcing current, Vo=0 5 15
: Sinking current, Vo=0 -5 -15
loz __ Off-state output current Vo==18V, V=0, ON/OFFat0.4V =10 =200 WA
Icc Supply current lo=0 4 8 mA
lccm Off-state supply current ON/b_F_Ff at0.4Vv 1 100 A
SR Slew rate R =3k, Cp =51pF 4 15 30 V/ipus

1 Al typical values are at Vpp . = =12V, Tp = 25°C.

TEXAS
INSTRUMENTS
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LT1039

TRIPLE EIA-232 LINE TRANSCEIVER

SLLS105B — D3627, FEBRUARY 1991 — REVISED JANUARY 1992

RECEIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature, ON/OFF at 2.5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
VT- Negative-going input threshold voltage 0.5 1.3 v
VT4 Positive-going input threshold voltage 1.7 28 v
Vhys Hysteresis (VT4 —VT-) 0.1 0.4 1 \4
VoL Low-level output voltage lo=-1.6mA 04 05 \'4
VoH High-level output voltage 1o = 160 pA 35 4.8 v
los Short-circuit output current Sinking current, Vo = Vee —10 mA
Sourcing current, Vo =0 0.5 1
102 g"&ﬁ?&gﬂ:‘"mpedww state) Vo=0toVee, Vi=O. ON/OFF at 0.4V =1 =10 pA
Icc Supply current lo=0 4 7 mA
Icc(off)y Off-state supply current ON/OFF at 0.4 V 1 100 | pA
1 All typical values ground are at Vo = 5 V, Ta = 25°C.
TEXAS @
IN
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-57



2-58



LT1080, LT1081
ADVANCED LOW-POWER
5-V DUAL EIA-232 DRIVER/RECEIVERS

SLLS050A — D3121, SEPTEMBER 1989 — REVISED FEBRUARY 1991

® Operates With Single 5-V Power Supply LT1080C, "T1°?r°gp' ",g,'v)on N PACKAGE
¢ Generates +9-V Supply Voltages With Only
1-uF Capacitors NC [} 1 ON/OFF
Ci+ [ 2 Vce
* Designed to Avoid Latch-Up Vs, s GND
+
¢ CMOS Comparable Low Power . .. 60 mW C1- Eh 4 T10UT
N
® Features Superior to CMOS: ggi E 2 QIIOUT
Improved Speed . . . Operates Over vs_(l7 TN
64K Baud T20UT E‘ 8 T2IN
Improved Protection . . . Outputs Can Be R2iN [| o R2OUT
Forced to +30 V Without Damage

3-State Outputs Are at High Impedance

NC - No internal connection

When Off
® Power Additional EIA-232 Drivers ... 10 mA LT1081C, LT10811 .. . DW OR N PACKAGE
(TOP VIEW)
® 1-uA Supply Current in Shutdown
* Available With or Without Shutdown c1+f]1 ~ 16l Voo
vs.[l2 15[JGND

* Suitable for ANSI/EIA-232-D-1986 ci-f|s 14ffTr0UT
Applications (Revision of EIA Std c2+[}4 13[] R1IN
RS-232-C) c2-[Is 12]] R1OUT

¢ Designed to Be Interchangeable With ngS?E 3 1‘; g I;::
Linear Technology LT1080 and LT1081 RaN[] 8 ofl R2OUT

description

The LT1080 and LT1081 are dual driver/receivers that include a charge pump to supply EIA-232 voltage levels
from a single 5-V supply. These interface-optimized devices are designed to avoid latch-up and provide a
realistic balance between CMOS levels of power dissipation and real-world requirements for ruggedness. The
driver outputs are fully protected against overload and can be shorted to +30 V. Unlike CMOS devices, the
advanced architecture of the LT1080 and LT1081 does not load the signal line when shut down or when the
power is off. Both the receiver and EIA-232 outputs are put into a high-impedance state. An advanced output
stage allows driving higher capacitive loads at higher speeds with exceptional resistance to ESD.

Applications for these devices include portable computers, battery-powered EIA-232 systems, power-supply
generators, terminals, and modems.

The LT1080C and LT1081C are characterized for operation from 0°C to 70°C. The LT1080l and LT10811 are
characterized for operation from —40°C to 85°C.

Copyright © 1991, Texas Instruments Incorporated

PRODUCTION DATA information Is current as of publication date. .

standard mmmy.‘o w“‘m ;: - include %

testing of all parameters. - ’ MS
INSTRUMENTS
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LT1080, LT1081

ADVANCED LOW-POWER
5-V DUAL EIA-232 DRIVER/RECEIVERS

SLLS050A - D3121, SEPTEMBER 1989 — REVISED FEBRUARY 1991

logic symbolst ,
LT1080 LT1081
Vee Vee
|17 . |16
Ct+ —%—-x—w oxi+  Vee Cl+ ;—>e cx1+  Vee
C1- —¢{cxi- C1- ——¢] cx1-
5 18vee [ Vs+ cor A | 18vee |2 V.
C2+ —¢—cxas v 7 ve. el b 17Vee |2 Vs-
C2- ——s— Cx2- 7Vee ¢ C2- 2 cxe- ' °°'_
ON/OFF 18__|
12 .%N C TIN g > 1: T10UT
TN 2 > v ‘: TI0UT Tan 12§ > - T2OUT
TaN T > v T20UT R1OUT ;2 I |-+ RIN
riout —2<Jo o —4—1;— R1IN R20UT oV T |+« R2N
R20UT v oV IO |<— R2iN |18
16 GND

GND

t These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

Terminal Functions

PIN
Vo DESCRIPTION
NAME NO.t

C1+ 2[1] External capacitor C1

Ci- 4[3]

C2+ 5[4] External capacitor C2

c2- 6[5]

GND 16 [15] Ground pin

ON/OFF 18 [ Controls the operation mode andis TTL/CMOS compatible. Alow logic level places the device inthe shutdown
mode, which reduces input supply current to near zero and places both driver and receiver outputs in a
high-impedance state. This input is not available on the LT1081.

R1IN 14[13] | Receiver input. Accepts EIA-232 voltage levels (=30 V) and has hysteresis to provide noise immunity.

R2IN 9[8] | Same as R1IN

R1IOUT  13[12] (o} Receiver output with TTL/CMOS voitage levels. Output is in a high-impedance state when in the shutdown
mode or when V¢ = 0 to allow bus operation. Fully short-circuit protected to GND or Vg with power on,
power off, or in the shutdown mode.

R20UT  10[9] o Same as R10UT

TiIN 12[11] | ElA-232 driver input pin. Input is TTL/CMOS compatible. Unused inputs should be tied to V¢ c.

T2IN 11[10] | Same as T1IN ’

T10UT 15[14] (o] Driver output with EIA-232 voltage levels. Outputs are in a high-impedance state when in the shutdown mode
or when Vg = 0 to allow bus operation. Fully short-circuit protected to GND or Vc with power on, power
off, or in the shutdown mode.

T20UT 8(7] (o} Same as T1OUT

Vst 3[2 Positive supply for EIA-232 drivers. Requires an external capacitor (1-uF) for charge storage.

Vs— 71[6] Negative supply for EIA-232 drivers. Requires an external capacitor (1-uF) for charge storage.

Vee 17[16] Input supply pin. Supply current drops to near zero in the shutdown mode. Driver and receiver outputs are
in a high-impedance state when Vg = 0.

