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A Unique Family of 
RS2321562 and 
RS4221485 Products 
• Micropower 
• 1 OkV ESD Protection 
• 3VI5V Operation 
• Latch-up Free 



This handbook presents Linear Technology Corporation's 
(LTC's) diverse and innovative family of Interface prod
ucts. Included are application notes and design notes 
which provide information and assistance in solving inter
face design problem. 

LTC's RS232/RS562 Interface products contain state-of
the-art devices with the industry's highest ESD rating, 
lowest power dissipation and best reliability. Standard 
features include 5V and 3.3V only operation with 0.1flF 
charg~ pump capacitors, 10kV ESD protection on the 
RS232 bus pins, and full compliance with the RS232 
speacifications, including over-voltage conditions. LTC's 
flow-through pinout on all of its RS232 devices enables 
simplified printed circuit layout. 

Configurations range from 2 driver, 2 receiver parts to 
5 driver, 5 receiver devices suitable for personal 
computer serial ports and other RS232 DTElDCE ports. 
Low power shutdown modes are available along with 
single receiver keep-alive for monitoring wake-up signals. 

LTC RS485/RS422 Interface products offer the industry's 
lowest power dissipation by implementing a CMOS 
Schottky process which allows full compliance with 
RS485 specifications. LTC's devices have supply currents 

Introduction 

as low as 300flA and support data rates up to 10MBiVs. 
Configurations available include single transceivers for 
half and full-duplex communications, as well as drivers 
and receivers all in industry standard pinouts. These 
differential Interface devices also support protocols such 
as RS449, RS530 or V.35. 

Special Interface devices include the LTC1320 for 
combined single-ended and differential applications 
such as LocalTalk~ The LTC1145 and LTC1146 are inte
grated isolation circuits with quiescent currents well be
low those of opto-isolators but with comparable speed. 

All of LTC's Interface products are available in surface 
mount SOIC packaging. We are continuing to expand 
our surface mount capabilities and now offer Shrink 
Small Outline Packages (SSOP) for some of our Interface 
devices. Contact the factory or your local sales 
representative for more information. 

If you require additional information on device 
characteristics or device reliability, please contact 
LTC Marketing at (408) 432-1900, or contact your 
local LTC Sales Representative. Thank you for your 
interest in LTC Interface products. We look forward to 
continuing to serve your interface needs in the future. 

LocalTalk is a registered trademark of Apple Computer, Inc. 
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Complete RS232 PC Serial Ports: 3 Drivers, 5 Receivers 
• 10kV ESD Immunity 
• 3V Logic Compatible 
• Receiver Keep-Alive in Shutdown 
• SOIC Packages (Ask about SSOP) 
• Ultra Low Power (LTC1337: 1.5mW) 
• Flow-Through Architecture 

3V TYP 1 RECEIVER laiN 
SUPPLY OR5V POWER ACTIVE IN SHDN 

VOLTAGE LOGIC DlSS(mW) SHUTDOWN (1lA) 

5 5 85 1 

5 5 60 1 

5 5 30 X 60 

5&3 3 30 X 60 

3 3 42 X 60 

5&3 3 34 X 60 

5 5 1.5 1 

5 5 60 X 60 

5&3 3 60 1 

• Requires one 11JF capacitor 

DRIVER 10kV O.1!lf 
DISABLE ESD CAPS 

X X X 

X X X· 

X X X· 

X X X 

X X X· 

X X 

X X X 

X X X 

• 0.1!JF Capacitors 
• Low Power Shutdown 
• 120k Baud Operation 
• Capable of Mouse Driving 
• 3.3V or 5V Powered 

DEVICE 
TYPE 

LT1137 

LT1137A 

LT1237 

LT1330 

LT1331 

LT1331 

TO I LINE 

LTC1337 

LT1341 

LT1342 

DRIVER OUT 

RXIN 

RXIN 
RXIN 10 

DRIVER OUT ....:.11+-_ ..... 

RXIN ~12+-_.....I 
ON/OFf.5V 13 

3VVcc+ 14 
(SEE CHART) 1---__ ---' 

• REMAINS ALIVE IN SHUTDOWN 
DEPENDING ON PART TYPE 

5V Powered RS2322 Driver/2 Receiver Circuits 
• Rugged Bipolar Construction • Immune to Latch-Up 
• 10kV ESD Immunity (LT1180A, LT1181A) • Low Power Shutdown 
• 0.1!JF Charge Pump Capacitors • 3-State Outputs When Shut Down 

SHUTDOWNI 
RS232 AND 
TTL THREE· 

STATE OUTPUTS 

Yes 

No 
Yes 
No 
Yes 

No 

FAULT 
TDLERANT 
TO±25V 

Yes 

Yes 
Yes 
Yes 
Yes 

Yes 

REQ'D 
CHARGE 
PUMP 

CAPSIZE COMMENTS PART NUMBER 

11JF General Purpose Interface LT1080 

11JF Rugged MAX232 Replacement LT1081 

0.11JF Ideal for Surface Mount. 10kV ESO LT1180A 

0.11JF Replaces MAX202. 232A. 10kV ESO LT1181A 

11JF Low Power L T1 080 LT1280 

11JF Low Power LT1081 LT1281 

·O.1jlF FOR LT1180A 

LT1080,LT1180A,LT1280 
2 Ox, 2 Rx 

·O.1jlFFOR LT1181A 

LT1081 , LT1181A, LT1281 
2 Ox, 2 RX 

More RS232 Driver/Receiver Combinations Inside! 
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RS485 Family Features 
• Ultra Low Power 
• CMOS Schottky Process 
• Designed for RS485 and RS422 Applications 
• Three-State RS485 Outputs When Shutdown 
• Power-Up/Down Glitch Free Outputs 
• 10MB Operation (LTC486-489, LTC1485) 
• Industry Standard Pinouts 
• SOIC Available 

RS485/RS422 Interface 
MAX 

SUPPLIES MAX SUPPLY 
DRIVERS RECEIVERS REQUIRED DATA RATE CURRENT 

1 1 5V 2.5MB 500(.11\ 
4 0 5V 10MB 150(.11\ 
4 0 5V 10MB 150(.11\ 
0 4 5V 10MB lOrnA 
0 4 5V 10MB lOrnA 
1 1 SV 2.SMB 500(.11\ 
1 1 5V 2.5MB 500(.11\ 
1 1 5V 10MB 3.5mA 

The LTC RS485 Advantage: Low Power 
60 ....----,,...---, 

60 __ ....----, 

! 50 

ffi 40 
a:; 
a:; 

13 30 
~ 
~ 20 
<J) 

~ 10 

INDUSTRY 
STANDARD 

PINOUT 
75176 
75172 
75174 
75173 
75175 
75179 

75ALS180 
75ALS176B 

! 50 
.... 
iE 40 
a:; 
a:; 

13 30 

~ 
§; 20 
<J) 

~ 10 

o 
75176 LTC485" 7517214 LTC486tr 

"ULTRA LOW SUPPLY CURRENT 

COMMENTS 
Hall Duplex 2-Wire R8485 
Good For RS449, RS530, V.35 Interlace 
Good For RS449, RS530, V,35 Interlace 
Good For RS449, RS530, V.35 Interlace 
Good For RS449, RS530, V.35 Interlace 
Full Duplex 4-Wire RS485 
Full Duplex 4-Wire RS485 
High Speed/Half Duplex 

PART NUMBER 
LTC485 
LTC486 
LTC487 
LTC488 
LTC489 
LTC490 
LTC491 
LTC1485 

Other RS232 Driver/Receiver Combinations 

SHUTDOWN! REQ'D 
RS232 and FAULT CHARGE 

SUPPLIES TTL THREE- TOLERANT PUMP 
DRIVERS RECEIVERS REQUIRED STATE OUTPUTS to±25V CAPSIZE COMMENTS PART NUMBER 

4 0 ±12V Yes Yes N/A Low Power 1488 Upgrade LTl030 
4 0 ±12V Yes Yes N/A Low Power 1488 Upgrade Also Supports RS423 LT1032 
3 3 5V,±12V Yes Yes N/A One Receiver Active in Shutdown LT1039 
3 3 5V,±12 V No Yes N/A Rugged MC145406 Replacement LT1039-16 
5 5 5V No Yes 0.111f Synchronous Communications, 10kV ESD LT1130A 
5 4 5V Yes Yes 0.111f Synchronous Modem/DCE Interlace, 10kV ESD LT1131A 
5 3 5V No Yes 0.111f Modem/DCE Interlace, 10kV ESD LT1132A 
3 5 5V No Yes 0.111f Pc/DTE Interlace, 10kV ESD LT1133A 
4 4 5V No Yes 0.111f 5V Only 1488/1489 Replacement, 10kV ESD LT1134A 
5 3 5V, ±12 V No Yes N/A Modem/DCE Interlace, 10kV ESD LT1135A 
4 5 5V Yes Yes 0.111f Synchronous PC/DTE Interlace, 10kV ESD LT1136A 
5 3 5V Yes Yes 0.111f ModemIDCE Interlace, 10kV ESD LT1138A 
4 4 5V,12V Yes Yes 0.111f 148811489 Replacement, 10kV ESD LT1139A 
5 3 5V, ±12V Yes Yes N/A Modem/DCE Interlace, 10kV ESD LT1140A 
3 5 5V, ±12V Yes Yes N/A PC/DTE Interlace, 10kV ESD LT1141A 
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1J7l~~1lc:[ri1ro LTl130A/LTl140A Series / l ~~ ~ m~:==:============== 
< "7 TECHNOLOGY Advanced Low Power 

D ESD Protection over ±1DkV 
D Uses Small Capacitors: O.1~, O.2~ 
D 1/lA Supply Current in SHUTDOWN 
D Operates to 120k Baud 
D CMOS Comparable Low Power 
D Operates from a Single 5V Supply 
D Easy PC Layout: Flowthrough Architecture 
D Rugged Bipolar Design: Absolutely No Latch-Up 
D Outputs Assume a High Impedance State When Off 

or Powered Down 
D Improved Protection: RS232 I/O Lines Can be Forced 

to ±30V Without Damage 
D Output Overvoltage Does Not Force Current Back 

Into Supplies 
D Available in SO and SSOP Packages 

TO LINE 

Basic Operation 

28 v-

26 2x01f1F"E 
+ -r-----oo(\4~25 DRIVER IN -

r---t:>c>--t=-'-24 RX OUT 

-,,+.1 .... --o<HF23 DRIVER IN 
DRIVER OUT r--e>c>-f2:;:;.2 RX OUT 

RX IN ...::.r .... r-C-..~21 RX OUT TO LOGIC 

r-C>o-+:;::.20 RX OUT 

~_1,...o<H~19 DRIVER IN 
18 RX OUT 
17 GND 

16 DRIVER DISABLE 
15 

"':'" 113M'TA01 

o 1f1F 

5V RS232 Drivers/Receivers 
with Small Capacitors 

1Q)~S')~Iffi~rr»TI'~@[ffi 

The L T1130AlLT1140A series of RS232 drivers/receivers 
features special bipolar construction techniques which 
protect the drivers and receivers beyond the fault condi
tions stipulated for RS232. Driver outputs and receiver 
inputs can be shorted to ±30V without damaging the 
device or the power supply generator. In addition, the 
RS232 I/O pins are resilientto multiple ±1 OkV ESD strikes. 
An advanced driver output stage operates up to 120kBaud 
while driving heavy capacitive loads. Supply current is 
typically 12mA, competitive with CMOS devices. 

Several members of the series include flexible operating 
mode controls. The Driver Disable pin disables the drivers 
and the charge pump, the ON/OFF pin shuts down all 
circuitry. While shut down, the drivers and receivers 
assume high impedance output states. 

RECEIVER 
OUTPUT 

CL = 50pF 

DRIVER 
OUTPUT 

RL =3k 
CL = 2500pF 

INPUT 

Output Waveforms 

lT1130A·TA02 

LT113DA 5-0river/5-Receiver RS232 Transceiver LT1136A 4-0river/5-Receiver RS232 Transceiver w/Shuldown 
LT1131A 5-Driver/4-Receiver RS232 Transceiver w/Shuldown LT1137A 3-Driver/5-Receiver RS232 Transceiver w/Shutdown 
LT1132A 5-Driver!3-Receiver RS232 Transceiver L T1138A 5-Driver!3-Receiver RS232 Transceiver w/Shutdown 
LT1133A 3-Driver/5-Receiver RS232 Transceiver LT1139A 4-Driver/4-Receiver RS232 Transceiver w/Shutdown 
LT1134A 4-Driver/4-Receiver RS232 Transceiver LT114DA 5-Driver!3-Receiver RS232 Transceiverw/o Charge Pump 
L T1135A 5-Driver!3-Receiver RS232 Transceiverw/o Charge Pump LT1141A 3-Driver/5-Receiver RS232 Transceiverw/o Charge Pump 

lLJ1lJD~ 1-3 



LTl130A/LTl140A Series 

ABSOLUTE mAXimUm RATinGS (Note 1) 

Supply Voltage (Vcc) ................................................. 6V Short-Circuit Duration 
vt ......................................................................... 13.2V Vt .................................................................... 30 sec 
v- ....................................................................... -13.2V V- .................................................................... 30 sec 
Input Voltage Driver Output .............................................. Indefinite 

Driver ............................................................ V- to Vt Receiver Output .......................................... Indefinite 
Receiver ................................................ -30V to 30V Operating Temperature Range 
On/Off Pin ............................................. -0.3V to 12V LT113XAC/L T114XAC ............................. O°C to 70°C 
Driver Disable Pin ...................... -0.3V to Vcc + 0.3V Storage Temperature Range ................. -65°C to 150°C 

Output Voltage Lead Temperature (Soldering, 10 sec) ................. 300°C 
Driver ..................................................... -30V to 30V 
Receiver .................................... - 0.3V to Vcc + 0.3V 

PRODUCT SELECTiOn TABLE 
Part Number Power Supply Voltages· Shutdown Driver Disable Drivers Receivers External Components 
LT1130A 5 No No 5 5 4 Capacitors 
LTl131A 5 Yes Yes 5 4 4 Capacitors 
LTl132A 5 No No 5 3 4 Capacitors 
LT1133A 5 No No 3 5 4 Capacitors 
LT1134A 5 No No 4 4 4 Capacitors 
LTl135A 5,12, -12 No No 5 3 None 
LTl136A 5 Yes Yes 4 5 4 Capacitors 
LT1137A 5 Yes Yes 3 5 4 Capacitors 
LT113BA 5 Yes Yes 5 3 4 Capacitors 
LTl139A 5,12 Yes No 4 4 2 Capacitors 
LTl140A 5,12,-12 Yes Yes 5 3 None 
LT1141A 5,12,-12 Yes Yes 3 5 None 
'The LTl130A, LTl131A, LTl132A, LTl134A, LT1136A, LT1137A and LTl13BA can operate with 5Vand 12V supplies and two external capacitors. 

PACKAGE/ORDER InFORmATiOn 

1-4 

5-DRIVER/5-RECEIVER 
TOP VIEW 

v' 1 
~ 

fr ~-5VVcc ~ LT1130A 
Cl+ 3 ~ C2' 
cr 4 25 ORIVER IN 

DRIVER OUT 5 24 RXOUT 
RXIN 6 23 ORIVER IN 

DRIVER OUT 7 22 RXOUT 
RXIN 8 21 DRIVER IN 

DRIVER OUT 9 20 RXOUT 
RXIN 10 19 DRIVER IN 

DRIVER~~ ~ 18 RXOUT 
17 ORIVER IN 

DRIVER OUT 
:!~' ~ RXOUT 

RXIN 15 GND 

N PACKAGE S PACKAGE 
28-lEAD PLASTIC OIP 28-LEAD PLASTIC SOL 

( 600' WIDE) ( 300' WIDE) 

TJMAX = 150'C, OJA = 56'CIW (N) 
TJMAX = 150'C, OJA = 68'C/W (8) 

ORDER PART 
NUMBER 

LT1130ACN 
LT1130ACS 

5-DRIVER/4-RECEIVER WITH SHUTDOWN 
TOP VIEW 

V'I ....... 28Y" 

SVVcc ~ LT1131A ~ C2-
Cl+ ra 126 C2+ 

Cl- ~ .........-<t 25 DRIVER IN 
DRIVER OUT '5 I ... : 24 RXOUT 

RX IN 6 23 DRIVER IN 
DRIVER OUT lL7J-1r--l">o-t2~2 RX OUT 

RX IN 118J-1,....-.. <H2R11 DRIVER IN 
DRIVER OUT [j,9j---J'r-I>o-t21QjO RX OUT 

RX IN I1il0i\-J r-< .. <Hli919 DRIVER IN 
ORIVER OUT 11l11.t-..Ir-!)oil!!18 RX OUT 

RX IN 12 17 DRIVER IN 

DRI~~'; ~ ---' ~ ~:~ER DISABLE 

N PACKAGE S PACKAGE 
2B-LEAD PlASTIC DIP 2B-lEAD PlASTIC SOL 

(600' WIDE) (300' WIDE) 

TJMAX = 151l'C, OJA = 56'C/W (N) 
TJMAX = 150'C, 9JA = 68'C/W (8) 

ORDER PART 
NUMBER 

LT1131ACN 
LT1131ACS 



LTl130A/LTl140A Series 

PACKAGE/ORDER InFORmATiOn 
5-DRIVER/3-RECEIVER ORDER PART 3-DRIVER/5-RECEIVER ORDER PART 

NUMBER NUMBER 
TOP VIEW TOP VIEW 

V' ~ 
....., 

~ V- V' 1 
~ 

24 V-

5VVcc 2 lT1132A 23 C2- LT1132ACN 5VVcc 2 lT1133A 23 C2- LT1133ACN 
CI' 3 22 C2+ LT1132ACS CI' 3 22 C2' LT1133ACS CI" 41~ 21 DRIVER IN CI" 4 1.-----0<1- 21 DRIVER IN 

DRIVER OUT 5 20 DRIVER IN DRIVER OUT 5 .... 20 RX OUT 
DRIVER OUT 6 .... 19 RX OUT 19 DRIVER IN .... RX IN 6 

RX IN 7 18 DRIVER IN DRIVER OUT 7 ~ RXOUT 
DRIVER OUT 8 17 DRIVER IN RX IN 8 17 RX OUT 
DRIVER OUT • 16 RX OUT RX IN • 16 RX OUT 

RX IN 10 15 DRIVER IN RXIN 10 15 DRIVER IN 
DRIVER OUT 

:;~ 
14 RX OUT DRIVER OUT 

:;~ 
14 RX OUT 

RX IN 13 GND RX IN 13 GND 

N PACKAGE S PACKAGE N PACKAGE S PACKAGE 
24-lEAD PLASTIC DIP 24-lEAD PLASTIC SOL 24-lEAD PLASTIC DIP 24-lEAD PLASTIC SOL 

(300' WIDE) ( 300' WIDE) ( 300' WIDE) (300' WIDE) 

TJMAX' 150'C. 9JA' 58'Crw (N) TJMAX' 150'C. 9JA ' 58'Crw (N) 
TJMAX' 150'C, 9JA ' 80'Crw (S) TJMAX' 15O'C, 9JA' 80'Crw (S) 

4-DRIVER/4-RECEIVER ORDER PART 5-DRIVER/3-RECEIVER ORDER PART 
NUMBER WITHOUT CHARGE PUMP NUMBER TDPVIEW 

v' g; ~ 
~ V- TOP VIEW 

• 'co ~ lTll34A I C2- LT1134ACN 
IT¥a5AA 

LT1135ACN 
el+ 3 22 C2+ 

LT1134ACS 
12VV' ~ ~ ~~~~E~-IN LT1135ACS CI- 4 

I~ 21 DRIVER IN 5V Vee 2 :::: 
DRIVER OUT 5 20 RX OUT DRIVER OUT 3 18 DRIVER IN 

RX IN 6 
.... 

19 DRIVER IN DRIVER OUT 4 17 RX OUT .... 
.... DRIVER OUT 7 18 RXOUT RXIN 5 16 DRIVER IN .... 

DRIVER OUT 6 A ~ DRIVER IN RX IN 8 .... ~ DRIVER IN ... 
DRIVER OUT • 16 RX OUT DRIVER OUT 7 14 RX OUT .... 

RXIN ~ ml DRIVER IN RX IN 10 ~ DRIVER IN .... DRIVER OUT ~ 
... 
~ RXDUT DRIVER OUT ~~ .... 

14 RX OUT ---1 
RX IN TIl GND RX IN 10 II GND 

N PACKAGE S PACKAGE N PACKAGE S PACKAGE 
24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL 2D-LEAD PLASTIC DIP 20-LEAD PLASTIC SOL 

(300' WIDE) ( 300' WIDE) ( 300' WIDE) (300' WIDE) 

TJMAX' 150'C, 9JA' 58'Crw (N) TJMAX ' 150'C, 9JA ' 79'Crw (N) 
TJMAX' 150'C, 9JA' 80'Crw (S) TJMAX' 150'C, 9JA' 85'Crw (S) 

4-DRIVER/5-RECEIVER WITH SHUTDOWN ORDER PART 3-DRIVER/5-RECEIVER WITH SHUTDOWN ORDER PART 
TOP VIEW 

TOP VIEW 

NUMBER NUMBER v' I 
....., I V-v' g; ~ ~ V-

.""~ LTI136A I C2-
5V Vee 2 LTI137A 27 CT 

Cl' 3 26 C2+ LT1136ACN el+ 3 26 C2+ LT1137ACG 
CI" 4 25 DRIVER IN 

CI" 4 :" 25 DRIVER IN 

DRIVER OUT 5 ... 
24 RXOUT LT1136ACS DRIVER OUT 5 ~ RXOUT LT1137ACN 

RX IN 6 
.... 

23 DRIVER IN 
RXIN 6 23 DRIVER IN 

LT1137ACS 
DRIVE:~~~ ~ 

... 22 RXDUT 
DRIVER OUT 7 22 RXOUT 

.... 
RX IN 8 21 RXDUT 

21 DRIVER IN 

DRIVER OUT • ... 20 RXOUT 
RX IN 9 20 RXDUT 

.... 
RX IN 

TI=ti>~ 
I. DRIVER IN 

RXIN 10 19 DRIVER IN M RX OUT DRIVER OUT 11 ... 18 RX DUI 
DRIVER OUT 

::: RX IN Tj 17 GND 
RX IN ::--.J .... 17 RXOUT 

DN/OFi' ~ ~ DRIVER DISABLE 
RXIN 16 GND 'i1 

ON/OFi'iTI !ill DRIVER DISA8lE 
NC 15 NC 

N PACKAGE S PACKAGE 
G PACKAGE N PACKAGE S PACKAGE 

2B-LEAD PLASTIC SSDP 28-LEAD PlASTIC DIP 28-LEAD PLASTIC SOL 
28-LEAD PLASTIC DIP 2B-LEAD PLASTIC SOL ( 300' WIDE) (60D'WIDE) (300' WIDE) 

(600' WIDE) ( 300' WIDE) 

TJMAX ' 150'C. 9JA ' 56'Crw (N) TJMAX' 150'C, 9JA' 96'Crw (G) 

TJMAX' 150'C, 9JA' 68'Crw (S) TJMAX ' 150'C, 9JA ' 56'Crw (N) 
TJMAX' 150'C, 9JA' 68'Crw (S) 
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LT1l30A/LTl140A Series 

PACKAGE/ORDER InFORmATiOn 
5-DRIVER/3-RECEIVER WITH SHUTDOWN ORDER PART 4-DRIVER/4-RECEIVER WITH SHUTDOWN ORDER PART 

TOP VIEW 
NUMBER WITH 12V AND 5V SUPPLIES NUMBER 

v' 1 '-' I V-
5V Vee 2 LTl138A 27 C2- TOP VIEW 

C1' 3 26 C2 t LT1138ACG N C 1 
..., 

24 V- LT1139ACN C1- 4 1""""1 25 DRIVER IN 5VVcc ~ LTl139A ~ C-

DRIVER OUT 5 ~ DRIVER IN LT1138ACN 12V INPUT 3 i¥z C' LT1139ACS 
DRIVER OUT 6 " 23 RX OUT LT1138ACS DRIVER OUT 4 21 DRIVER IN 

RX IN 
7 .... 

22 DRIVER IN RX IN 5 " 20 AX OUT 

DRIVER OUT 8" .... 21 RX OUT DRIVER OUT 6 19 DRIVER IN 
RX IN 9 20 DRIVER IN RX IN 7 18 RX OUT 

" DRIVER OUT 10 .... 19 RX OUT DRIVER OUT 8 17 DRIVER IN 
RX IN 11 18 DRIVER IN 

DRIVERR~~~ ifo 
16 RX OUT 

DRIVER OUT ~---.J 17 GND 15 DRIVER IN 

ON/OFF ~ DRIVER DISABLE RX IN 11 -" ~ RXOUT ~ NC 14 15 NC ON/OFF 12 13 GND 

G PACKAGE N PACKAGE S PACKAGE N PACKAGE S PACKAGE 
2B-LEAD PLASTIC SSOP 28·LEAD PLASTIC DIP 28·LEAD PLASTIC SOL 24·LEAD PLASTIC DIP 24·LEAD PLASTIC SOL 

(300' WIDE) ( 600' WIDE) ( 300' WIDE) (300' WIDE) ( 300' WIDE) 

TJMAX = 150'C, 9JA = 96'C/W (G) 
TJMAX = 150'C, 9JA = 58'C/W (N) TJMAX = 150'C, 9JA = 56'C/W (N) 

TJMAX = 15O'C, 9JA = 68'C/W (S) TJMAX = 150'C, 9JA = 80'C/W (S) 

5-DRIVER/3-RECEIVER WITH SHUTDOWN ORDER PART 3-DRIVER/5-RECEIVER WITH SHUTDOWN ORDER PART 
WITHOUT CHARGE PUMP NUMBER WITHOUT CHARGE PUMP NUMBER 

TOP VIEW TOP VIEW 

12V v' Fie '-' 
~ -12VV- LT1140ACN 12VV+ 1 

..., 
~ -12VV- LT1141ACN 

5V~~c ~ LTl140A 23 N C 5VVcc ~ 
I~ ~ ~XCOUT 

;; 22 DRIVER IN LT1140ACS NC 3 LT1141ACS 
DRIVER OUT ~ .... 21 DRIVER IN RX IN 4 21 DRIVER IN 

DRIVER OUT 5 20 RXOUT DRIVERR~~~ ~ 20 AX OUT 

RX IN 6 mI DRIVER IN 19 DRIVER IN 

DRIVER OUT 7 18 DRIVER IN DRIVER OUT 7 18 RX OUT 

DRIVER OUT 8 .... ~ RXOUT RX IN 8 17 DRIVER IN 

RX IN 9 16 DRIVER IN DRIVER OUT 9 16 RX OUT 

DRIVER OUT 10 ---.J .... 15 RX OUT RX IN 

~:f.--J 
15 RX OUT -

RX IN ¥ 14 GND RX IN 

~ ~~~ER DISABLE ON/OFF 12 13 DRIVER DISABLE ON/OFF 12 

N PACKAGE S PACKAGE N PACKAGE S PACKAGE 
24·LEAD PLASTIC DIP 24'LEAD PLASTIC SOL 24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL 

( 300' WIDE) ( 300' WIDE) (300' WIDE) (300' WIDE) 

TJMAX = 150'C, 9JA = 58'C/W (N) TJMAX = 150'C, 9JA = 58'C/W (N) 
TJMAX = 150'C, 9JA = 80'C/W (S) TJMAX = 150'C, 9JA = 80'C/W (S) 

ELECTRICAL CHARACTERISTICS (Nole 2) 

PARAMETER I CONDITIONS MIN TYP MAX UNITS 
Power Supply Generator 

V+ Output 8.6 V 

v- Output -7.8 V 

5V VCC Supply Current: LT1130A, LTl131A, LTl132A, (Note 3) 0 15 25 rnA 
LT1133A, LT1134A, LT1136A, LTl138A 

5V Vcc Supply Current: LTl135A, LTl140A, LTl141A (Note 3), V+ = 12V, V- = -12V 0 8 15 rnA 

5V Vcc Supply Current: LTl137 A (Note 3) 0 12 17 rnA 

5V Vcc Supply Current: LTl139A (Note 3), V+ = 12V 0 8 15 rnA 
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LTl130A/LTl140A Series 

ELECTRICAL CHARACTERISTICS (Note 2) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
12V V+ Supply Current: LT1135A, LT1140A, LT1141A (Note 3), V- = -12V • 1 4 rnA 
12V V+ Supply Current: LT1139A (Note 3) • 6 10 rnA 
-12V V- Supply Current: LT1135A, LT1140A, LT1141A (Note 3) V+ = 12V 8 2 6 rnA 

Supply Current when OFF {Vce} SHUTDOWN (Note 4) 0 1 10 J,lA 
ORIVER OISABLE 4 rnA 

Supply Rise Time C1, C2, C+, C-= 1.0J,tF 2.0 ms 
SHUTDOWN to Turn-On C +, C- = O.V, C1, C2 = 0.2J,tF 0.2 ms 
ON/OFF Pin Thresholds Input Low Level (Oevice SHUTDOWN) • 1.4 O.B V 

Input High Level (Device Enabled) 0 2.4 1.4 V 
ON/OFF Pin Current OV ~ VON/OFF ~ 5V 0 -15 BO J,lA 
DRIVER DISABLE Pin Thresholds Input Low Level (Drivers Enabled) Q 1.4 O.B V 

Input High Level (Drivers Disabled) () 2.4 1.4 V 
DRIVER DISABLE Pin Current OV ~ VDRIVER DISABLE ~ 5V 0 -10 500 J,lA 
Oscillator Frequency 130 kHz 
Any Driver 

Output Voltage Swing Load = 3k to GND Positive 0 5 7.3 V 
Negative 0 -6.5 -5 V 

Logic I nput Voltage Level Input Low Level (VOUT = High) a 1.4 O.B V 
Input High Level (VOUT = Low) 0 2 1.4 V 

Logic Input Current O.BV ~ VIN ~ 2V CD 5 20 J,lA 
Output Short-Circuit Current VOUT = OV ±17 rnA 
Output Leakage Current SHUTDOWN VOUT = ±30V (Note 4) 0 10 100 J,lA 
Slew Rate Rl = 3k, Cl = 51pF 15 30 V/jJS 

Rl = 3k, Cl = 2500pF 6 V/jJS 

Propagation Delay Output Transition tHl High-to-Low (Note 5) 0.6 1.3 jJS 
Output Transition tlH Low-to-High 0.5 1.3 jJS 

Any Receiver 

Input Voltage Thresholds Input Low Threshold (VOUT = High) 0 O.B 1.3 V 
Input High Threshold (VOUT = Low) G 1.7 2.4 V 

Hysteresis • 0.1 0.4 1 V 
Input Resistance 3 5 7 kn 

Output Voltage Output Low, lOUT = -1.6mA • 0.2 0.4 V 
Output High, lOUT = 160J,lA (Vcc = 5V) • 3.5 4.2 V 

Output Leakage Current SHUTDOWN (Note 4) 0 ~VOUT ~Vee • 1 10 J,lA 
Output Short-Circuit Current Sinking Current, VOUT = Vee -20 -10 rnA 

Sourcing Current, VOUT = OV 10 20 rnA 
Propagation Delay Output Transition tHl High-to-Low (Note 6) 250 600 ns 

Output Transition tlH Low-to-High 350 600 ns 

The Odenotes specifications which apply over the operating temperature 
range (OOe ~ TA ~ 700e for commercial grade and -40°C ~ TA ~ B5°C for 
industrial grade). 

ments using DRIVER DISABLE are performed with VDRIVER DISABLE = 3V. 
For LT1135, LT1139, LT1140 and LT1141 with 12V supplies, VOUT leakage 
is 200J,lA for VOUT forced to ±25V. 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 
Note 2: Testing done at Vee = 5V and VON/OFF = 3V. 
Note 3: Supply current is measured with driver and receiver outputs 
unloaded and the driver inputs tied high. 
Note 4: Supply current and driver leakage current measurements in 
SHUTDOWN are performed with VON/OFF = 0.1V. Supply current measure-

Note 5: For driver delay measurements, Rl = 3k and Cl = 51 pF. Trigger 
points are set between the driver's input logic threshold and the output 
transition to the zero crossing (tHl = 1.4V to OV and tlH = 1.4V to OV). 
Note 6: For receiver delay measurements, Cl = 51 pF. Trigger points are 
set between the receiver's input logic threshold and the output transition 
to standard TTUCMOS logic threshold (tHl = 1.3V to 2.4V and tlH = 1.7V 
to 0.8V). 

1-7 



LTl130A/LTl140A Series 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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LTl130A/LTl140A Series 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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ON/OFF PIN 

LT1137A'Tpe12 

Pin FunCTions 
VCC: SV Input Supply Pin. Supply current drops to zero in 
the SHUTDOWN mode. This pin should be decoupled with 
a 0.1 ~ ceramic capacitor close to the package pin. Insuf
ficient supply bypassing can result in low output drive 
levels and erratic charge pump operation. 

GNO: Ground Pin. 

ON/OFF: Control the operation mode of the device and is 
nUCMOS compatible. A logic low puts the device in the 
SHUTDOWN mode which reduces input supply curent to 
zero and places all of the drivers and receivers in high 
impedance state. A logic high fully enables the transceiver. 