1 Pin numbers in brackets are for the LT1081.

2-60
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LT1080, LT1081
ADVANCED LOW-POWER
5-V DUAL EIA-232 DRIVER/RECEIVERS

SLLS050A- D3121, SEPTEMBER 1989 — REVISED FEBRUARY 1991

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vo (See NOte 1) ..o i e 6V
Positive output SuUpply VORRAGE .. ..ot e e e 12V
Negative output Supply VORGE .. ...... i e i e e -12V
Input voltage range: DIIVEr . ... ...ttt e e ittt et neanse ey +*12V
RECBIVET ...t e +30V
[0 GNDto 12V
Output voltage range: T1OUT, T20UT ..........coiiiiiiiiiiiniiininnn, Vgs_+30VtoVg,—-30V
RIOUT, R20UT ...ttt ieaas -0.3VtoVge +03V
Duration of output short circuit at (or below) 25°C: Vg, ...ovviiiiiiiiiiiiiiiiiii i, 30s
' VS e e 30s
Driver or receiveroutput ................... unlimited
Continuous total dissipation ...ttt e See Dissipation Rating Table
Operating free-air temperature range: LT1080C, LT1081C ...........ccvviiiiiiiiineinnnn 0°C to 70°C
LT10801, LT10811 ... ...ttt —40°C to 85°C
Storage temperature range . ............i..eiiiet et —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from casefor 10seconds ...............coiiiiiiiiinnen, 260°C
NOTE 1: All voltage values are with respect to network ground terminal.
DISSIPATION RATING TABLE
PACKAGE TA <25°C DERATING FACTOR Ta = 70°C Tp =85°C
POWER RATING ABOVE Tp, = 25°C POWER RATING POWER RATING
DW 1025 mW 8.2 mW/°C 656 mW 533 mW
N 1150 mW 9.2 mW/°C 736 mW 598 mW
recommended operating conditions
LT1080C, LT1081C LT1080l, LT1081 UNIT
MIN TYP MAX| MIN TYP MAX

Supply voltage, Vcc 45 5 5.5 45 5 5.5 \"

High-level input voltage, V|4 (T1IN, T2IN) 2 5.5 2 5.5 v

Low-level input voltage, Vi_ (T1IN, T2IN) 0.8 0.8 \

Operating free-air temperature, Ta 0 70| -40 85 °C
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LT1080, LT1081
ADVANCED LOW-POWER .
5-V DUAL EIA-232 DRIVER/RECEIVERS

SLLS050A- D3121, SEPTEMBER 1989 — REVISED FEaRUARY 1991

electrical characteristics over recommended ranges of supply voltage and operatmg free-air

temperature, V| = 3 V (unless otherwise noted)

driver section
PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
Vom+ Positive-peak output voltage Rl =3kQto GND 5 7.5 v
VoMm- Negative-peak output voltage Rp =3kQto GND -5 -6.5 \%
IIH High-level input current Vi=2Vto55V 5 20 uA
WL Low-level input current Vis08V -5 -20 pA
IoHS  Output short-circuit current (sourcing) | V| =0, Vo =0, Ta =25°C -7 12 mA
loLs  Output short-circuit current (sinking) [Vi=2V, Vo =0, TA=25°C 7 -12 mA
loz High-impedance output current Shutdown mode, Vo =30V 100 pA
receiver section
PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
- o LT1080C, LT1081C 1.7 24
VT4 Positive-going input threshold voltage LT10801, LT1081! 17 3 \
VT—  Negative-going input threshold voltage LT1080C, LT1081C o8 13 \%
LT1080l, LT1081! 0.2 1.3
Vhys  Input hysteresis 0.1 0.4 1 \
T Input resistance TA=25°C 3 5 7 kQ
VoH  High-level output voltage loH=-160pA,  Vcc=5V 35 4.8 \4
VoL Low-level output voltage loL=1.6mA 0.2 0.4 v
losH  Output short-circuit current (sourcing) Vi=3YV, Vo =0, Ta =25°C -0.6 -1 mA
losL  Output short-circuit current (sinking) V=3V, Vo =Vce. Ta =25°C 10 20 mA
loz High-impedance output current Shutdownmode, Vg =0toVce 10| wA
power supply section, Vg = 5V, driver outputs low (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
Is=0, TA=25°C 8 9
Vs Supply output voltage Is=10mA, TA=256°C 7 8 \%
Is =15 mA, TaA = 25°C 65 75
Is=0, TA=25°C -75 -85
Vs- Supply output voltage Is=10mA, TaA=25°C -55 -65 .V
Is=15mA, TA =25°C -5 -6
Icc Supply current 10 22 mA
IcC(off) Off-state supply current (LT1080) ON/OFF at 0.4V 100 wA
I Input current (ON/OFF) (LT1080) z: : _?z "y
1 All typical values are at Voo = 5 V, Ta = 25°C.
operating characteristics over recommended range of supply voltage, Vj =3V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SR Driver slew rate RL =3kQto 7 kQ, CL=560pF, SeeNote?2 4 15 30| Vius
tr(supply)  Supply rise time (see Note 3) Ci-C4=1yF 1 ms

NOTES: 2. Meets EIA-232-D specifications for capacitive loads greater than 560 pF.
3. Time from either shutdown input ON/OFF (LT1080) goes active high or Vcc power on (LT1081) until the output voltages reach

Vs, 26VandVg_s—6V.

\
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LT1080, LT1081
ADVANCED LOW-POWER
5-V DUAL EIA-232 DRIVER/RECEIVERS

SLLS050A - D3121, SEPTEMBER 1989 — REVISED FEBRUARY 1991

TYPICAL CHARACTERISTICST

HIGH- AND LOW-LEVEL HIGH-IMPEDANCE
DRIVER OUTPUT VOLTAGE DRIVER OUTPUT CURRENT
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
10 T T 10 T :
o Vcc=55V < Shutdown Mode
x = ;
> 6 I = § 4
| Vec=5V Vec=45V E
& . - 8
£ Output High b
> 2 %
2 RL=3kQ o
5 0 8 1
o € 4
§ -2 \ g v4
2 Output Low 2 /17
e - ' £ oa [/
o Vec =45V Vec =5V £ /
> el ' T (/
Y ] /
)
-8 Voo =55V = Vo=30V /V°=—30V
-10 1 I 0.1 | | | |
-50 -25 ] 25 50 75 100 125 -50 -25 [} 25 50 75 100 125
TA — Free-Air Temperature — °C TA — Free-Air Temperature — °C
Figure 1 Figure 2
POSITIVE-GOING AND NEGATIVE-GOING RECEIVER SOURCE CURRENT
RECEIVER INPUT THRESHOLD VOLTAGE AND SINK CURRENT
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
3 100
2.75
1 —
25 T
§. g loLs (sinking)
=
3 225 é 10
] 2 P g
2 VT+ / a
g 17 -~ x
v &
iE P ] -
‘:; 1.5 = 5 loHs (sourcing)
|5 A V- g 1
7 125 _— g
(- o
> 1 ] (7]
0.75 -
0.5 0.1
-50 -25 0 25 50 75 100 125 -50 -25 ] 25 50 75 100 125
Ta — Free-Air Temperature - °C Ta — Free-Air Temperature ~ °C
Figure 3 Figure 4

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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LT1080, LT1081
ADVANCED LOW-POWER
5-V DUAL EIA-232 DRIVER/RECEIVERS

SLLS050A - D3121, SEPTEMBER 1989 — REVISED FEBRUARY 1991

TYPICAL CHARACTERISTICSt
SUPPLY OUTPUT VOLTAGE SUPPLY OUTPUT VOLTAGE
vs . vs
OUTPUT CURRENT ELAPSED TIME
10 10
[— Vg+
8 8 ,
LoadedtoVg_ | Vs, —
6 Loaded to GND 6
> > //
| 4 ] 4
& )
8 2 % 2
s Veg=5V 2 Vee =5V
- 3 o C1-Ca=1pF
RL=4.7kQ
3 -2 3 -2 L
>
g -4 E -4
a Loaded to GND a Vs_
Loaded to Vg -
-6 + 6 "~
-8 \/V” Vs _8
—10l— l -10
0 2 4 6 8 10 12 14 16 18 20 0 02 04 06 08 1 12 14 16 18 2
lo — Output Current — mA t—Time-ms’ '
Figure 5 Figure 6
ON/OFF INPUT CURRENT ON/OFF INPUT VOLTAGE )
vs : vs
INPUT VOLTAGE FREE-AIR TEMPERATURE
40— 5
35 45
/
30 a
< /
i v4 3 35
f = va ;';' 3
5o / : .
5 // 3 ~ Min On Voltage
Q.
E 10 E 2
! / L \\
= 5 - > 15 P
/ — N
0 Vi 1 —t—
\/ Max Off Voltage
-8 0.5
-10 [+]
0 1 2 3 4 5 -50 -25 0 25 50 75 100 125
Vi ~Input Voitage -V Ta - Free-Air Temperature - °C
Figure 7 Figure 8

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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LT1080, LT1081
ADVANCED LOW-POWER
5-V DUAL EIA-232 DRIVER/RECEIVERS

SLLS050A - D3121, SEPTEMBER 1989 — REVISED FEBRUARY 1991

TYPICAL CHARACTERISTICST
OFF-STATE SUPPLY CURRENT

vs DRIVER and RECEIVER
FREE-AIR TEMPERATURE PULSE RESPONSE
10 T 10 T T
Vec =5V
< L Vec=5V 5 s \ | RL=3k@ |
1 7 g->. CL =51pF
g ] o9 Ta=25°C
5 | 3 g 0
2 | 57
§ 4 s B S~ s N
o 81 sf T
® Vo
? 52 0 [
5 §2 [ 1
1 2 ['4 BN -~
3 5§ °
3] g
o =2
1 -5 -
-50 -25 0 25 50 75 100 125 o 1. 2 3 4 5 6 7 8 9
Ta — Free-Air Temperature - °C t-Time-—ps
Figure 9 Figure 10
ON/OFF TO DRIVER OUTPUT ON/OFF TO RECEIVER
PULSE RESPONSE PULSE RESPONSE
10 T T 8 T T
5 Vee=5V Vee=5V
£> s \_| R =3k J 6 Ta=25°C |
o1 Ta =25°C 5
g § —— §>
gg o é1 4
T O sL\ wL S 9
g> - R % o
T 0 3 2
5 £>
§'>I -5 ] 0
-0 ey R
% E -10 10
PR RS
S 5 kg °
w o o8
In. o 2 g
g 8 0 o 0
LES
- -5
0 05 1 15 2 25 3 35 4 45 0 05 1 15 2 25 3 35 4 45
t-Time-ms t-Time-ms
Figure 11 Figure 12

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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LT1080, LT1081
ADVANCED LOW-POWER
5-V DUAL EIA-232 DRIVER/RECEIVERS

SLLS050A - D3121, SEPTEMBER 1989 — REVISED FEBRUARY 1991
APPLICATION INFORMATION

The driver output stage of the LT1080 offers significantly improved protection over older bipolar and CMOS designs
(see Figures 13 and 14). In addition to limiting current, the driver output can be externally forced to +30 V without
damage, excessive current flow, or supply disruption. Some drivers have diodes connected between the outputs and
the supplies, allowing externally applied voltages to cause excessive supply voltage to develop.

V+
30V
) With Some Drivers;
D O I l —_30V Externally Applied
: Voltage Can Force
Externally Forced
V-
Figure 13. LT1080/LT1081 Driver Figure 14. Older EIA-232 Drivers

‘and CMOS Drivers

Placing the LT1080 in the shutdown mode (pin 18 low) puts both the driver and receiver outputs in a high-impedance
state. This allows for bus operation and transceiver applications (see Figures 15—17). The shutdown mode also drops
input supply current (Vo) to near zero for power-conscious systems.

LT1080 / LT1080
' Receiver 1 Driver 1
ElA-232 Logic
Input A Input A
- LT1080 LT1080
Receiver 2 ) ) Driver 2 EIA.232
ElA-232 Logic Logio T::t-wsmission
Input B Output Input B Line
Logic Logic
____ Inverter I Inverter
ON/OFF ON/OFF
(channel select) ——-J»——DO—— (channel select) ——1>—DC>——
Input ' Input
Figure 15. Sharing a Receiver Line Figure 16. Sharing a Transmitter Line
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LT1080, LT1081
~ ADVANCED LOW-POWER
5-V DUAL EIA-232 DRIVER/RECEIVERS

SLLS050A— D3121, SEPTEMBER 1989 —- REVISED FEBRUARY 1991

APPLICATION INFORMATION

LT1080
Driver 1
Logic ElIA-232
Transmit/Receive p— Transmit/Receive
Line Line
LT1080
Receiver 2
Logic
Inverter

ON/OFF __¢ |> O
(transmit/receive)
Figure 17. Transceiver

To protect against receiver input overloads in excess of +30 V, a voltage clamp can be placed on the data line and
still maintain EIA-232 compatibility (see Figure 18).

When driving CMOS logic from a receiver that will be used in the shutdown mode and when there is no other active
receiver on the line, a 51-kQ resistor can be placed from the logic input to Vg to force a definite logic level when the
receiver output is in a high-impedance state (see Figure 19).

The generated driver supplies (Vs , and Vg_) may be used to power external circuitry such as other EIA-232 drivers
or operational amplifiers (see Figure 20). They should be loaded with care, since excessive loading can cause the
generated supply voltages to drop, causing the EIA-232 driver output voltages to fall below EIA-232 requirements.
See Figure 5 for a comparison of generated supply voltage versus supply current.

Vee

1kQ :
see Note A)
Bz ) H'-“e‘;“ 51 kQ cMos
Input ; Logic ecelver (see Note A) Logic
30V Output EIA-232 > Logic
5 kQ Input Output
30V
ON/OFF
NOTEA: APTC thermistor will allow continuous overload of NOTE A: Forces logic input state when Vj is low.
greater than +100 V.
Figure 18. Input Overioad Protection Figure 19. Forcing a Definite Logic Level

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-67



LT1080, LT1081
ADVANCED LOW-POWER
5-V DUAL EIA-232 DRIVER/RECEIVERS

SLLS050A- D3121, SEPTEMBER 1989 — REVISED FEBRUARY 1991

APPLICATION INFORMATION

External
LT1080 Op Amp
= |Driver |VS+
Il's' GND
[
1uF ==
+

Figure 20. Powering External Circuitry

Shutd: 1
’ ' - 5V
18 LT1080 17 | 18 LT1039 17
ON/OFF Vee 4 Vee ON/OFF
TTLIn Dc EIA-232 Out TTLIn DC EIA-232 Out
TTLIn DO - ElA-232 Out TTLIn Do EIA-232 Out
TTLin — Do EIA-232 Out
TTL Out ElA-232In TTL Out — —— EIA-232In
P 5kQ S 30kQ
TTL Out ——] — EIA-232In TTL Out —] —— EIA-232In
cit — 2lers ska 30ka
1w =K 4 = =
c1- TTL Out —| . —— EIA-2321In
5 3 1 30kQ
. C2+ Vs + Vs +
10F =< 6 7 9 -
GND Vs- + Vs- GND
1uF == 1uF ==
16 + 10

I

1 In applications in which a separate second positive supply is available (such as 5 V and 12 V), the 12-V supply may be connected to pin 2 and
C1 deleted. The power circuitry will then invert the 12-V supply. The 5-V supply is still needed to power the biasing circuitry and receivers.

Figure 21. Supporting an LT1039 (Triple Driver/Receiver)
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LT1080, LT1081
ADVANCED LOW-POWER
5-V DUAL EIA-232 DRIVER/RECEIVERS

SLLS050A - D3121, SEPTEMBER 1989 — REVISED FEBRUARY 1991

APPLICATION INFORMATION
+ 2 LT1080 17
12Vinput ' — —— 5V input
4 3
5 c2 7
+ + —f Vo=-12V
T
12 15
TTLIn ElIA-232 Out
TN 8
TTLIn ElA-232 Out
13 14
TTL Out L 4 ElIA-232In
% 5kQ
10 = 9
TTL Out — —— EIA-2321In
5kQ
18 16
ON/OFF —— = —
tC1+ used on LT1081

Figure 22. Operating With 5V and 12V
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MAX232, MAX232|
DUAL EIA-232 DRIVER/RECEIVER

SLLS047C — D3120, FEBRUARY 1989 ~ REVISED MARCH 1993

¢ Operates With Single 5-V Power Supply D, DW, OR N PACKAGE
® LinBICMOS™ Process Technology _ (TOP VIEW)
® Two Drivers and Two Recelvers U
® +30-V Input Levels Cl+ Q1 1ol Vec
* P Vs, [} 2 15[] GND
¢ Low Supply Current. .. 8 mA Typ ci-[ls 14]) TIOUT
® Meets ANSI/EIA-232-D-1986 Specifications c2+[J4  13[]R1IN
(Revision of EIA Standard RS-232-C) c2-[|s 12[] R1OUT
® Designed to be Interchangeable With vs_[l e 1] T1IN
Maxim MAX232 T20UT [} 7 10{] T2IN
* Applications R2IN[] 8 9[] R20UT
EIA-232 Interface
Battery-Powered Systems .
Terminals logic symbolt
Modems sV
Computers %16
® ESO Protection Exceeds 2000 V Per c1e e c1s Vee .
MIL-STD-883, Method 3015 o2 c1-  Nec-15V Vs,
. : 4
description Cc2+ +5 C2+  _ovgc+15V € vs-
. . . C2- —%—] C2-
The MAX232 is a dual driver/receiver that
includes a capacitive voltage ge_nerator to supply Tin M > .14 T10UT
EIA-232 voltage levels from a single 5-V supply.
Each receiver converts EIA-232 inputs to 5-V T2 0 > . 7 roout
TTL/CMOS levels. These receivers have a typical 12 13
threshold of 1.3 V and a typical hysteresis of RiOUT ——< ' I |—e— RIN
0.5V, and can accept +30-V inputs. Each driver o 8
converts TTL/CMOS input levels into EIA-232 r2ouT —<] ov Il-<4— R2N
levels. The driver, receiver, and voltage-generator * 15
functions are available as cells in the Texas GND
Instruments LinASIC™ library. . )
t This symbol is in accordance with ANSI/IEEE Std 91-1984 and