DRIVER DISABLE: This pin provides an alternate control 
for the charge pump and RS232 drivers. A logic high on 
this pin shuts down the charge pump and places all drivers 

50 

l 40 
f

'" ~ 30 
::::> 
'-' 
t:: 
i3 
'" 20 
U 

~ 
~ 10 

o 

Receiver Short-Circuit Current 

r--

'" ISC· 

I'::.. 
ISC+ ~ V - ~ 

"" 
-55 -25 0 25 50 75 100 125 

DRIVER OUTPUT 
Rl = 3k 

DRIVER OUTPUT 
Rl = 3k 

Cl = 2500pF 

INPUT 

TEMPERATURE eC) 

Driver Output Waveforms 

in a high impedance state. Receivers remain active under 
these conditions. Floating the driver disable pin or driving 
it to a logic low level fully enables the transceiver. A logic 
low on the ON/OFF pin supersedes the state of the Driver 
Disable pin. Supply current drops to 4mA when in DRIVER 
DISABLE mode. 

V+: Positive Supply Output (RS232 Drivers). V+ '" 2Vee-
1.SV. This pin requires an external charge storage capaci
tor C ~ 1.0~, tied to ground or Vee. Larger value capaci
tors may be used to reduce supply ripple. With multiple 
transceivers, the V+ and V- pins may be paralleled into 
common capacitors. For large numbers of transceivers, 
increasing the size of the shared common storage capaci
tors is recommended to reduce ripple. 
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LTl130A/LTl140A Series 

Pin FunCTions 
V-: Negative Supply Output (RS232 Drivers). V- '" -(2Vee 
- 2.5V). This pin requires an external charge storage 
capacitor C ~ 0.1/lf. V- is short-circuit proof for 
30 seconds. 

C1+, C1-, C2+, C2-: Commutating Capacitor Inputs. These 
pins require two external capacitors C ~ 0.2/lf: one from 
C1+ to C1-, and another from C2+ to C2-. To maintain 
charge pump efficiency, the capacitor's effective series 
resistance should be less than 2Q. For C ~ 1/lf, low ESR 
tantalum capacitors work well in this application, al
though small value ceramic capacitors may be used with 
a minimal reduction in charge pump compliance. In 
applications where larger positive voltages are available, 
such as 12V, C1 may be omitted and the positive voltage 
may be connected directly to the C1 + pin. In this mode of 
operation, the V+ pin should be decoupled with a 0.1/lf 
ceramic capacitor. 

DRIVER IN: RS232 Driver Input Pins. These inputs are 
TTUCMOS compatible. Inputs should not be allowed to 
float. Tie unused inputs to Vee. 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Driver output swing meets RS232 levels for loads up to 3k. 

ESD PROTECTiOn 
The RS232 line inputs of the LT1130AlLT1140A series of 
RS232 Driver/Receivers have on-chip protection from 
ESD transients up to ±1 OkV. The protection structures act 
to divert the static discharge safely to system ground. In 
order for the ESD protection to function effectively, the 
power supply and ground pins of the LT1130AlLT1140A 
must be connected to ground through low impedances. 
The power supply decoupling capacitors and charge 
pump storage capacitors provide this low impedance in 
normal application of the circuit. The only constraint is 
that low ESR capacitors must be used for bypassing and 
charge storage. ESD testing must be done with pins Vee, 
V+, V- and GND shorted to ground or connected with low 
ESR capacitors. 

1-10 

Slew rates are controlled for lightly loaded lines. Output 
current capability is sufficient for load conditions up to 
2500pF. Outputs are in a high impedance state when in 
SHUTDOWN mode, Vee = OV, or when the driver disable 
pin is active. Outputs are fully short-circuit protected from 
V- + 30V to V+ - 30V. Applying higher voltages will not 
damage the device if the overdrive is moderately current 
limited. Short circuits on one output can load the power 
supply generator and may disrupt the signal levels of the 
other outputs. The driver outputs are protected against 
ESD to ±1 OkV for human body model discharges. 

RX IN: Receiver Inputs. These pins accept RS232 level 
signals (±30V) into a protected 5k terminating resistor. 
The receiver inputs are protected against ESD to ±1 OkV for 
human body model discharges. Each receiver provides 
O.4V of hysteresis for noise immunity. Open receiver 
inputs assume a logic low state. 

RX OUT: Receiver Outputs with nUCMOS Voltage Lev
els. Outputs are in a high impedance state when in SHUT
DOWN mode to allow data line sharing. Outputs are fully 
short-circuit protected to ground or Vee with the power 
on, off, or in SHUTDOWN mode. 

RS232 
LINE PINS 

PROTECTED 
TO ±10kV 

ESO Test Circuit 

RX3 IN ~-........ -0.0+"
RX4 IN ....:.:10't----' .....-0-0-+:'::" 

DRIVER 3 OUT _11"'1-'-_ .... r--C»~ 
RX51N ....;.;12+-_ .... 

ON/OFF 13 
14 



LTl130A/LTl140A Series 

TYPICAL APPLICATiOnS 

Operation Using 5V and 12V Power Supplies 

V+ 

vee LT1137A 
5VVee 
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+ 12VV+ + 
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DRIVER OUT RXOUT 
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23 
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21 TO LDGIC 

TO LINE 
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20 RX IN RXOUT 

RXIN 19 
DRIVER IN 
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13 

14 

.". 
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LTl130A/LTl140A Series 

TYPICAL APPLICATiOnS 

Sharing Power Supply Generalor with a Second Transceiver 

v+ 24 v- v+ 

5VVcc LT1133A 
23 C2- LT114iA 23 + 5VVCC NC 

11lF -::c- + C1+ 22 C2+ 11lF 22 
+ NC RX OUT 

":" 11lF 21 21 
DRIVER IN RX IN DRIVER IN 

DRIVER OUT 
20 

RXOUT DRIVER OUT 
20 

RX OUT 
19 
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19 

DRIVER IN RX IN RX IN TO 18 18 
DRIVER OUT RXOUT TO TO DRIVER OUT RX OUT LOGIC 

17 RS232 17 TO RX IN RXOUT LOGIC LINE RXIN DRIVER IN 
RS232 16 16 

LINE RXIN RXOUT DRIVER OUT RX OUT 

RX IN 
15 

DRIVER IN RXIN 
15 

RXOUT 

DRIVER OUT 
14 

RXOUT RXIN 
14 GND 

RX IN 
13 
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13 

DRIVER 
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":" ":" 
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I1~U[1\EM LTll3~ 
~j/ TECHNOLOGY~====A==d=v=a=n=c=e=d==Lo=w==P=o=w==e=r 

o ESD Protection over ±10kV 
o Uses Small Capacitors: 0.1 /-If, 0.2/-1f 
o 1 ~ Supply Current in SHUTDOWN 
o Pin Compatible with LT1137 
o Operates to 120k Baud 
o CMOS Comparable Low Power: 60mW 
o Operates from a Single 5V Supply 
o Easy PC Layout: Flowthrough Architecture 
o Rugged Bipolar Design 
o Outputs Assume a High Impedance State When Off 

or Powered Down 
o Improved Protection: RS232 1/0 Lines Can Be Forced 

to ±30V without Damage 
o Output Overvoltage Does Not Force Current Back 

into Supplies 
o Absolutely No Latch-up 
o Available in SO and SSOP Packages 

o Notebook Computers 
o Palmtop Computers 

5V RS232 Transceiver with 
Small Capacitors 

[Q)~S)~[f3~a»'jj'~©1lll 

The LT1137 A is a three-driver, five-receiver RS232 trans
ceiver, pin compatible with the LT1137, offering perfor
mance improvements and two SHUTDOWN modes. The 
L T1137 A's charge pump is designed for extended compli
ance, and can deliver over 40mA of load current. Supply 
current is typically 12mA, competitive with similar CMOS 
devices. An advanced driver output stage operates up to 
120k baud while driving heavy capacitive loads. 

The L T1137 A is fully compliant with all EIA-RS232 speci
fications. Special bipolar construction techniques protect 
the drivers and receivers beyond the fault conditions 
stipulated for RS232. Driver outputs and receiver inputs 
can be shorted to ±30V without damaging the device or 
the power supply generator. In addition, the RS232 1/0 
pins are resilient to multiple ±1 OkV ESD strikes. 

The transceiver has two SHUTDOWN modes. One mode 
disables the drivers and the charge pump, the other shuts 
down all circuitry. While shut down, the drivers and 
receivers assume high impedance output states. 

RECEIVER 
OUTPUT 

Cl = 50pF 

Output Waveforms 

J DRIVER OUT 

RX IN ""' I RX IN 
RX IN 10 

ORIVER OUT 11 

) mill'" 

DRIVER 
OUTPUT 
Rl = 3k 

Cl = 2500pF 

INPUT 

RX IN 12 

ON/OFF = 5V 13 LT1137A'TA02 

14 
.". 
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LT1l37A 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
(Nole 1) 

Supply Voltage (Vce) ................................................. 6V 
V+ ......................................................................... 13.2V 
V- ....................................................................... -13.2V 
Input Voltage 

Driver ............................................................ V-to V+ 
Receiver ................................................ - 30V to 30V 

Output Voltage 
Driver ..................................................... -30V to 30V 
Receiver .................................... - 0.3V to Vcc + 0.3V 

Short Circuit Duration 
V+ .................................................................... 30 sec 
V- .................................................................... 30 sec 
Driver Output .............................................. Indefinite 
Receiver Output .......................................... Indefinite 

Operating Temperature Range 
L T1137 AC ............................................... O°C to 70°C 

Storage Temperature Range ................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec) ................. 300°C 

ELECTRICAL CHARACTERISTICS (Nole 2) 

PARAMETER I CONDITIONS 
Power Supply Generator 
V+ Output 
V- Output 
Supply Current (Vecl (Note 3) 
Supply Current When OFF (Vcc) SHUTDOWN (Note 4) 

DRIVER DISABLE 
Supply Rise Time C1, C2, C+, C-= 1W, 
SHUTDOWN to Turn-On C+, C- = 0.1 W, C1, C2 = 0.2W 
ON/OFF Pin Thresholds Input Low Level (Device SHUTDOWN) 

Input High Level (Device Enabled) 
ON/OFF Pin Current OV ~ VON/OFF ~ 5V 
Driver Disable Pin Thresholds Input Low Level (Drivers Enabled) 

Input High Level (Drivers Disabled) 
Driver Disable Pin Current OV ~ VDRIVER DISABLE ~ 5V 
Oscillator Frequency 

1-14 

TOP VIEW 

N PACKAGE S PACKAGE 
28-LEAD PLASTIC DIP 28-LEAD SOL 

G PACKAGE 
28-LEAD SSOP 

TJMAX = 150'C. 9JA = 56'C/W (N) 
TJMAX = 150'C, 9JA= B5'C/W (S) 
TJMAX = 150'C, 9JA= 96'C/W (G) 

MIN 

0 

0 

0 
0 2.4 

0 -15 

0 

0 2.4 

0 -10 

ORDER PART 
NUMBER 

LT1137ACN 
LT1137ACS 
LT1137ACG 

TYP MAX UNITS 

8.6 V 
-7.8 V 
12 17 mA 
1 10 IJA 
4 mA 

2.0 ms 
0.2 ms 
1.4 0.8 V 
1.4 V 

80 IJA 
1.4 0.8 V 
1.4 V 

500 IJA 
130 kHz 



LT1l37A 

ELECTRICAL CHARACTERISTICS (Note 2) 

PARAMETER I CONDITIONS MIN TYP MAX UNITS 
Any Driver 
Output Voltage Swing Load = 3k to GND Positive 0 5.0 7.5 V 

Negative 0 -6.3 -5.0 V 
Logic Input Voltage Level Input Low Level (VOUT = High) 0 1.4 0.8 V 

Input High Level (VOUT = Low) 0 2.0 1.4 V 
Logic Input Current 0.8V $; VIN $; 2V 0 5 20 IlA 
Output Short-Circuit Current VOUT= OV ±17 rnA 
Output Leakage Current SHUTDOWN VOUT = ±25V (Note 4) 0 10 100 IlA 
Slew Rate RL = 3k, CL = 51pF 15 30 V/IJS 

RL = 3k, CL = 2500pF 4 15 V/IJS 
Propagation Delay Output Transition tHL High to Low (Note 5) 0.6 1.3 IJS 

Output Transition tLH Low to High 0.5 1.3 IJS 
Any Receiver 
Input Voltage Thresholds Input Low Threshold (VOUT = High) 0 0.8 1.3 V 

Input High Threshold (VOUT = Low) 0 1.7 2.4 V 
Hysteresis 0 0.1 0.4 1.0 V 
Input Resistance 3 5 7 kn 
Output Voltage Output Low, lOUT = -1.6mA 0 0.2 0.4 V 

Output High, lOUT = 1601lA (Vee = 5V) 0 3.5 4.2 V 
Output Leakage Current SHUTDOWN (Note 4) 0 $; VOUT $; Vee 0 1 10 IlA 
Output Short-Circuit Current Sinking Current, VOUT = Vcc -20 -10 rnA 

Sourcing Current, VOUT = OV 10 20 rnA 
Propagation Delay Output Transition tHL High to Low (Note 6) 250 600 ns 

Output Transition tLH Low to High 

The odenotes specifications which apply over the operating temperature 
range (ODC $; TA $; 70DC for commercial grade, and -40°C $; TA $; 85°C for 
industrial grade). 
Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 
Note 2: Testing done at Vcc = 5V and VON/OFF = 3V. 
Note 3: Supply current is measured with driver and receiver outputs 
unloaded and the driver inputs tied high. 
Note 4: Supply current and leakage current measurements in SHUTDOWN 
are performed with VON/OFF = 0.1V. Supply current measurements using 
DRIVER DISABLE are performed with VDRIVER DISABLE = 3V. 

350 600 ns 

Note 5: For driver delay measurements, RL = 3k and CL = 51 pF. Trigger 
points are set between the driver's input logic threshold and the output 
transition to the zero crossing (tHL = 1.4V to OV and tLH = 1.4V to OV). 
Note 6: For receiver delay measurements, CL = 51 pF. Trigger points are 
set between the receiver's input logic threshold and the output transillon 
to standard TTUCMOS logic threshold (tHL = 1.3V to 2.4V and tLH = 1.7V 
to 0.8V). 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

Driver Output Voltage 
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LT1l37A 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Driver Short-Circuit Current 
30 
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ON/OFF PIN 
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Pin FunCTions 
Vcc: SV Input Supply Pin. Supply current drops to zero in 
the SHUTDOWN mode. This pin should be decoupled with 
a 0.1 ~ ceramic capacitor close to the package pin. Insuf
ficient supply bypassing can result in low output drive 
levels and erratic charge pump operation. 

GND: Ground Pin. 

ON/OFF: nUCMOS Compatible Operating Mode Control. 
A logic low puts the device in the SHUTDOWN mode which 
reduces input supply current to zero and places all of the 
drivers and receivers in high impedance state. A logic high 
fully enables the transceiver. 

DRIVER DISABLE: This pin provides an alternate control 
for the charge pump and RS232 drivers. A logic high on 
this pin shuts down the charge pump and places all drivers 
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Receiver Short-Circuit Current 
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INPUT 

TEMPERATURE ('e) 

LT1131A'YPC11 

Driver Output Waveforms 

LT1131A'TPC13 

in a high impedance state. Receivers remain active under 
these conditions. Floating the driver disable pin or driving 
it to a logic-low level fully enables the transceiver. A logic 
low on the On/Off pin supersedes the state of the Driver 
Disable pin. Supply current drops to 4mA when in DRIVER 
DISABLE mode. 

V+: Positive Supply Output (RS232 Drivers). V+ '" 2Vee-
1.SV. This pin requires an external charge storage capaci
tor C ~ 0.1~, tied to ground or Vee. Larger value capaci
tors may be used to reduce supply ripple. With multiple 
transceivers, the V+ and V- pins may be paralleled into 
common capacitors. For large numbers of transceivers, 
increasing the size of the shared common storage capaci
tors is recommended to reduce ripple. 
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Pin FunCTions 
V-: Negative Supply Output (RS232 Drivers). V- '" -(2Vcc 
- 2.SV). This pin requires an external charge storage 
capacitor C ;::: 0.1~. V- is short-circuit proof for 30 
seconds. 

C1+, C1-, C2+, C2-: Commutating Capacitor Inputs. These 
pins require two external capacitors C ;::: 0.2~: one from 
C1 + to C1-, and another from C2+ to C2-. To maintain 
charge pump efficiency, the capacitor's effective series 
resistance should be less than 2Q. For C ;::: 1~, low ESR 
tantalum capacitors work well in this application, although 
small value ceramic capacitors may be used with a mini
mal reduction in charge pump compliance. In applications 
where larger positive voltages are available, such as 12V, 
C1 may be omitted and the positive voltage may be 
connected directly to the C1+ pin. In this mode of opera
tion, the V+ pin should be decoupled with a 0.1 ~ ceramic 
capacitor. 

DRIVER IN: RS232 Driver Input Pins: These inputs are 
nUCMOS compatible. Inputs should not be allowed to 
float. Tie unused inputs to Vee. 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Driver output swing meets RS232 levels for loads up to 3k. 

ESD PROTECTiOn 
The RS232 line inputs of the LT1137 A have on-chip 
protection from ESD transients up to ±10kV. The protec
tion structures act to divert the static discharge safely to 
system ground. In orderforthe ESD protection to function 
effectively, the power supply and ground pins of the 
LT1137A must be connected to ground through low 
impedances. The power supply decoupling capacitors and 
charge pump storage capacitors provide this low imped
ance in normal application of the circuit. The only con
straint is that low ESR capacitors must be used for 
bypassing and charge storage. ESD testing must be done 
with pins Vee, V+, V- and GND shorted to ground or 
connected with low ESR capacitors. 

1-18 

Slew rates are controlled for lightly loaded lines. Output 
current capability is sufficient for load conditions up to 
2S00pF. Outputs are in a high impedance state when in 
SHUTDOWN mode, Vee = OV, or when the driver disable 
pin is active. Outputs are fully short-circuit protected from 
V- + 30V to V+ - 30V. Applying higher voltages will not 
damage the device if the overdrive is moderately current 
limited. Short circuits on one output can load the power 
supply generator and may disrupt the signal levels of the 
other outputs. The driver outputs are protected against 
ESD to ±1 OkV for human body model discharges. 

RX IN: Receiver Inputs. These pins accept RS232 level 
signals (±30V) into a protected Sk terminating resistor. 
The receiver inputs are protected against ESD to ± 1 OkV for 
human body model discharges. Each receiver provides 
OAV of hysteresis for noise immunity. Open receiver 
inputs assume a logic low state. 

RX OUT: Receiver Outputs with nUCMOS Voltage Lev
els. Outputs are in a high impedance state when in SHUT
DOWN mode to allow data line sharing. Outputs are fully 
short-circuit protected to ground or Vee with the power 
on, off, or in SHUTDOWN mode. 

RS232 
LINE PINS 

PROTECTED 
TO .10kV 

ESD Test Circuit 

O.lIlF 
.,; , 26 O,21lF 'E 

+ -
.--~-«:Jo+2::....5 DRIVER 1 IN -
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...---1>0.-: +=2:;,,2 RX2 OUT 

.---09"'+,2,,-1 RX3 OUT 

RX3 IN ~_ ..... '--000+2::....0 RX4 OUT 
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DRIVER 3 OUT 11 18 RX5 OUT 
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14 15 
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TYPICAL APPLICATions 

Operation Using 5V and 12V Power Supplies 
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L'~ IJ TECHNOLOGY Low Power Digital Isolator 

February 1993 

FEATURES 
• Greater Than 2500V Isolation 
• Higher Voltage Options Available 
• Low Input Current 

LTC1145:600!lA 
LTC1146:60!lA 

• Maximum Input Frequency 
LTC1145:200kbps 
LTC1146:20kbps 

II TIL Level Output 
• Noise Filter Prevents Glitches at the Output 
• Output Can Be Synchronized to an External Clock 

APPLICATions 
• Low Power Opto-Isolator Replacement 
• Isolated Serial Data Interfaces 
• Isolated Power MOSFET Drivers 

TYPICAL APPLICATiOn 

1-20 

Digilallsolalion Inlerface 
Data Rate Up to 200kbps 

ff = 100kHz 
J1Jl 1 DIN GNDf f8 

7 NC 

ISOLATION 
BARRIER 

lTCf145 5V 

V 12 
CC f2= 5MHz 8 

J1Jl OSCIN 

9 GND2 

OS OUT 11 

Dour 10 

lUSTAQI 

DESCRIPTion 
The LTC1145/LTC1146 provide 2500V of inputto output 
isolation for TIL digital/CMOS signals. But unlike opto
isolators, the input current isa mere 60!lA forthe L TC1146 
which can handle frequencies up to 20kbps. The faster 
LTC1145 will handle frequencies up to 200kbps while only 
drawing 600!lA. 

The output signal is in phase with the input, and swings 
between GND2 and Vcc providing a TIL/CMOS compat
ible signal without any pull-up resistors. An on-chip noise 
filter helps prevent glitches and data errors at the output, 
and a pin is provided for synchronizing the output signal 
to an external system clock. 

LTC1145 Typical Waveforms 

OS OUT AND DOUT LOADED WITH f 5pF SCOPE PROBE 
If AND 12 SYNCHRONIZED FOR PHOTO 

IWii61AO~ 



LTCl145/LTCl146 

ABSOLUTE mAXimum RATinGS 
Supply Voltage ........................................................ 12V Operating Temperature Range ................ -40°C to 85°C 
Input Voltage Storage Temperature Range ................. -65°C to 150°C 

DIN ........................................... 12V to (GND1 - 0.3V) Lead Temperature (Soldering, 10 sec) ................. 300°C 
OSC IN ........................ (Vs + 0.3V) to (GND2 - 0.3V) 

Output Voltage 
OS OUT, DOUT ............. (Vs + 0.3V) to (GND2 - 0.3V) 

PACKAGE/ORDER InFORmATiOn 

ISOLATION 
BARRIER 

N PACKAGE 
lB-LEAD PlASTIC DIP 

ORDER PART 
NUMBER 

LTC1145CN 
LTC11451N 

ISOLATION 
BARRIER 

N PACKAGE 
l8-LEAD PLASTIC DIP 

ELECTRICAL CHARACTERISTICS Vee = 4.5V to 5.5V, TA = 25°C, unless otherwise noted. 

ORDER PART 
NUMBER 

LTC1146CN 
LTC11461N 

SYMBOL I PARAMETER I CONOITIONS I MIN TYP MAX UNITS 
LTC1145 

VOL Output Low Voltage as OUT, DOUT at 4mA 0.4 V 

VOH Output High Voltage as OUT, DOUT at 4mA 3.S V 

VIL Input Low Voltage OSCIN 0.8 V 

VIH Input High Voltage OSCIN 2.4 V 

liN Input Current OSCIN 10 I!A 
DIN at3V 400 I!A 
DIN at SV 600 I!A 
DIN at 10V 900 I!A 

Icc Supply Current Vcc = SV, OSC IN at OV 2 rnA 
tpLHl DIN to as OUT Low to High CL = 1SpF 100 ns 

tpHL1 DIN to as OUT High to Low CL = 1SpF 600 ns 

tPLH2 DIN to DOUT Low to High CL = 1SpF 600 ns 

tpHL2 DIN to DOUT Hig h to Low CL = 15pF 1.2 J.lS 
SR Input Signal Slew Rate DIN 1 500 V/J.lS 
TCM Common-Mode Slew DIN = GND1 Connected to VCM 1000 V/J.lS 

VINH Input High Voltage DIN 3 V 

VINL Input Low Voltage DIN 1 V 
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ELECTRICAL CHARACTERISTICS Vee = 4.5V to 5.5V, TA = 25°C, unless otherwise noted. 

SYMBOL I PARAMETER I CONDITIONS I MIN TYP MAX UNITS 
LTC1146 
VOL Output Low Voltage OS OUT, Dour at 4mA 0.4 V 
VOH Output High Voltage OS OUT, Dour at 4mA 3.5 V 
VIL Input Low Voltage DIN 0.8 V 
VIH Input High Voltage DIN 3 V 
liN Input Current DINat3V 40 !lA 

DIN at 5V 60 !lA 
DIN at 10V 100 !lA 

Icc Supply Current Vcc= 5V 2 mA 
tPLHl DIN to OS OUT Low to High CL = 15pF 100 ns 
tpHLl DIN to OS OUT High to Low CL = 15pV 6 lIS 
tpLH2 DIN to Dour Low to High CL = 15pF, CEXT = 50pF 4 lIS 
tpHL2 DIN to Dour High to Low CL = 15pF, CEXT = 50pF 10 lIS 
SR Input Signal Slew Rate DIN 1 500 VIlIS 
TCM Common-Mode Slew DIN = GND1 Connected to VCM 1000 VIlIS 

Pin FunCTions 
Pin 1 (DIN): Data Input. 

Pin 7 (NC): Not Connected. 

Pin 8 (LTC1145) (OSC IN): External Frequency Input. The 
signal on this pin overrides the internal oscillator fre
quency. 

Pin 8 (LTC1146) (CEXT): External CapaCitor. Connecting a 
capaCitor at this pin allows the internal oscillator fre
quency to be slowed down. 

Pin 9 (GND2): The Gground Connection of the Receiver 
Die. 

SWITCHinG TimE WAVEFORms 

Pin 10 (Dour): Data Output. The output signal has gone 
through the internal filter. The output level is TTL 
compatible. 

Pin 11 (OS OUT): One-Shot Output. The output signal that 
does not go through the internal filter. The output level is 
TTL compatible. 

Pin 12 (Vee): Positive Supply of the Receiver Die, 
4.5V < Vee < 5.5V. 

Pin 18 (GND1): The Ground Connection of the Driver Die. 

3V 
DIN "D~=20ns 

OV 

os OUT 
OV -+-~ 

DOUT 
OV ----.jf 

1t4516Wf01 
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FunCTionAL DIAGRAmS 

LTC1145 

DIEtl DIE #2 

DATA 1 
INPUT TIL 

BUFFER 
11 ONE SHOT 

OUTPUT 

0 a IN 
OUT 

ONE SHOT 
FILTER TIL 

BUFFER 

8 EXT 9 IN 
':" GND2 OSC 

ISOLATION 
BARRIER CLOCK 

DETECTOR 

1I4SFOOI 

LTC1146 

DIE'l DIE #2 

DATA 1 
INPUT TIL 

BUFFER 
11 ONE SHOT 

OUTPUT 

a IN 
OUT 

ONE SHOT 
FILTER TIL 

BUFFER 

9 
':" GND2 

ISOLATION 
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EXT CAP 

EXT 
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11~.; l~N~A~. LTl180A/LTl181A 
~j) TJ!~Mo~~" =,=. M_i_mm'Wi'='li=m:"'=L=;=~=' p=<l!~:::B:~!l:!I!lI";llIlEIIriir-5V-R-S2-3-2 

o ESD Protection over ±1 OkV 
o Uses Small Capacitors: 0.1/lf 
o Operates to 120k Baud 
o Outputs Withstand ±30V Without Damage 
o CMOS Comparable Low Power: 40mW 
o Operates from a Single 5V Supply 
o Rugged Bipolar Design 
o Outputs Assume a High Impedance State When Off 

or Powered Down 
o Meets All RS232 Specifications 
o Available With or Without Shutdown 
o Absolutely No Latch-up 
o Available in SO Package 

o Portable Computers 
o Battery-Powered Systems 
Ei Power Supply Generator 
o Terminals 
o Modems 

r ---)11!....,7 __ _ 
5V INPUT 

LOGIC 
INPUTS 

ou}~~i~ 

lT1180A 

j.::---;,...+-.... V+OUT 

TO.1~F 

t-:-7 --"':'f--_V- OUT 

"']}'O.1~F 

15 ':' 

{
-:.=.fo-f >O---+-'----RS232 OUTPUT 

-'"+-I >O---f'---RS232 OUTPUT 

[ 
-...:.::.r-o< ...... -+1:..;..4 ---RS232 INPUT 

-...:.::.r-o< ...... ---f::.....---RS232INPUT 

16 
ON/OFF 

'---_ .... ':' LT118M..TAOI 
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Dual Driver/Receiver with 
O. 1 /-IF Capacitors 

The L T1180AlL T1181 A are dual RS232 driver/receiver 
pairs with integral charge pump to generate RS232 volt
age levels from a single 5V supply. These circuits feature 
rugged bipolar design to provide operating fault tolerance 
and ESD protection unmatched by competing CMOS 
designs. Using only 0.1 /If external capacitors, these cir
cuits consume only 40mW of power, and can operate to 
120k baud even while driving heavy capacitive loads. New 
ESD structures on the chip allow the LT1180AlL T1181A to 
survive multiple ±10kV strikes, eliminating the need for 
costly TransZorbs® on the RS232 line pins. The LT1180Al 
LT1181 A are fully compliant with EIA RS232 standards. 
Driver outputs are protected from overload, and can be 
shorted to ground or up to ±30V without damage. During 
SHUTDOWN or power-off conditions, driver and receiver 
outputs are in a high impedance state, allowing line . 
sharing. 

The L T1181 A is available in 16-pin DI P and SO packages. 
The LT1180A is supplied in 18-pin DI P and SO packages 
for applications which require SHUTDOWN. 
TransZorb IS a registered trademark Of General Instruments. GSI 

DRIVER 
OUTPUT 

RL =3k 
CL = 2500pF 

RECEIVER 
OUTPUT 

CL = 50pF 

INPUT 

Output Waveforms 

LT1180i\.·TA02 



ABSOLUTE mAXimum RATinGS 
Supply Voltage (Vce) ................................................. 6V 
V+ ......................................................................... 13.2V 
V- ....................................................................... -13.2V 
Input Voltage 

Driver ............................................................ V- to V+ 
Receiver ................................................ - 30V to 30V 
ON/OFF ................................................. -0.3V to 12V 

Output Voltage 
Driver ....................................... V+ - 30V to V- + 30V 
Receiver .................................... -0.3V to Vcc + O.3V 

PACKAGE/ORDER InFORmATiOn 

TOP VIEW 

N PACKAGE S PACKAGE 

ORDER PART 
NUMBER 

LT1180AIN 
LT1180ACN 
LT1180ACS 

18-LEAD PLASTIC DIP 18-LEAD PLASTIC SOL 

TJMAX = 125'C. 9JA = 80'C/W. 9JC = 36'C/W (N) 
TJMAX = 125'C. 9JA = 90'C/W, 9JC = 26'C/W (S) 

ELECTRICAL CHARACTERISTICS (Note 2) 

PARAMETER I CONDITIONS 
Power Supply Generator 
V+ Output 
v- Output 
Supply Current (Vccl (Note 3), TA = 25°C 

Supply Current When OFF (Vcc) SHUTDOWN (Note 4) LT1180A Only 
Supply Rise Time C1 =C2=C3=C4=0.1!!F 
SHUTDOWN to Turn-On L T1180A Only 

LTl180A/LTl181A 

Short-Circuit Duration 
V+ .................................................................... 30sec 
V- .................................................................... 30 sec 
Driver Output .............................................. Indefinite 
Receiver Output .......................................... Indefinite 

Operating Temperature Range 
LT1180AIIL T1181 AI ........................... - 40°C to 85°C 
L T1180AC/L T1181 AC ............................. O°C to lO°C 

Storage Temperature Range ................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec) ................. 300°C 

TOP VIEW 

N PACKAGE S PACKAGE 
16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOL 

TJMAX = 125'C, 9JA = 90'C/W, 9JC = 46'C/W (N) 
TJMAX = 125'C, 9JA = 95'C/W, 8JC = 2JOC/W (S) 

MIN 

0 

0 

ORDER PART 
NUMBER 

LT1181AIN 
LT1181ACN 
LT1181ACS 

TYP MAX UNITS 

7.9 V 
-7.0 V 

9 13 mA 
16 mA 

1 10 ~ 
0.2 ms 
0.2 ms 

ON/OFF Pin Thresholds Input Low Level (Device SHUTDOWN) 0 0,8 1.2 V 
Input High Level (Device Enabled) e 1.6 2.4 V 

ON/OFF Pin Current OV ~ VON/5Fi' ~ 5V fl) -15 80 ~ 
Oscillator Frequency 130 kHz 
Driver 
Output Voltage Swing Load = 3k to GND Positive (i) 5.0 7.5 V 

Negative 6) -6.3 -5.0 V 
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ELECTRICAL CHARACTERISTICS (Note 2) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Logic Input Voltage Level Input Low Level (VOUT = High) 0 1.4 O.B V 

Input High Level (VOUT = Low) 0 2.0 1.4 V 
Logic Input Current 0.8V ~ VIN ~ 2.0V I!> 5 20 !lA 
Output Short-Circuit Current VOUT = OV 17 rnA 
Output Leakage Current SHUTDOWN VOUT = ±30V (Note 4) 0 10 100 !lA 
Slew Rate RL = 3k, CL = 51pF 15 30 VlIJS 

RL = 3k, CL = 2500pF 4 7 VlIJS 
Propagation Delay Output Transition tHL High-to-Low (Note 5) 0.6 1.3 IJS 

Output Transition tLH Low-to-High 0.5 1.3 IJS 
Receiver 
Input Voltage Thresholds Input Low Threshold (VOUT = High) O.B 1.3 V 

Input High Threshold (VOUT = Low) 1.7 2.4 V 
Hysteresis 0 0.1 0.4 1.0 V 
Input Resistance 3 5 7 kn 
Output Leakage Current SHUTDOWN (Note 4) 0 ~ VOUT ~ VCC 0 1 10 !lA 
Output Voltage Output Low, lOUT = -1.6mA 0 0.2 0.4 V 

Output High, lOUT = 160!lA (Vcc = 5V) 0 3.5 4.2 V 
Output Short-Circuit Current Sinking Current, VOUT = Vcc -20 -10 rnA 

Sourcing Current, VOUT = OV 10 20 rnA 
Propagation Delay Output Transition tHL High-to-Low (Note 6) 250 600 ns 

Output Transition tLH Low-to-High 350 600 . ns 

The odenotes specifications which apply over the operating temperature 
range (O°C ~ TA ~ 70°C for commercial grade, and -40°C ~ TA ~ 85°C for 
industrial grade. 