The MAX232 is characterized for operation from IEC Publication 617-12.
0°C to 70°C. The MAX232l is characterized for
operation from —40°C to 85°C.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Input supply voltage range, Voo (seeNote 1) ...t -03Vto6V
Positive output supply voltage range, Vg, .......ovviieiiiiiii i e Vec—-03Vtoi15V
Negative output supply voltage range, Vg .......ooviiiiiiiii i -03Vto-15V
Input voltage range: Driver ... ... e -03VtoVgc+03V
ReCIVET ... e e +30V

Output voltage range: TIOUT, T20UT ... ... it Vg_—-03VtoVg, +03V
RIOUT, R20UT ...ttt -0.3VtoVge + 0.3V

Short-circuit duration: TTOUT, T20UT ...t e e enns unlimited
Operating free-air temperature range: MAX232 ... ... ... .ottt 0°C to 70°C
MAX232] ... —40°C to 85°C

Storage temperature TANGE ... . ...ttt it it e s —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ................ccovvvienonnn. 260°C

NOTE 1: All voltage values are with respect to network ground terminal.
LinASIC and LinBiCMOS are trademarks of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of publication date. Copyright © 1993, Texas Instruments Incorporated

I:‘r.oducu conform to specifications per the terms of Texas Instruments
not rily

fosting of sl parematars. 01 T ooeng dov feude TEXAS @
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MAX232, MAX232|
DUAL EIA-232 DRIVER/RECEIVER

SLLS047C — D3120, FEBRUARY 1989 — REVISED MARCH 1993

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Voo 45 5 5.5 \"
High-level input voltage, V4 (T1IN,T2IN) 2 \%
Low-level input voltage, Vi (T1IN, T2IN) 0.8 v
Receiver input voltage, R1IN, R2IN +30 \%
Operating free-air temperature, TA 0 70| °C

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
T10UT, T20UT | RL =3 kQto GND 5 7
VoH High-level output voltage \%
R10UT, R20UT |lpHq=~1mA 35
T10UT, T20UT | R =3 kQ to GND -7 -5
VoL Low-level output voltaget L \
R10UT, R20UT |lpoL=3.2mA 0.4
Receiver positive-going input _ _ ko,
VT4 threshold voltage R1IN, R2IN Vecc=5V, Ta=25°C 1.7 2.4 \
Receiver negative-going input _ _ oro
V- threshold voltage R1IN, R2IN Vecc=5V, TA=25°C 0.8 1.2
Vhys  Input hysteresis R1IN, R2IN Vec=5V 0.2 0.5 1
] Receiver input resistance R1IN, R2IN Vec =5, TA=25°C 3 5 71 kQ.
To Output resistance T10UT, T20UT |Vg;=Vs-=0, Vp==x2V 300 Q
los8  Short-circuit output current T10UT, T20UT |Vcc =55V, Vo=0 =10 mA
is Short-circuit input current T1IN, T2IN V= 200 A
Vcc=565V, All outputs open,
lcc  Supply current T = 25°C 8 10| mA

1 Alt typical values are at VoG =5 V, Ta = 25°C.
+The algebraic convention, in which the least positive (most negative) value is designated mmlmum is used in this data sheet for logic voltage

levels only.
§ Not more than one output should be shorted at a time.

switching characteristics, Vog =5V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Receiver propagation delay time, N
tPLH(R) low-to-high-level output See Figure 2 500 ns
Receiver propagation delay time, N
PHLIR)  high-to-low-level output See Figure 2 500 ns
SR Driver slew rate RL=3kQto7kQ, See Figure3 30| Vs
SRitr) Driver transition region slew rate See Figure 4 3 Vius
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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. MAX232, MAX232|
DUAL EIA-232 DRIVER/RECEIVER

SLLS047C — D3120, FEBRUARY 1989 — REVISED MARCH 1993

APPLICATION INFORMATION

5V
;|< 16
—
Vce ﬂ—: 1uF
—xcun 2 -
14F 3 o 2Vee-15V ¢ » 85V
* - 6
, _'__4_)(__ c2+ —2Vec+1.8V -85V
W~ s ca- + ::E 1pF
14
L > ~———— E1A-232 Output
From CMOS or TTL 10 7
— > S E1A-232 Output
12 13
«— I |—<4—— E1A-232Input
To CMOS or TTL 9 8
] ov I b—<—— E1a232input
* 15
GND

Figure 1. Typical Operating Circuit

PARAMETER MEASUREMENT INFORMATION

Vee

RL=13kQ

R1IN
Pulse (see Note C)
Generator
(see Note A)
CL=50pF
T (slée Note B)
TEST CIRCUIT
s10ns-bi j— — lH——s10ns
|| N
Input |2 90% 90% X | 3v
10% 50% 50% 10% ov
500 ns -——OI
: t
tPHL_k_': l"":’— PLH
| | VoH
Output 15V 1.5V
—————— VoL
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zg = 50 Q, duty cycle s 50%.
B. C includes probe and jig capacitance.
C. Alldiodes are 1N3064 or equivalent.

Figure 2. Receiver Test Circuit and Waveforms for tpy_ and tp 4 Measurement
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MAX232, MAX232]
DUAL EIA-232 DRIVER/RECEIVER

* SLLS047C - D3120, FEBRUARY 1989 — REVISED MARCH 1993

PARAMETER MEASUREMENT INFORMATION

T1IN or T10UT or
Pulse T2IN T20UT . ElA252
Generator Output
(see Note A) utp,
CL=10pF
AL (see Note B)
TEST CIRCUIT
<10ns —bi le— —p ;1—510ns
———————— 3v
! 90% 90% +
Input | 50% s0% k!
1

Output

'—
tHL | ey
_ %8 WVoy ~ Vo) = 08 VoL ~ Vou)

SR

trm YrHL
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zg = 50 Q, duty cycle s 50%.
B. CL includes probe and jig capacitance.

Figure 3. Driver Test Circuit and Waveforms for tpHL and tp 4 Measurement (5-us input)

Pulse R
Generator Py Py ElA-232
(see Note A) ’ I Output
. 3kQ I

CL=25nF
TEST CIRCUIT
<10ns —» le— —» le— <10ns
Input | |
%% 90% X |
je—— 20 us —»] -
t‘l'HL"i }“ l r— 'TLH
VOH
Output 3v X | l 7F 3V
-3V e VoL
6V
SR=—2Y
YHL Oty
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zg = 50 Q, duty cycle s 50%.
Figure 4. Test Circuit and Waveforms for tyy, and ty 4 Measurement (20-ps input)

TEXAS *‘?
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MC3450, MC3452, MC3550, MC3552
QUAD DIFFERENTIAL LINE RECEIVERS

SLLS012B - D3006, FEBRUARY 1986 — REVISED FEBRUARY 1993

Four Independent Receivers With Common
Enable Input

¢ High Input Sensitivity . . . 25 mV Max
¢ High Input Impedance
® MC3450 and MC3550 Have 3-State Outputs
® MC3452 Has Open-Collector Outputs
® Glitch-Free Power-Up/Power-Down
Operation
deécription

The MC3450, MC3550, MC3452, and MC3552
are quad differential line receivers designed for
use in balanced and unbalanced digital data
transmission. The MC34/3550 and MC34/3552
are the same except that the MC3450 and
MC3550 have 3-state outputs whereas the
MC3452 and MC3552 have open-collector
outputs, which permit the wire-AND function with
similar output devices. The 3-state and open-
collector outputs permit connection directly to a
bus-organized system.

The MC3450, MC3550, MC3452, and MC3550
are designed for optimum performance when
used with either the MC3453 or MC3553 quad
differential line driver or SN75109A, SN75110A,
and SN75112 dual differential drivers.

The MC3450 and MC3452 are characterized for
operation from 0°C to 70°C. The MC3550 and
MC3552 are characterized for operation over the
full military temperature range of -55°C
to 125°C.

MC3450, MC3452. .. D OR N PACKAGE
MC3550, MC3552. . . J PACKAGE
(TOP VIEW)

C

16f] Voo«
15[] 4B
14]] 4A
13]] 4Y
12]] Vee-
1] 3y
10[] 3A
9] 3B

1B
1A
1YE
o
2y
2A
2BE

GND ]

W N DAWOWN =

MC3550, MC3552 . . . FK PACKAGE
(TOP VIEW)

S
o
Tez99

1y 43 2 120 19185 4A
EN[]s 17[] 4Y
NC []e 16[] NC
2y lj7 15[] Vee-
2A []s

14[] 3Y
9 10 11 1213 :
e

R228S

NC~-No internal connection

THE MC3452 IS NOT
RECOMMENDED FOR NEW DESIGN

FUNCTION TABLE
DIFFERENTIAL INPUTS | ENABLE | OUTPUT
A-B EN Y
Vip =25 mV L H
-25mV <V|p <25 mV L ?
Vip = 26 mV L L
X H z

H = high level, L=lowlevel, ? =indeterminate,

X = impedance (off)

Copyright © 1993, Texas Instruments Incorporated

PRODUCTION DATA information is current as of Tpublwlon date. .

Froducts conom i spcfostiors e el o s e Q

mlmgohllpanm'uon ’rEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-75



MC3450, MC3452, MC3550, MC3552
QUAD DIFFERENTIAL LINE RECEIVERS

SLLS012B - D3006, FEBRUARY 1986 — REVISED FEBRUARY 1993

logic symbolst

EN

1A
1B
2A
2B
3A
« 3B
4A
4B

MC3450/MC3550

1Y

2y

"
3y

13
4y

MC3452/MC3552

t These symbols are in accordance with ANSIIEEE Std 91-1984 and IEC Publication 617-12.

logic diagram (positive logic)

1A
1B

2B

3

4A
4B

14

_L___'ﬂ—i
Fa— oy S

1Y

-3Y

a

1

13

1Y
2y
3y

ay
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MC3450, MC3452, MC3550, MC3552
QUAD DIFFERENTIAL LINE RECEIVERS

SLLS012B — D3006, FEBRUARY 1986 — REVISED FEBRUARY 1993

schematics of inputs and outputs

EQUIVALENT OF EQUIVALENT OF TYPICAL OF MC3450 TYPICAL OF MC3452
AORB INPUT ENABLE INPUT OUTPUT OUTPUT

Vees Vee+ -\ Vee

3kQ 140 Q

NOM NOM
Input Input T Output

< Output | ___
Vee- /% *r— — —
GND

Vee- GND—¢ ——|-— GND

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Voo, (SEENOte 1) .. oo i 7V
SUpPly VORAGE, VGG vttt -7V
Differential input voltage (see Note 2) ....... ... i 6V
Common-mode input voltage (see Note 3) . ... ittt e e 5V
Enable input VORAgE ... ... e 55V
Continuous total dissipation ........... ... .. i See Dissipation Rating Table
Operating free-air temperature range .............c.ciuieiiiiiiiiiiii i 0°C to 70°C
Storage temperature range ...ttt i i —-65°C to 150°C
Case temperature for 60 seconds: FKpackage .................ccoviiiiiiiiinninnn. e 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ................ 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ..................... 300°C
NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal.
2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input.
3. Common-mode input voltage is the average of the voltages at the A and B inputs.
DISSIPATION RATING TABLE
PACKAGE TA <25°C OPERATING FACTOR TA =70°C TA = 125°C
POWER RATING ABOVE Tp, = 25°C POWER RATING POWER RATING -
D 950 mW 7.6 mW/°C 608 mW —
FK 1375 mW 11.0 mW/°C 880 mW 275 mW
J 1376 mW 11.0 mW/°C 880 mW 275 mW
1150 mW 9.2 mW/°C 736 mW —
TEXAS ‘@
INSTRUMENTS
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MC3450, MC3452, MC3550, MC3552
QUAD DIFFERENTIAL LINE RECEIVERS

SLLS012B - D3006, FEBRUARY 1986 — REVISED FEBRUARY 1993

recommended operating conditions

MIN NOM MAX| UNIT
Supply voltage, VGG + TA=z25°C 4.5 5 5.5 v
TA < 25°C 4.75 5 65
TA225°C —4.5 -5 -55
Supply voltage, VoG- TA <25°C a5 5 55|
High-level enable input voltage, V|4 2 \4
Low-level enable input voltage, Vi 0.8 \
Low-level output current, 1o -16| mA
Differential input voltage, V|p (see Note 4) -5t 5 v
Common-mode input voltage, V|c (see Note 4) -3t 3 \%
Input voltage range, any different input to GND . -5t 3 v
) MC3450, MC3452 0 70 i
Operating free-air temperature, Ta °C
MC3550, MC3552 —55 125
1 The algebraic convention, in which the less positive (more negative) limit is designated minimum, is used in this data sheet for common-mode

input voitage.
NOTE 4: The recommended combinations of input voltages fall within the shaded area of Figure 1.

RECOMMENDED COMBINATIONS OF INPUT VOLTAGES

Input A to GND Voltage -V

S s-4-3-2-10 1 2 3
Input B to GND Voltage -V

Figure 1

INSTRUMENTS
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MC3450, MC3452, MC3550, MC3552
QUAD DIFFERENTIAL LINE RECEIVERS

SLLS012B8 - D3006, FEBRUARY 1986 — REVISED FEBRUARY 1993

electrical characteristics over recommended operating free-air temperature range, Vgoc.. = MAX
(unless otherwise noted)

MC3450, MC3550 MC3452, MC3552
PARAMETER TEST CONDITIONS UNIT
MIN TYPt MAX| MIN TYPt MAX
Vces: =475V, Vp=25mV,
VOH High-level output voltage ENato8V, IOH =—400 pA 2.4 \%
Vic=-3 Vto3V
Vecs: =475V, Vip=-25mV,
VoL Low-level output voltage ENat2V, loL =16 mA, 0.5 0.5 \
Vic=-3 Vto3V
I0H High-level output current Vcc+ =+475V, VoH=525V 250 pA
Ainputs [Vp=-2V 30 75 30 75 A
| High-level Binputs |Vp=-2V 30 75 30 75
H input current _ VIH=24V 40 40 pA
EN ViH=525V 1 1] mA
Ainputs |VIp=2V -10 -10
Low-level - pA
L input current Elnputs Vip=2V -10 -10
EN V|L=0.4V -1.6 -1.6| mA
| High-impedance state Vo =24V 40 A
0z output current Vo=04V —40
los: Short-circuit output current¥ ;—'—,\?; i'.;rc\l, Vo=0. -18 -70 mA
Supply current from Vg 4,
1 ’ 60 60| mA
CCH+  outputs high Ainputs at GND, Binputs at3V,
Supply currentfromVgg_, |ENat3Vv ‘
lcCH- outputs high —30 -30( mA
1 All typical values are at VGG 4+ =5V, VoG —=—5 V, Ta = 25°C.
¥ Not more than one output should be shorted at a time.
switching characteristics, Voo — x5V, T4 =25°C
FROM TO TEST MC3450, MC3550 MC3452, MC3552
PARAMETE NIT
R (INPUT) (OUTPUT) CONDITIONS MIN TYPT MAX| MIN TYPT MAX v
Ci=50pF, See Figure 2 17 25
tPLH AandB Y - ns
CpL=15pF, See Figure 2 19 25
CL=50pF, See Figure 2 17 25
tPHL AandB Y L P fgu ns
CpL=15pF, See Figure 2 19 25
t EN A 21
PzH ——— CL=50pF, See Figure 2 ns
tpzL EN Y ) 27|
t EN Y 18
PHZ | — CL=15pF, See Figure 3 ns
tpLz EN Y 29
tpLH EN Y CL=15pF, See Figure 4 25| ns
tPHL EN Y CL=15pF, See Figure 4 25| ns

1 All typical values are at VGG 4 =5 V, VoG — = =5 V, Tp = 25°C.

TEXAS
INSTRUMENTS
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MC3450, MC3452, MC3550, MC3552
QUAD DIFFERENTIAL LINE RECEIVERS

SLLS012B - D3006, FEBRUARY 1986 — REVISED FEBRUARY 1993

PARAMETER MEASUREMENT INFORMATION

Output 5V sV
o 3%0Q 390 Q
Generator
(see Note A) 50Q v ,
For MC3452
100 mV or MC3552
CL
(see Note B)
o For MC3450 or MC3552
(see Note C)
TEST CIRCUIT
—————— 200 mvV
Input 100 mV 100 mV
{ } ov
tPLH —'*—'i tpHL >
| N[~ VoH
15V 15V
Output
VoL
VOLTAGE WAVEFORMS

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, t; < 6 ns, tf< 6 ns.
B. C includes probe and jig capacitance.
C. All diodes are 1N916 or equivalent.