Nole 4: Supply current measurements in SHUTDOWN are performed with 
VON/OFF ~ O.lV. 

Nole 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 

Note 5: For driver delay measurements, RL = 3k and CL = 51 pF. Trigger 
pOints are set between the driver's input logic threshold and the output 
transition to the zero crossing (tHL = l.4V to OV and tLH = l.4V to OV). 
Note 6: For receiver delay measurements, CL = 51 pF. Trigger points are 
set between the receiver's input logic threshold and the output transition 
to standard nUCMOS logic threshold (tHL = 1.3V to 2.4V and tLH = 1.7V 
to 0.8V). 

Nole.2: Testing done at Vcc = 5Vand VON/OfF = 3V, unless otherwise 
specified. 
Nole 3: Supply current is measured as the average over several charge 
pump cycles. C+ = C-= Cl = C2 = O.lJ.lF. All outputs are open, with all 
driver inputs tied high. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
Driver Maximum Output Voltage 
vs Load Capacitance 

Driver Minimum Output Voltage 
vs Load Capacitance 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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LT1l80A/LT1l81A 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Shutdown to Driver Outputs 
10V 

GND 

GND 

DRIVER 2 -5V 
OUTPUT 

-10V 

ON/OFF PIN 

Pin FUnCTiOns 
Vee: 5V Input Supply Pin. This pin should be decoupled 
with a 0.1/lf ceramic capacitor close to the package pin. 
Insufficient supply bypassing can result in low output 
drive levels and erratic charge pump operation. 

GND: Ground Pin. 

ON/OFF: A nUCMOS Compatible Operating Mode Con
trol. A logic low puts the L T1180A in SHUTDOWN mode. 
Supply current drops to zero and both driver and receiver 
outputs assume a high impedance state. A logic high fully 
enables the device. 

V+: Positive Supply Output (RS232 Drivers). V+ '" 2Vee-
1.5V. This pin requires an external charge storage capaci
tor C;;:: 0.1 /If, tied to ground or Vee. Larger value capaci
tors may be used to reduce supply ripple. With multiple 
transceivers, the V+ and V- pins may be paralleled into 
common capacitors. 

V-: Negative Supply Output (RS232 Drivers). V- '" -(2Vee 
- 2.5V). This pin requires an external charge storage 
capacitor C ;;:: 0.1 /If. Larger value capacitors may be used 
to reduce supply ripple. With multiple transceivers, the V+ 
and V- pins may be paralleled into common capacitors. 

TR1IN, TR2IN: RS232 Driver Input Pins. These inputs are 
nUCMOS compatible. Inputs should not be allowed to 
float. Tie unused inputs to Vee. 

TR1 OUT, TR2 OUT: Driver Outputs at RS232 Voltage 
Levels. Driver output swing meets RS232 levels for loads 
up to 3k. Slew rates are controlled for lightly loaded lines. 
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DRIVER OUTPUT 
Rl= 3k 

Cl = 2500pF 

DRIVER OUTPUT 
Rl = 3k 

INPUT 

Driver Output Waveforms 

Output current capability is sufficient for load conditions 
up to 2500pF. Outputs are in a high impedance state when 
in SHUTDOWN mode, Vee = OV, orwhen the driver disable 
pin is active. Outputs are fully short-circuit protected from 
V- + 30V to V+ - 30V. Applying higher voltages will not 
damage the device if the overdrive is moderately current 
limited. Short circuits on one output can load the power 
supply generator and may disrupt the signal levels of the 
other outputs. The driver outputs are protected against 
ESD to ±1 OkV for human body model discharges. 

REC1 IN, REC2 IN: Receiver Inputs. These pins accept 
RS232 level signals (±30V) into a protected 5k terminat
ing resistor. The receiver inputs are protected against ESD 
to±1 OkVfor human body model discharges. Each receiver 
provides O.4V of hysteresis for noise immunity. Open 
receiver inputs assume a logic low state. 

REC1 OUT, REC2 OUT: Receiver outputs with nUCMOS 
Voltage Levels. Outputs are in a high impedance state 
when in SHUTDOWN mode to allow data line sharing. 
Outputs are fully short-circuit protected to ground or Vee 
with the power ON, OFF or in the SHUTDOWN mode. 

C1+, C1-, C2+, C2-: Commutating Capacitor Inputs. 
These pins require two external capacitors C;;:: 0.1 /If: one 
from C1 + to C1- and another from C2+ to C2-. C1 should 
be deleted if a separate 12V supply is available and 
connected to pin C1 +. Similarly, C2 should be deleted if a 
separate -12V supply is connected to pin V-. 



ESD PROTECTion 
The RS232 line inputs of the L T1180AlLT1181 A have on
chip protection from ESD transients up to ±10kV. The 
protection structures act to divert the static discharge 
safely to system ground. In orderforthe ESD protection to 
function effectively, the power supply and ground pins of 
the circuit must be connected to ground through low 
impedances. The power supply decoupling capacitors and 
charge pump storage capacitors provide this low imped
ance in normal application of the circuit. The only con
straint is that low ESR capacitors must be used for 
bypassing and charge storage. ESD testing must be done 
with pins Vee, VL, V+, V-, and GND shorted to ground or 
connected with low ESR capacitors. 

TYPICAL APPLICATiOnS 

LTllBOAjLTllBl A 

ESD Test Circuit 

NC 18 ON/OFF 

LT1180A t-'1.;..7.;..5V...;.Vc""c __ -, 

+ 
16 GNO "I" O.1I1F 

15 DR1 OUT} ":" ":" 
RS232 

.---_-+1:.;:.4 RX1 IN LINE PINS 
PROTECTED 

13 RX1 OUT TO .10kV 

L...-__ -r:-=-12 DR1 IN 

{
DR2 OUT 8 11 DR21N 

RS232 
pkb~~t+~g RX2 IN 10 RX2 OUT 

TO .10kV 

Operation Using 5V and 12V Power Supplies Supporting an LT1D39 (Triple Driver/Receiver) 

SHUTDOWN_P__-----------------, 
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.-----..17 
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Advanced Power Management and 

One Receiver Active in SHUTDOWN 

Cl One Receiver Remains Active While in SHUTDOWN 
Cl ESD Protection over ±10kV 
Cl Uses Small Capacitors: 0.1 !-iF, O.2!-iF, 1.0!-iF 
Cl 601JA Supply Current in SHUTDOWN 
Cl Pin-Compatible with L T1137 A 
Cl Operates to 120k Baud 
Cl CMOS Comparable Low Power 30mW 
Cl Operates from a Single 5V Supply 
Cl Easy PC Layout - Flowthrough Architecture 
Cl Rugged Bipolar Design 
Cl Outputs Assume a High Impedance State When Off 

or Powered Down 
Cl Absolutely No Latchup 
[] Available in SO and SSOP Packages 

Cl Notebook Computers 
Cl Palmtop Computers 

V+ 1 

The LT1237 is an advanced low power three driver, five 
receiver RS232 transceiver. Included on the chip is a 
shutdown pin for reducing supply current near zero. 
During SHUTDOWN one receiver remains active to detect 
incoming RS232 signals, for example, to wake up a 
system. 

The LT1237 is fully compliant with all EIA RS232 specifi
cations. New ESD structures on the chip allow the LT1237 
to survive multiple ±1 OkV strikes, eliminating the need for 
costly TransZorbs® on the RS232 line pins. 

The L T1237 operates in excess of 120k baud even driving 
heavy capacitive loads. Two SHUTDOWN modes allow the 
driver outputs to be shut down separately from the receiv
ers for more versatile control of the RS232 interface. 
During SHUTDOWN, drivers and receivers assume a high 
impedance state. 

TransZorb is a registered trademark of General Instruments. GSI 

Output Waveforms 

LT1237 
1.°IlF -::c- 5V vee O.1IlF 

':' + 26 2 x O.1IlF -::t' 
2xO.11lF 25 DRIVER11~ 1 ':' 
J 

DRIVER 1 OUT 5 24 RX1 OUT 

RX1 IN 6 23 DRIVER 2 IN 

DRIVER 2 OUT 7 22 RX2 OUT TO LOGIC 

RECEIVER 
OUTPUT 

Cl = 50pF 

DRIVER 
OUTPUT 
Rl = 3k 

Cl = 2500pF TO RX2 IN B 21 RX3 OUT j 
RX41N ....:.:10,....---, r-<><J-t'-"- DRIVER 31N ,...-___ ----, 

LINE 1 RX3 IN --,9+----, 20 RX4 OUT 

DRIVER 3 OUT 11 RX5 OUT LOW-O RING DETECT IN INPUT 

RX5 IN (LOW-a) 12 IlCONTROLLER OR 
ON/OFF 13 IlPROCESSOR 
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LT1237 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATiOn 
(Nole 1) 

Supply Voltage (Vccl ................................................. 6V 
V+ ......................................................................... 13.2V 
V- ....................................................................... -13.2V 
Input Voltage 

Driver ............................................................ V- to V+ 
Receiver ................................................ - 30V to 30V 

Output Voltage 
Driver ..................................................... -30V to 30V 
Receiver .................................... -0.3Vto Vcc + 0.3V 

Short Circuit Duration 
V+ .................................................................... 30 sec 
V- .................................................................... 30 sec 
Driver Output .............................................. Indefinite 
Receiver Output .......................................... Indefinite 

Operating Temperature Range 
LT12371 ............................................. -40°C to 85°C 
L T1237C ................................................. O°C to 70°C 

Storage Temperature Range ................. - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec) ................. 300°C 

ELECTRICAL CHARACTERISTICS (Nole 2) 

PARAMETER I CONDITIONS 
Power Supply Generator 
v, Output 
V- Output 

Supply Current (Vcc) TA = 25°C (Note 3) 

Supply Current when OFF (Vcc) SHUTDOWN (Note 4) 
DRIVER DISABLE 

Supply Rise Time C1 = C2 = 0.2J.lF, 
SHUTDOWN to Turn-On C· = 1.0J.lF, C- = 0.1J.lF 
ON/OFF Pin Thresholds Input Low Level (Device SHUTDOWN) 

Input High Level (Device Enabled) 
ON/OFF Pin Current OV ~ VON/OFF ~ 5V 
Driver Disable Pin Thresholds Input Low Level (Drivers Enabled) 

Input High Level (Drivers Disabled) 
Driver Disable Pin Current OV ~ VDRIVER DISABLE ~ 5V 
Oscillator Frequency Driver Outputs Loaded RL = 3k 

TOP VIEW 

J PACKAGE N PACKAGE 
28-LEAD CERAMIC DIP 28-LEAD PLASTIC DIP 

S PACKAGE 
28·LEAD SOL 

G PACKAGE 
28-LEAD SSOP 

TJMAX= 150°C, 6JA= 62°C/W (J) 

TJMAX = 150°C, 6JA= 56°C/W (N) 
TJMAX = 150°C, 6JA= 85°C/W (S) 
TJMAX = 150°C, 6JA = 96°C/W (G) 

ORDER PART 
NUMBER 

LT12371J 
LT12371N 
LT1237CJ 
LT1237CN 
LT1237CS 
LT1237CG 

MIN TYP MAX UNITS 

7.9 V 
-7 V 
6 12 rnA 

0 6 14 rnA 

0 0.06 0.15 rnA 
3.00 rnA 

2 ms 

0 0.8 1.2 V 
El 1.6 2.4 V 

0 -15 80 ~ 
('l 0.8 1.4 V 
@ 1.4 2.4 V 

• -10 500 ~ 
130 kHz 
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LT1237 

ELECTRICAL CHARACTERISTICS (Note 2) 

PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Any Driver 
Output Voltage Swing Load = 3k to GND Positive 0 5.0 7.5 V 

Negative 0 -6.3 -5.0 V 
Logic Input Voltage Level Input Low Level (VOUT = High) 0 1.4 0.8 V 

Input High Level (VOUT = Low) 0 2.0 1.4 V 
Logic Input Current 0.8V ~ VIN ~ 2V 0 5 20 ~ 
Output Short-Circuit Current VOUT = OV 17 rnA 
Output Leakage Current SHUTDOWN VOUT = ±30V (Note 4) 0 10 100 ~ 
Slew Rate RL = 3k, CL = 51pF 15 30 V/JlS 

RL = 3k, CL = 2500pF 4 7 V/JlS 
Propagation Delay Output Transition tHL High to Low (Note 5) 0.6 1.3 JlS 

Output Transition tLH Low to High 0.5 1.3 JlS 
Any Receiver 
Input Voltage Thresholds Input Low Threshold (VOUT = High) 0.8 1.3 V 

Input High Threshold (VOUT = Low) 1.7 2.4 V 
Hysteresis 0 0.1 0.4 1.0 V 
Input Resistance 3 5 7 kQ 
Output Leakage Current SHUTDOWN (Note 4) 0 ~ VOUT ~ Vee 0 1 10 ~ 
Receivers 1, 2, 3, 4 
Output Voltage Output Low, lOUT = -1.6mA 0 0.2 0.4 V 

Output High, lOUT = 160~ (Vee = 5V) 0 3.5 4.2 V 
Output Short-Circuit Current Sinking Current, VOUT = Vee -10 -20 rnA 

Sourcing Current, VOUT = OV 10 20 rnA 
Propagation Delay Output Transition tHL High to Low (Note 6) 250 600 ns 

Output Transition tLH Low to High 350 600 ns 
Receiver 5 (LOW ISUPPLY RX) 
Output Voltage Output Low, IOUF -500~ () 0.2 0.4 V 

Output High, lOUT = 160~ (Vee = 5V) () 3.5 4.2 V 
Output Short-Circuit Current Sinking Current, VOUT = Vee -2 -4 rnA 

Sourcing Current, VOUT = OV 2 4 rnA 
Propagation Delay Output Transition tHL High to Low (Note 6) 1.0 3 JlS 

Output Transition tLH Low to High 

The 0 denotes specifications which apply over the operating temperature 
range (O°C ~ T A ~ 70°C for commercial grade, and -40°C ~ TA ~ 85°C for 
industrial grade). 
Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 
Note 2: Testing done at Vee = 5V and VON/OFF = 3V, unless otherwise 
specified. 
Note 3: Supply current is measured as the average over several charge 
pump burst cycles. C+ = 1.0J,lf, C- = 0.1J,1f, C1 = C2 = 0.2J,1f. All outputs 
are open, with all driver inputs tied high. 
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0.6 3 JlS 

Note 4: Measurements in SHUTDOWN are performed with VON/OFF ~ 0.1V. 
Supply current measurements using DRIVER DISABLE are performed with 
Va RIVER DISABLE ~ 3V. 
Note 5: For driver delay measurements, RL = 3k and CL = 51 pF. Trigger 
points are set between the driver's input logic threshold and the output 
transition to the zero crossing (tHL = 1.4V to OV and tLH = 1.4V to OV). 
Note 6: For receiver delay measurements, CL = 51 pF. Trigger points are 
set between the receiver's input logic threshold and the output transition 
to standard nUCMOS logic threshold (tHL = 1.3V to 2.4V and tLH = 1.7V 
to 0.8V). 



TYPICAL PERFORmAnCE CHARACTERISTICS 
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LT1237 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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Receiver Output Waveforms 

Pin FunCTions 

1237612 

Vee: SV Input Supply Pin. This pin should be decoupled 
with a O.1~ ceramic capacitor close to the package pin. 
Insufficient supply bypassing can result in low output 
drive levels and erratic charge pump operation. 

GND: Ground Pin. 

ON/OFF: TTUCMOS Compatible Operating Mode Control. 
A logic low puts the device in the low power SHUTDOWN 
mode. All three drivers and four receivers (RX1, RX2, RX3, 
and RX4) assume a high impedance output state in SHUT
DOWN. Only receiver RXS remains active while the trans
ceiver is in SHUTDOWN. The transceiver consumes only 
60~ of supply current while in SHUTDOWN. A logic high 
fully enables the transceiver. 
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Receiver Shari-Circuit Current 

O~~~-L-L~~~ 
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DRIVER OUTPUT 
RL=3k 

INPUT 

1237611 

Driver Output Waveforms 

1237613 

DRIVER DISABLE: This pin provides an alternate control 
for the charge pump and RS232 drivers. A logic high on 
this pin shuts down the charge pump and places all driver 
outputs in a high impedance state. All five receivers remain 
active under these conditions. Floating the driver disable 
pin or driving it to a logic low level fully enables the 
transceiver. A logic low on the On/Off pin supersedes the 
state of the Driver Disable pin. Supply current drops to 
3mA when in DRIVER DISABLE mode. 

V+: Positive Supply Output (RS232 Drivers). V+ '" 2Vcc-
1.SV. This pin requires an external charge storage capaci
tor C ~ 1.0~, tied to ground or Vce. Larger value capaci
tors may be used to reduce supply ripple. The ratio of the 
capacitors on V+ and V- should be greater than S to 1. 



Pin FunCTions 
V-: Negative Supply Output (RS232 Drivers). V-'" -(2Vee 
- 2.5V). This pin requires an external charge storage 
capacitor C ;:: O.1W. See the Applications Information 
section for guidance in choosing filter capacitors for V+ 
and V-. 

C1+, C1-, C2+, C2-: Commutating Capacitor Inputs, re
quire two external capacitors C ;:: O.2W: one from C1 + to 
C1-, and another from C2+ to C2-. The capacitor's effec
tive series resistance should be less than 20. For C;:: 1 W, 
low ESR tantalum capacitors work well in this application, 
although small value ceramic capacitors may be used with 
a minimal reduction in charge pump compliance. 

DRIVER IN: RS232 Driver Input Pins. These inputs are 
nUCMOS compatible. Inputs should not be allowed to 
float. Tie unused inputs to Vee. 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Driveroutput swing meets RS232 levels for loads up to 3k. 
Slew rates are controlled for lightly loaded lines. Output 
current capability is sufficient for load conditions up to 
2500pF. Outputs are in a high impedance state when in 
SHUTDOWN mode, Vee = OV, or when the driver disable 
pin is active. Outputs are fully short-circuit protected from 
V- + 30V to V+ - 30V. Applying higher voltages will not 
damage the device if the overdrive is moderately current 
limited. Short circuits on one output can load the power 

ESD PROTECTiOn 
The RS232 line inputs of the LT1237 have on-chip protec
tion from ESD trapsients up to ±10kV. The protection 
structures act to divert the static discharge safely to 
system ground. In orderforthe ESD protection to function 
effectively, the power supply and ground pins of the 
LT1237 must be connected to ground through low imped
ances. The power supply decoupling capacitors and charge 
pump storage capacitors provide this low impedance in 
normal application ofthe circuit. The only constraint is that 
low ESR capaCitors must be used for bypassing and 
charge storage. ESD testing must be done with pins Vee, 
VL, V+, V-, and GND shorted to ground or connected with 
low ESR capacitors. 

LT1237 

supply generator and may disrupt the signal levels of the 
other outputs. The driver outputs are protected against 
ESD to ±1 OkV for human body model discharges. 

RX IN: Receiver Inputs. These pins accept RS232 level 
signals (±30V) into a protected 5k terminating resistor. 
The receiver inputs are protected against ESD to ±1 OkV for 
human body model discharges. Each receiver provides 
O.4V of hysteresis for noise immunity. Open receiver 
inputs assume a logic low state. 

RX OUT: Receiver Outputs with nUCMOS Voltage Lev
els. Outputs RX1, RX2, RX3, and RX4 are in a high 
impedance state when in SHUTDOWN mode to allow data 
line sharing. Outputs, including LOW-Q RX OUT, are fully 
short-circuit protected to ground or Vee with the power 
on, off, or in SHUTDOWN mode. 

LOW Q-CURRENT RX IN: Low Power Receiver Input. This 
special receiver remains active when the part is in SHUT
DOWN mode, consuming typically 60~. This receiver has 
the same 5k input impedance and ±10kV ESD protection 
characteristics as the other receivers. 

LOW Q-CURRENT RX OUT: Low Power Receiver Output. 
This pin produces the same nUCMOS output voltage 
levels as receivers RX1, RX2, RX3, and RX4 with slightly 
decreased speed and short-circuit current. Data rates to 
120k baud are supported by this receiver. 

RS232 
LINE PINS 

PROTECTED 
TO .10kV 

ESD Test Circuit 

O.1"F 
26 0.2"F"'E 

+ -.--__ :::H2~5 DRIVER liN -

...--_-c>o-t=2"-4 RXl OUT 

...--_0<1-;.:20::.,.3 DRIVER 21N 

...----1>o-r:22=- RX2 OUT 
...--........... ov-r2_1 RX3 OUT 

RX3 IN --=+_ .... r---D.o-+=2:::.,0 RX4 OUT 
RX4 IN 10 19 DRIVER 31N 

DRIVER 3 OUT 11 18 RX5 OUT (Low.a) 

RXS IN (Low.a) 12 17 GND 

ON/OFF 13 16 DRIVER DISABLE 
14 15 

1237TC01 
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APPLICATions InFoRmATion 
Storage Capacitor Selection 

The V+ and V- storage capacitors must be chosen care
fully to insure low ripple and stable operation. The L T1237 
charge pump operates in a power efficient Burst Mode™. 
When storage capacitor voltage drops below a preset 
threshold, the oscillator is gated on until V+ and V- are 
boosted up to levels exceeding a second threshold. The 
oscillator then turns off, and current is supplied from the 
V+ and V- storage capacitors. 

The V- potential is monitored to control charge pump 
operation. It is therefore important to insure lower V+ 
ripple than V- ripple, or erratic operation of the charge 
pump will result. Proper operation is insured in most 
applications by choosing the V+ filter capacitor to be at 
least 5 times the V- filter capacitor value. If V+ is more 
heavily loaded than V-, a larger ratio may be needed. 

The V- filter capacitor should be selected to obtain low 
ripple when the drivers are loaded, forcing the charge 
pump into continuous mode. A minimum value O.1JlF is 
suggested. 

Do not attemptto reduce V- ripple when the charge pump 
is in discontinuous Burst Mode™ operation. The ripple in 
this mode is determined by internal comparator thresh
olds. Larger storage capacitor values increase the burst 
period, and do not reduce ripple amplitude. 

Power Saving Operational Modes 

The LT1237 has both SHUTDOWN and DRIVER DISABLE 
operating modes. These operating modes can optimize 
power consumption based upon applications needs. 

The On/Off shutdown control turns off all circuitry except 
for Low-Q RX5. When RX5 detects a signal, this informa
tion can be used to wake up the system for full operation. 

If more than one line must be monitored, the DRIVER 
DISABLE mode provides a power efficient operating op
tion. The DRIVER DISABLE mode turns off the charge 
pump and RS232 drivers, but keeps all five receivers 
active. Power consumption in DRIVER DISABLE mode is 
3mA from Vee. 

Burst Mode is a trademark of Linear Technology Corporation 

Typical Mouse Driving Application 

v+ 1 ,-------------------
MOUSE 1=--+---1+ 2xO.1"F E O.l"F 

25 ORIVER 1 IN LOGIC::;" 

o----!~+----~~~ ,...-_'-O<~...!:!.!!~:..!!!....-LOGIC"O" 
ORIVER 2 OUT 7 

'-I-+-+--+-o--~~ Lt---""::::::':::"'..::.t---' r----[>o-f.;.:....:~:::.:--- MOUSE OATA 
L......f-+--~o_~:.J '-+-__ ..:.:::::.::.:.....::.j----I.---r>o~2~O RX4 OUT 

'---+---;-<>--_~:.:..----I ,...-_--:.:::::.:::....:.::.j-_....I .-_:3+1~9 ..;:D~RIV~ER:..::3.!!!IN~- LOGIC "1" 
o-r-:-:::...---' r=~~~-....I .... -f:>c*1~8 RX5 OUT (Low·a) 

17 GND 
I __________________ J 16 DRIVER DISABLE 

14 15 

1237TAQ3 
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;1cvuntM~===LTC1=32q 
~JJ TECHNOLOGY AppleTalk@ Transceiver 

D Single Chip Provides Complete 
LocaITalk®/AppleTalk® Port 

D Low Power: Icc = 1.2mA Typ 
D Shutdown Pin Reduces Icc to 30J.IA Typ 
D Drivers Maintain High Impedance in Three-State 

or with Power Off 
D 30ns Driver Propagation Delay Typ 
D Sns Driver Skew Typ 
D Thermal Shutdown Protection 
D Drivers are Short-Circuit Protected 

D LocalTalk Peripherals 
D Notebook/Palmtop Computers 
D Battery-Powered Systems 
D RS232/S62 to RS422 Conversion 

LocalTalk and AppleTalk are registered trademarks of Apple Computer, Inc. 

'if~Javil«:[iiJ[b [iiJ[F)[iD[bOefliJUil©a=n 

Typical LocalTalk Connection 

5V 

DATA IN 

TX ENABLE 

RX ENABLE 

DATA OUT 

SHUTDOWN 

-: -5V 

* 

litE 

*LocaITalkTRANSFORMER 

The L TC1320 is an RS422/RSS62 line transceiver de
signed to operate on LocalTalk networks. It provides one 
differential RS422 driver, one single-ended RSS62 driver, 
two single-ended RSS62 receivers, and one differential 
RS422 receiver. The LTC1320 draws only 1.2mA quies
cent current when active and 30J.IA in shutdown, making 
it ideal for use in battery-powered devices and other 
systems where power consumption is a primary concern. 

The L TC1320 d rivers are specified to drive ±2V into 100n. 
Additionally, the driver outputs three-state when disabled, 
during shutdown, or when the power is off; they maintain 
high impedance even with output common-mode volt
ages beyond the power supply rails. Both the driver 
outputs and receiver inputs are protected against ESD 
damage to beyond SkV. 

The LTC1320 is available in the 18-pin SOL package. 

Output Waveforms 

DATA IN 5V1DIV 

2vmlV 

SIGNALS 
ON LINE 

2V1DIV 

DATA OUT 
5vmlV 

(REMOTE 
RECEIVER) 

50nslDlV 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER .lnFORmATIOn 
Supply Voltage (Voo) ................................................. 7V 
Supply Voltage (Vss) .............................................. -7V 
Input Voltage (Logic Inputs) ......... -0.3V to Voo + 0.3V 
Input Voltage (Receiver Inputs) ............................ ±15V 
Driver Output Voltage (Forced) ............................. ±15V 
Output Short-Circuit Duration ......................... Indefinite 
Operating Temperature Range .................... O°C ot 70°C 
Storage Temperature Range ................. -65°c to 150°C 
Lea.d Temperature (Soldering, 10 sec) ................ 300°C 

TXI 
TXOEN 

TOP VIEW 

S PACKAGE 
1B-LEAO PLASTIC SOL 

DC ELECTRICAL CHARACTERISTICS Vs=±5V±5%, TA= DOC 10 7DoC (Noles 2, 3) 

SYMBOL PARAMETER CONDITIONS MIN 

Voo Differential Driver Output Voltage No Load 0 B.O 
RL = loon (Figure 1) 0 2.0 

Change in Magnitude of Driver RL = lOOn (Figure 1) 
Differential Output Voltage 

Voc Driver Common-Mode Output Voltage RL = lOOn (Figure 1) 
Output Common-Mode Range SD = 5V or Power Off 0 

Single-Ended Driver Output Voltage No Load 0 ±4.0 
RL=400n 0 ±3.4 

Input High Voltage All Logic Input Pins 0 2.0 
Input Low Voltage All Logic Input Pins 0 

Input Current All Logic Input Pins 0 

Three-State Output Current SD = 5Vor Power Off, -10V <Va < 10V 0 

Driver Short-Circuit Current -5V<Vo<5V 0 35 
Receiver Input Resistance -7V<VIN<7V 0 12 

VOH Receiver Output High Voltage lo=-4mA 0 3.5 

VOL Receiver Output Low Voltage lo=4mA 0 

Receiver Output Short-Circuit Current OV<Vo<5V 0 7 
Receiver Output Three-State Current OV<Vo<5V 0 

Differential Receiver Threshold Voltage -7V<VCM<7V 0 -200 

Differential Receiver Input Hysteresis -7V <VCM <7V 
Single-Ended Receiver Input Low Voltage 0 

Single-Ended Receiver Input High Voltage 0 2 

100 Supply Current No Load, SO = OV 0 
No Load, SO = 5V 0 

Iss Supply Current No Load, SO = 5V 0 
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ORDER PART 
NUMBER 

LTC1320CS 

TYP MAX UNITS 

V 
V 

0.2 V 

3 V 

±10 V 

V 
V 

V 

O.B V 

±1 ±20 WI 
±2 ±100 WI 
350 500 rnA 

kn 

V 

0.4 V 

B5 rnA 
±2 ±100 WI 

200 mV 

70 mV 

O.B V 

V 

1.2 3.0 rnA 
30 350 WI 
2 350 WI 



LTC 1 320 

SWITCHinG CHARACTERISTICS Vs=±5V±5%, TA= DOC to 7DoC (Notes 2, 3) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpLH, HL Differential Driver Propagation Delay RL = 1 DOn, CL = 1 OOpF (Figures 2, 8) 0 40 120 ns 

tSKEW Differential Driver Output to Output RL = 1 DOn, CL = 1 OOpF (Figures 2, 8) 0 10 50 ns 

tr, f Differential Driver Rise/Fall Time RL = 100n, CL = 1 OOpF (Figures 2, 8) 0 15 80 ns 

tENH, L Driver Enable to Output Active CL = 100pF (Figures 3, 4, 10) 0 50 150 ns 

tH, Ldis Driver Output Active to Disable CL = 15pF (Figures 3, 4, 10) 0 50 150 ns 

tpLH, HL Single-Ended Driver Propagation Delay RL = 450n, CL = 1 OOpF (Figures 5, 11) 0 40 120 ns 

tr, f Single-Ended Driver Rise/Fall Time RL = 450n, CL = 1 OOpF (Figures 5, 12) 0 15 80 ns 

tpLH, HL Receiver Propagation Delay CL = 15pF (Figures 13, 14) 0 60 160 ns 

tENH, L Receiver Enable to Output Active CL = 1 OOpF (Figures 6, 7, 15) 0 30 100 ns 

tH, Ldis Receiver Output Active to Disable CL = 15pF (Figures 6, 7, 15) 0 30 100 ns 

TheO denotes specifications which apply over the full operating 
temperature range. 
Note 1: Absolute Maximum Ratings are those values beyond which the life 
of a device may be impaired. 

Note 2: All currents into device pins are positive; all currents out of 
device pins are negative. All voltages are referenced to ground unless 
otherwise specified. 
Note 3: All typicals are given at Vs = ±5V, TA = 25°C. 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Output Swing vs Load Current 
Differential Output Swing vs 
Load Current Supply Current vs Temperature 

~ 2 
§g 1 

~ 0 
f-

is: -1 
!:; 
o -2 

-3 

-4 

-5 

:--
OUTPllTHiliH -

I---Ot~ -
I--

10 

I- ~ ----
~ -

o 

~ 
I--

1.2 

<" 1.1 
.s 
f-

i'ii 
0: 

§ 1.0 
<.:> 

~ 
a. 
a. 
~ 0.004 

0.002 

o 

t-.... 
r-- IDD .....:..:... r--r-. 

............ 

V 
.,/' 

Iss V 
"--- ,....::;:-

o 20 40 60 80 100 o 20 40 60 80 100 o 10 20 30 40 50 60 70 
OUTPUT CURRENT (mA) OUTPUT CURRENT (mA) TEMPERATURE (0C) 

Pin FunCTions 
IXO (Pin 1): RS422 Differential Driver Input (TIL Compat
ible). 

IXI (Pin 2): RS562 Single-Ended Driver Input (TIL com
patible. 

TXOEN (Pin 3): RS422 Differential Driver Output Enable 
(TIL Compatible). A high level on this pin forces the 

LTC1320'GIXI 

RS422 driver into three-state; a low level enables the 
driver. This input does not affect the RS562 single-ended 
driver. 

SO (Pin 4): Shutdown Input (TIL Compatible). When this 
pin is high, the chip is shut down: all driver outputs three
state and the supply current drops to 30fJA. A Iowan this 
pin allows normal operation. 
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Pin FunCTions 
RXEN (Pin 5): Receiver Enable (TTL Compatible). A high 
level on this pin disables the receivers and three-states the 
logic outputs; a low level allows normal operation. To 
prevent erratic behavior at the receiver outputs during 
shutdown, RXEN should be pulled high along with SO. 