Figure 2. Test Circuit and Voltage Waveforms

~

INSTRUMENTS
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MC3450, MC3452, MC3550, MC3552
QUAD DIFFERENTIAL LINE RECEIVERS

SLLS012B — D3006, FEBRUARY 1986 — REVISED FEBRUARY 1993

PARAMETER MEASUREMENT INFORMATION

A B s1 s2 Output
tpzH 100 mV GND Open Closed

tpzL GND 100mV  Closed Open o 5V
tpHz 100 mV GND Closed  Closed B
tprz  GND 100mV  Closed Closed
_ (see Note C)
Generator oL
(see Note A) 50 Q (see Note B)
T s2
TEST CIRCUIT
3V
EN
Output
VoL
EN
~15V
Output

~15V
VOLTAGE WAVEFORMS

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR <1 MHz, duty cycle = 50%, t; < 6 ns, t< 6 ns.
B. C includes probe and jig capacitance.
C. All diodes are 1N916 or equivalent.

Figure 3. MC3450 and MC3550 Test Circuit and Voltage Waveforms

- TEXAS #
INSTRUMENTS
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MC3450, MC3452, MC3550, MC3552
QUAD DIFFERENTIAL LINE RECEIVERS

SLLS012B - D3006, FEBRUARY 1986 — REVISED FEBRUARY 1993

PARAMETER MEASUREMENT INFORMATION

5V

CL <
(see Note B)‘

Generator p
(see Note A) 50 @

TEST CIRCUIT

3v

oV

VoH

VoL

VOLTAGE WAVEFORMS

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR s1 MHz, duty cycle = 50%, t; < 6 ns, tfs 6 ns.
B. Cp includes probe and jig capacitance.

Figure 4. MC3452 and MC3552 Test Circuit and Voltage Waveforms

TEXAS {?
INSTRUMENTS
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MC3453, MC3553
QUAD LINE DRIVERS WITH COMMON ENABLE

SLLS119A - D3000, FEBRUARY 1986 — REVISED FEBRUARY 1933

¢ Similar to a Dual Version of SN55/75110A D,J, ORN...PACKAGE
Line Driver (TOP VIEW)
¢ Improved Stability Over Supply Voltage and 1A U v
Temperature Ranges v E ; :z } 425 +
¢ Constant-Current Outputs 1z[]s 1a[) av
® High Output Impedance 27 (|4 13[] 4z
¢ High Common-Mode Output Voltage Range 2Y(]s 12[] 32
-3VtoioVv ENABLE [} 6 1] 3Y
* Glitch-Free Power-Up/Power-Down 2A[l7  10f)3A
Operation GND [ 8 9fl Vee -
¢ TTL-Input Compatibility
¢ Common-Enable Circuit Fg::sl':ff
¢ Designed to Be Interchangeable With +
Motorola MC3453 and Military-Temperature- 19
Range Version of MC3553 >229g
description 1zhlt2 21 % ‘918[ ay
The MC3453 and MC3553 feature four line drivers 2Z f]s 17[} 42
with a common-enable input. When the ENABLE NC e 16[J NC
input is high, a constant output current is switched 2y [17 15[} 3z
between each pair of output terminals in response ENABLE H18 o 11 12 1:;4[ 3y
to the logic level at that channel input. When the L oo
ENABLE is low, all channel outputs are 29 'g
nonconductive (transistors biased to cutoff). This <8
minimizes loading in party-line systems where a =
large number of drivers share the same line. NC—No internal connection
The driver outputs have a common-mode voltage FUNCTION TABLE
range of —3 V to 10 V, allowing common-mode OUTPUT
voltages on the line without affecting driver :',?:_',g El':f,;z'f CURRENT
performance. zZ Y
H H On Off
All outputs should be maintained within the L H o: on
recommended common-mode output voltage H L off Off
range to ensure that the channels do not interact L L off Off
with each other. To minimize power dissipation, all

unused outputs should be grounded. L =low logiclevel, H =highlogiclevel

Allinputs are diode clamped and are designed to satisfy TTL-system requirements. The inputs aretested at2 V
for high-logic-level input conditions and 0.8 V for low-logic-level input conditions. These tests ensure 400 mV
of noise margin when interfaced with Series 54/74 TTL.

The MC3453 is characterized for operation from 0°C to 70°C. The MC3553 is characterized for operation over
the full military temperature range of —55°C to 125°C.

PRODUCTION DATA information is current as of prlwhn date. Copyright © 1993, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas Instruments H

standard warranty. Production processing does not necessarily include

testing of all parameters. I
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MC3453, MC3553
'QUAD LINE DRIVERS WITH COMMON ENABLE

SLLS119A - D3000, FEBRUARY 1986 — REVISED FEBRUARY 1993

logic symbolt logic diagram (positive logic)
6 ENABLE
ENABLE———] EN 9 2
) A 1 3 1y
-1 - 2 1Z
At > ¢ R ) .
o] ;5 1Z 2a 7 2 2Y
2A L a4 2y 2Z
P 27 1
1 10 ay
10 3y 3A 12
3A 12 az 3z
14 14
A 15 P aY A 15 13 a4y
S 4z } 4z
t This symbol is in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12.
schematics of inputs and outputs
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Output
Vees * -
Input —1—4 —_—
Output
Vee- * —_ R utp
/J7 . L —— /;7 Vee-
GND ——m— — — —

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Voo 4+ (SEE NOtE 1) ..ttt e e e e 7V
SUPPIY VORAGE, VoG — ottt ittt ittt e e s -7V
Input voltage (aNy INPUE) .. ..ottt i e e e e e 55V
Output voltage range (any output) . ...ttt e -5Vtoi12V
Continuous total dissipation ...........coiviiiiiiiiii i See Dissipation Rating Table
Operating free-air temperature range: MC3453 ...................... e 0°Cto 70°C

‘ MC3553 ...ttt —-55°Cto 125°C
Storage temperature TANGE . ... ........euerernereenerienreesaenerernerenenernenns —65°C to 150°C
Case temperature for 60 seconds: FKpackage ..............ciuiiieiiireiiiieneenieennennnns 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Dor Npackage ................ 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: Jpackage ..................... 300°C

NOTE 1: All voltage values are with respect to network ground terminal.

TEXAS #
INSTRUMENTS
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MC3453, MC3553
QUAD LINE DRIVERS WITH COMMON ENABLE

SLLS119A - D3000, FEBRUARY 1986 — REVISED FEBRUARY 1933

DISSIPATION RATING TABLE
PACKAGE Ta s25°C OPERATING FACTOR TA =70°C TA =125°C
POWER RATING ABOVE Tp =25°C POWER RATING POWER RATING
D 950 mW 7.6 mW/°C 608 mW -
FK 1375 mW 11.0 mW/°C 880 mW 275 mW
J 1375 mW 11.0 mW/°C 880 mW 275 mwW
N 1150 mW 92mWPC  736mW —
recommended operating conditions
MIN TYP MAX| UNIT
TA 225°C 4.5 5 5.5
Supply voltage, VGC+ TA<25°C 4.75 5 55|
Supply volage, Voo Ta = 25°C —45 -5 -55|
TA < 25°C -4.75 -5 -55
High-level input voltage, ViH 2 5.5 v
Low-level input voltage, Vi 0 08| V
Common-mode output voltage range VOCR + 9 10 v
VOCR- 0 -3 \'
Operating free-air temperature, Tp MC3453 g L °C
MC3553 —-55 125

electrical characteristics over recommended operatmg free-air temperature range, Voo . = MAX
(unless otherwise noted)

PARAMETER TEST CONDITIONST MIN TYP¥ MAX| UNIT

Vik Input clamp voltage I|=-12mA -09 -15 \"
Vi = MAX Voe—-= MAX 1" 15
10(on)  On-state output current CC+ ce mA
Vee+ = MIN, Vee-= MIN 6.5 1
Io(om Off-state output current Vce+ = MIN, Vcc-= MIN, Vo=10V 100 WA
] Vi=24V 40| pA
H High-level input current
=Voe+ max 1 mA
IiL Low-level input current V|=04V -16| mA
| Suppt ot from V. Alnouts &t 0.4V ENABLE at2V 33 50 mA
upply current from inputs at 0.
CC+ PPy CC+ P ENABLE at 0.4 V a3 50
ENABLE at2 V -68  -90
Icc- Sy current from Voo — Ainputs at 0.4 vV mA
ce pply ce Py ENABLE at 0.4V 31 a0

1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operatmg conditions.
¥ All typical values are at VGG + = 5V, Voo — = —5 V, and Ta = 25°C.

switching characteristics, Voo =5V, Voo~ =-5V, RL =50 Q, C|_ = 40 pF, Tp =25°C

PARAMETER &':%’:.) (OU.'II-'IC;UT) coNons | MIN  TYP MaX | uNIT
tprH  Propagation delay time, low-to-high level output A YorZ 9 15| 'ns
tpHL Propagation delay time, high-to-fow level output A YorZ See Figure 1 7 15 ns
tpLH  Propagation delay time, low-to-high level output | ENABLE YorZ 14 25 ns
tpHL Propagation delay time, high-to-low level output | ENABLE YorZ 15 25 ns