RXO (Pin 6): Inverting RS562 Single-Ended Receiver 
Output. 

RXO (Pin 7): Noninverting RS562 Single-Ended Receiver 
Output. 

RXDO (Pin 8): RS422 Differential Receiver Output. 

GND (Pin 9): Ground Pin. 

RXD+ (Pin 10): RS422 Differential Receiver Noninverting 
Input. When this pin is ~200mV above RXD-, RXDO will 
be high; when this pin is ~200mV below RXD-, RXDO will 
be low. 

RXD- (Pin 11): RS422 Differential Receiver Inverting 
Input. 

TEST CIRCUITS 

Tlm+ 

RXI (Pin 12): Noninverting RS562 Receiver Input. This 
input controls the RXO output; it has no effect on the RXO 
output. 

RXI (Pin 13): Inverting RS562 Receiver Input. This input 
controls the RXO output; it has no effect on the RXO 
output. 

Vss (Pin 14): Negative Supply. -4.75 ~ Vss ~-5.25V. The 
voltage on this pin must never exceed ground on power up 
or power-down. 

TXO (Pin 15): RS562 Single-Ended Driver Output. 

TXD+ (Pin 16): RS422 Differential Driver Noninverting 
Output. 

TXD -(Pin 17): RS422 Differential Driver Invertirig Output. 

Voo (Pin 18): Positive Supply. 4.75V::; VDD::; 5.25V. 

R1f2 

Vaa 

RLI2 

TXD 

+ 
Vae 

-F-
~CL1 
TXD~Q 

5000 
OUTPUT --,..--"Mr- Vaa 

UNDER TEST .-1.._ 
T Cl 

Figure 1 

UND~~~m~ 
~5000 

Vss LTCl32Q°FO/l 

Figure 4 
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lTC1320°FOl TXlr LTCl32DoTCFD2 

Figure 2 

~
o 

TXI 

Rl Cl 

LTCl32QoRl5 ':'" 

Figure 5 

5000 
OUTPUT~VDD 

UNDER TEST .-1.._ 

T Cl 
':'" lTC1320°F06 

Figure 6 

Vss LTCl32Q°F03 

Figure 3 

OUTPUTlJ UNDER TEST 
Cl 5000 

":" lTC1320 o FD7 

Figure 7 
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SWITCHinG WAVEFORms 

f= IMHz. Ir < IOns. I, < IOns f = I MHz: Ir < IOns: I, < IOns 

VOH---_ 
TXO OV OV 

TXO-~ :x~ VOL ----~------------' 

TXO+ ~-KEW------I-SK-E-W-"-I 1_ 1/2 Vo 

Figure 8 

Vo ----ruw~~-----~-----~ VOIFF = V(TXot) - V(TXO-) 

-yo 

3V 
TXOEN 

Ir 

Figure 9 

f=IMHz Ir " IOns' I,,, IOns 

w--~-'------------------' 

LTCI320 o Rl8 

FIgure 11 

VOH~ 
VOL 10 

Ir 

Figure 12 

3V---.r-------------~ 
iiXi 
w 

VOH ----_ 
RXO 1.5V 

~90% 10% 

I, 
LTC1320-F12 

1.5V 
VOL--------'------------' 

5V --t---.... 

TXOt , TXO- ----l--~~~~~~~~~~-+±=== VOL OV OUTPUT NORMALLY LOW 

OUTPUT NORMALLY HIGH 
VOH---t-~~V-~~~~~~~_t~=== 

TXOt, TXO- OV 0.5V 

-5V ---1-' 
LTC,320·F10 

f = I MHz: Ir < IOns: I, < IOns 

Figure 10 Figure 13 

25V --.,.-----__ ----------_.. 
(RXO-) - (RXO+) OV f = I MHz: Ir < IOns: I, < IOns 

-25V 

VOH -----.. 
RXDO 15V 

~L-----~'----------~ 

3V 
RXEN 

Figure 14 

f = I MHz: Ir " IOns: I,,, IOns 

OV----+,------------' 
5V --'"I-.... 

1.5V 
LTC,320om 

RXO, RXO, RXOO __ -l-_~~I.~5V~O~UT!!P:!!UT!.N~O~A~M~AL~L!Y!:!LO~wLj.jr:=== 
VOL 

OUTPUT NORMALLY HIGH 
VOH ---I-~~;V..;;.;;,;.;..:;;,;..;.;.;=;.;;;;;.;..;.;;.=_t+===05V 

~~~ 1m . 
OV--+-' 

LTC1320·f15 

Figure 15 

lTC1320-F13 
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APPLICATions InFoRmATion 
Thermal Shutdown Protection 

The L TC1320 includes a thermal shutdown circuit which 
protects the part against prolonged shorts at the driver 
outputs. If any driver output is shorted to another output 
or to the power supply, the current will be initially limited 
to 450mA max. The die temperature will rise to about 
150°C, at which point the thermal shutdown circuit turns 
off the driver outputs. When the die cools to about 130°C, 
the outputs re-enable. If the shorted condition still exists, 
the part will heat again and the cycle will repeat. When the 
short is removed, the part will return to normal operation. 
This oscillation occurs at about 10Hz and prevents the part 
from being damaged by excessive power dissipation. 

Power Shutdown 

The power shutdown feature of the LTC1320 is designed 
primarily for battery-powered systems. When SO (pin 4) 
is forced high, the part enters shutdown mode. In shut-

TYPICAL APPLICATiOnS 

Single 5V Supply 

5V 

-r 0.1I1F 

18 ":" 
17 
16 
15 

LOGIC 1/0 5 lTCl320 
13 DRIVERVO 

5V 

·LTC1046 GIVES 3001lA QUIESCENT 
CURRENT WHEN LTC1320 IS SHUT DOWN 
LT1054 PROVIDES HIGHER OUTPUT DRIVE 
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12 
11 
10 

14 

lN5817 

down, the supply current drops from 1.2mA to 30IJA typo 
The driver outputs are three-stated and the power to the 
receivers is removed. The receiver outputs are not auto
mati cally three-stated in shutdown, and can toggle errone
ously due to feedthrough from the inputs. This can be 
prevented by pulling RXEN high along with SO; this will 
three-state the receiver outputs and prevent the genera
tion of spurious data. 

Supply Bypassing 

The LTC1320 requires that both Voo and Vss are well 
bypassed; data errors can result from inadequate bypass
ing. Bypass capacitor values of 0.1 ~ to 1 ~ from Voo to 
ground and from Vss to ground are adequate. Lead lengths 
and trace lengths between the capacitors and the chip 
should be short to minimize lead inductance. 

RS422 to RS562/RS562 to RS422 Converter 

RS422IN + 

RS562IN 

5V 

~O.II1F 

.....-_~18:....-.... 
VOD 

TXO 15 
RXO 6 
RXI 13 

RS562 OUT 
NO 
NC 

+ RS422 OUT 



TYPICAL APPLICATions 

LOGIC I/O 

Switched Negative Supply 

5V 

~_ 0.1f1F 

18 
1 r:TX::-:::"D -"'&':'::""'TX=O-'" 17 

TXI TXD+ 16 
TXOEN TXO 15 
SO IDa 13 
RXEN LTC1320 RXI 12 

6 RXO RXD- 11 

7 RXO 

8 RXDO 

RXD+ 10 

-5V 

DRIVER 110 

'SCHOTIKY DIODE PREVENTS Vss FROM EXCEEDING 
GND ON POWER-UP OR POWER-DOWN 

DATA 
INPUT/OUTPUT 

;::25k ESD Protection 

5V 

18 

"±"01f1F 

VOD 
1 TXO TXO- 17 

2 TXI TXD+ 16 

TXDEN TXO 15 

4 SD LTC1320 IDa 13 

5 RXEN RXI 12 

RXO RXO-1-1:..:.1_>-..,;:-_+_ 

RXO RXO+ 1-1;.:;0....,>--,:;-_+_ 

RXDO 

'GENERAL SEMICONDUCTOR ICTE-22C OR EQUIVALENT 

LTC 1 320 

TO OUTSIDE WORLD 
PROTECTED AGAINST ESD 
DAMAGE TO ±25kV 
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FEATURES 
• Low Supply Current 3001lA 
• 1~ Supply Current in SHUTDOWN 
• ESD Protection ±10kV 
• Operates From a Single 3.3V Supply 
• Uses Small Capacitors O.1!ff 
• Operates To 120k Baud 
• Three-State Outputs are High Impedance When Off 
• Output Overvoltage Does Not Force Current Back Into 

Supplies 
• EIAlTIA-S62 1/0 Lines Can Be Forced to ±2SV 

Without Damage 
• Meet All EIA/TIA-S62 Specifications 
• Flowthrough Architecture 

APPLICATions 
• Notebook Computers 
• Palmtop Computers 

TYPICAL APPLICATiOn 

3-Drivers!5-Receivers with SHUTDOWN 

V' 1 28 v-
Cl LTC1327 27 

O.lJ11'~ Va:; C3 
26 O.lJ11' 

C2 
O.lJ11' 25 

DRIVER 1 IN 

DRIVER lOUT 
24 

RX10UT 

RXllN 
23 

DRIVER 21N 

DRIVER 2 OUT 
22 

RX2 OUT 
RX21N 

21 
RX3 OUT 

RX31N 
20 

RX4 OUT 
RX41N 10 19 

ORIVER 31N 
DRIVER 4 OUT 11 18 

RX5 OUT 
RX51N 12 17 

GND 
ON/OFF 13 16 

14 15 
'::" 

C4 
TO.l~F 

Driver /Receiver 
April 1993 

DESCRIPTion 
The LTC1327 is an advanced low power, three-driver/five
receiver EIA/TIA-S62 transceiver. In the no load condition, 
the supply current is only 3001lA. In the shutdown mode, 
the supply current is further reduced to 1~. The charge 
pump only requires four O.1!ff capacitors and can supply 
up to SmA of extra current to power external circuitry. 

In SHUTDOWN mode, the supply current is further re
duced to 1~. All EIA/TIA-S62 outputs assume a high 
impedance state in SHUTDOWN and with the power off. 

The LTC1327 is fully compliant with all EIA/TIA-S62 speci
fications. The transceiver can operate up to 120k Baud 
with a 1 OOOpF//3kQload. Both driver outputs and receiver 
inputs can be forced to ±2SV without damage, and can 
survive multiple ±1 Ok ESD strikes. 

Supply Current 

600 
Va:; = 3 3V --

500 

~ 
~ 400 
a: 
a: a 300 

ALL DRIVERS INPUTS TIED TO Vee 

I 
/ 

QUIESCENT 1/ --- CURRENT ....... 

I-

fli 
ffi 200 
:5 
0 

100 

f-- t- j- SHUTDOWN V' 
CURRENT ...... 

-20 0 20 40 60 80 
TEMPERATURE ("C) 

1.2 

10 
V> 

'" c:: 
-< 

08 ~ 

0.6 g 
:D 

ii': 
0.4 :"i 

02 
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LTC1327 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATiOn 
Supply Voltage (Vee) .................................................. 5V 
Input Voltage 

Driver ....................................... -O.3V to (Vee + 0.3V) 
Receiver ................................................. - 25V to 25V 
On/Off Pin ................................ -0.3V to (Vee + 0.3V) 

Output Voltage 
Driver .................................................... -25V to 25V 
Receiver .................................. -0.3V to (Vee + 0.3V) 

Short-Circuit Duration 
V+ .................................................................................... 30sec 
V- .................................................................................... 30 sec 
Driver Output ............................................. Indefinite 
Receiver Output ......................................... Indefinite 

Operating Temperature Range 
Commercial L TC1327C ........................... O°C to 70°C N PACKAGE S PACKAGE 

2B-LEAD PLASTIC DIP 2B-LEAD PLASTIC SOL 

Storage Temperature Range .................. -65°c to 150°C 
Lead Temperature (Soldering, 10 sec) ................. 300°C 

G PACKAGE 
2B-LEAD SSOP 

ELECTRICAL CHARACTERISTICS Vee =3.3V, C1to C4 =D.1~, unless olherwise noled. 

ORDER PART 
NUMBER 

LTC1327CN 
LTC1327CG 
LTC1327CS 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

DC PERFORMANCE 
Any Driver 

Output Voltage Swing Positive • 3.7 4.S V 
Negative (3k to GND) • -3.7 -4.S V 

Logic Input Voltage Level Input Low Level (VOUT = High) • 1.4 O.B V 
Input High Level (VOUT = Low) • 2 1.4 V 

Logic Input Current VIN = 3.3 • S J.IA 
VIN=O • -S J.IA 

Output Short-Circuit Current VOUT= OV ±10 rnA 

Output Leakage Current SHUTDOWN (Note 3), VOUT = ±20V 10 100 J.IA 
Any Receiver 

Input Voltage Thresholds Input Low Threshold • 0.8 1.3 V 
Input High Threshold • 1.7 2.4 V 

Hysteresis • 0.1 0.4 1 V 

Input Resistance 3 S 7 kn 

Output Voltage Output Low, lOUT = -1.6rnA (Vcc = 3.3V) • 0.2 0.4 V 
Output High, lOUT = 160J.IA (Vcc = 3.3V) • 3 3.2 V 

Output Short-Circuit Current Sinking Current, VOUT = Vcc -S -20 rnA 

Output Leakage Current SHUTDOWN (Note 3), 0 $; VOUT $; Vee .;I 1 10 J.IA 
Power Supply Generalor 

V+ Output Voltage lOUT = OmA • S.2 S.7 V 
IOUT= SmA • S.O S.S V 

V- Output Voltage lOUT = OmA • -4.7 -S.3 V 
IOUT=-SmA • -4.5 -S.O V 

Supply Rise Time SHUTDOWN to Turn-On 0.2 ms 
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ELECTRICAL CHARACTERISTICS Vcc=3.3V, Clio C4=D.1)Jf, unless otherwise noted. 

PARAMETER I CONDITIONS I MIN TYP MAX UNITS 
Power Supply 

Vee Supply Current No Load (Note 2) • 0.3 0.5 rnA 
Supply Leakage Current (Vee) SHUTDOWN (Note 3) • 1 10 IJA 
On/Off Threshold Low • 1.4 0.8 V 
On/Off Threshold High • 2 1.4 V 

AC CHARACTERISTICS 
Slew Rate RL = 3k, CL = 51pF 6.5 30 V/jJS 

RL = 3k, CL = 2500pF 2 4 V/jJS 

Driver Propagation Delay tHLD • 2 3 jJS 

(TTL to RS232) tLHD • 2 3 jJS 

Receiver Propagation Delay tHLR • 0.3 0.6 jJS 

(RS232 to TTL) tLHR • 0.2 0.6 jJS 

The. denotes specifications which apply over the operating temperature Note 2: Supply current is measured with driver and receiver output 
(O°C ~TA ~ 70°C). unloaded and driver inputs tied high. 
Note 1: Absolute Maximum Ratings are those values beyond which the life Note 3: Supply current measurement in SHUTDOWN is performed with 
of the device may be impaired. VON = OV. 

Pin FunCTions 
Vcc: 3.3V Input Supply Pin. Supply current less than 1/lA 
in the SHUTDOWN mode. This pin should be decoupled 
with a 0.11lf ceramic capaCitor. 

GND: Ground Pin. 

ON/OFF: TTUCMOS Compatible Shutdown Pin. A logic 
low puts the device in SHUTDOWN mode which reduces 
input supply currentto less than 1 /lA and places all drivers 
and receivers in high impedance state. 

, 

V+: Positive Supply Output (EIAffIA-562 Drivers). 
V+ :: 2Vee - 0.5V. This pin requires an external capaCitor 
C = 0.1 J.lF for charge storage. The capacitor may be tied to 
ground or 3.3V. With multiple devices, the V+ and V- pins 
may be paralleled into common capacitors. For large num
bers of devices, increasing the size of the shared common 
storage capaCitors is recommended to reduce ripple. 

V-: Negative Supply Output (EIAffIA-562 Drivers). 
V-:: - (2Vee -1). This pin requires an external capaCitor 
C = 0.1 J.lF for a charge storage. 

C1 +, C1-, C2 +, C2-: Commutating CapaCitor Inputs. 
These pins require two external capaCitors C = 0.1 Ilf. One 
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from C1+ to C1-, and another from C2+ to C2-. To 
maintain charge pump efficiency, the capaCitor's effective 
series resistance should be less than 20n. 

DRIVER IN: EIAffIA-562 Driver Input Pins. Inputs are 
TTUCMOS compatible. Inputs should not be allowed to 
float. Tie unused inputs to Vee. 

DRIVER OUT: Driver Outputs at EIAfTIA-562 Voltage 
Levels. Outputs are in a high impedance state when in 
SHUTDOWN mode or Vee = OV. The driver outputs are 
protected against ESD to ±1 OkV for human body model 
discharges. 

RX IN: Receiver Inputs. These pins accept EIAfTIA-562 
level signals (±25V) into a protected 5kn terminating 
resistor. The receiver inputs are protected against ESD to 
±1 OkV for human body model discharges. Each receiver 
provides O.4V of hysteresis for noise immunity. 

RX OUT: Receiver Outputs With TTUCMOS Voltage Lev
els. Outputs are in a high impedance stage when in 
SHUTDOWN mode to allow data line sharing. 



TEST CIRCUIT 

ESO Test Circuit 

V' 

C1 
0.111f -:c-

":" C2 
O.lJ1F 

EIAITIA562 
LINE PINS 

PROTECTED 
TO~10kV 

RX41N 

DRIVER 3 OUT 

RX51N 
12 

ON/OFF 
13 

14 

APPLICATions InFoRmATion 

The L T1327 is compatible with RS232 parts. This table 
shows some devices and thresholds. 

MANUFACTURER PART NUMBER COMPATIBLE 
Linear Technology LT1080 ...J 

LT1137A ...J 

LT1330 ...J 

LT1281 ...J 

All Others ...J 

Texas Instruments SN75189 ...J 

SN75189A ...J 

MAX232 ...J 

SN75C185 ...J 

Maxim MAX232A ...J 

MAX241 ...J 

Sipex SP232 ...J 

SP301 ...J 

Motorola MC1489 ...J 

MC1489A ...J 

National OS1489 ...J 

OS14C89A ...J 

23 

22 

21 

20 

19 

18 

LTC1327 

DRIVER 21N 

RX2 OUT 

RX3 OUT 

RX4 OUT 

DRIVER 31N 

RX5 OUT 

":" 

MIN TYP MAX MIN TYP MAX 
0.8 1.3 - - 1.7 2.4 

0.8 1.3 - - 1.7 2.4 

0.8 1.3 - - 1.7 2.4 

0.8 1.3 - - 1.7 2.4 

0.65 1 1.25 0.9 1.3 1.6 

0.65 1 1.25 1.55 1.9 2.25 

0.8 1.2 - - 1.7 2.4 

0.65 1 1.25 1.6 2.1 2.55 

0.8 1.3 - - 1.8 2.4 

0.6 1.2 - - 1.5 2.4 

0.8 1.2 - - 1.7 2.4 

0.75 - 1.35 1.75 2.5 

0.75 - 1.25 1 - 1.5 

0.75 0.8 1.25 1.75 1.95 2.25 

0.75 1 1.25 1 1.25 1.5 

0.5 - 1.9 1.3 - 2.7 
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l1yun1OW::;=====LT1=330 
~~k' TECHNOLOGY 5VRS232Transceiverwith 

3V Logic Interface and One 
Receiver Active in SHUTDOWN 

o 3V logic Interface 
[1 ESD Protection over ±10kV 
o Uses Small Capacitors: 0.1,.u=, 0.2,.u=, 1.0,.u= 
o One Low Power Receiver Remains Active While in 

SHUTDOWN 
o Pin Compatible with L T1137 A and LT1237 
o Operates to 120k Baud 
o CMOS Comparable Low Power: 30mW 
o Easy PC Layout - Flowthrough Architecture 
o Rugged Bipolar Design 
o Outputs Assume a High Impedance State When Off 

or Powered Down 
o Absolutely No Latchup 
o 601lA Supply Current in SHUTDOWN 
o Available in SO and SSOP Packages 

[l?J (i2)(i2)[]J «:rRl'iJ~© ml~ 

o Notebook Computers 
o Palmtop Computers 

V+ 1 

f 
DRIVER 1 OUT 5 

RX11N 6 

DRIVER 2 OUT 7 

TD RX21N 8 

RX4 IN -,1,,+0 ---'...-<K ... +,,-

The LT1330 is a three driver, five receiver RS232 trans
ceiver with low supply current. Designed to interface with 
new 3V logic, the L T1330 operates with both a 5V power 
supply and a 3V logic power supply. The chip may be shut 
down to micropower operation with one receiver remain
ing active to monitor RS232 inputs such as ring detect 
from a modem. 

The LT1330 is fully compliant with all EIA RS232 specifi
cations. Additionally, the RS232 line input and output pins 
are resilientto multiple±1 OkV ESD strikes. This eliminates 
the need for costlyTransZorbs® on line pins forthe RS232 
part. 

The L T1330 operates to 120k baud even driving high 
capacitive loads. During SHUTDOWN, driver and receiver 
outputs are at a high impedance state allowing devices to 
be paralleled. 

TransZorb is a registered trademark of General Instruments. GSI 

RECEIVER 
OUTPUT 
VL = 3V 

CL = 50pF 

DRIVER 
OUTPUT 

RL = 3k 
CL = 2500pF 

INPUT 

Output Waveforms 

LINE 1 RX31N _9't---' 

DRIVER 3 OUT ...;..11+-_ ..... r--D<>~~==.;::L...:;-I RING DETECT IN 

RX51N (LOW·O) 12 IlCONTROLLER OR 
ON/OFF 13 IlPROCESSOR 

3VVL 14 15 -= SHUTDOWN 
CONTROL OUT 

1-48 



LT1330 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATiOn 
(Note 1) 

Supply Voltage (Vccl ................................................. 6V 
Supply Voltage (Vd ................................................... 6V 
Vt ......................................................................... 13.2V 
V- ....................................................................... -13.2V 
Input Voltage 

Driver ............................................................ V- to vt 
Receiver ................................................ -30V to 30V 

Output Voltage 
Driver ..................................................... - 30V to 30V 
Receiver ...................................... -0.3V to VL + 0.3V 

Short Circuit Duration 
vt .................................................................... 30 sec 
V- .................................................................... 30 sec 
Driver Output .............................................. Indefinite 
Receiver Output .......................................... Indefinite 

Operating Temperature Range 
LT13301 ............................................. -40°C to 85°C 
L T1330C ................................................. DoC to 70°C 

Storage Temperature Range ................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec) ................. 300°C 

ELECTRICAL CHARACTERISTICS (Note 2) 

PARAMETER I CONDITIONS 
Power Supply Generator 
V+ Output 
V Output 
Supply Current (Vcc) TA = 25°C (Note 3) 

Supply Current (VLJ (Note 4) 
Supply Current When OFF (Vcc) SHUTDOWN (Note 5) 

DRIVER DISABLE 
Supply Rise Time Cl = C2 = 0.2~, 
SHUTDOWN to Turn-On C+ = 1.0~, C- = 0.1~ 

ON/OFF Pin Thresholds Input Low Level (Device SHUTDOWN) 
Input High Level (Device Enabled) 

ON/OFF Pin Current OV ~ VON/OFF ~ 5V 
Driver Disable Pin Thresholds Input Low Level (Drivers Enabled) 

Input High Level (Drivers Disabled) 
Driver Disable Pin Current OV ~ VDRIVER DISABLE ~ 5V 
Oscillator Frequency Driver Outputs Loaded RL = 3k 

TOP VIEW 

J PACKAGE N PACKAGE 
28-LEAD CERAMIC DIP 28-LEAD PLASTIC DIP 

S PACKAGE 
28-LEAD SOL 

G PACKAGE 
28-LEAO SSOP 

TJMAX = 150°C, 9JA = 62°C/W (J) 
TJMAX = 150°C, 9JA = 56°C/W (N) 
TJMAX = 150°C, 9JA= 85°C/W (S) 
TJMAX= 150°C, 9JA = 96°C/W (G) 

ORDER PART 
NUMBER 

LT1330lJ 
LT1330CJ 
LT1330CN 
LT1330CS 
LT1330CG 

MIN TYP MAX UNITS 

7.9 V 
-7 V 
6 12 rnA 

0 6 14 rnA 
0.1 1 rnA 

0 0.06 0.15 rnA 
3.00 rnA 
0.2 rns 

0 0.8 1.4 V 
0 1.4 2.4 V 
Q -15 80 !lA 
:) 0.8 1.4 V 
0 1.4 2.4 V 
0 -10 500 !lA 

130 kHz 
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ELECTRICAL CHARACTERISTICS (Note 2) 

PARAMETER I CONOITIONS MIN TYP MAX UNITS 
Any Driver 
Output Voltage Swing Load = 3k to GND Positive 0 5.0 7.5 V 

Negative 0 -6.3 -5.0 V 
Logic Input Voltage Level Input Low Level (VOUT = High) 0 1.4 0.8 V 

Input High Level (VOUT = Low) 0 2.0 1.4 V 
Logic Input Current 0.8V::; VIN ::; 2V 0 5 20 J.II\ 
Output Short-Circuit Current VOUT = OV 17 rnA 
Output Leakage Current SHUTDOWN VOUT = ±30V (Note 5) 0 10 100 J.II\ 
Slew Rate RL = 3k, CL = 51 pF 15 30 V/IJS 

Rl = 3k, CL = 2500pF 4 15 V/IJS 
Propagation Delay Output Transition tHL High to Low (Note 6) 0.6 1.3 IJS 

Output Transition tLH Low to High 0.5 1.3 IJS 
Any Receiver 
Input Voltage Thresholds Input Low Threshold (VOUT = High) 0.8 1.3 V 

Input High Threshold (VOUT = Low) 1.7 2.4 V 
Hysteresis 0 0.1 0.4 1.0 V 
Input Resistance 3 5 7 kQ 
Output Leakage Current SHUTDOWN (Note 5) 0::; VOUT::; Vee 0 1 10 J.II\ 
Receivers 1, 2, 3, 4 
Output Voltage Output Low, lOUT = -1.6mA 0 0.2 0.4 V 

Output High, lOUT = 160J.ll\ (VL = 3V) 0 2.7 2.9 V 
Output Short-Circuit Current Sinking Current, VOUT = Vee -10 -20 rnA 

Sourcing Current, VOUT = OV 10 20 rnA 
Propagation Delay Output Transition tHL High to Low (Note 7) 250 600 ns 

Output Transition tLH Low to High 350 600 ns 
Receiver 5 (LOW Q-Current RX) 
Output Voltage Output Low, lOUT = - 500J.ll\ 0 0.2 0.4 V 

Output High, lOUT = 160J.ll\ (VL = 3V) 0 2.7 2.9 V 
Output Short-Circuit Current Sinking Current, VOUT = Vee -2 -4 rnA 

Sourcing Current, VOUT = OV 2 4 rnA 
Propagation Delay Output Transition tHL High to Low (Note 7) 1 3 IJS 

Output Transition tLH Low to High 

The 0 denotes specifications which apply over the operating temperature 
range (O°C ::; TA::; 70°C for commercial grade, and -40°C::; TA::; 85°C 
for industrial grade). 
Nole 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 
Nole 2: Testing done at Vee = 5V and VON/OFF = 3V. 
Note 3: Supply current is measured as the average over several charge 
pump burst cycles. C+ = 1.0W, C- = 0.1 W, C1 = C2 = 0.2W. All outputs 
are open, with all driver inputs tied high. 
Nole 4: VL supply current is measured with all receiver outputs low. 
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1 3 IJS 

Note 5: Measurements in SHUTDOWN are performed with VON/OFF::; 0.1V. 
Supply current measurements using DRIVER DISABLE are performed with 
VDRIVER DISABLE ~ 3V. 
Nole 6: For driver delay measurements, RL = 3k and CL = 51 pF. Trigger 
points are set between the driver's input logic threshold and the output 
transition to the zero crossing (tHL = 1.4V to OV and tLH = 1.4V to OV). 
Nole 7: For receiver delay measurements, CL = 51 pF. Trigger points are 
set between the receiver's input logic threshold and the output transition 
to standard nUCMOS logic threshold (tHL = 1.3V to 2.4V and tLH = 1.7V 
to 0.8V). 



TYPICAL PERFORmAnCE CHARACTERISTICS 

Driver Output Voltage 
10 
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Supply Current vs Data Rate 
80 

3 DRIVERS ACTIVE 
70 

;;: 60 
.S-
f- 50 
iE 
a: 

RL = 3k 

"""V CL = 2500pF 

V 
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<.:> 

~ 30 0.. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

30 

« 25 
g 
>-
t:E 20 
0:: 
0:: 
=> 
'-' 
t:: 15 
=> 
~ 

Driver Short-Circuit Current 

r----. kf""'" -.... ISC+ 

"" V ........ 
~ '" I"" -l(C-

"~ 
~ 10 
a 
iJ5 5 

o 
-55 -25 0 25 50 75 100 125 

TEMPERATURE (OC) 

Receiver Output Waveforms 

RX5 OUTPUT 
CL = 50pF 

RX1 TO RX4 
OUTPUT 

CL = 50pF 

INPUT 

Pin FunCTions 
VCC: SV Input Supply Pin. This pin should be decoupled 
with a 0.1 flF ceramic capacitor close to the package pin. 
Insufficient supply bypassing can result in low output 
drive levels and erratic charge pump operation. 

VL: 3V Logic Supply Pin for all RS232 Receivers. Like Vee, 
the VL input should be decoupled with a 0.1flF ceramic 
capacitor. This pin may also be connected to SV. 

GND: Ground Pin. 

ON/OFF: TIL/CMOS Compatible Operating Mode Control. 
A logic low puts the device in the low power SHUTDOWN 
mode. All three drivers and four receivers (RX1 , RX2, RX3, 
and RX4) assume a high impedance output state in SHUT
DOWN. Only receiver RXS remains active while the trans
ceiver is in SHUTDOWN. The transceiver consumes only 
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Receiver Short-Circuit Current 

...--r-
", RX1 TO RX4 

ISC+ -

I--r--RX1 TO RX4 
\. 

ISC- '\ 
V r- -.... ~ 

RX5ISC+ ~ 
.I. 

RX51sc-

-55 -25 0 25 50 75 100 125 

DRIVER OUTPUT 
RL = 3k 

CL = 2500pF 

DRIVER OUTPUT 
RL=3k 

INPUT 

TEMPERATURE (OC) 

1330Gl1 

Driver Output Waveforms 

1330G13 

601lA of supply current while in SHUTDOWN. A logic high 
fully enables the transceiver. 

DRIVER DISABLE: This pin provides an alternate control 
for the charge pump and RS232 drivers. A logic high on 
this pin shuts down the charge pump and places all driver 
outputs in a high impedance state. All five receivers remain 
active under these conditions. Floating the driver disable 
pin or driving it to a logic low level fully enables the 
transceiver. A logic low on the On/Off pin supersedes the 
state of the Driver Disable pin. Supply current drops to 
3mA when in DRIVER DISABLE mode. 

V+: Positive Supply Output. V+ "" 2Vec - 1.SV. This pin 
requires an external charge storage capacitor, C ~ 1.0flF, 
tied to ground or SV. Larger value capacitors may be used 



Pin FunCTions 
to reduce supply ripple. The ratio of the capacitors on V+ 
and V- should be greater than 5 to 1. 

V-: Negative Supply Output. V- "" -(2Vcc - 2.5V). This pin 
requires an external charge storage capacitor, C ~ O.1W. 
See the Applications Information section for guidance in 
choosing filter capacitors for V+ and V-. 

C1+, C1-, C2+, C2-: Commutating Capacitor Inputs re
quire two external capacitors, C ~ O.2W: one from C1+ to 
C1-, and another from C2+ to C2-. The capacitor's effec
tive series resistance should be less than 2Q. For C ~ 1 W, 
low ESR tantalum capacitors work well, although ceramic 
capacitors may be used with a minimal reduction in charge 
pump compliance. 

DRIVER IN: RS232 Driver Input Pins. These inputs are 
TTUCMOS compatible. Unused inputs should be con
nected to Vcc. 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Driver output swing meets RS232 levels for loads up to 3k. 
Slew rates are controlled for lightly loaded lines. Output 
current capability is sufficient for load conditions up to 
2500pF. Outputs are in a high impedance state when in 
SHUTDOWN mode, Vcc = OV, or when the driver disable 
pin is active. Outputs are fully short-circuit protected from 
V- + 30V to V+ - 30V. Applying higher voltages will not 
damage the device if the overdrive is moderately current 

ESD PROTECTiOn 
The RS232 line inputs of the LT1330 have on-chip protec
tion from ESD transients up to ±10kV. The protection 
structures act to divert the static discharge safely to 
system ground. In orderforthe ESD protection to function 
effectively, the power supply and ground pins of the 
L T1330 must be connected to ground through low imped
ances. The powersupply decoupling capaCitors and charge 
pump storage capacitors provide this low impedance in 
normal application ofthe circuit. The only constraint is that 
low ESR capacitors' must be used for bypassing and 
charge storage. ESD testing must be done with pins Vee, 
VL, V+, V-, and GND shorted to ground or connected with 
low ESR capaCitors. 

LT1330 

limited. Short circuits on one output can load the power 
supply generator and may disrupt the signal levels of the 
other outputs. The driver outputs are protected against 
ESD to ±1 OkV for human body model discharges. 

RX IN: Receiver Inputs. These pins accept RS232 level 
signals (±30V) into a protected 5k terminating resistor. 
The receiver inputs are protected against ESD to ±1 OkV for 
human body model discharges. Each receiver provides 
O.4V of hysteresis for noise immunity. Open receiver 
inputs assume a logic low state. 

RX OUT: Receiver Outputs with TTUCMOS Voltage Lev
els. Outputs are in a high impedance state when in SHUT
DOWN modeto allow data line sharing. Outputs, including 
LOW-Q RX OUT, are fully short-circuit protected to ground 
or Vcc with the power on, off, or in SHUTDOWN mode. 

LOW a-CURRENT RX IN: Low Power Receiver Input. This 
special receiver remains active when the part is in SHUT
DOWN mode, consuming typically 60/lA. This receiver has 
the same 5k input impedance and ±10kV ESD protection 
characteristics as the other receivers. 

LOW a-CURRENT RX OUT: Low Power Receiver Output. 
This pin produces the same TTUCMOS output voltage 
levels as receivers RX1, RX2, RX3, and RX4 with slightly 
decreased speed and short-circuit current. Data rates to 
120k baud are supported by this receiver. 

RS232 
LINE PINS 

PROTECTED 
TO ±10kV 

ESO Test Circuit 

RX1 IN .---O<I--t=- DRIVER 2 IN 

DRIVER 2 OUT r----f:>o-t=2:.,.2 RX2 OUT 

RX2 IN r---o.o-+=2;.;...1 RX3 OUT 

RX3 IN ---'-r--' '--'J.-r-2_O RX4 OUT 
RX4 IN 10 19 DRIVER 3 IN 

DRIVER 3 OUT 11 18 RX5 OUT (LOW·O) 
RX51N (LOW.O) 12 . 17 GND 

ON/OFF 13 16 DRIVER DISABLE 

3VVL 14 +L--___ -I 
15 

0.1~F~ 
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APPLICATions InFoRmATion 
Storage Capacitor Selection 

The V+ and V- storage capacitors must be chosen care
fully to insure low ripple and stable operation. The LT1330 
charge pump operates in a power efficient Burst Mode™. 
When storage capacitor voltage drops below a preset 
threshold, the oscillator is gated on until V+ and V- are 
boosted up to levels exceeding a second threshold. The 
oscillator then turns off, and current is supplied from the 
V+ and V- storage capacitors. 

The V- potential is monitored to control charge pump 
operation. It is therefore important to insure lower V+ 
ripple than V- ripple, or erratic operation of the charge 
pump will result. Proper operation is insured in most 
applications by choosing the V+ filter capacitor to be at 
least 5 times the V- filter capacitor value. If V+ is more 
heavily loaded than V-, a larger ratio may be needed. 

The V- filter capacitor should be selected to obtain low 
ripple when the drivers are loaded, forcing the charge 
pump into continuous mode. A minimum value O.11!f is 
suggested. 

Do not attempt to reduce V- ripple when the charge pump 
is in discontinuous Burst Mode™ operation. The ripple in 
this mode is determined by internal comparator thresh
olds. Larger storage capacitor values increase the burst 
period, and do not reduce ripple amplitude. 

Power Saving Operational Modes 

The LT1330 has both SHUTDOWN and DRIVER DISABLE 
operating modes. These operating modes can optimize 
power consumption based upon applications needs. 

The On/Off shutdown control turns off all circuitry except 
for Low-Q RX5. When RX5 detects a signal, this informa
tion can be used to wake up the system for full operation. 

If more than one line must be monitored, the DRIVER 
DISABLE mode provides a power efficient operating op
tion. The DRIVER DISABLE mode turns off the charge 
pump and RS232 drivers, but keeps all five receivers 
active. Power consumption in DRIVER DISABLE mode is 
3mA from Vee. 

Burst Mode IS a trademark 01 Linear Technology Corporation 

Typical Mouse Driving Application 

V+ 1 
r-----------------~ 

1=-........ ---1+ 2x011lF 'E 011lF 

25 DRIVER 1 IN LOGIC;:;;" 

,---------, 
'(1) DCD 

, DSR 
.-----0<1~~~~- LOGIC "0" 

, RX 
,-+-+-+--+--o---!'~RT::""S-I-. '-It------'~~+_--J r--C><~"":'::::~-- MOUSE DATA 

'---t-;--~:>_~:...J .... +---...;.;;.;;;.::.:.....""1----' .---00-1-=2;:;..0 RX4 OUT 
: TX 19 DRIVER 31N 

'---+---;--<>---~~----I !"""""-.....;.:::..:..::..:......:.::.j----I!"""""o<JE...:::.;;.=..::.:.....- LOGIC "1" 
o-~C::.:.:TS~____I 1"'"""="-=::..:........:.+----1 .... -Dc>+1:::..,8 RX5 OUT (LOW-a) 

~ ___ ~~~r-_-+:~DT~R_~ ~17~G=N~D ___ ~ 
(9) , RI 16 DRIVER DISABLE 

(5), 3VVL 14 15 

~ -=- DB9 -=-

__________________ J 
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FEATURES 
• RS232 Compatible 3 Voll Operation 
• 3V Logic Interface 
• ESD Protection Over ±10kV 
• One Low Power Receiver Remains Active While in 

SHUTDOWN 
• 60!1A Supply Current in SHUTDOWN 
• Low Power Driver Disable Mode 
• Uses Small Capacitors (0.1 J.Af, 0.2J.Af, 1.0fA.F) 
• Operates to 120k Baud 
• CMOS Comparable Low Power: 60mW 
• Easy PC Layout Flow-Through Architecture 
• Rugged Bipolar Design 
• Outputs Assume a High Impedance State When 

Off or Powered Down 

APPUCAnONS 
• Notebook Computers 
• Palmtop Computers 

Transceiver with One Receiver 
Active in SHUTDOWN 

February, 1993 

DESCRIPTION 
The LT1331 is a 3 driver, 5 receiver RS232 transceiver 
designed for 3V and mixed 3V/5V systems. Receivers 
operate from 3V supply VL, while the on-board charge pump 
and drivers operate from 5V or 3V supply Vee. 

The transceiver has two shutdown modes. One mode dis
ables the drivers and the charge pump, the other shuts down 
all circuitry except for one low power receiver which can be 
used for ring detection. The Vee supply may be shut down 
while in ring detection mode. While shut down, the drivers 
and receivers assume high impedance output states. 

The L T1331 is fully compliant with all EIA-RS232 specifica
tions when Vee=5V. If Vec=3V, output drive levels are 
compatible with all known interface circuits. Special bipolar 
construction techniques protect the drivers and receivers 
beyond the fault conditions stipulated for RS232. The RS232 
1/0 pins are resilient to multiple ±10kV ESD strikes. An 
advanced driver output stage operates up to 120k baud while 
driving heavy capacitive loads. 

Typical Application 

V+ 
1.0 F + 1 

~ I 5VJ3VVcc 

TO 
LINE 

2XO~1~F+ 

3VVL 

TO LOGIC 

/lli--',c-l. 1--"""""""==1 RING DETECT IN 

~ CONTROLLER OR 
~PROCESSOR 

SHUTDOWN CONTROL OUT 
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ABSOWTE MAXIMUM RAnNGS PACKAGE/ORDER INFORMATION 
Supply Voltage (Vee) .................................................. 6V 
Supply Voltage (Vd .................................................... 6V ORDER PART 
V+ ....................................................................... 13.2V NUMBER 
V- ...................................................................... -13.2V 
Input Voltage 

Driver ........................................................... V+ to V-
Receiver ................................................. 30V to -30V 
ON/OFF ......................................... -0.3V to Vee+0.3V 
Driver Disable ............................... -0.3V to Vee+0.3V 

DRIVER lOUT 5 LT1331CJ 
DRIVER 2 IN LT1331CN 

DRIVER 2 OUT 7 LT1331CS 
RX21N 8 LT1331CG 

RX4 OUT 

Output Voltage 
Driver ..................................................... -30V to 30V 
Receiver ......................................... -0.3V to VL+0.3V 

9 DRlVER31N 
DRIVER 3 OUT 11 RX 5 OUT (LOW-a) 

RX IN 5 (LOW-a) GND 
ONtaFF DRIVER DISABLE 

Short Circuit Duration 
V+ ...................................................................... 305 
V- ....................................................................... 305 

J PACKAGE N PACKAGE 
28·LEAD CERAMIC DIP 28-LEAD PLASTIC DIP 

Driver Output .............................................. Indefinite S PACKAGE G PACKAGE 
Receiver Output .......................................... Indefinite 28-LEAD PLASTIC SOL 28-LEAD PLASTIC SSOP 

Operating Temperature Range 
L T1331 C ................................................ O°C to 70°C 

ELEORICAL CHARACTERISTICS (Note 1) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Power Supply Generator 

V+Output Vcc=5V 8.6 V 
Vec=3·3V 5.5 V 

V-Output Vcc=5V -7.0 V 
Vcc=3·3V -4.8 V 

SuppIyCurrent(Vcc) Vcc=5V (Note 2) 12 17 ~ 

Vee=3.3V 12 17 ~ 

SupplyCurrent(VLl (Note3) 3 5 ~ 

SupplyCurrent When OFF (Vee) SHUTDOWN (Note 4) • 2 50 pA 
DRIVER DISABLE 0.1 1 ~ 

SupplyCurrent When OFF(VLl SHUTDOWN (Note4) • 60 100 pA 
DRIVER DISABLE 3 5 ~ 

Supply Rise Time, SHUTDOWN to Turn On Cl =C2=O.2uF, C+= 1.0"F,C-=O.1 "F 2 msec 

ONlOFFPinThresholds Input Low Level (Device SHUTDOWN) • 1.4 0.8 V 
Input High Level (Device Enabled) • 2.4 1.4 V 

ONlOFFPinCurrent OV SVONtaFF s5V • -15 80 pA 
Driver Disable Pin Thresholds Input Low Level (Drivers Enabled) • 1.4 0.8 V 

Input High Level (DriversDisabled) • 2.4 1.4 V 

DRIVER DISABLE Pin Current OV s VORIVER DISABLE s 5V • -10 500 pA 
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ElEORICAl CHARACTERISTICS (Nole 2) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Any Driver 

Output Voltage Swing, Positive Vcc=5V, RL =3k • 5.0 6.5 V 
Vcc=3.3V, RL =3k 3.7 4.0 V 

Output Voltage Swing, Negative Vcc=5V, RL=3k • - 6.0 - 5.0 V 
Vce=3.3V, RL =3k - 3.3 - 2.7 V 

Logic Input Voltage Level Input Low Level (VouT=High) • 1.4 0.8 V 
Input High Level (VouT=Low) • 2.0 1.4 V 

Logic Input Current 0.8V s VIN s 2.0V • 5 20 t.tA 
Output Short Circuit Current VOUT= OV 17 mA 

Output Leakage Current SHUTDOWN Vout = ±30V (Note 4) • 10 100 t.tA 
Slew Rate RL =3K, CL =51 pF 15 30 V/~s 

RL =3K, CL =2500pF 6 V/~s 

Propagation Delay Output Transition tHL High to Low (Note 5) 0.6 1.3 ~ 
OutputTransition tLH Lowto High 0.5 1.3 ~ 

Any Receiver 
Input Voltage Thresholds Input Low Threshold (VOUT= High) 0.8 1.3 V 

Input High Threshold (VOUT= Low) 1.7 2.4 V 

Hysteresis • 0.1 0.4 1.0 V 
Input Resistance 3 5 7 kQ 

Receivers1 Through4 
OutputVoltage Output Low, ioup -1.6mA • 0.2 0.4 V 

Output High, iOUT=160~(VL =3.3) • 2.0 2.4 V 

Output Short Circuit Current Sinking Current,VOUT= Vee - 20 -10 mA 
Sourcing Current, VOUT= OV 10 20 mA 

Propagation Delay OutputTransition tHL High to Low (Note 6) 250 600 nS 
OutputTransition tLH Lowto High 350 600 nS 

Ouput Leakage Current SHUTDOWN (Note 4) 0 s VOUT sVee • 1 10 t.tA 
Receiver 5 (LOW Q-CURRENT RX) 
OutputVoltage Output Low, iOUT= -500fll\ • 0.2 0.4 V 

Output High, iOUT=160~(VL =3V) • 2.0 2.4 V 
Output Short Circuit Current Sinking Current, VOUT= Vcc -4 -2 mA 

Sourcing Current, VOUT= OV 2 4 mA 
Propagation Delay OutputTransition tHL High to Low (Note 6) 1.0 3 ~ 

OutputTransition tLH Lowto High 1.0 3 ~ 

The. denotes specifications which apply overthe operating temperature 
range. (O·C s TAs 70· C for commercial grade, -40·C STA s85·C for 
industrial grade,and -55·C s TAS 125·Cformilitarygrade.) 
Note1:TestingdoneatVec =5V, VL =3.3V,and VON/OFF=3V. 
Note2:Supply currentismeasuredastheaverageoverseveralchargepump 
burstcycles.C+=1.0~F,C-=0.1 ~F, C1 =C2=0.2~F.AII outputs are open, with 
all driver inputs tied high. 
Note3: VL supplycurrentis measured with all receiver outputs high. 

Note4:Supplycurrentand leakagecurrentmeasurements inSHUTDOWNare 
penormed with VON/OFFSO.1 V. Supply current measurements using DRIVER 
DISABLE are penormed with VDRIVERDISABLE ",3V. 