TEXAS ¢
INSTRUMENTS
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MC3453
QUADRUPLE LINE DRIVER WITH COMMON ENABLE

SLLS119- DSOOO. FEBUARY 1986 — REVISED JULY 1990

PARAMETER MEASUREMENT INFORMATION

A Input o * —T_ - Ouiput Y
Pulse RL=50Q CL =40 pF
Generator *
#1 500 =
ENABLE 1 —o _T_ Output 2
Pulse RL=50Q CL =40 pF
Generator \ ¢
#2 50 Qé =
TEST CIRCUIT
———————— 3V
A Input 50% 50%
| } ov
fwi
e t »
: : —| " ! av
ENABLE ' [ t—\|\5¢m % 50%
| | { | L~ ov
|| fe tp. T I'_’I_' tp
HL
APLH —e- |1 e tpLy
P | ' ot
| 1 \! | |
Output Y | 50% | 50% 50% 50%
| on
|
| |
l : G off
Output Z | 50% | 50%
N o
| T
tpHL —¢ j—> tpLH )
VOLTAGE WAVEFORMS

NOTES: A. The pulse generators have the following characteristics: Zg = 50 Q, t; = tf = 10 2 5 ns, tw1 = 200 ns, PRR s 1 MHz, ty2 = 1 pss,
' PRR = 500 kHz. ‘ .
B. Ci includes probe and jig capacitance.

Figure 1. Test Circuit and Voltage Waveforms

. INSTRUMENTS
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MC3486
QUAD DIFFERENTIAL LINE RECEIVER
WITH 3-STATE OUTPUTS

SLLS097A — D2434, JUNE 1980 — REVISED FEBRUARY 1993

® Meets EIA Standards RS-422-A and D OR N PACKAGE
RS423-A and Federal Standards 1020 (TOP VIEW)
and 1030 O
® 3.State, TTL-Compatible Outputs 181 ~ 16[lVce
* Fast Transition Times 1A[l2 15[} 4B
1Y[|s  14]J4A
¢ Operates From Single 5-V Supply 126N 4 13]] av
¢ Designed to Be Interchangeable With ' 2y (s 12[] 3,4EN
Motorola MC3486 2A [ 6 11 ] \'%
2B[}7 10[] 3A
description GNDE s 9 % a8

The MC3486 is a monolithic quad differential line

receiver designed to meet the specifications of ) t
EIA Standards RS-422-A and RS-423-A and logic symbol
Federal Standards 1020 and 1030. The MC3486

offers four independent differential-input line 1.2EN 4 EN
receivers that have TTL-compatible outputs. The ’ 2
outputs utilize 3-state circuitry to provide a high- 1A > 3
impedance state at any output when the B LN ] v v
appropriate output enable is at a low logic level. 2n 6 s
The MC3486 is designed for optimum AN 2
performance when used with the MC3487
quadruple differential line driver. It is supplied in a 12
16-pin package and operates from a single 5-V 3,4EN _"_{E,-IN ;'
. 10
supply. 3A > 11 ay
The MC3486 is characterized for operation from 3B LN v
o o 14
0°C to 70°C. A - 13 o
FUNCTION TABLE a8 —
(each receiver)
DIFFERENTIAL INPUTS OUTPUT t This symbol is in accordance with ANSI/IEEE Std 91-1984
AB ENABLE v and IEC Publication 617-12.
Vips02V H H
-02V<V|p<02V H ? logic diagram (positive logic)
Vips-02V H L
Irrelevant L Y4 s
H = high level, L =low level, Z = high-impedance (off), 1,2EN —D—
? = indeterminate 2 b
1A 3
IS S
1B
6
2A 5
7 2y
2B
12
3,4EN —D—
10 )
3A 1
3B
14
an 13
15 ay
4B
PRODUCTION DATA information Is current as of ru«m date. Copyright © 1993, Texas Instruments Incorporated
Pt oot st pr e o ot man %
testing of all parameters. ’I‘EXAS
INSTRUMENTS
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MC3486 ' ‘ :
QUAD DIFFERENTIAL LINE RECEIVER
WITH 3-STATE OUTPUTS

SLLS097A - D2434, JUNE 1980 — REVISED FEBRUARY 1993

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT EQUIVALENT OF OUTPUT ENABLE TYPICAL OF ALL OUTPUTS
EXCEPT OUTPUT ENABLE
Yoo . [ | Vee—— Yesm | s$850
2 S NOM > NOM
p: p r )
3 —_—
p: Output -
e fwey | |
Input —'\M;———{L o
$960Q
< NOM ! —_——

AAA,
WA —&

Vee

Output

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Voo (See Note 1) . ... 8V

Input voltage, AOr Binputs ...t e s P +15V

Differential input voltage (see Note2) ........... ..o e +25V

Enable input VORAGE . .....co i e e e e e 8V

Low-level OUBPUL CUITENt . ... i it e e et e 50 mA

Continuous total power dissipation ................ ... ... it See Dissipation Rating Table

Operating free-air temperature range ........ ..ottt ittt 0°C to 70°C

Storage temperature range ............oiirit i e e —65°C to 150°C

Lead temperature 1,6 mm (1/16 inch) from casefor 10seconds ............. ..ot 260°C

NOTES: 1. All voltage values, except differential-input voltage, are with respect to network ground terminal.
2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input.
DISSIPATION RATING TABLE .
PACKAGE Tas25°C DERATING FACTOR Ta =70°C
POWER RATING ABOVE Tp = 25°C POWER RATING
D 950 mW 7.6 mW/°C 608 mW
N 1150 mW 9.2 mW/°C 736 mW
recommended operating conditions
MIN NOM MAX| UNIT

Supply voltage, Vo 4,75 5 525 \'
Common-mode input voltage, V|G +7 \"
Differential input voltage, V|p . +6 \
High-level enable input voltage, V|H 2 \'%
Low-level enable input voltage, V) 0.8 \
Operating free-air temperature, Tp (o] 70 °C

INSTRUMENTS
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QUAD DIFFERENTIAL LINE RE

MC3486
CEIVER

WITH 3-STATE OUTPUTS

SLLS097A — D2434, JUNE 1980 — REVISED FEB|

RUARY 1993

electrical characteristics over recommended ranges of common-mode input voltage, supply
voltage, and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  MAX| UNIT
VT, Differential-input high-threshold voltage Vo =27V, 10 =—0.4mA 0.2 \
V1~  Differential-input low-threshold voltage Vp=05V, lo=—8mA -0.2t \4
VIK Enable-input clamp voltage l|=-10mA -1.5 \
VoH High-level output voltage Vip =04V, 10 =—0.4mA, 27 \%
See Note 3 and Figure 1
VID=-0.4V I0=8mA,
VoL Low-level output voitage ) 0.5 \
See Note 3 and Figure 1
o ViL=0.8V, Vip=-3V, Vo=27V 40
loz High-impedance-state output current pA
ViL=0.8YV, Vip=3V, Vo=05V —-40
V| =-10V ~3.25
[IT:) Differential-input bias current \égg::pm::'gf/v' :: :3_3 v -: : mA
V=10V 3.25
liH High-level enable input current Vi=525V 100 BA
V=27V 20
TN Low-level enable input current Vj=-05V -100 A
los  Short-circuit output current Vip=3V, Vo =0, See Note 4 —-15 -100| mA
Icc Supply current ViL=0 85| mA

1t The algebraic convention, in which the least positive (most negative) limit is designated as minimum, is used in this data sheet for threshold
voltages only.
NOTES: 3. Refer to EIA Standards RS-422-A and RS-423-A for exact conditions.

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

switching characteristics, Voc =5V, C|_ = 15 pF, Ty =25°C

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT

tPHL Propagation delay time, high-to-low level output 28 35 ns

" " " See Figure 2
tPLH Propagation delay time, low-to-high level output 27 30 ns
tpzH Output enable time to high level 13 30 ns
tpzL Output enable time to low level 20 30 ns

" " See Figure 3
tpHz  Output disable time from high level 26 35 ns
tPLZ Output disable time from low level 27 35 ns

TEXAS J@
INSTRUMENTS
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MC3486
QUAD DIFFERENTIAL LINE RECEIVER

WITH 3-STATE OUTPUTS

SLLS097A - D2434, JUNE 1980 — REVISED FEBRUARY 1993
PARAMETER MEASUREMENT INFORMATION

ma N I

500 Q
VoH

Generator Output
(see Note A) 51
1 ) . |
= (;‘-e'r;fep;) tpLH —*"‘—’ll "—"*I tPHL
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VOLTAGE WAVEFORMS

TEST CIRCUIT

Figure 2. Test Circuit and Voltage Waveforms

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR s 1 MHz, duty cycle = 50%, t; < 6 ns, tf < 6 ns.
B. CL includes probe and stray capacitance.
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MC3486
QUAD DIFFERENTIAL LINE RECEIVER
WITH 3-STATE OUTPUTS

SLLS097A — D2434, JUNE 1980 — REVISED FEBRUARY 1993

PARAMETER MEASUREMENT INFORMATION
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Figure 3. Test Circuit and Voltage Waveforms
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, t; s 6 ns, tf < 6 ns.