Note5:Fordriverdelaymeasurements, RL =3KandCL =51 pF.Triggerpoints 
are set between the driver'sinput logicthreshold and the outputtransitionto 
the zero crossing. (tHL = 1.4Vto OV and tLH = 1.4Vto OV) 
Note6:Forreceiverdelaymeasurements, CL =51 pF. Trigger points are set 
between the receiver's input logic threshold and the outputtransition to 
standardTTLICMOS logic threshold. (lHL = i.3Vto 2.0Vand tLH = 1.7VtoO.8V) 
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PIN FUNcnONS 
Vee: 3V or SV power supply for charge pump and drivers. 
This supply is not used by keep alive receiver RXS, so Vee 
may be powered down when in the SHUTDOWN mode 
for system power savings. The Vee pin should be 
decoupled with a 0.1 ~F ceramic capacitor. 

VL: 3V power supply for receivers. The VL pin should be 
decoupled with a 0.1 ~F ceramic capacitor. 

GND: Ground. 

ON/OFF: A nUCMOS compatible operating mode 
control. A logic low puts the device in the SHUTDOWN 
mode. All drivers and four of the receivers go to a high 
impedance state, and the Vee supply may be turned off. 
A logic high fully enables the transceiver. 

DRIVER DISABLE: This pin provides an alternate 
operating mode control. A logic high shuts down the 
charge pump, placing all drivers in a high impedance 
state. All receivers remain active. Floating the pin, or 
driving it to a logic low, fully enables the transceiver. 

V+: Positive supply output. V+ s 2Vcc - 1.SV. The V+ 
output is short circuit proof for 30 seconds. This pin 
requires an external capacitor for charge storage. With 
Vee=3V, the V+ charge storage capacitor should be 
chosen to minimize ripple to acceptable levels. A 
minimum size of 0.1 ~F is recommended for 3V operation. 
With Vee=SV, the capacitor must be at least SX the value 
chosen for the V- storage capacitor. The recommended 
minimum value of C+ for SV operation is 1 ~F. (Units 
shipped with date code after 9326 may use 0.1 ~F filter 
capacitors on V+). 

V-: Negative supply output. V- s -(2Vcc-2.SV). V- is short 
circuit proof for 30 seconds. This pin requires an external 
charge storage capacitor. The V- storage capacitor should 
be chosen to minimize ripple on V-. A minimum value of 
0.1~F is recommended. When Vee=SV, ripple must be 
measured with the outputs loaded to insure continuous 
mode operation of the charge pump. See Applications 
Information for additional guidance in choosing storage 
capacitors. 
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C1+;C1-;C2+;C2-: Commutating capacitor inputs. These 
pins require two external capacitors C :2: 0.2~F. One from 
C1+ to Cf, and another from C2+ to C2-. To maintain 
charge pump efficiency, the capacitor's effective series 
resistance should be less than 2 Ohms. Low ESR 
tantalum capacitors work well in this application, 
although small value ceramic capacitors may be used 
with minimal reduction in charge pump compliance .. 

DRIVER IN: RS232 driver inputs. Inputs are nUCMOS 
compatible. Tie unused inputs to Vee. 

DRIVER OUT: RS232 Driver outputs. Outputs are in a 
high impedance state when in SHUTDOWN, Driver 
Disable, or Vee = OV. Outputs are fully short circuit 
protected from V- + 30V to V+ - 30V. Although the 
outputs are protected, short circuits on one output can 
load the power supply generator and may disrupt the 
signal levels of the other outputs. The driver outputs are 
protected against ESD to ± 1 OkV for human body model 
discharges. Output levels of -3.3V to 4V are achieved 
when the circuit is operated with Vee = 3.3V. 

RX IN: Receiver inputs. These pins accept RS232 level 
signals (±30V) into a protected 5k Ohm terminating 
resistor. The receiver inputs are protected against ESD to 
±10kV for human body model discharges. Each receiver 
provides O.4V of hysteresis for noise immunity. 

RX OUT: Receiver outputs. Outputs are in a high 
impedance state when in SHUTDOWN mode to allow data 
line sharing. Outputs, including LOW-Q RXOUT, are fully 
short circuit protected to ground, Vee, or VL. 

LOW Q RX IN: Low power receiVer input. This receiver 
remains active in SHUTDOWN mode, consuming only 
60~A from supply VL. This receiver has the same input 
and protection characteristics as the other receivers. 

LOW Q RX OUT: Low power receiver output. This pin 
produces the same output levels as standard receivers, 
with slightly decreased speed and short circuit current. 



APPLICATIONS INFORMATION 
POWER SAVING OPERATIONAL MODES 

The LT1331 has both Shutdown and Driver Disable oper
ating modes. These operating modes can optimize power 
consumption based upon applications needs. 

The Shutdown control turns off all circuitry except for 
Low-Q RX5. RX5 operates entirely from the VL power 
supply, so the power consumption from Vee drops to 
zero. The Vee power supply may be turned off while in 
shutdown, which may allow greater power savings in 
some systems. When RX5 detects a signal, this informa
tion can be used to wake up the system for full operation. 

If more than one line must be monitored, the Driver 
Disable mode provides a power efficient operating option. 
The Driver Disable mode turns off the charge pump and 
RS232 drivers, but keeps all five receivers active. Power 
consumption in Driver Disable mode is 3mA from VL and 
less than 1 OO~A from Vee. 

Shutdown and Driver Disable operating modes are avail
able in both mixed 5V/3V or 3V only power supply 
operation. 

MIXED 5V/3V OPERATION 

Driver Outputs 

When operated with Vee=5V and VL =3.3V supplies, the 
RS232 Drivers meet or exceed all RS232 or V.28 commu
nication interface standards. Data rates up to 120k baud 
are supported, and all standard RS232 compatible mice 
may be driven by the L T1331. 

Driver outputs are protected from line shorts to ground or 
power supplies. Overvoltage conditions to +/-30V are tol
erated in operational , SHUTDOWN or power off modes. 
Outputs of other drivers may be adversely affected during 
the fault conditions however. 

Storage Capacitor Selection 

The V+ and V- storage capacitors must be chosen carefully 
to insure low ripple and stable operation of the LT1331. The 

LT1331 

V- filter capacitor should be selected to obtain low ripple 
when the drivers are loaded, forcing the charge pump into 
continuous operating mode. A minimum value 0.1 ~F is 
suggested. 

Do not attempt to reduce V- ripple when the charge pump 
is in discontinuous operation. The ripple in this mode is 
determined by internal comparator thresholds. Larger 
storage capacitor values increase the burst period, and do 
not reduce ripple amplitude. 

V+ filter capacitor selection must insure lower V+ ripple 
than V- ripple, or erratic operation of the charge pump will 
result. Proper operation is insured in most applications by 
choosing the V+ filter capacitor to be at least 5X the V- filter 
capacitor value. If V+ is more heavily loaded than V-, a larger 
ratio may be needed. (The requirement for larger V+ filter 
capacitance will not be needed on units with date code 
9326 or later, 0.1 ~F will be acceptable.) 

+3V OPERATION 

Driver Outputs 

The L T1331 is not fully compliant with RS232 or V.28 
standards when operated from 3V supplies, however 
there is sufficient output voltage swing to interface with 
nearly all RS232 receivers and transceivers. The driver 
output swing, when operated with Vee=3.3V, is guaran
teed to be at least -2.7V to 3.7V, with typical swing being 
-3.3 to 4.0V. This insures compatibility with all commonly 
used RS232 and RS562 interface circuits. Table 1. 
summarizes the receiver input threshold specifications 
for RS232 circuits from many manufacturers. Only a few 
receivers with negative thresholds are not fully compat
ible with the LT1331 driver outputs. 

Storage CapaCitor Selection 

V+ and V- storage capacitor selection is less critical for 
Vee=3V operation. The charge pump always operates 
continuously with Vee=3V, so interaction between C+ and 
c- does not occur. Each capacitor may be chosen indepen
dently to reduce ripple to an acceptable level. The only 
constraint is that each capacitor should be ~ 0.1 ~F. 
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APPLICATIONS INFORMATION 
Table 1. Commonly Used RS232 Interface Circuit Receiver Thresholds 

MANUFACTURER PART NUMBER 

LlNEARTECHNOLOGY LT1080 

LT1137A 

LT1330 

LT1281 

ALLOTHERS 

TEXAS INSTRUMENTS SN75189 

SN75189A 

MAX232 

SN75C185 

MAXIM MAX232A 

MAX241 

SIPEX SP232 

SP301 

MOTOROLA MC1489 

MC1489A 

NATIONAL DS1489 

DS14C89A 

TYPICAL APPLICATIONS 

1.0i!Fr-
2x o.1i!F + 

TO 
LINE 

1-60 

Basic Mixed 5V/3V Supply Operation 

COMPATIBLE 

v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 

TO LOGIC 

INPUTLOWTHRESHOLD INPUT HIGH THRESHOLD 

MIN TYP MAX MIN TYP MAX 

0.8 1.3 - - 1.7 2.4 

0.8 1.3 - - 1.7 2.4 

0.8 1.3 - - 1.7 2.4 

0.8 1.3 - - 1.7 2.4 

0.65 1.0 1.25 0.9 1.3 1.6 

0.65 1.0 1.25 1.55 1.9 2.25 

O.B 1.2 - - 1.7 2.4 

0.65 1.0 1.25 1.6 2.1 2.55 

0.8 1.3 - - 1.8 2.4 

0.6 1.2 - - 1.5 2.4 

O.B 1.2 - - 1.7 2.4 

0.75 - 1.35 1.75 - 2.5 

0.75 - 1.25 1 - 1.5 

0.75 O.B 1.25 1.75 1.95 2.25 

0.75 1.0 1.25 1.0 1.25 1.5 

0.5 - 1.9 1.3 - 2.7 

Basic 3V Supply Operation 

V+ 
O.1~F + 1 I Vcc=3.3V 2 

TO 
LINE 

- + 3 
2x O.1i!F 

TO LOGIC 



TYPICAL APPLICATIONS 

+3.3V Parallel Operation with Shared Storage Capacitors 

TO LOGIC 

TO 
LINE 

ESD PROTEOION 

The RS232 line inputs of the LT1331 have on-chip protec
tion from ESD transients up to ± 1 OkV. The protection 
structures act to divert the static discharge safely to 
system ground. I n order for the ESD protection to function 
effectively, the power supply and ground pins of the 
L T1331 must be connected to ground through low imped
ances. The power supply decoupling capacitors and charge 
pump storage capacitors provide this low impedance in 
normal application of the circuit. The only constraint is 
that low ESR capacitors must be used for bypassing and 
charge storage. ESD testing must be done with pins Vcc, 
VL, V+, V·, and GND shorted to ground or connected with 
low ESR capacitors. 

TO 
LINE 

RS232 LINE PINS 
PROTECTED TO 
.10kV 

ESD Test Circuit 

DRIVER 3 OUT 111--~r-I>--l 

RX51N (LOW·O) 12 

ON/OFF 13 
.3V 

O.l~F~ 

LT1331 

1-61 



unfJ\Q~> =, i .~ ... , "'=' =~o=~~= ... ~="O,,[MJ=;.=O.INl=fi=~=J 
TECHNOLOGY WideSupplyRange 

Low Power RS232Tra nsceiverWith 
12VVppOutputforFLASH Memory 

FEATURES 
• Generates Full RS232 Signal Levels from 3V Supply 
• 12V Vpp Output Available for FLASH Memory 
• Useful with a Wide Variety of Switching Regulators 
• Low Supply Current, I(Vcc) = 1 rnA 
• Wide Supply Range, 2 :s Vcc :s 6 
• ESO Protection to :!:10kV 
• Operates to 120kbaud 
• Outputs Assume a High Impedance States When 

Off or Powered Down 
• One ""Power Receiver Remains Active while in 

SHUTDOWN 
• Flow Through Architecture Eases PC Board Layout 
• 601lA Supply Current in SHUTDOWN 
.. Absolutely No Latchup 
• Available in SO and SSOP Packages 

APPLICATIONS 
• Notebook and Palmtop Computers 
• Mouse Driver Circuits 

February, 1993 

DESCRIPTION 
The LT1332 is a 3 driver, 5 receiver RS232 transceiver, 
designed to be used in conjunction with a switching 
regulator. The LT1332 shares the regulator's positive 
output, while charge is capacitively pumped from the 
regulator's switch pin to the negative supply. Schottky 
rectifiers built into the L T1332 simplify the charge pump 
design. 

The LT1332/Switcher combination generates fully com
pliant RS232 signal levels from as little as 2V of input 
supply. The switcher can deliver greater than 100mA of 
ouput current, making the LT1332 an excellent choice for 
mouse driver circuits. 

Advanced driver output stages operate up to 120Kbaud 
while driving heavy capacitive loads. New ESD structures 
on chip make the L T1332 resilient to multiple ± 1 OkV 
strikes, eliminating costly transient supressors. 

A shutdown pin disables the transceiver except for one 
receiver which remains active for detecting incoming 
RS232 signals. When shutdown, the drivers and receiv
ers assume high impedance output states. 

------ -- - - - - - - -- -- - - - - - - ----- - ---- - ---, STANDARD FLASH MEMORY Vpp GENERATOR 

L1 

: :~I~~~~R~~~ -.-_-+-_---' 33~~L..-_-+-.._+-__41--__If--..--I~~:-1--.ti241----. 
, UPT06V + 

22~F* T 
LT11U9A·12 

ON""'" ----I swoNIIIIT SENSEI------' , 
, RS232 SIDE 

, - -
.. - - - - - - - - - - - - ._. - - - - - - - - - ._. - - - - - - - - - - - - I 

+L 1 = SUMIDA CD54·330N (708·956·0666) 

*AVXTAJE226K035 
.3V RS232 Vee ~.--~ 

LOGIC SIDE 

LT1332 powered from an LT1109A micropower switching regulator configured for FLASH memory. 
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3-Driver / 5-Receiver Transceiver 

FEATURES 
• Low Supply Current 300pA 
• 1 J.lA Supply Current in SHUTDOWN 
• ESD Protection Over±10kV 
• Operates from a Single 5V Supply 
• Uses Small Capacitors 0.1 JlF 
• Operates to 120k Baud 
• Three-State Outputs Are High Impedance When Off 
• Output Overvoltage Does Not Force Current Back into 

Supplies 
• RS232 I/O Lines Can Be Forced to ±25V without 

Damage 
• Pin Compatible with LT1137 A and LT1237 
• Flowthrough Architecture 

APPLICATions 
• Notebook Computers 
• Palmtop Computers 

TYPICAL APPLICATiOn 

3-Drivers/5-Drivers with SHUTDOWN 

January 1993 

DESCRIPTion 
The L T1337 is a 3-driver/5-receiver RS232 transceiver 
with very low supply current. In the no load condition, the 
supply current is only 300pA. The charge pump only 
requires four 0.1JlF capacitors and can supply up to 12mA 
of extra current to power external Circuitry. 

In SHUTDOWN mode, the supply current is further re
duced to 1 J.lA. All RS232 outputs assume a high imped
ance state in SHUTDOWN and with the power off. 

The L TC1337 is fully compliant with all RS232 specifica
tions. The transceiver can operate up to 120k baud with a 
1000pF//3kQ load. Both driver outputs and receiver in
puts can be forced to ±25V without damage, and can 
survive multiple ±1 OkV ESD strikes. 

The LTC1337 is the first of LTC's new micropower inter
face products. Other driver/receiver combination versions 
will be available shortly. Call factory for newest released 
products. 

Supply Current 

/ 
- - r- QUIESCENT / 

CURRENT ..... ,/ 

f-- SHUTDONW / 
- -

CURRENT ---20 0 20 40 60 
TEMPERATURE ("C) 

1.2 

1.0 
en 

'" c: 
0.8 d 

o 

~ 
0.6 g 

:0 
:0 

0.4 ~ 

0.2 

80 {l 

1331TA02 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Supply Voltage (Vee) ................................................. 6V 
Input Voltage 

Driver ........................................ -0.3V to Vee + 0.3V 
Receiver ................................................ - 25V to 25V 
On/Off Pin .................................. -0.3V to Vee + 0.3V 

Output Voltage 
Driver ..................................................... -25V to 25V 
Receiver. .................................... -0.3V to Vee + 0.3V 

Short Circuit Duration 
V+ .................................................................... 30 sec 
V- .................................................................... 30 sec 
Driver Output .............................................. Indefinite 
Receiver Output .......................................... Indefinite 

Operating Temperature Range 
Commercial (L TC1337C) ........................ O°C to 70°C 

Storage Temperature Range ................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec) ................. 300°C 

TOP VIEW ORDER PART 

N PACKAGE S PACKAGE 
28-LEAD PLASTIC DIP 26-LEAD PLASTIC SOL 

G PACKAGE 
28-LEAD SSOP 

NUMBER 

LTC1337CN 
LTC1337CS 
LTC1337CG 

DC ELECTRICAL CHARACTERISTICS Vee = 5V, C1 = cz = C3 = C4 = O.1llf, unless otherwise noted. 

PARAMETER I CONDITIONS I MIN TYP MAX I UNITS 
Any Driver 
Output Voltage Swing 3k to GND Positive • 5.0 7.0 V 

Negative • -5.0 -6.5 V 
Logic I nput Voltage Level Input Low Level (VOUT = High) • 1.4 0.8 V 

Input High Level (VOUT = Low) • 2.0 1.4 V 
Logic Input Current VIN= 5V • 5 J.tA 

VIN=O • -5 J.tA 
Output Short-Circuit Current VOUT = OV ±10 mA 
Output Leakage Current SHUTDOWN, VOUT = ±20V (Note 3) • 10 100 J.tA 
Any Receiver 
Input Voltage Thresholds Input Low Threshold • 0.8 1.3 V 

Input High Threshold • 1.7 2.4 V 
Hysteresis • 0.1 0.4 1 V 
Input Resistance 3 5 7 kn 
Output Voltage Output Low, lOUT = -1.6mA (Vec = 5V) • 0.2 0.4 V 

Output High, lOUT = 160J,lA (Vee = 5V) • 3.5 4.8 V 
Output Short-Circuit Current Sinking Current, VOUT = Vec -15 -40 mA 
Output Leakage Current SHUTDOWN, 0 ~ VOUT ~ Vcc (Note 3) • 1 10 J.tA 
Power Supply Generator 
V+ Output Voltage lOUT = OmA • 7.0 8.0 V 

lOUT = 12mA • 6.8 7.5 V 
V Output Voltage lOUT = OmA • -7.0 -8.0 V 

lOUT = 12mA • -6.3 -7.0 V 
Supply Rise Time SHUTDOWN to Turn-On 0.2 ms 
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DC ELECTRICAL CHARACTERISTICS Vee = 5V. C1 = C2 = C3 = C4 = O.lJlf. unless otherwise noted. 

PARAMETER I CONDITIONS I MIN TYP MAX I UNITS 
Power Supply 
Vee Supply Current No Load (Note 2) 
Supply Leakage Current (Vee) SHUTDOWN (Note 3) 
On/Off Threshold Low 
On/Off Threshold High 

AC CHARACTERISTICS 
PARAMETER CONDITIONS 
Slew Rate RL = 3k, CL = 51pF 

RL = 3k, CL = 2500pF 
Driver Propagation Delay tHLD (Rgure 1) 
(TTL to RS232) tLHD (Rgure 1) 
Receiver Propagation Delay tHLR (Rgure 2) 
(RS232 to TIL) tLHR (Rgure 2) 

The. denotes specifications which apply over the operating temperature 
range (O·C S TA S 70·C). 
Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 

SWITCHinG TimE WAVEFORms 

~--vrx 

~--------------~~~----OV 

• 0.3 0.5 

• 1 10 

• 1.4 0.8 

• 2.0 1.4 

MIN TYP MAX 
8 30 

2 4 

• 2 3 

• 2 3 

• 0.3 0.6 

• 0.2 0.6 

Note 2: Supply current is measured with driver and receiver outputs 
unloaded and driver inputs tied high. 

rnA 
IlA 
V 
V 

UNITS 

V/Ilf> 
V/Ilf> 

Ilf> 
Ilf> 
Ilf> 
Ilf> 

Note 3: Supply current measurement in SHUTDOWN is performed with 
VON = OV. 

RXINJ.
7V
r-------I---.

1
.
3V£;;: 

V- OUTP~ /a.BV j OV 
~ ~ ~ w 

Figure 1. Driver Propagation Delay Timing 

TEST CIRCUITS 

DRIVER 
INPUT 

1337F03 

Figure 3. Driver Timing Test Load 

l331FO! 1337F1I2 

Figure 2. Receiver Propagation Delay Timing 

--G>lx 
OUTPUT 

RXIN RX _ 

1 51PF 

Figure 4. Receiver Timing Test Load 

1-65 



LTC 1337 

Pin FunCTions 
Vee: SV Input Supply Pin. Supply current less than 1 ~ in 
the SHUTDOWN mode. This pin should be decoupled with 
a O.1~ ceramic capacitor. 

GND: Ground Pin. 

ON/OFF: nUCMOS Compatible Shutdown Pin. A logic 
low puts the device in the SHUTDOWN mode which 
reduces input supply current to less than 1~ and places 
all drivers and receivers in high impedance state. 

V+: Positive Supply Output (RS232 Drivers). V+ == 2Vcc-
1V. This pin requires an external capacitor C = 0.1~ for 
charge storage. The capacitor may betiedto ground orSV. 
With multiple devices, the V+ and V- pins may be paral
leled into common capacitors. For large numbers of 
devices, increasing the size ofthe shared common storage 
capacitors is recommended to reduce ripple. 

V-: Negative Supply Output (RS232 Drivers). V+ == 2Vcc-
1.SV). This pin requires an external capacitor C = 0.1 ~ for 
charge storage. 

C1+, C1-, C2+, cr: Commutating Capacitor Inputs. These 
pins require two external capacitors C = 0.1~. One from 
C1 + to C1-, and another from C2+ to C2-. To maintain 
charge pump efficiency, the capacitor's effective series 
resistance should be less than SOn. 

DRIVER IN: RS232 Driver Input Pins. Inputs are TTLI 
CMOS compatible. Inputs should not be allowed to float. 
Tie unused inputs to Vee. 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Outputs are in a high impedance state when in SHUT
DOWN modeorVcc= OV. The driver outputs are protected 
against ESD to ±1 OkV for human body model discharges. 

RX IN: Receiver Inputs. These pins accept RS232 level 
signals (±2SV) into a protected Sk terminating resistor. 
The receiver inputs are protected against ESDto±1 OkVfor 
human body model discharges. Each receiver provides 
O.4Vof hysteresis for noise immunity. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage Lev
els. Outputs are in a high impedance state when in SHUT
DOWN mode to allow data line sharing. 

ESD Test Circuit 

V· 1 28 v-
Cl LTC1337 27 C4 

O.I)1F~ Vee C3 ~0.1)1f 
26 0.1)1f 

C2 
O.I)1F DRIVER liN 

DRIVER lOUT RX10UT 
RXllN DRIVER 2 IN 

RS232 DRIVER 2 OUT RX20UT 
LINE PINS 

PROTECTED RX2IN RX30UT 
TO:tl0kV RXSIN 

RX41N 10 

DRIVER 4 OUT 11 
RX5IN 12 

ONIOFF 13 
14 

":' 

1337T001 
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FEATURES 
• One Receiver Remains Active While in SHUTDOWN 
• ESD Protection Over :l:10kV 
• Uses Small Capacitors (0.1 flF, 0.2flF) 
• 60~ Supply Current in SHUTDOWN 
• Pin Compatible with LT1137A 
• Operates to 120k baud 
• CMOS Comparable Low Power - 60mW 
• Operates From a Single 5V Supply 
• Easy PC Layout-Flow Through Architecture 
• Rugged Bipolar Design 
• Outputs Assume a High Impedance State When 

Off or Powered Down 
• Absolutely No Latchup 
• Available in SO and SSOP Packages 

APPLICATIONS 
• Notebook Computers 
• Palmtop Computers 

5V RS232 Tra nsceiver with One 
Receiver Active in SH UTDOWN 

January. 1993 

DESCRIPTION 
The LT1341 is an advanced low power three driver, five 
receiver RS232 transceiver. Included on the chip is a shut
down pin for reducing supply current to near zero. During 
shutdown one receiver remains active to detect incoming 
RS232 signals, for example, to wake up a system. All other 
receivers and the drivers assume high impedance states 
during SHUTDOWN. 

The DRIVER DISABLE function provides additional control of 
operating mode. When DRIVER DISABLE is high the charge 
pump and drivers turn off. Receivers continue to operate 
during DRIVER DISABLE. 

New ESD structures on the chip allow the LT1341 to survive 
multiple ±10kV strikes, eliminating the need for costly 
TranZorbs on the RS232 line pins. 

The LT1341 is fully compliant with all EIA RS232 specifica
tions and operates in excess of 120 kilobaud even driving 
heavy capacitive loads. 

Typical Application 

TO 
LINE 

~O.1!11' 

TO LOGIC 

!--',..-v.-t1 BI-~=~:t,J.......j RING DETECT IN 

~ CONTROLLER OR 
~PROCESSOR 

SHUTDOWN CONTROL OUT 
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ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

PACKAGEIORDER INFORMATION 

Supply Voltage (Vee) .................................................. 6V 
v+ ........................................................................................ 13.2V 
V- ....................................................................................... -13.2V 
Input Voltage 

Driver ............................................................ V+ to V-
Receiver .................................................. 30V to -30V 

Output Voltage 
Driver ....................................................... -30V to 30V 
Receiver .......................................... -0.3V to Vee+0.3V 

DRIVER 2 OUT 7I-'r----f:--.I 
RX 2 IN 8 \--I,r----C~ 

ORDER PART 
NUMBER 

LT13411J 
LT1341CJ 
LT1341CN 
LT1341CS 
LT1341CG 

Short Circuit Duration 
v+ ....................................................................................... 305 

J--.J..r.:~18 RX50UT(LOW-Q) 

V- ........................................................................................ 305 
Driver Output ............................................... lndefinite 
Receiver Output ........................................... 1 ndefinite 

Operating Temperature Range 
L T13411 ................................................ -40°C to 85°C 
LT1341C .................................................. O°C to 70°C 

Storage Temperature Range .................... -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................... 300°C 

ELEaRICAL CHARAaERISTICS (Nole2) 

PARAMETER CONDITIONS 
Power Supply Generator 

V+Output 

V-Output 

SuppIyCurrent(Vcc) (Note 3) 

Supply Current when OFF (Vee) SHlITDOWN(Note4) 
DRIVER DISABLE 

SupplyRiseTime C1 =C2=0.2pF. 
SHlITDOWNto Turn On C+=C-=O.1"F 

J PACKAGE 
28-LEAD CERAMIC DIP 

S PACKAGE 
28-LEAD PLASTIC SOL 

ON/OFF Pin Thresholds Input Low Level (Device SHUTDOWN) 
Input High Level (Device Enabled) 

ON/OFF Pin Current OV s VONIOFF s 5V 
Driver Disable Pin Thresholds Input Low Level (Drivers Enabled) 

Input High Level (Drivers Disabled) 

DRIVER DISABLE Pin Current OV s VDRIVER DISABLE s 5V 
Oscillator Frequency 
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• 

• • • • • • 

1 GND 
1 DRIVER DISABLE 

N PACKAGE 
28-LEAD PLASTIC DIP 

G PACKAGE 
28-LEAD PLASTIC SSOP 

MIN TYP 

8.6 

-7.0 

14 

0.06 
3 

2 

1.4 
2.0 1.4 

-15 

1.4 
2.0 1.4 

-10 

130 

MAX 

17 

0.150 

0.8 

80 

0.8 

500 

UNITS 

V 

V 

1M 
1M 
1M 
ms 

V 
V 

!IA 
V 
V 

!IA 
kHz 
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ElEORICAl CHARAOERISTICS (Note 2) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Any Driver 

Output Voltage Swing Load = 3k to GND Positive • 5.0 7.3 V 
Negative • - 5.0 - 6.5 V 

Logic Input Voltage Level Input Low Level (VouT=High) • 1.4 0.8 V 
Input High Level (Vour=Low) • 2.0 1.4 V 

Logic Input Current 0.8V :s VIN :s 2.0V • 5 20 IJA 
Output Short Circuit Current VOUT= OV 17 rnA 

Output Leakage Current SHUTDOWN VOUT = ±30V (Note 4) • 10 100 IJA 
Slew Rate RL =3k, CL =51 pF 15 30 V/iJ.S 

RL =3k, CL =2500pF 4 15 V/iJ.S 
Propagation Delay Output Transition tHL High to Low (Note 5) 0.6 1.3 iJ.S 

OutputTransition tLH Lowto High 0.5 1.3 iJ.S 
Any Receiver 

Input Voltage Thresholds Input Low Threshold (VOUT= High) 0.8 1.3 V 
Input High Threshold (VOUT = Low) 1.7 2.4 V 

Hysteresis • 0.1 0.4 1.0 V 

Input Resistance 3 5 7 kQ 

Ouput Leakage Current SHUTDOWN (Note) O:s VOUT :sVee • 1 10 IJA 
Receivers 1 Through 4 

Output Voltage Output Low, lOUT = -1.6mA • 0.2 0.4 V 
Output High, lOUT = 160IJA (Vee= 5V) • 3.5 4.2 V 

Output Short Circuit Current Sinking Curren!,Vour= Vee -10 - 20 rnA 
Sourcing Current, VOUT = OV 10 20 rnA 

Propagation Delay Output Transition tHL High to Low (Note 6) 250 600 nS 
OutputTransition tLH Lowto High 350 600 nS 

Receiver 5 (LOW-IQ RX) 

Output Voltage Output Low, lOUT = -500IJ-A • 0.2 0.4 V 
Output High, lOUT = 160IJA (Vee = 5V) • 3.5 4.2 V 

Output Short Circuit Current Sinking Current, VOUT = Vee -2 -4 rnA 
Sourcing Current, VOUT= OV 2 4 rnA 

Propagation Delay Output Transition tHL High to Low (Note 6) 1.0 3 iJ.S 
OutputTransition tLH Lowto High 1.0 3 iJ.S 

The. denotes specifications which app Iy overthe operatingtemperature 
range. (O·C:s T A:S 70· C f or commercial grade, -40·C :s TA :s 85·C for 
industrial grade, and -55·C :s TA:S 125·C for military grade.) 

Note 4: Supply current measurements in SHUTDOWN are performed 
with VON/OFF :s 0.1V. Supply current measurements using DRIVER 
DISABLE are performed with VDRIVER DISABLE ~ 3V. 

Note1: Absolute Maximum Ratings are those values beyond which the 
life of the device may be impaired. 
Note 2: Testing done at Vec = 5Vand VON/OFF=3V. 
Note 3: Supply current is measured as the average over several charge 
pump burst cycles. C+=C-=0.1 iJ.F, C1 =C2=0.2iJ.F. All outputs are open, 
with all driver inputs tied high. 

Note 5:For driver delay measurements, RL = 3k and CL = 51 pF. Trigger 
points are set between the driver's input logic threshold and the output 
transition to the zero crossing. (tHL = 1.4V to OV and tLH = 1.4Vto OV) 
Note 6:For receiver delay measurements. CL = 51 pF. Trigger points are 
set between the receiver's input logic threshold and the outputtransition 
to standardTTUCMOS logic threshold. (tHL = 1.3Vto 2.4Vand tLH = 1.7V 
to 0.8V) 
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PIN FUNalONS 
Vcc: SV Input supply pin. This pin should be decoupled 
with a 0.1 uF ceramic capacitor. 

GND: Ground Pin. 

On/Off: A TTUCMOS logic low puts the device in the low 
power SHUTDOWN mode. All of the drivers and four 
receivers go to a high impedance state. A logic high fully 
enables the transceiver. 

DRIVER DISABLE: This pin provides an alternate control 
for the charge pump and RS232 drivers. A logic high on 
this pin shuts down the charge pump and places all drivers 
in a high impedance state. All receivers remain active under 
these conditions. Floating the driver disable pin or driving 
it to a logic low level fully enables the transceiver. 

V+: Positive supply output (RS232 drivers). V+ .. 2Vee -
1.SV. This pin requires an external charge storage capaci
torC .. 0.1 f.-lF, tied to ground orVee. Larger value capacitors 
may be used to reduce supply ripple. 

V": Negative supply output (RS232 drivers). V" .. -(2Vee-
2.SV). This pin requires an external charge storage capaci
tor C .. 0.1 f.-lF. To reduce supply ripple, increase the size of 
the storage capacitor. 

C1+;C1";C2+;C2": Commutating capacitor inputs, require 
two external capacitors C .. 0.2f.-lF. One from C1+ to C1", and 
another from C2+ to C2". The capacitor's effective series 
resistance should be less than 2Q. For C .. 1 IlF, low ESR 
tantalum capacitors work well in this application, although 
small value ceramic capacitors may be used with a minimal 
reduction in charge pump compliance. 

DRIVER IN: RS232 driver input pins. These inputs are TTU 
CMOS compatible. Tie unused inputs to Vcc. 

DRIVER OUT: Driver outputs at RS232 voltage levels. 
Outputs are in a high impedance state when in SHUTDOWN 
mode, Vee = OV, or when the driver disable pin is active. 
Outputs are fully short circuit protected from Vour-V" + 
30V to Vour-V+ - 30V. Applying higher voltages will not 
damage the device if the overdrive is moderately current 
limited. Short circuits on one output can load the power 
supply generator and may disrupt the signal levels of the 
other outputs. The driver outputs are protected against 
ESD to ± 1 OkV for human body model discharges. 
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RX IN: Receiver inputs. These pins accept RS232 level 
signals (±30V) into a protected SkQ terminating resistor. 
The receiver inputs are protected against ESD to ± 1 OkV for 
human body model discharges. Each receiver provides 
O.4V of hysteresis for noise immunity. 

AX OUT: Receiver outputs with TTUCMOS voltage levels. 
Outputs are in a high impedance stage when in SHUT
DOWN mode to allow data line sharing. Outputs, including 
LOW-Q RXOUT, are fully short circuit protected to ground 
or Vee with the power on, off, or in SHUTDOWN mode. 

LOW Q"CURRENT RX IN: Low power receiver input. This 
special receiVer remains active when the part is in SHUT
DOWN mode, consuming typically 60~. This receiver has 
the same input and protection characteristics as the other 
receivers. 

LOW Q-CURRENT RX OUT: Low power receiver output. 
This pin produces the same TTUCMOS output voltage 
levels with slightly decreased speed and short circuit 
current. 

RS232 Line Pins 
Protected to 
+/- tOkV 

ESD Test Circuit 
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FEATURES 
• ESD Protection Over ±10kV 
• 3 Volt Logic Interface 
• Uses Small Capacitors (0.1 ItF, 0.2ltF) 
• 1 ~ Supply Current in SHUTDOWN 
• Low Power Driver Disable Operating Mode 
• Pin Compatible with L T1137 A 
• Operates to 120k baud 
• CMOS Comparable Low Power - 60mW 
• Operates From a 5V Supply and 3V Logic Suppy 
• Easy PC Layout: Flowthrough Architecture 
• Rugged Bipolar Design 
• Outputs Assume a High Impedance State When 

Off or Powered Down 
• Absolutely No Latchup 

APPLICAnONS 
• Notebook Computers 
• Palmtop Computers 

TO 
LINE 

5V RS232 Transceiver with 
3V Logic Interface 

January, 1993 ' 

DESCRIPTION 
The LT1342 is an advanced low power three driver, five 
receiver RS232transceiver. The LT1342 operates from a5V 
supply and a 3V logic supply. Receiver outputs can interface 
directly to 3V logic circuits. Included on the chip is a 
shutdown pin for reducing supply current to near zero. All 
receivers and drivers assume high impedance states during 
SHUTDOWN. 

The DRIVER DISABLE function provides additional control 
of operating mode. When DRIVER DISABLE is high the 
charge pump and drivers turn off. Receivers continue to 
operate during DRIVER DISABLE. 

New ESD structures on the chip allow the L T1342 to survive 
multiple ± 1 OkV strikes, eliminating the need for costly 
TranZorbs on the RS232 line pins. 

The LT1342 is fully compliant with all EIA RS232 specifica
tions and operates in excess of 120 kilobaud even driving 
heavy capacitive loads. 

Basic Operation 
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ABSOLUTE MAXIMUM RATINGS 
(Nole 1) 

PACKAGE/ORDER INFORMAnON 

Supply Voltage (Vee) .................................................. 6V 
Supply Voltage (Vd .................................................... 6V 
v+ ........................................................................................ 13.2V 
V- ....................................................................................... -13.2V 
Input Voltage DRIVER lOUT 5 2 RX lOUT 

Driver ........................................................... V- to V+ 1-l ... _~2 DRIVER 2 IN 

Receiver .................................................. -30V to 30V 
Output Voltage 

Driver ...................................................... -30V to 30V 
Receiver ......................................... -0.3V to Vee+0.3V 

DRIVER 2 OUT 7].......Jr-Doo---f 
RX 21N 8 i---I,-Doo---f211 

DRIVER 3 OUT llL--..J-"' ........... 
RXIN 5 1 Short Circuit Duration 

V+ ....................................................................................... 30s 
6 DRIVER OISABLE 

V- ........................................................................................ 30s 
Driver Output.. ............................................ Indefinite 
Receiver Output... ....................................... Indefinite 

J PACKAGE N PACKAGE 
28-LEAD CERAMIC DIP 28·LEAD PLASTIC DIP 

Operating Temperature Range S PACKAGE G PACKAGE 

L T13421 ................................................ -40°C to 85°C 28·LEAD PLASTIC SOL 28-LEAD PLASTIC SSOP 

L T1342C .................................................. O°C to 70°C 
Storage Temperature Range .................... -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) .................. 300°C 

ElEORICAl CHARACTERiSiiCS (Note 2) 

PARAMETER CONDITIONS MIN TYP 

Power Supply Generator 

V+Output B.6 

V-Output -7.0 

Supply Current (Vecl (Note 3) 12 

Logic Supply Current (VLl (Note 4) 0.1 

Supply Current when OFF (Vee) SHUTDOWN (Note 5) • 1 
DRIVER DISABLE 0.1 

Logic Supply Current (VL) when OFF SHUTDOWN (Note 5) • 1 
DRIVER DISABLE 0.1 

Supply Rise Time Cl=C2=0.2I-1F, 0.2 
SHUTDOWN to Turn On C+=C·=O.lI-1F 

ONlOFFPinThresholds Input Low Level (Device SHUTDOWN) • 1.4 
Input High Level (Device Enabled) • 2.0 1.4 

ONlOFFPinCurrent OV sVON/OFF s5V • -15 

Driver Disab Ie Pin Thresholds Input Low Level (Drivers Enabled) • 1.4 
Input High Level (Drivers Disabled) • 2.0 1.4 

DRIVERDISABLEPinCurrent OV s VDRIVER DISABLE s 5V • -10 

Oscillator Frequency 130 

ORDER PART 
NUMBER 

LT13421J 
LT1342CJ 
LT1342CN 
LT1342CS 
LT1342CG 

MAX UNITS 

V 

V 

17 mA 

1 mA 

10 ~A 
mA 

10 ~A 
1 mA 

ms 

O.B V 
V 

80 iAA 
O.B V 

V 

500 iAA 
kHz 
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ELECTRICAL CHARACTERISnCS (Note 2) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Any Driver 

OutputVoltageSwing Load=3ktoGND Positive • 5.0 7.3 V 
Negative • -5.0 -6.5 V 

Logic InputVoltage Level InputLowLevel(Vour-High) • 1.4 0.8 V 
Input High Level (Vour-Low) • 2.0 1.4 V 

Logic InputCurrent 0.8V sVINd.OV • 5 20 JIA 
OutputShortCircuitCurrent VOUT=OV 17 1M 
Output Leakage Current SHUTDOWN VOUT = :t30V (Note 5) • 10 100 JIA 
Slew Rate Rl =3k, Cl =51 pF 15 30 VIlAS 

Rl =3k, Cl =2500pF 4 15 VIlAS 
Propagation Delay Output Transition tHl High to Low (Note 6) 0.6 1.3 !JS 

OutputTransition tlH Lowto High 0.5 1.3 !JS 
Any Receiver 

Input Voltage Thresholds Input Low Threshold (VOUT= High) 0.8 1.3 V 
Input High Threshold (VouT=Low) 1.7 2.4 V 

Hysteresis • 0.1 0.4 1.0 V 
Input Resistance 3 5 7 kQ 

OuputLeakageCurrent SHUTDOWN (Note) OSVoUTSVee • 1 10 JIA 
Receivers1 Through4 

OutputVoltage OutputLow,loUT=-1.6mA • 0.2 0.4 V 
OutputHigh,loUT=160JIA • 2.7 2.9 V 

OutputShortCircultCurrent SinkingCurrent,VOuT=Vee -10 - 20 1M 
Sourcing Current, VOUT=OV 10 20 1M 

Propagation Delay OutputTransition~lHlghto Low (Note 7) 250 600 nS 
OutputTransitiontLH Lowto High 350 600 nS 

Receiver5 

Output Voltage OutputLow,loUT =-500JIA • 0.2 0.4 V 
OutputHigh,loUT= 160JIA • 2.7 2.9 V 

OutputShortClrcuitCurrent Sinking Current, VOUT= Vee -2 -4 1M 
Sourcing Current, VOUT=OV 2 4 1M 

Propagation Delay OutputTransition~lHighto Low (Note 7) 1.0 3 tJS 
OutputTransitiontlH Lowto High 1.0 3 tJS 

The.denotesspeciflcatlonswhlehapplyovertheoperatingtemperature 
range. (0 °C s TAS 70° C f or commercial grade, -40°C S TA S 85°C for 
industrlalgrade,and-55°CsTAS125°Cformllltarygrade.) 

Nota 5: Supply current measurements in SHUTDOWN are performed 
with VONIOFF S 0.1V. Supply current measurements using DRIVER 
DISABLE are performed with VORIVER DISABLE" 3V. 

Note1: Absolute Maximum Ratings are those values beyond which the 
life of the device may be impaired. 
Note 2: Testing done at Vee = 5V, Vl =3.3V and VONIOFF=3V. 
Note 3: Supply current Is measured as the average over several charge 
pump burst cycles. C+=C-=0.1IlF, C1 =C2=0.2IlF.AII outputs are open, 
with all driver Inputs tied high. 
Nota 4: Vl supply current Is measured with all receiver outputs low. 

Nota 6:For driver delay measurements, Rl = 3k and Cl = 51 pF. Trigger 
points are set between the driver's input logic threshold and the output 
transition to the zero crossing. (tHl = 1.4Vto OVand tlH = 1.4Vto OV) 
Note 7:For receiver delay measurements, Cl = 51 pF. Trigger points are 
set between the receiver's input logic threshold and the outputtransition 
to standard TTUCMOS logic threshold. (~l = 1.3Vto 2.4V and tlH = 1.7V 
to 0.8V) 
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PIN FUNcnONS 
Vcc: 5V Input supply pin. This pin should be decoupled with 
a 0.1 uF ceramic capacitor close to the package pin. Insuffi
cient supply bypassing can result in low output drive levels 
and erratic charge pump operation. 

VL: 3V Logic supply pin. Provides power to the receiver 
outputs. Decouple with a 0.1uF ceramic capacitor. 

GND: Ground Pin. 

On/Off: A TIUCMOS compatible operating mode control. A 
logic low puts the device in the low power SH UTDOWN mode. 
Drivers and receivers assume a high impedance state in 
shutdown. The transceiver consumes almost no supply 
current while in Shutdown. A logic high fully enables the 
transceiver. 

DRIVER DISABLE: This pin provides an alternate control for 
the charge pump and RS232 drivers. A logic high on this pin 
shuts down the charge pump and places all drivers in a high 
impedance state. All five receivers remain active under these 
conditions. Floating the driver disable pin or driving it to a 
logic low level fully enables the transceiver. A logic low on the 
On/Off pin supercedes the state of the Driver Disable pin. 
Supply current drops to 3mA when in DriverDisable mode. 

V+: Positive supply output (RS232 drivers). V+ '" 2Vee -
1.5V. This pin requires an external charge storage capaci
tor C :.0.1(.tF, tied to ground or Vee. Larger value 
capacitors may be used to reduce supply ripple. 

V-: Negative supply output (RS232 drivers). V- '" -(2Vee-
2.5V). This pin requires an external charge storage 
capacitor C:. 0.1(.tF. To reduce supply ripple, increase the 
size of the storage capacitor. 

C1+;C1-;C2+;C2-: Com mutating capacitor inputs, require 
two external capacitors C :. 0.2(.tF. One from C1+ to C1-, and 
another from C2+ to C2-. The capacitor's effective series 
resistance should be less than 2Q. For C :.1 (.tF, low ESR 
tantalum capacitors work well in this application, al
though small value ceramic capacitors may be used with 
a minimal reduction in charge pump compliance. 

DRIVER IN: RS232 driver input pins. These inputs are 
compatible with TILor CMOS logic. Tie unused inputs to 
Vcc or VL. 

1-74 

DRIVER OUT: Driver outputs at RS232 voltage levels. Driver 
output swing meets RS232 levels for loads up to 3k. Slew 
rates are controlled for lightly loaded lines. Output current 
capability is sufficient for load conditions up to 2500pF. 
Outputs are in a high impedance state when in SHUTDOWN 
mode, Vee = OV, or when the driver disable pin is active. 
Outputs are fully short circuit protected from V- + 30V to V+ 
- 30V. Applying higher voltages will not damage the device 
if the overdrive is moderately current limited. Short circuits 
on one output can load the power supply generator and may 
disrupt the signal levels of the other outputs. The driver 
outputs are protected against ESD to ± 1 OkV for human body 
model discharges. 

AX IN: ReceiVer inputs. These pins accept RS232 level 
signals (±30V) into a protected 5k terminating resistor. The 
receiver inputs are protected against ESD to ±10kV for 
human body model discharges. Each receiver provides O.4V 
of hysteresis for noise immunity. Open receiver inputs 
assume a logic low state. 

AX OUT: Receiver outputs with nUCMOS voltage levels. 
Outputs are in a high impedance state when in SHUTDOWN 
mode to allow data line sharing. Outputs are fully short circuit 
protected to ground or Vee with the power on, off, or in 
SHUTDOWN mode. 

R5232 Une Pins 
Protected to 
+/. to kV 

ESD Test Circuit 
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RS485 Applications Information 

Typical Applications 

A typical half duplex interface is shown in Figure 1. A 
twisted pairofwires connect up to 32 drivers and receivers 
for half duplex data transmission. There are no restrictions 
on where the chips are connected to the wires, and it 
isn't necessary to have the chips connected at the ends. 
However, the wires must be terminated only at the ends 
with a resistor equal to their characteristic impedance, 
typically 120Q. The optional shields around the twisted 
pair help reduce unwanted noise, and are connected to 
GND at one end. 

ox 

EN 
1/4LTC486 

ox 

A typical full duplex interface is shown in Figure 2. Two 
twisted pair wires connect up to 32 driver/receiver pairs 
for full duplex data transmission. There are no restrictions 
on where the chips are connected to the wires, and it isn't 
necessary to have the chips connected at the ends. How
ever, the wires must be terminated only at the ends with a 
resistor equal to their characteristic impedance, typically 
120Q. The input impedance of a receiver is typically 20kQ 
to GND, or 0.6 unit RS-485 load, so in practice 50 to 60 

EN EN 
1/4 LTC488 

RX 

Figure 1. Typical Connection 

RX RX 

ox ox 

ox 
Figure 2. Typical Connection 
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RS485 

transceivers can be connected to the same wires. The 
optional shields around the twisted pair help reduce un
wanted noise, and are connected to GND at one end. 

The L TC490 and LTC491 can also be used as line repeaters 
as shown in Figure 3.lfthe cable length is longer than 4000 
feet, the device is inserted in the middle of the cable with 
the receiver output connected back to the driver input. 

LTC48I-TA11 

Figure 3. Line Repeater 

Thermal Shutdown 

All of LTC's RS485 devices have a thermal shutdown 
feature which protects the part from excessive power 
dissipation. If the outputs of the driver are accidently 
shorted to a power supply or low impedance source, up to 
250mA can flow through the part. The thermal shutdown 
circuit disables the driver outputs when the internal tem
perature reaches 150°C and turns them back on when the 
temperature cools to 130°C. If the outputs of two or more 
LTC491 drivers are shorted directly, the driver outputs can 
not supply enough current to activate the thermal shut
down. Thus, the thermaf shutdown circuit will not prevent 
contention faults when two drivers are active on the bus at 
the same time. 

Cables and Data Rate 

The transmission line of choice for RS485 applications is 
a twisted pair. There are coaxial cables (twinaxial) made 
for this purpose that contain straight pairs, but these are 
less flexible, more bulky, and more costly than twisted 
pairs. Many cable manufacturers offer a broad range of 
1200 cables designed for RS485 applications. 
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Losses in a transmission line are a complex combination 
of DC conductor loss, AC losses (skin effect), leakage and 
AC losses in the dielectric. In good polyethylene cables 
such as the Belden 9841, the conductor losses and 
dielectric losses are of the same order of magnitude, 
leading to relatively low over all loss (Figure 4). 

10 __ 

v 
0.1 L--w..J.JL.J..WL..--'-J...J..l.L11Il-....L..J...J...J..J..l.W 

0.1 1.0 10 100 

FREQUENCY (MHz) 
LTC491· TA12 

Figure 4. Attenuation vs Frequency for Belden 9481 

When using low loss cables, Figure 5 can be used as a 
guideline for choosing the maximum line length for a given 
data rate. With lower quality PVC cables, the dielectric loss 
factor can be 1000 times worse. PVC twisted pairs have 
terrible losses at high data rates (>1 OOkBs), and greatly 
reduce the maximum cable length. At low data rates 
however, they are acceptable and much more economical. 

10k 

is lk 

i 
~ 
to 
C3 100 

10 
10k 

" 

1\ 

1111 

Willl 
lOOk 1M 2.5M 10M 

DATA RATE (bps) 
LTC491°TAI3 

Figure 5. Cable Length vs Data Rate 



Cable Termination 

The proper termination of the cable is very important. 
If the cable is not terminated with it's characteristic 
impedance, distorted waveforms will result. In severe 
cases, distorted (false) data and nulls will occur. A quick 
look at the output of the driver will tell how well the cable 
is terminated. It is best to look at a driver connected to the 
end of the cable, since this eliminates the possibility of 
getting reflections from two directions. Simply look at the 
driver output while transmitting square wave data. If the 
cable is terminated properly, the waveform will look like a 
square wave (Figure 6). 

DX RX 

Rt=120n I 

Rt = 47!l 

Rt = 470n 

Figure 6. Termination Effects 

If the cable is loaded excessively (47Q), the signal initially 
sees the surge impedance of the cable and jumps to an 
initial amplitude. The signal travels down the cable and is 
reflected back out of phase because of the mistermination. 
When the reflected signal returns to the driver, the ampli
tude will be lowered. The width of the pedestal is equal to 
twice the electrical length of the cable (about 1.5ns/foot). 

RS485 

If the cable is lightly loaded (470Q), the signal reflects in 
phase and increases the amplitude at the driver output. An 
input frequency of 30kHz is adequate for tests out to 4000 
feet of cable. 

AC Cable Termination 

Cable termination resistors are necessary to prevent un
wanted reflections, but they consume power. The typical 
differential output voltage of the driver is 2V when the 
cable is terminated with two 120Q resistors, causing 
33mA of DC current to flow in the cable when no data is 
being sent. This DC current is about 60 times greater than 
the supply current ofthe L TC491. One way to eliminate the 
unwanted current is by AC coupling the termination resis
tors as shown in Figure 7. 

RX 

C = LINE LENGTH (It) x 16.3pF 

Figure 7. AC Coupled Termination 

The coupling capacitor must allow high-frequency energy 
to flow to the termination, but block DC and low frequen
cies. The dividing line between high and low frequency 
depends on the length ofthe cable. The coupling capacitor 
must pass frequencies above the point where the line 
represents an electrical one-tenth wavelength. The value 
ofthe coupling capacitor should therefore be set at 16.3pF 
perfoot of cable length for 120Q cables. With the coupling 
capacitors in place, power is consumed only on the signal 
edges, and not when the driver output is idling at a 1 or 0 
state. A 1 OOnF capacitor is adequate for lines up to 4000 
feet in length. Be aware that the power savings start to 
decrease once the data rate surpasses 1/(120Q x C). 
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Receiver Open-Circuit Fail-Safe 

Some data encoding schemes require that the output of 
the receiver maintains a known state (usually a logic 1) 
when the data is finished transmitting and all drivers on the 
line are forced into three-state. The receiver of the L TC491 
has a fail-safe feature which guarantees the outputto be in 
a logic 1 state when the receiver inputs are left floating 
(open-circuit). However, when the cable is terminated 
with 120Q, the differential inputs to the receiver are 
shorted together, not left floating. Because the receiver 
has about 70mV of hysteresis, the receiver output will 
maintain the last data bit received. 

+5V-..-...., 

RX 

+5V 

RX 

100kn 
+5V """""""""--:1 

120n 

YJ'--------4----1 RX 

Figure 8. Forcing "0" When All Drivers are 011 

The termination resistors are used to generate a DC bias 
which forces the receiver outputto a known state, in this case 
a logic O. The first method consumes about 208mW and the 
second about BmW. The lowest power solution is to use an 
AC termination with a pull-up resistor. Simply swap the 
receiver inputs for data protocols ending in logic 1. 
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Fault Protection 

All of LTC's RS485 products are protected against ESD 
transients up to 2kV using the human body model (1 OOpF, 
1.5kQ). However, some applications need more 
protection. The best protection method is to connect a 
bidirectional TransZorb®from each line side pin to ground 
(Figure 9). 

Figure 9. ESD Protection with TransZorbs 

A TransZorb is a silicon transient voltage suppressor that 
has exceptional surge handling capabilities, fast response 
time, and low series resistance. They are available from 
General Semiconductor Industries and come in a variety of 
breakdown voltages and prices. Be sure to pick a break
down voltage higher than the common mode voltage 
required for your application (typically 12V). Also, don't 
forget to check how much the added parasitic capacitance 
will load down the bus. 

Typical Applications 

RS232IN ~P--<l 

56kn 

Figure 10. RS232 Receiver 

R = 220kn 

RS232IN --+---'li"lv--i 

RX 

Ivv-vzl 19k 
HYSTERESIS = 10kn· -R - = -R -

LTC491.TAI9 

Figure 11. RS232 to RS485 Level Transistor with Hysteresis 

TransZorb is a registered trademark of General Instruments, GSI 



Number 39 in a series from Linear Technology Corporation September, 1990 

Low Power CMOS RS485 Transceiver 
Robert Reay 

Introduction 

The EIA RS485 data transmission'standard has become pop
ular because it allows for balanced data transmission in a 
party line configuration. Users are able to configure inexpen
sive local area networks and multi-drop communication links 
using twisted pair wire and the protocol of their choice. 

Previous RS485 transceivers have been designed using bipo
lar technology because the common mode range of the de
vice must extend beyond the supplies and be immune to ESO 
damage and latchup. Unfortunately, the bipolar devices draw 
a large amount of supply current and are unacceptable for 
low power applications. The LTC485 is the first CMOS RS485 
transceiver featuring ultra low power consumption 
(lee=500/lA max.) without sacrificing ESO and latchup 
immunity. 

Proprietary Output Stage 

protection. Two Schottky diodes S03 and S04 are added to a 
conventional CMOS inverter output stage. The Schottky 
diodes are fabricated by a proprietary modification to a 
standard N-well CMOS process. When the output stage is 
operating normally, the Schottky diodes are forward biased 
and have a small voltage drop across them. When the output 
is in the high impedance state and is driven above Vee or be
low ground by another driver on the party line, the parasitic 
diode 01 or 02 will forward bias, but S03 or S04 will reverse 
bias and prevent current from flowing into the N-well or sub
strate. Thus, the high impedance state is maintained even 
with the output voltage beyond the supplies. With no current 
flow into the N-well or substrate, latchup is virtually 
eliminated. 

Propagation Delay 

The LTC485 driver output stage of Figure 1 features a USing the test circuit of Figure 4 with only one foot of twisted 
common mode range that extends beyond the supplies while pair wire, Figures 2 and 3 show the typical propagation 
virtually eliminating latch up and providing excellent ESO delays. 

Vee 

LOGIC 

Figure 1. LTC485 Output Stage 

DRIVER 
OUTPUT 

DI 

A 

RO 

Figure 2. LTC485 System Wavelonns 

DRIVER 
OUTPUT 

01 

RO 

Figure 3. LTC485 System Wavelonns 

RO 

Figure 4. LTC485 System Test Circuit 
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LTC485 Line Length vs Data Rate 

The maximum line length allowable for the RS4221RS485 
standard is 4000 feet. Using the test circuit of Figure 4 with 
4000 feet of twisted pair wire, Figure 5 and 6 show that with 
",20Vp·p common mode noise injected on the line, the 
LTC485 is able to reconstruct the data stream at the end of 
the wire. 

Ro 

COMMON MODE 
VOLTAGE(C+ 0)12 

01 

Figure 5. System Common Mode Voltage @19.2kHz 

RO 

COMMON MODE 
VOLTAGE (C +0)12 

01 

Figure 7. System Common Mode Voltage @110kHz 

10k 

!; lk 
:I: 

~ 
Z 
~ 
w 
--' 

~100 

10 

'\. 

Figures 7 and 8 show that the LTC485 is able to comfortably 
drive 4000 feet of wire at 110kHz. 

When specifying line length vs maximum data rate the curve 
in Figure 9 should be used: 

r\ 

RO 

DIFFERENTIAL 
VOLTAGED-C 

01 

Figure 6. System Differential Voltage @19.2kHz 

RO 

DIFFERENTIAL 
VOLTAGED-C 

01 

Figure 8. System Differential Voltage @110kHz 

10k lOOk 1M 2.5M 10M 
MAXIMUM DATA RATE 
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Figure 9. Cable Length vs Maximum Data Rate 

For literature of our Low Power Transceivers 
call (800)637-5545. For applications help, 
call (408) 432·1900, Ext. 456. 



/(~!unV~~ LTC485 ./ '--71J TECHNOLOGY:::====Lo=w=P=o=w=e=r =RS=4=8=S=ln=t=e=rf=a=c=e 

o Low Power: Icc = 300JtA Typ 
o Designed for RS485 Interface Applications 
o Single + 5V Supply 
o - 7V to + 12V Bus Common Mode Range Permits ± 7V 

Ground Difference Between Devices on the Bus 
o Thermal Shutdown Protection 
o Power Up/Down Glitch-Free Driver Outputs Permit Live 

Insertion or Removal of Transceiver 
o Driver Maintains High Impedance in Three-State or With 

the Power Off 
o Combined Impedance of a Driver Output and Receiver 

Allows Up to 32 Transceivers on the Bus 
o 70mVTypicalinput Hysteresis 
o 30ns Typical Driver Propagation Delays with 5ns Skew 
o Pin Compatible with the SN75176A, DS75176A and 

JtA96176 

o Low Power RS485/RS422 Transceiver 
o Level Translator 

R01 

RE1 

DE1 

DI1 

R02 

RE2 

DE2 

DI2 

IryUri'a\Q 
~ TECHNOLOGY 

Transceiver 

The LTC485 is a low power differential bus/line transceiver 
designed for multipoint data transmission standard RS485 
applications with extended common mode range (+ 12V to 
- 7V).lt also meets the requirements of RS422. 

The CMOS design offers significant power savings over 
its bipolar counterpart without sacrificing ruggedness 
against overload of ESD damage. 

The driver and receiver feature three-state outputs, with 
the driver outputs maintaining high impedance over the 
entire common mode range. Excessive power dissipation 
caused by bus contention or faults is prevented by a ther
mal shutdown circuit which forces the driver outputs into 
a high impedance state. 

The receiver has a fail safe feature which guarantees a 
high output state when the inputs are left open. 

The LTC485 is fully specified over the commercial and ex
tended industrial temperature range. 

Driver Outputs 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
(Nole 1) 

Supply Voltage (Vecl ............................... 12V 
Control Input Voltages .............. - O.5V to Vee + O.5V 
Driver Input Voltage ................. - O.5V to Vee + O.5V 
Driver Output Voltages ........................... ± 14V 
Receiver Input Voltages ........................... ± 14V 
Receiver Output Voltage ............. - O.5V to Vee + O.5V 
Operating Temperature Range 

LTC4851 ....................................... - 40°C ~ TA ~ 85°C 
L TC485C ........................................... O°C ~ T A ~ lO°C 
LTC485M ................................... - 55°C ~ TA ~ 125°C 

TOP VIEW 

J8 PACKAGE N8 PACKAGE 
HEAD CERAMIC DIP HEAD PLASTIC DIP 

S8 PACKAGE 
HEAD PLASTIC SOIC 

TJMAX = lWC, 9JA = 100°CIW (J) 
TJMAX = 100°C, 9JA = 130°CIW (N) 
TJMAX = 100°C, 9JA = 170°CIW (S) 

DC ELECTRICAL CHARACTERISTICS Vcc = 5V:!: 5% (Noles 2 and 3) 

ORDER PART 
NUMBER 

LTC485CN8 
LTC4851N8 
LTC485CS8 
LTC4851S8 
LTC485CJ8 
LTC485MJ8 

S8 PART MARKING 
485 
4851 

LTC485C, LTC4851 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
VOD1 Differential Driver Output Voltage 10=0 e 5 V 

(Unloaded) 
VOD2 Differential Driver Output Voltage R = 500; (RS422) 0 2 v 

(with Load) R = 270; (RS485), Figure 1 0 1.5 5 

t.Voo Change in Magnitude of Driver R = 270 or R = 500, Figure 1 ell 0.2 V 
Differential Output Voltage for 
Complementary Output States 

Voc Driver Common Mode Output Voltage R = 270 or R = 500, Figure 1 0 3 V 

t.IVocl Change in Magnitude of Driver R = 270 or R = 500, Figure 1 0 0.2 V 
Common Mode Output Voltage 
for Complementary Output States 

VIH Input High Voltage DE, DI, RE 0 2.0 V 

VIL Input Low Voltage DE, DI, RE 0 0.8 V 

IIN1 Input Current DE, DI, RE 0 ±2 ~A 

IIN2 Input Current (A, 8) DE=O, Vcc=O I VIN = 12V (/) + 1.0 mA 
or5.25 I VIN = -7V Q -0.8 

VTH Differential Input Threshold Voltage for -7V~VCM~ +12V 0 -0.2 +0.2 V 
Receiver 

t.VTH Receiver Input Hysteresis VCM=OV Q 70 mV 

VOH Receiver Output High Voltage 10 = - 4mA, VID = + 200mV 0 3.5 V 

VOL Receiver Output Low Voltage 10= +4mA, VID = -200mV (') 0.4 V 

10ZR Three·State (High Impedance) Output Vcc= Max, 0.4~Vo~2.4 0 ±1 ~A 
Current at Receiver 

RIN Receiver Input Resistance -7V~VCM~+12V e 12 kO 

Icc Supply Current No Load, Pins 2, I Outputs Enabled !'II 500 900 ~A 
3,4 = OVor 5V I Outputs Disabled !'II 300 500 

IOS01 Driver Short·Circuit Current, VOUT= HIGH -7V~Vo~+12V G 35 250 mA 

IOS02 Driver Short·Circuit Current, VOUT = LOW -7V~Vo~ + 10V 0 35 250 mA 

10SR Receiver Short·Circuit Current OV~Vo~Vcc 0 7 85 mA 
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SWITCHinG CHARACTERISTICS Vcc=5V±5%(Notes2and3) 

L TC485C, L TC4851 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
tplH Driver Input to Output ROIFF =54!l, Cl1 =CL2 =tOOpF, 0 10 30 60 
tpHl Driver Input to Output (Figures 3 and 5) 0 10 30 60 

tSKEW Driver Oulput to Output 0 5 10 
tR, tF Driver Rise or Fall Time 0 3 IS 40 

tZH Driver Enable to Output High Cl = 100pF (Figures 4 and 6) 82 Closed 0 40 70 

tZl Driver Enable to Output Low Cl = 100pF (Figures 4 and 6) 81 Closed 0 40 70 

tLZ Driver Disable Time Irom Low Cl = ISpF (Figures 4 and 6) 81 Closed 0 40 70 

tHZ Driver Disable Time from High Cl = ISpF (Figures 4 and 6) 82 Closed 0 40 70 
tplH Receiver Input to Output RDIFF =S4!l, Cl1 =CL2 =100pF, 0 30 90 200 
tpHl Receiver Input to Output (Figures 3 and 7) 0 30 90 200 

tSKD ItplH"tpHll 0 13 
Differential Receiver 8kew 

tZl Receiver Enable to Output Low CRl = ISpF (Figures 2 and 8) 81 Closed 0 20 SO 

tZH Receiver Enable to Output High CRl = 15pF (Figures 2 and 8) 82 Closed 0 20 SO 
tLZ Receiver Disable from Low CRl = ISpF (Figures 2 and 8) 81 Closed 0 20 SO 

tHZ Receiver Disable from High CRl = ISpF (Figures 2 and 8) 82 Closed 0 20 SO 

The 0 denotes specifications which apply over the full operating 
temperature range. 

Note 2: All currents into device pins are positive; all currents out of device 
pins are negative. All voltages are referenced to device ground unless 
otherwise specified. Note 1: "Absolute Maximum Ratings" are those beyond which the safety of 

the device cannot be guaranteed. 

TEST CIRCUITS 

AIh R 

Voo 

R Voe 

B -! 
Figure 1. Driver DC Test Load 

Figure 3. Driver/Receiver Timing Test Circuit 

Note 3: Alltypicals are given for Vcc = SV and TA = 2SoC. 

15pF 

RECEIVER TEST POINT 
OUTPUT 

CRl 
15PFJ lk 

Figure 2. Receiver Timing Test Load 

r.L1o- vee 
OUTPUT 5000 

UNDER TEST 

-:rCI S2~ - ..,. 

Figure 4. Driver Timing Test Load #2 

ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
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SWITCHinG TimE WAVEFORms 

~--------------7'-------------------------------------~ DI 1.5V f= 1MHz: tRs10ns: tFs10ns 1.5V 

A 
----t'----'-~-....,A _tPL_H _________________ ---'"I t 112VO 

OV __________ ..J ~ 

Vo ~,-__ --------------------~X f~---f 1/2Vo -I tsKEW ~ j:=tsKEW 

Vo ?t:BO% ~ _ Vo ____________ ...;.10=% 

tR_ 

DE 

A,B 

3V 

OV 
5V 

VOL 
VOH 

A,B 
OV 

VOH 
R 

VOL 

VOO2 
A-B 

-VOO2 

3V 
Ai: 

OV 
5V 

R 

R 
OV 
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I 1.5V 

lzl- ~ 
i\2.3V 

2.3V 

lzH- -

tpHl 

tZl 

tZH 

VOIFF = VIA) - VIB) 

;...:;2~O%;,..' _____ _ ~O% 
tF i=C= 

Figure 5. Driver Propagation Delays 

f= 1MH~ tRs10ns:tFs10ns ' 15V 

tLZ-

~ OUTPUT NORMALLY LOW 

OUTPUT NORMALLY HIGH ~ tHz-

Figure 6. Driver Enable and Disable Times 

OUTPUT 

f= 1MHz: tRs10ns: tFs10ns tpLH 

INPUT 

Figure 7. Receiver Propagation Delays 

f= 1MH~ tRs10ns: tFs10ns 

OUTPUT NORMALLY LOW 

OUTPUT NORMALLY HIGH 

tH 

Figure 8. Receiver ~nable and Disable Times 



LTC485 

FunCTion TABLES Pin FunCTions 
LTC485 Transmitting PIN # NAME DESCRIPTION 

INPUTS LINE OUTPUTS 
RE DE 01 CONDITION B A 

1 RO R~eiver Output. If the receiver output is enabled 
(RE low), then if A > B by 200mV, RO will be high. If 
A < B by 200mV, then RO will be low. 

X 1 1 No Fault 0 1 2 fiE Receiver Output Enable. A low enables the 
X 1 0 No Fault 1 0 receiver output, RO. A high input forces the 
X 0 X X Z Z receiver output into a high impedance state. 
X 1 X Fault Z Z 3 DE Driver Outputs Enable. A high on DE enables the 

driver output. A and B, and the chip will function 
as a line driver. A low input will force the driver 

LTC485 Receiving outputs into a high impedance state and the chip 
will function as a line receiver. 

INPUTS OUTPUTS 4 DI Driver Input. If the driver outputs are enabled (DE 

RE DE A-B R 
0 0 ~ +O.2V 1 
0 0 :s -O.2V 0 
0 0 Inputs Open 1 
1 0 X Z 

high), then a low on 01 forces the outputs A low 
and B high. A high on 01 with the driver outputs 
enabled will force A high and Blow. 

5 GND Ground Connection. 
6 A Driver Output/Receiver Input. 
7 B Driver Output/Receiver Input. 
8 Vec Positive Supply; 4.75<Vec<5.25 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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. lei Tun~ LTC4§Q / JJ TECHNOLOGY::==:====Q=uad Low Power 

o Very Low Power: Icc = 11 a~A Typ. 
o Designed for RS485 or RS422 Applications 
o Single +5V Supply 
o -7V to + 12V Bus Common Mode Range Permits ±7V 

GND Difference Between Devices on the Bus 
o Thermal Shutdown Protection 
o Power-Up/Down Glitch-Free Driver Outputs Permit 

Live Insertion/Removal of Package 
o Driver Maintains High Impedance in Three-State or 

with the Power Off 
o 28ns Typical Driver Propagation Delays with 5ns 

Skew 
o Pin Compatible with the SN75172, DS96172, 

~A96172, and DS96F172 

lFJiPUJlL~~li'Ju~©~5 

o Low Power RS485/RS422 Drivers 
o Level Translator 

EN 

RS485 Driver 

The LTC486 is a low power differential bus/line driver 
designed for multipoint data transmission standard RS485 
applications with extended common mode range (+ 12Vto 
-7V). It also meets RS422 requirements. 

The CMOS design offers significant power savings over its 
bipolar counterpart without sacrificing ruggedness against 
overload or ESD damage. 

The driver features three-state outputs, with the driver 
outputs maintaining high impedance overthe entire com
mon mode range. Excessive power dissipation caused by 
bus contention or faults is prevented by a thermal shut
down circuit which forces the driver outputs into a high 
impedance state. 

Both AC and DC specifications are guaranteed from aoc to 
7aoC and over the 4.75V to 5.25V supply voltage range. 

EN 

RS485 Cable Length Specification" 

10k ~II~IEII 
~ 

~1k~.e •• 1 i'!: 
'" ~ 
w 

~ 100 ~II~IEII 

DATA RATE (bps) 

• APPLIES FOR 24 GAUGE. POLYETHYLENE 
DIELECTRIC TWISTED PAIR 
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LTC486 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATiOn 
(Note 1) 

Supply Voltage (VCC) ................................................ 12V 
Control Input Voltages ..................... -0.5V to Vee + 0.5V 
Driver Input Voltages ....................... -0.5V to Vee + 0.5V 
Driver Output Voltages ........................................... ±14V 
Control Input Currents ........................................ ±25mA 
Driver Input Currents .......................................... ±25mA 
Operating Temperature Range ..................... O°C to 70°C 
Sto'rage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................. 300°C 

TJMAX = 125'C, eJA = 70'C/W (N) 
TJMAX = 150'C, eJA = 95'C/W (S) 

N PACKAGE S PACKAGE 
16·LEAO PLASTIC DIP 16·LEAO PLASTIC SOL 

ORDER PART 
NUMBER 

LTC486CN 
LTC486CS 

DC ELECTRICAL CHARACTERISTICS Vee = 5V ±5%, DOC::; Temperature::; 7DoC (Note 2, 3) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VOOI Differential Driver Output Voltage (Unloaded) 10 = a 5 v 
V002 Differential Driver Output Voltage (With Load) R = 50n; (RS422) 2 V 

R = 2m; (RS485) (Figure 1) 1.5 5 V 

Voo Change in Magnitude of Driver Differential R = 2m or R = 50n 0.2 V 
Output Voltage for Complementary Output States (Figure 1) 

Voc Driver Common Mode Output Voltage 3 

IVocl Change in Magnitude of Driver Common Mode 0.2 
Output Voltage for Complementary Output States 

VIH Input High Voltage DI, EN, EN 2.0 V 

VIL Input Low Voltage 0.8 V 

IINI Input Current ±2 IlA 

Icc Supply Current No Load I Output Enabled 110 200 IlA 
I Output Disabled 110 200 

10S01 Driver Short Circuit Current, VOUT = High -7V::;Vo::;t12V 250 rnA 

IOS02 Driver Short Circuit Current, VOUT = Low -7V ::;Vo::; t12V 250 rnA 

loz High Impedance State Output Current Vo = -7Vto 12V ±2 ±200 IlA 

SWITCHinG CHARACTERISTICS Vee = 5V ±5%, DOC::; Temperature::; 7DoC (Note 2, 3) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpLH Driver Input to Output ROIFF = 54n, CL1 = Cl2 = 100pF 20 28 60 ns 

tpHL Driver Input to Output (Figures 2, 4) 20 28 60 

tSKEW Driver Output to Output 5 15 

tr, tf Driver Rise or Fall Time 5 15 71 

tZH Driver Enable to Output High Cl = 1 OOpF (Figures 3, 5) S2 Closed 35 70 ns 

tZl Driver Enable to Output Low Cl = 1 OOpF (Figures 3, 5) Sl Closed 44 75 ns 

tLZ Driver Disable Time from Low Cl = 15pF (Figures 3, 5) Sl Closed 55 92 ns 

tHZ Driver Disable Time from High Cl = 15pF (Figures 3, 5) S2 Closed 45 75 ns 

Note 1: "Absolute Maximum Ratings" are those beyond which the safety pins are negative. All voltages are referenced to device ground unless 
of the device cannot be guaranteed. otherwise specified. 
Note 2: All currents into device pins are positive; all currents out of device Note 3: All typicals are given for Vcc = 5V and Temperature = 25°C. 
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FUnCTiOn TABLE 
INPUT ENABLES OUTPUTS 

01 EN EN OUTA OUTB 
H H X H L 

L H X L H 

H X L H L 

L X L L H 

X L H Z Z 

Pin FunCTions 
011 (Pin 1): Driver 1 input. If Driver 1 is enabled, then a low 
on DI1 forces the driver outputs D01A low and D01 B high. 
A high on DI1 with the driver outputs enabled will force 
D01A high and D01 Blow. 

001A (Pin 2): Driver 1 output. 

001 B (Pin 3): Driver 1 output. 

EN (Pin 4): Driver outputs enabled. See Function Table for 
details. 

002B (Pin 5): Driver 2 output. 

002A (Pin 6): Driver 2 output. 

012 (Pin 7): Driver 2 input. Refer to D11. 

TEST CIRCUITS 

t 
vac 

01 
R 

± 

EN 

H: High Level 
L: Low Level 
X: Irrelevant 
Z: High Impedance (Off) 

GNO (Pin 8): Ground connection. 

013 (Pin 9): Driver 3 input. Refer to D11. 

003A (Pin 10): Driver 3 output. 

D03B (Pin 11): Driver 3 output. 

LTC486 

EN (Pin 12): Driver outputs disenabled. See Function 
Table for details. 

004B (Pin 13): Driver 4 output. 

004A (Pin 14): Driver 4 output. 

014 (Pin 15): Driver 4 input. Refer to D11. 

Vcc (Pin 16): Positive supply; 4.75 < Vee < 5.25. 

-rCS1o---VCC 

OUTPUT 500n 
UNDER TEST 

TCL S2~ 

Figure 1. Driver DC Test Load Figure 2. Driver Timing Test Circuit Figure 3. Driver Timing Test Load #2 
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LTC486 

SWITCHinG TimE WAVEFORms 
3V 

DI t = 1MHz' t, < 10n5' tl < 10n5 
OV 

Vo 
A 

Vo 

-Vo 

80% VOIFF = V(A) - V(B) 

Figure 4. Driver Propagation Delays 
3V 

EN 
OV 

/~.5V t= 1MHz ·t, ,;10n5 :tl ,;10n5 

- tZl 
5V 

A, B 
VOL 

23V OUTPUT NORMALLY LOW 

VaH 
A, B 23V OUTPUT NORMALLY HIGH 

OV - tZH 
Figure 5. Driver Enable and Disable Times 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
Driver Differential Output Voltage vs 
Temperature Ro = 540 
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• ",.. < ~ ~Ol~:::::====f" ==: = J!/: y' <~~::~~! l~rrc:m~ LTC487 

.t:i~'."" TECHNOLOGY Quad Low Power 

I::J Very Low Power: Icc = 11 O~ Typ. 
[] Designed for RS485 or RS422 Applications 
[] Single +5V Supply 
[] -7V to + 12V Bus Common Mode Range Permits ±7V 

GND Difference Between Devices on the Bus 
1::1 Thermal Shutdown Protection 
1::1 Power-Up/Down Glitch-Free Driver Outputs Permit 

Live Insertion/Removal of Package 
[] Driver Maintains High Impedance in Three-State or 

with the Power Off 
1::1 28ns Typical Driver Propagation Delays with 5ns 

Skew 
I::J Pin Compatible with the SN75174, DS96174, 
~96174, and DS96F174 

[J Low Power RS485/RS422 Drivers 
[J Level Translator 

EN 12 

1/4 LTC487 

2-20 

RS485 Driver 

The LTC487 is a low power differential bus/line driver 
deSigned for multipoint data transmission standard Rs485 
applications with extended common mode range (+ 12V to 
-7V). It also meets RS422 requirements. 

The CMOS deSign offers significant power savings over its 
bipolar cou nterpart without sacrificing ruggedness against 
overload or ESD damage. 

The driver features three-state outputs, with the driver 
outputs maintaining high impedance overthe entire com
mon mode range. Excessive power dissipation caused by 
bus contention or faults is prevented by a thermal shut