B. Cy includes probe and stray capacitance.
C. Alldiodes are 1N916 or equivalent.
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MC3487
QUAD DIFFERENTIAL LINE DRIVER

WITH 3-STATE OUTPUTS
SLLS098 — D2578, MAY 1980 — REVISED SEPTEMBER 1986
® Meets EIA Standard RS-422-A and Federal D, J, OR N PACKAGE
Standard 1020 (TOP VIEW)
® 3-State, TTL-Compatible Outputs
P P 1A[] 1 v 18]l Vee
® Fast Transition Times (2 15[] 4A
¢ High-Impedance Inputs 1Z2[] 3 14]] 4Y
® Single 5-V Supply 1,2EN E 4 13])4az
¢ Power-Up and Power-Down Protection ;Z{ 2 :f % g,Z4EN
® Designed to Be Interchangeable With 2AE 7 10[] 3Y
Motorola MC3487 ' GNDq 8 of] sA
description

The MC3487 offers four independent differential line drivers designed to meet the specifications of EIA Standard
RS-422-A and Federal Standard 1020. Each driver has a TTL-compatible input buffered to reduce current and
minimize loading.

The driver outputs utilize 3-state circuitry to provide high-impedance states at any pair of differential outputs
when the appropriate output enable is at a low logic level. Internal circuitry is provided to ensure a
high-impedance state at the differential outputs during power-up and power-down transition times, provided the
output enable is low. The outputs are capable of source or sink currents of 48 mA.

The MC3487 is designed for optimum performance when used with the MC3486 quadruple line receiver. It is
supplied in a 16-pin dual-in-line package and operates from a single 5-V supply.

The MC3487 is characterized for operation from 0°C to 70°C.

logic symbolt logic diagram (positive logic)
4 4
L2 —‘_[lﬁ”_——j 126N _D_
n > v z 1Y b >
— 1 — 1Y
vh—ro 1A ‘ 3
, 6 — 12

NRR

12
3,4EN —ETJ___‘J

10

2A 5 6
— 7 2y
2A 5
. 2z
’ 12 >

3 9 >4 v " 3y 3,4EN |
e ® > 10
15 I\ 9 —— 3Y
4A 13 3A 1
N T 4z —— 32
14
. s . 15 ay
t This symbol is in accordance with ANSI/IEEE Std 91-1984 4A 13
and IEC Publication 617-12. / 4z
PRODUCTION DATA Information Is current as of date. Copyright © 1986, Texas Instruments Incorporated
D e o ey *
testing of all parametors., N . 'IFXAS
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MC3487
QUAD DIFFERENTIAL LINE DRIVER
WITH 3-STATE OUTPUTS

SLLS098 - D2578, MAY 1980 — REVISED SEPTEMBER 1986

FUNCTION TABLE
(each driver)
OUTPUT OUTPUTS
INPUT | ENABLE Y 7
H H H L
L H L H
X L High-impedance  High-impedance
H=TTLhighlevel, L=TTLIlowlevel, X =irrelevant
schematics of inputs and outputs
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Vce - | = Vee
Input —4¢
9Q NOM
Output
= p
77

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vgc (see Note 1)
Input voltage
Continuous total power dissipation

See Dissipation Rating Table

55V

Operating free-air temperature range . ...ttt it 0°C to 70°C
Storage temperature range .. ... ...ttt e e e e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ..................... 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package” ................ 260°C
NOTE 1: All voltage values, except differential output voltage, Vop, are with respect to the network ground terminal.
DISSIPATION RATING TABLE
PACKAGE Ta <25°C DERATING FACTOR Ta =70°C
POWER RATING ABOVE Tp, = 25°C POWER RATING
D 950 mW 7.6 mW/°C 608 mW
J 1025 mW 8.2mW/°C 656 mW
N 1150 mW 9.2 mW/°C 736 mW
recommended operating conditions
' ‘ MIN NOM MAX| UNIT
Supply voltage, Vo 4.75 5 525 \'4
High-level input voltage, V|H 2 \'4
Low-level input voltage, V| 0.8 \4
Operating free-air temperature, Tp ) 0 70 °C
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MC3487
QUAD DIFFERENTIAL LINE DRIVER
WITH 3-STATE OUTPUTS

SLLS098 — D2578, MAY 1980 — REVISED SEPTEMBER 1986

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX| UNIT
VIK Input clamp voltage lj=—18 mA -1.5 \4
VOH High-level output voltage ViL=08V, ViIH=2V, I0H =—20 mA 2.5 \4
VoL Low-level output voltage ViL=08YV, ViH=2V, loL =48 mA 0.5 \%
IVop| Differential output voltage RL =100 Q, See Figure 1 2
ANop| ghenge in '::‘ggi“;g: :;e,, RL=1000, See Figure 1 04| v
Voc Common-mode output voltage# R =100 Q, See Figure 1 3 \4
AlVocl S:;:?:;_?;::g’:ﬂ:g;cfoua get R =100, See Figure 1 +0.4 v
lo Output current with power off Vee=0 Vo-6V 100 pA
Vo=-025V -100
loz High-impedance-state output current Output enables at 0.8 V Vo=27V 100 pA
Vo=05V -100
Iy Input current at maximum input voltage | V| =5.5V 100 pA
liH High-level input current V=27V 50 pA
T8 Low-level input current V=05V —-400 | pA
los Short-circuit output current§ V=2V -40 -140| mA
Outputs disabled 105
lcc Supply current (all drivers) mA
Outputs enabled, No load 8 85

t A [Vopl and A [Vog| are the changes in magnitude of Vop and Vo, respectively, that occur when the input is changed from a high level to

alow level.
% In EIA Standard RS-422-A, Vo, which is the average of the two output voltages with respect to ground, is called output offset voltage, VOs.
§ Only one output at a time should be shorted, and duration of the short circuit should not exceed one second.

switching characteristics over recommended range of operating free-air temperature, Vg =5V

PARAMETER TEST CONDITIONS MIN MAX| UNIT
tPLH Propagation delay time, low-to-high level output 20 ns
tPHL Propagation delay time, high-to-low level output Cp =15pF, See Figure 2 20 ns

Skew 6 ns
tD Differential-output transition time CL=15pF, See Figure 3 20 ns
tpzH Output enable time to high level 30 ns
tpzL Output enable time to low I’evel G| = 50 pF, See Figure 4 30 ns
tPHZ Output disable time from high level 25 ns
tpLz Output disable time from low level 30 ns

PARAMETER MEASUREMENT INFORMATION
T e
Vob
] 500 lvoc
Figure 1. Differential and Common-Mode Output Voltages
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MC3487
QUAD DIFFERENTIAL LINE DRIVER

WITH 3-STATE OUTPUTS

SLLS098 - D2578, MAY 1980 — REVISED SEPTEMBER 1986
PARAMETER MEASUREMENT INFORMATION
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Figure 2. Test Circuit and Voltage Waveforms
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Figure 3. Test Circuit and Voltage Waveforms
5V
r————" Output
v sWi 200 Q
Oor3V — o !!'—0
° CL =50pF 1ke ¥ (see Note C)
Generator I (see Note B) v
(see Note A) 56'?2———— L

3
o
= i sSw2
TEST CIRCUIT 1
Output —— Output
Enable 3v Enable 3V
Input 1.5V Input 15V
oV ov .

tPHZ — « v Pz 4 SW1Closed
|—J— OH I SW2 Open
05V  SW1 Closed | X115V

Output | SY% slosed Output ' - VOL

Output Pz L §\}V$ glosed . Output = I‘- o
P /‘ i 05V Sw2Closed P b ngv; gﬁ:es';d

VoL
VOLTAGE WAVEFORMS

Figure 4. Driver Test Circuit and Voltage Waveforms

NOTES: A. The input pulse is supplied by a generator having the following characteristics: t; < 5 ns, f < 5 ns, PRR = 1 MHz, duty cycle = 50%,
ZO =50 Q.
B. C| includes probe and stray cap<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>