down circuit which forces the driver outputs into a high 
impedance state. 

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

EN 12 

RO 

LTC487-TAOt 

RS485 Cable Length Specification· 

10k ~mlIIEII 
-'" 

10 '---L-J..J..JWJL----'-.L.J....U.~....L_.LJ..J.I..UI 
10k lOOk 1M 2.5M 10M 

DATA RATE (bps) 
LTC487-TAOa 

• APPLIES FOR 24 GAUGE, POLYETHYLENE 
DIELECTRIC lWlSTED PAIR 
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LTC487 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATiOn 
(Note 1) 

Supply Voltage (Vee) ................................................ 12V 
Control Input Voltages ..................... -O.5V to Vee + O.5V 

ORDER PART 
NUMBER 

Driver Input Voltages ....................... -O.5V to Vee + O.5V 
Driver Output Voltages ........................................... ±14V 
Control Input Currents ........................................ ±25mA 
Driver Input Currents .......................................... ±25mA 
Operating Temperature Range ..................... O°C to 70°C 
Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................. 300°C 

TJMAX = l2S·C. 6JA = 70·C/w (N) 
TJMAX = lS0·C, 6JA = 9S·C!W (5) 

N PACKAGE 5 PACKAGE 
l6-LEAD PLASTIC DIP l6-LEAD PLASTIC SOL 

LTC487CN 
LTC487CS 

DC ELECTRICAL CHARACTERISTICS Vee = 5V ±5%, DOC $; Temperature $; 7DoC (Note 2, 3) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX 

VOOl Differential Driver Output Voltage (Unloaded) 10= a 5 

V002 Differential Driver Output Voltage (With Load) R = 50n; (RS422) 2 
R = 270; (RS4B5) (Figure 1) 1.5 5 

VOD Change in Magnitude of Driver Differential R = 270 or R = 50n 0.2 
Output Voltage for Complementary Output States (Figure 1) 

Voc Driver Common Mode Output Voltage 3 

lVocl Change in Magnitude of Driver Common Mode 0.2 
Output Voltage for Complementary Output States 

VIH Input High Voltage DI, EN12, EN34 2.0 

VIL Input Low Voltage O.B 

IINl Input Current ±2 

Icc Supply Current No Load I Output Enabled 110 200 

I Output Disabled 110 200 

10501 Driver Short Circuit Current, VOUT = High -7V~Vo~+12V 250 

10502 Driver Short Circuit Current, VOUT = Low -7V~Vo~+12V 250 

loz High Impedance State Output Current Vo = -7V to 12V ±2 ±200 

SWITCHinG CHARACTERISTICS Vee = 5V ±5%, DOC $; Temperature $; 7DoC (Note 2, 3) 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX 

tpLH Driver Input to Output RDIFF = 54n, CL 1 = CL2 = 100pF 20 2B 60 

tpHL Driver Input to Output (Figures 2, 4) 20 2B 60 

tsKEw Driver Output to Output 5 15 

tr, tf Driver Rise or Fall Time 5 20 71 

tZH Driver Enable to Output High CL = 100pF (Figures 3, 5) S2 Closed 35 70 

tZL Driver Enable to Output Low CL = 100pF (Figures 3, 5) S1 Closed 44 75 

tLZ Driver Disable Time from Low CL = 15pF (Figures 3, 5) S1 Closed 55 92 

tHZ Driver Disable Time from High CL = 15pF (Figures 3, 5) 52 Closed 45 75 

Note 1: "Absolute Maximum Ratings" are those beyond which the safety 
of the device cannot be guaranteed. 

pins are negative. All voltages are referenced to device GND unless 
otherwise specified. 

Note 2: All currents into device pins are positive; all currents out of device Note 3: Alltypicals are given for Vce = 5V and Temperature = 25°C. 

UNITS 
v 
v 
V 
V 

V 

V 

).lA 

).lA 

rnA 

rnA 

).lA 

UNITS 
ns 

ns 
ns 

ns 

ns 
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LTC487 

FunCTion TABLE 

INPUT ENABLES OUTPUTS 

DI EN12 or EN34 OUTA OUTB 

H H H L 
L H L H 
X L Z Z 

X: Irrelevant H: High Level 
L: Low Level Z: High Impedance (Off) 

Pin FunCTions 
Dl1 (Pin 1): Driver 1 input. If Driver 1 is enabled, then a low 
on DI1 forces the driver outputs D01A low and D01 B high. 
A high on DI1 with the driver outputs enabled will force 
D01 A high and D01 Blow. 

001A (Pin 2): Driver 1 output. 

0018 (Pin 3): Driver 1 output. 

EN12 (Pin 4): Driver 1 and 2 outputs enabled. See Func
tion Table for details. 

0028 (Pin 5): Driver 2 output. 

002A (Pin 6): Driver 2 output. 

012 (Pin 7): Driver 2 input. Refer to D11. 

TEST CIRCUITS 

R 
Of 

R t 
Voe 

± 

EN12 

GND (Pin 8): GND connection. 

DI3 (Pin 9): Driver 3 input. Refer to D11. 

003A (Pin 10): Driver 3 output. 

0038 (Pin 11): Driver 3 output. 

EN34 (Pin 12): Driver 3 and 4 outputs enabled. See 
Function Table for details. 

0048 (Pin 13): Driver 4 output. 

004A (Pin 14): Driver 4 output. 

Dl4 (Pin 15): Driver 4 input. Refer to D11. 

Vcc (Pin 16): Positive supply; 4.75 < Vcc < 5.25. 

-rCS1o---vce 

OUTPUT 50011 
UNDER TEST 

Tel S2~ 

L TC487. TAM 

Figure 1. Driver DC Test Load Figure 2. Driver Timing Test Circuit Figure 3. Driver Timing Test Load #2 
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SWITCHinG TimE WAVEFORms 
3V 

DI 1.SV f = 1MHz: I, < 10ns: If < 10ns 
OV 

Vo 
A 

Vo 
80% 

-Vo 

Figure 4. Driver Propagation Delays 
3V 

EN12 L1.SV f = 1MHz: I, ~ 10ns: If ~ 10ns 
OV - IZl -SV 

A, B 
VOL 

2.3V OUTPUT NORMALLY LOW 

IbH 
A, B 2.3V OUTPUT NORMALLY HIGH 

OV - IZH - Figure 5. Driver Enable and Disable Times 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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LTC487 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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All ~JDR!:==;::==Q=u=a=d=R=s4=8=5=L~C=n:=8=~e==/~=T~=i~=~; 
lJ Low Power: Icc = 7mA Typ. 
lJ Designed for RS485 or RS422 Applications 
lJ Single 5V Supply 
lJ -7V to 12V Bus Common Mode Range Permits ±7V 

Ground Difference Between Devices on the Bus 
lJ 60mV Typical Input Hysteresis 
lJ Receiver Maintains High Impedance in Three-State or 

with the Power Off 
lJ 28ns Typical Receiver Propagation Delay 
o Pin Compatible with the SN75173 (LTC488) 
o Pin Compatible with the SN75175 (LTC489) 

o Low Power RS485/RS422 Receivers 
o Level Translator 

EN EN 

DI 

EN12 

DI 

The LTC488 and LTC489 are low power differential bus/ 
line receivers designed for multipoint data transmission 
standard RS485 applications with extended common mode 
range (12V to -7V). They also meet the requirements of 
RS422. 

The CMOS design offers significant power savings over its 
bipolar counterpart without sacrificing ruggedness against 
overload or ESD damage. 

The receiver features three-state outputs, with the receiver 
output maintaining high impedance over the entire com
mon mode range. 

The receiver has a fail-safe feature which guarantees a 
high output state when the inputs are left open. 

Both AC and DC specifications are guaranteed 4.75V to 
5.25V supply voltage range. 

RO 

RO 
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LTC488jLTC489 

ABSOLUTE mAXimum RATinGS (Note 1) 

Supply Voltage (Vee) ............................................... 12V Operating Temperature Range 
Control Input Currents ........................ - 25mA to 25mA L TC488C/L TC489C ................................. O°C to 70°C 
Control Input Voltages ................... -O.5V to Vee + O.5V LTC4881/LTC4891 ............................... -40°C to 85°C 
Receiver Input Voltages ......................................... ±14V Storage Temperature Range ................. -65°C to 150°C 
Receiver Output Voltages .............. -O.5V to Vee + O.5V Lead Temperature (Soldering, 10 sec.) ................ 300°C 

PACKAGE/ORDER InFORmATiOn 
TOP VIEW 

N PACKAGE S PACKAGE 
16·LEAD PLASTIC DIP 16-LEAD PLASTIC SOL 

TJMAX = 150'C. BJA = 70'C/W (N PKG) 
TJMAX = 150'C, BJA = 90'C/W (S PKG) 

ORDER PART 
NUMBER 

LTC488CN 
LTC488CS 
LTC4881N 
LTC4881S 

TOP VIEW 

N PACKAGE S PACKAGE 
16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOL 

TJMAX = 150'C, BJA = 70'C/W (N PKG) 
TJMAX = 150'C. BJA = 90'C/W (S PKG) 

ORDER PART 
NUMBER 

LTC489CN 
LTC489CS 
LTC4891N 
LTC4891S 

DC ELECTRICAL CHARACTERISTICS Vee = 5V ±5% (Notes 2 and 3), unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VINH Input High Voltage EN,EN,EN12,EN34 0 2.0 V 

VINL Input Low Voltage EN,EN,EN12,EN34 0 0.8 V 

IIN1 Input Current EN,EN,EN12,EN34 0 ±2 !lA 
IIN2 Input Current (A, B) VCC = OV or 5.25V, VIN = 12V 0 1.0 rnA 

Vcc = OV or 5.25V, VIN = -7V 0 -0.8 rnA 

VTH Differential Input Threshold Voltage for Receiver - 7V ,,; VCM ,,; 12V 0 -0.2 0.2 V 

llVTH Receiver Input Hysteresis VCM = OV 60 rnV 

VOH Receiver Output High Voltage 10 = -4rnA, VID = 0.2V 0 3.5 V 

VOL Receiver Output Low Voltage 10 = 4rnA, VID = - 0.2V 0 0.4 V 

10ZR Three-State Output Current at Receiver Vcc = Max O.4V ,,; Va,,; 2.4V 0 ±1 !lA 
Icc Supply Current No Load 0 7 10 rnA 

RIN Receiver Input Resistance -7V,,; VCM ,,; 12V, Vce = OV 0 12 kn 

10SR Receiver Short-Circuit Current OV ,,;Vo ";Vec 0 7 85 rnA 

tpLH Receiver Input to Output CL = 15pF (Figures 1, 3) 0 12 28 55 ns 

tpHL Receiver Input to Output CL = 15pF (Figures 1, 3) 0 12 28 55 ns 

tSKD I tpLH - tpHL I CL = 15pF (Figures 1, 3) 4 ns 
Differential Receiver Skew 
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DC ELECTRICAL CHARACTERISTICS Vee = 5V ± 5% (Notes 2 and 3), unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

tZl Receiver Enable to Output Low Cl = 15pF (Figures 2, 4) S1 Closed 0 30 45 ns 

tZH Receiver Enable to Output High Cl = 15pF (Figures 2, 4) S2 Closed 0 30 45 ns 

tlZ Receiver Disable from Low Cl = 15pF (Figures 2, 4) S1 Closed 0 30 45 ns 

tHZ Receiver Disable from High Cl = 15pF (Figures 2, 4) S2 Closed 0 30 45 ns 

The 0 denotes specifications which apply over the operating temperature 
range. 
Note 1: "Absolute Maximum Ratings" are those beyond which the safety 
of the device cannot be guaranteed. 

Note 2: All currents into device pins are positive; all currents out of device 
pins are negative. All voltages are referenced to device ground unless 
otherwise specified. 
Note 3: All typicals are given for Vee = 5Vand TA = 25°C. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
Supply Current vs Temperature 
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Pin FunCTions 
PIN 1 (81) Receiver 1 input. 
PIN 2 (A1) Receiver 1 input. 
PIN 3 (R01) 'Receiver 1 output. If the receiver output is 
enabled, then if A > B by 200mV, R01 will be high. If A < 
B by 200mV, then R01 will be low. 
PIN 4 (EN)(LTC488) Receiver output enabled. See Func
tion Table for details. 
PIN 4 (EN12)(LTC489) Receiver 1, Receiver 2 output 
enabled. See Function Table for details. 
PIN 5 (R02) Receiver 2 output. Refer to R01. 
PIN 6 (A2) Receiver 2 input. 
PIN 7 (82) Receiver 2 input. 
PIN 8 (GND) Ground connection. 

FunCTion TABLES 
LTC488 
DIFFERENTIAL ENABLES 

A-B EN 

Vlo~O.2V H 
X 

-o.2V < VID < O.2V H 
X 

VID :;;O.2V H 
X 

X L 
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EN 

X 
L 

X 
L 

X 
L 

H 

OUTPUT 

RO 
H 
H 

? 
? 

L 
L 

Z 

488G07 

PIN 9 (83) Receiver 3 input. 
PIN 10 (A3) Receiver 3 input. 
PIN 11 (R03) Receiver 3 output. Refer to R01. 
PIN 12 (EN)(LTC488) Receiver output disabled. See 
Function Table for details. 
PIN 12 (EN34)(LTC489) Receiver 3, Receiver 4 output 
enabled. See Function Table for details. 
PIN 13 (R04) Receiver 4 output. Refer to R01. 
PIN 14 (A4) Receiver 4 input. 
PIN 15 (84) Receiver 4 input. 
PIN 16 (Vcc) Positive Supply; 4.75V :;; Vee:;; 5.25V 

LTC489 
DIFFERENTIAL 

A-B 
VID >O.2V 

-O.2V < VID < O.2V 

Vlo<O.2V 

X 

H: High Level 
L: Low Level 
X: Irrelevant 

ENABLES OUTPUT 

EN12 or EN34 RO 
H H 

H ? 

H L 

L Z 

?: Indeterminate 
Z: High Impedance (Off) 
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TEST CIRCUITS 

100pF T 
A 

51 
RECEIVER ~"---"lk .. _ V OUTPUT ~yy,,---- cc r "~, 

.... '" 

o 540 

B *" 100pF .... ,,' 
Figure 1. Receiver Timing Test Circuit Figure 2. Receiver Enable and Disable Timing Test Circuit 

Nole: The input pulse is supplied by a generator having the following characteristics: 
f = 1MHz, Duty Cycle = 50%, tr < 10ns, tf~10ns, ZOUT= 500 

SWITCHinG TimE WAVEFORms 
INPUT 

VOD2 f = 1 MHz, !,S IOns; !, s IOn. 
3V 

INPUT OV Eli OR 
A,B ENI2 

-VOD2 OV 

VOH -'"i '"k 5V 

RO RO 

VOL 
15V 1.5V 

VOL 

VOH 

Figure 3. Receiver Propagation Delays RO 

ov 

APPLICATions InFORmATion 

EN 

ox 

ox 

,= 1MHz; ~s IOns, !,sIOn. 

1.5V OUTPUT NORMALLYLOW 

OUTPUT NORMALLY HIGH 

Figure 4. Receiver Enable and Disable Times 

RX 

Figure 5. Typical Connection 

tf)TUrltf\Q 
..L'::::",.j/ TECHNOLDGY 

...... 
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APPLICATions InFoRmATion 
Typical Application 

A typical connection of the L TC488/L TC489 is shown in 
Figure 5. Two twisted-pair wires connect up to 32 driver/ 
receiver pairs for half-duplex data transmission. There are 
no restrictions on where the chips are connected to the 
wires, and it isn't necessary to have the chips connected 
at the ends. However, the wires must be terminated only 
at the ends with a resistor equal to their characteristic 
impedance, typically 1200. The input impedance of a 
receiver is typically 20kto GND, orO.5 unit RS485 load, so 
in practice 50 to 60 transceivers can be connected to the 
same wires. The optional shields around the twisted-pair 
help reduce unwanted noise, and are connected to GND at 
one end. 
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TYPICAL APPLICATions 

RS232 Receiver 

RS2~~ ........ _-OI 

5.6k RX 



(1~l~n01Q _~li_c~2£ L&JJ TECHNOLOGYZ;::=:===D=iff=e=re=n=t=ial Driver and 

D Low Power: Icc = 300f,lA Typical 
I:J Designed for RS485 or RS422 Applications 
I:J Single +5V Supply 
D -7V to + 12V Bus Common Mode Range 

Permits ±7V Ground Difference Between Devices 
on the Bus 

D Thermal Shutdown Protection 
I:J Power-Up/Down Glitch-Free Driver Outputs Permit 

Live Insertion or Removal of Package 
D Driver Maintains High Impedance in Three-State or 

with the Power Off 
I:J Combined Impedance of a Driver Output and 

Receiver Allows up to 32 Transceivers on the Bus 
o 70mV Typical Input Hysteresis 
I:J 28ns Typical Driver Propagation Delays with 5ns 

Skew 
CI Pin Compatible with the SN75179 

o Low Power RS485/RS422 Transceiver 
o Level Translator 

D 3 

R 2 

Receiver Pair 

The L TC490 is a low power differential bus/line transceiver 
designed for multipoint data transmission standard RS485 
applications with extended common mode range (+ 12V to 
-7V). It also meets the requirements of RS422. 

The CMOS design offers significant power savings over its 
bipolar counterpart without sacrificing ruggedness against 
overload or ESD damage. 

The driver and receiver feature three-state outputs, with 
the driver outputs maintaining high impedance over the 
entire common mode range. Excessive power dissipation 
caused by bus contention or faults is prevented by a 
thermal shutdown circuit which forces the driver outputs 
into a high impedance state. 

The receiver has a fail safe feature which guarantees a high 
output state when the inputs are left open. 

Both AC and DC specifications are guaranteed from O°C to 
70°C and 4.75V to 5.25V supply voltage range. 

R 

L':::::::!.~W~:c,.:::DRIVER D 
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ABSOLUTE mAXimum RATinGS 
(Note 1) 

Supply Voltage (Vce) ................................................ 12V 
Driver Input Currents ............................ -25mA to 25mA 
Driver Input Voltages ....................... -0.5V to Vcc +0.5V 
Driver Output Voltages ........................................... ±14V 
Receiver Input Voltages ......................................... ±14V 
Receiver Output Voltages ................. -0.5V to Vcc +0.5V 
Operating Temperature Range ..................... O°C to 70°C 
Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................. 300°C 

DC ELECTRICAL CHARACTERISTICS 

PACKAGE/ORDER InFORmATiOn 

TOP VIEW 

N8 PACKAGE S8 PACKAGE 
8·LEAD PLASTIC DIP 8·LEAD PLASTIC SOIC 

LT490'P0101 

TJMAX = 125·C. 9JA = 100·CIW (N) 
TJMAX = 150·C. 9JA = 150·c/w (S) 

ORDER PART 
NUMBER 

LTC490CN8 
LTC490CS8 
LTC490lN8 
LTC490lS8 

S8 PART MARKING 
490 
4901 

Vee = 5V ±5%, Doe::; Temperature::; 700 e (Notes 2 and 3) unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VOD1 Differential Driver Output Voltage (Unloaded) 10= 0 S V 

VOD2 Differential Driver Output Voltage (With load) R = son; (RS422) 2 v 

R = 2m; (RS48S) (Figure 1) 1.S S V 

I:NOD Change in Magnitude of Driver Differential Output R = 2m or R = son (Figure 1) 0.2 V 
Voltage for Complementary Output States 

Voc Driver Common Mode Output Voltage 3 V 

61voc I Change in Magnitude of Driver Common Mode 0.2 V 
Output Voltage for Complementary Output States 

VIH Input High Voltage (D) 2.0 V 

VIL Input Low Voltage (D) 0.8 V 

IIN1 Input Current (D) ±2 !!A 
IIN2 Input Current (A, B) VCC = OV or S.2SV I VIN = 12V + 1.0 mA 

I VIN=-7V -0.8 mA 

VTH Differential Input Threshold Voltage for Receiver -7V~VCM~12V -0.2 +0.2 V 

6VTH Receiver Input Hysteresis VCM =OV 70 mV 

VOH Receiver Output High Voltage 10 =-4mA, VID= +0.2V 3.S V 

VOL Receiver Output Low Voltage 10 = +4mA, VID = -0.2V 0.4 V 

10ZR Three-State Output Current at Receiver Vcc = Max O.4V ~ Vo ~ 2.4V ±1 !!A 
Icc Supply Current No Load; D = GND, orVcc 300 SOO !!A 
RIN Receiver Input Resistance -7V~VCM~+12V 12 kn 

losD1 Driver Short Circuit Current, VOUT = High -7V ~Vo St12V 2S0 mA 

IOSD2 Driver Short Circuit Current, VOUT = Low -7V ~Vo ~ +12V 2S0 mA 

10SR Receiver Short-Circuit Current OV~Vo~Vcc 7 8S mA 

loz Driver Three-State Output Current Vo = -7Vto 12V ±2 ±200 !!A 
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SWITCHinG CHARACTERISTICS 
Vee = 5V ±5%, DOC :s: Temperature :s: 70°C (Notes 2 and 3) unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpLH Driver Input to Output HDiFF = 54n, CLl = CL2 = 100pF 10 28 60 ns 

tpHL Driver Input to Output (Figures 2, 3) 10 28 60 ns 

tSKEW Driver Output to Output 5 ns 

tr, tf Driver Rise or Fall Time 5 15 25 ns 

tpLH Receiver Input to Output ROIFF = 54n, CLl = CL2 = 100pF 40 70 150 ns 

tpHL Receiver Input to Output (Figures 2, 4) 40 70 150 ns 

tSKo I tpLH - tpHL I Differential Receiver Skew 13 ns 

Nole 1: "Absolute Maximum Ratings" are those beyond which the safety 
of the device cannot be guaranteed. 

pins are negative. All voltages are referenced to device ground unless 
otherwise specified. 

Nole 2: All currents into device pins are positive; all currents out of device Nole 3: All typicals are given for Vee = 5V and Temperature = 25°C. 

Pin FunCTions 
vcc (Pin 1): Positive supply; 4.75V::;; Vee::;; 5.25V. 

R (Pin 2): Receiver output. If A > B by 200mV, R will be 
high. If A < B by 200mV, then R will be low. 

D (Pin 3): Driver input. A low on D forces the driver outputs 
A low and B high. A high on D will force A high and Blow. 

GND (Pin 4): Ground Connection. 

Y (Pin 5): Driver output. 

Z (Pin 6): Driver output. 

B (Pin 7): Receiver input. 

A (Pin 8): Receiver input. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

TTL Input Threshold vs Temperature 
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SWITCHinG TimE WAVEFORms 
3V -----..r-------------------------------------~ a f= 1MHz: Ir'; 10ns: Ir ,;10ns 
OV 

Vo ------- ~~80~%------------VD-IFF-=V-(y-)--V-(Z)----------------~~1 

Figure 3. Driver Propagation Delays 

INPUT 
VOD2 ---r--------------------------------------, 

A-B OV OV 
-VOD2 

VOH --
R OUTPUT 

VOL ______ -" 

Figure 4. Receiver Propagation Delays 

APPLICATions InFORmATion 

Typical Application 

A typical connection of the L TC490 is shown in Figure 5. 
Two twisted pair wires connect two driver/receiver pairs 
for full duplex data transmission. Note that the driver and 
receiver outputs are always enabled. If the outputs must be 
disabled, use the LTC491. 

There are no restrictions on where the chips are con
nected, and it isn't necessary to have the chips connected 
at the ends of the wire. However, the wires must be 
terminated only at the ends with a resistor equal to their 
characteristic impedance, typically 120Q. Because only 

+5V 

+ 

RX 

0.01~F c 

ox 

Figure 5. Typical Connection 

+5V 

ox 

+ 

RX 

2-35 



LTC490 

APPLICATions InFoRmATion 

one driver can be connected on the bus, the cable can be 
terminated only at the receiving end. The optional shields 
around the twisted pair help reduce unwanted noise, and 
are connected to GND at one end. 

The L TC490 can also be used as a line repeater as shown 
in Figure 6. If the cable length is longer than 4000 feet, the 
LTC490 is inserted in the middle of the cable with the 
receiver output connected back to the driver input. 

LTC490 

RX...--=r< 0-+':-'---+--/ ~ATA IN 

ox ~_~ __ ---,~ATAOUT 

Figure 6. Line Repealer 

2-36 

Thermal Shutdown 

The L TC490 has a thermal shutdown feature which pro
tects the part from excessive power dissipation. If the 
outputs of the driver are accidently shorted to a power 
supply or low impedance, source, up to 250mA can flow 
through the part. The thermal shutdown circuit disables 
the driver outputs when the internal temperature reaches 
150°C and turns them back on when the temperature 
cools to 130°C. If the outputs of two or more LTC490 
drivers are shorted directly, the driver outputs can not 
supply enough current to activate the thermal shutdown. 
Thus, the thermal shutdown circuit will not prevent con
tention faults when two drivers are active on the bus atthe 
same time. 



,1~Unffi[Q):::;=====LTC=491 
~j) TECHNOLOGY Differential Driver and 

Receiver Pair 

o Low Power: Icc = 300llA Typical 
o Designed for RS485 or RS422 Applications 
o Single +5V Supply 
o -7V to + 12V Bus Common Mode Range 

Permits ±7V Ground Difference Between Devices 
on the Bus 

o Thermal Shutdown Protection 
o Power-Up/Down Glitch-Free Driver Outputs Permit 

Live Insertion or Removal of Package 
o Driver Maintains High Impedance in Three-State or 

with the Power Off 
o Combined Impedance of a Driver Output and 

Receiver Allows up to 32 Transceivers on the Bus 
o 70mV Typical Input Hysteresis 
o 28ns Typical Driver Propagation Delays with 5ns 

Skew 
o Pin Compatible with the SN75180 

o Low Power RS485/RS422 Transceiver 
o Level Translator 

DE 

REB 

The L TC491 is a low power differential bus/line transceiver 
designed for multipoint data transmission standard RS485 
applications with extended common mode range (+ 12V to 
-7V). It also meets the requirements of RS422. 

The CMOS design offers significant power savings over its 
bipolar counterpart without sacrificing ruggedness against 
overload or ESD damage. 

The driver and receiver feature three-state outputs, with 
the driver outputs maintaining high impedance over the 
entire common mode range. Excessive power dissipation 
caused by bus contention or faults is prevented by a 
thermal shutdown circuit which forces the driver outputs 
into a high impedance state. 

The receiver has a fail safe feature which guarantees a high 
output state when the inputs are left open. 

Both AC and DC specifications are guaranteed from O°C to 
70°C and 4.75V to 5.25V supply voltage range. 

DE 

R 

D 

REB LTC491.TAQ1 
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ABSOLUTE mAXimum RATinGS 
(Note 1) 

Supply Voltage (V CC) ................................................ 12V 
Control Input Voltages ..................... -0.5V to Vcc +0.5V 
Control Input Currents .......................... -50mA to 50 rnA 
Driver Input Voltages ....................... -0.5V to Vcc +0.5V 
Driver Input Currents ............................ -25mA to 25mA 
Driver Output Voltages ........................................... ± 14V 
Receiver Input Voltages ......................................... ±14V 
Receiver Output Voltages ................. -0.5V to Vcc +0.5V 
Operating Temperature Range ..................... O°C to 70°C 
Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................. 300°C 

DC ELECTRICAL CHARACTERISTICS 

PACKAGE/ORDER InFORmATiOn 

ORDER PART 
NUMBER 

LTC491CN 
LTC491CS 
LTC491IN 
LTC491IS 

N PACKAGE S PACKAGE T 100 C 90 cm (N) 
lHEAD PLASTIC DIP 1 HEAD PLASTIC SOIC JMAX = ',OJA = ' 

LT""!oPO'" TJMAX = 100'C, 0JA = 110'cm (S) 

Vee = 5V ±5%, DOC :0; Temperature :0; 7DoC (Notes 2 and 3) unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VODl Differential Driver Output Voltage (Unloaded) 10 = 0 5 V 

VOD2 Differential Driver Output Voltage (With load) R = 50n; (RS422) 2 V 

R = 270; (RS485) (Figure 1) 1.5 5 V 

~VOD Change in Magnitude of Driver Differential Output R = 270 or R = 50n (Figure 1) 0.2 V 
Voltage for Complementary Output States 

Voc Driver Common Mode Output Voltage 3 V 

~ Ivoc I Change in Magnitude of Driver Common Mode 0.2 V 
Output Voltage for Complementary Output States 

VIH Input High Voltage D,DE,REB 2.0 V 

VIL Input Low Voltage 0.8 V 

IINl Input Current ±2 ~A 

IIN2 Input Current (A, B) Vcc = OV or 5.25V I VIN = 12V + 1.0 mA 

I VIN =-7V -0.8 mA 

VTH Differential Input Threshold Voltage for Receiver -7V:s; VCM:S; 12V -0.2 +0.2 V 

~VTH Receiver Input Hysteresis VCM = OV 70 mV 

VOH Receiver Output High Voltage 10 = -4mA, VID = +0.2V 3.5 V 

VOL Receiver Output Low Voltage 10 = +4mA, VID = -0.2V 0.4 V 

10ZR Three-State Output Current at Receiver Vcc = Max O.4V:s; Vo:S; 2.4V ±1 ~ 
Icc Supply Current No Load; D = GND, I Outputs Enabled 300 500 ~ 

orVcc I Outputs Disabled 300 500 ~ 

RIN Receiver Input Resistance -7V:s; VCM:S; +12V 12 kn 

10S01 Driver Short Circuit Current, VOUT = High -7V :s;Vo:O; +12V 250 mA 

IOS02 Driver Short Circuit Current, VOUT = Low -7V:o; Vo:O; +12V 250 mA 

10SR Receiver Short Circuit Current OV:s;Vo~Vcc 7 85 mA 

loz Driver Three-State Output Current Vo = -7V to 12V ±2 ±200 ~ 
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SWITCHinG CHARACTERISTICS 
Vee = 5V ±5%, DOG::; Temperature::; 7DoG (Notes 2 and 3) unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpLH Driver Input to Output ROIFF = 540, CL1 = CL2 = 100pF 10 28 60 ns 

tpHL Driver Input to Output 
(Figures 2, 5) 

10 28 60 ns 

tSKEW Driver Output to Output 5 ns 

tr, tf Driver Rise or Fall Time 5 15 25 ns 

tZH Driver Enable to Output High CL = 100pF (Figures 4, 6) S2 Closed 40 70 ns 

tZL Driver Enable to Output Low CL = 1 OOpF (Figures 4, 6) S1 Closed 40 70 ns 

tLZ Driver Disable Time From Low CL = 15pF (Figures 4, 6) S1 Closed 40 70 ns 

tHZ Driver Disable Time From High CL = 15pF (Figures 4, 6) S2 Closed 40 70 ns 

tpLH Receiver Input to Output ROIFF = 540, CL 1 = CL2 = 100pF 40 70 150 ns 

tpHL Receiver Input to Output (Figures 2, 7) 40 70 150 ns 

tSKO I tpLH - tpHL I Differential Receiver Skew 13 ns 

tZL Receiver Enable to Output Low CL = 15pF (Figures 3, 8) S1 Closed 20 50 ns 

tZH Receiver Enable to Output High CL = 15pF (Figures 3, 8) S2 Closed 20 50· ns 

tLZ Receiver Disable From Low CL = 15pF (Figures 3, 8) S1 Closed 20 50 ns 

tHZ Receiver Disable From High CL = 15pF (Figures 3, 8) S2 Closed 20 50 ns 

Note 1: "Absolute Maximum Ratings" are those beyond which the safety pins are negative. All voltages are referenced to device ground unless 
of the device cannot be guaranteed. otherwise specified. 
Note 2: All currents into device pins are positive; all currents out of device Note 3: All typicals are given for Vce = 5V and Temperature = 25°C. 

Pin FunCTions 
NC (Pin 1): Not Connected. 

R (Pin 2): Receiver output. If the receiver output is enabled 
(REB low), then if A > B by 200mV, R will be high. If A < B 
by 200mV, then R will be low. 

REB (Pin 3): Receiver output enable. A low enables the 
receiver output, R. A high input forces the receiver output 
into a high impedance state. 

DE (Pin 4): Driver output enable. A high on DE enables the 
driver outputs, A and B. A low input forces the driver 
outputs into a high impedance state. 

D (Pin 5): Driver input. If the driver outputs are enabled 
(DE high), then A low on D forces the driver outputs A low 
and B high. A high on D will force A high and Blow. 

GND (Pin 6): Ground Connection. 

GND (Pin 7): Ground Connection. 

NC (Pin 8): Not Connected. 

Y (Pin 9): Driver output. 

Z (Pin 10): Driver output. 

B (Pin 11): Receiver input. 

A (Pin 12): Receiver input. 

NC (Pin 13): Not Connected. 

Vee (Pii114): Positive supply; 4.75V::; Vee::; 5.25V. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TEST CIRCUITS 

y 

i R 

VOO2 

! R 
Voe 

z 

* LTC4" ·TA02 

Figure 1. Driver DC Test Load 

D 

LTC49,·TAOO 

Figure 2. DriverJReceiver Timing Test Circuit 

r-e::Slo--vee 

OUTPUT 500n 
UNDER TEST 

Tel S2~ 

LTC491.TA04 LTCl91·TAOS 

Figure 3. Receiver Timing Test Load Figure 4. Driver Timing Test Load 
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SWITCHinG TimE WAVEFORms 

3V ------..r------------------------------------------~ D f = 1MHz: Ir" 10ns: If" 10ns 
OV ------' 

~ --------- ~~--------------------~~I 
-yo -----::::.:::...1 

DE 
3V----------

1.5V 
OV ---------------" -5V---------------~~ 

VDlfF = V(Y) - V(Z) 

Figure 5. Driver Propagation Delays 

f = 1 MHz : Ir" 10ns: Ir" 10ns 

OUTPUT NORMALLY LOW A, B VOL _________ +-_ -~2.:;;;3V:...... ________________ +_" 

VOH ---------+-- ,,------------------~, 
A, B 2.3V OUTPUT NORMALLY HIGH 

~---------------~-' 

Figure 6. Driver Enable and Disable Times 

INPUT 
VOD2 --------,-----------....;.,.----------"""" 

A-B OV f= 1 MHz ; Ir" 10ns: If" 10ns OV 
-VOD2 ------' 

OUTPUT 
VOH --------

R 
VOL _______ --J 

Figure 7. Receiver Propagation Delays 

3V 

OV 
"!!~.5V f = 1MHz: Ir" 10ns: If" 10ns /'1.5V REB 

- ~, - ILZ-

1.5V OUTPUT NORMALLY LOW 
5V 

R 
0.5V VOL 

VOH 
R 

--.!J 
OUTPUT NORMALLY HIGH 0.5V 

1.5V 

-lz~l- - IHZ-
OV 

Figure 8. Receiver Enable and Disable Times 
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APPLICATions InFoRmATion 

Typical Application 

A typical connection of the LTC491 is shown in Figure 9. 
Two twisted pair wires connect up to 32 driver/receiver 
pairs for full duplex data transmission. There are no 
restrictions on where the chips are connected to the wires, 
and it isn't necessary to have the chips connected at the 
ends. However, the wires must be terminated only at the 
ends with a resistor equal to their characteristic imped
ance, typically 120Q. The input impedance of a receiver is 

RX 

ox 

ox 

LTC491 

typically 20kQ to GND, or 0.6 unit RS-485 load, so in 
practice 50 to 60 transceivers can be connected to the 
same wires. The optional shields around the twisted pair 
help reduce unwanted noise, and are connected to GND at 
one end. 

The LTC491 can also be used as a line repeater as shown 
in Figure 1 O.lfthe cable length is longerthan 4000 feet, the 
LTC491 is inserted in the middle of the cable with the 
receiver output connected back to the driver input. 

ox 

RX 

Figure 9. Typical Connection 

RX.....-~< ICH~ ___ ~--'~ATA IN 

ox 

L'fC49I·1All 

Figure 10. Line Repealer 
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TECHNOLOGY:';:===D=ift=e=r=e=nti='a=I=B=u:::;ms li=ra=n::i:ZS:::.:iiC=e~iv=e~r 

IJ Low Power: Icc = 1.8mA Typ. 
IJ 28ns Typical Driver Propagation Delays with 4ns 

Skew 
R Designed for RS485 or RS422 Applications 
IJ Single 5V Supply 
IJ -7V to 12V Bus Common Mode Range Permits ±7V 

Ground Difference Between Devices on the Bus 
[J Thermal Shutdown Protection 
[J Power-Up/Down Glitch-Free Driver Outputs 
[J Driver Maintains High Impedance in Three-State or 

with the Power Off 
[J Combined Impedance of a Driver Output and 

Receiver Allows up to 32 Transceivers on the Bus 
[J 60mV Typical Input Hysteresis 
[J Pin-Compatible with the SN75176A, DS75176A, and 

SN75LBC176 

[J Low Power RS485/RS422 Transceiver 
[J Level Translator 
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The LTC1485 is a low power differential bus/line trans-' 
ceiver deSigned for multipoint data transmission standard 
RS485 applications with extended common mode range 
(12V to -7V). It also meets the requirements of RS422. 

The CMOS with Schottky design offers significant power 
savings over its bipolar counterpart without sacrificing 
ruggedness against overload or ESD damage. 

The driver and receiver feature three-state outputs, with 
the driver outputs maintaining high impedance over the 
entire common mode range. Excessive power dissipation 
caused by bus contention or faults is prevented by a 
thermal shutdown circuit which forces the driver outputs 
into a high impedance state. 

The receiver has a fail-safe feature which guarantees a 
high output state when the inputs are left open. 

Both AC and DC specifications are guaranteed from -40°C 
to 85°C and 4.75V to 5.25V supply voltage range. 



LTC1485 

ABSOLUTE mAXimum RATinGS 
(Note 1) 

PACKAGE/ORDER InFORmATiOn 

Supply Voltage (Vee) ............................................... 12V 
Control Input Voltages ................... -0.5V to Vee + 0.5V 
Control Input Currents ........................ - 50 rnA to 50 rnA 
Driver Input Voltages ..................... - 0.5V to Vee + 0.5V TOP VIEW 

Driver Input Currents .......................... -25mA to 25mA 
Driver Output Voltages .......................................... ±14V 
Receiver Input Voltages ........................................ ±14V 
Receiver Output Voltages .............. - 0.5V to Vee + 0.5V 
Operating Temperature Range N8 PACKAGE 58 PACKAGE 

L TC1485C ............................................... O°C to 70°C 8·LEAD PLASTIC DIP 8·LEAD PLASTIC SOIC 

LTC14851 ........................................... -40°C to 85°C 
Storage Temperature Range ................. -65°C to 150°C 

TJMAX = 125'C. 8JA = 100'CIW (N) 
TJMAX = 150'C. 8JA = 150'CIW (5) 

Lead Temperature (Soldering, 10 sec.) ................ 300°C 

DC ELECTRICAL CHARACTERISTICS 
Vee = 5V ± 5% (Notes 2 and 3), unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN 

V001 Differential Driver Output Voltage (Unloaded) 10 = 0 0 

V002 Differential Driver Output Voltage (With Load) R = son; (RS422) 0 2 
R = 270; (RS48S) (Figure 1) 0 1.S 

t.VOD Change in Magnitude of Driver Differential R = 270 or R = son (Figure 1) 0 
Output Voltage for Complementary Output States 

Voc Driver Common Mode Output Voltage R = 270 or R = son (Figure 1) 0 

t.IVocl Change in Magnitude of Driver Common Mode R = 270 or R = son (Figure 1) 0 
Output Voltage for Complementary Output States 

VINH Input High Voltage DI, DE, RE 0 2.0 

VINL Input Low Voltage DI, DE, RE 0 

IIN1 Input Current DI, DE, RE 0 

IIN2 Input Current (A, B) Vcc = OV or S.2SV, VIN = 12V 0 

Vcc = OV or S.2SV, VIN = -7V 0 

VTH Differential Input Threshold Voltage for Receiver -7V ~VCM ~ 12V 0 -0.2 

t.VTH Receiver Input Hysteresis VCM = OV 0 

VOH Receiver Output High Voltage 10 = -4mA, VID = 0.2V 0 3.S 

VOL Receiver Output Low Voltage 10 = 4mA, VID = - 0.2V 0 

10ZR Three-State Output Current at Receiver Vee = Max O.4V ~ Vo ~ 2.4V 0 

Ice Supply Current No Load; DI = GND or Vee 
Outputs Enabled 0 

Outputs Disabled 0 

RIN Receiver Input Resistance -7V ~VeM ~ 12V u 12 

10801 Driver Short-Circuit Current, VOUT = High -7V~Vo~12V 0 

IOSD2 Driver Short-Circuit Current, VOUT = Low -7V~Vo~12V 0 

108R Receiver Short-Circuit Current OV~Vo~Vee 0 7 

ORDER PART 
NUMBER 

LTC1485CN8 
LTC14851N8 
LTC1485CS8 
LTC14851S8 

S8 PART MARKING 

1485 
14851 

TYP MAX UNITS 
S V 

v 
S V 

0.2 V 

3 V 
0.2 V 

V 
0.8 V 
±2 J.II\ 
1.0 rnA 

-0.8 rnA 
0.2 V 

60 mV 
V 

0.4 V 
±1 J.II\ 

1.8 2.3 rnA 
1.7 2.3 rnA 

kn 
2S0 rnA 
2S0 rnA 
8S rnA 
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SWITCHinG CHARACTERISTICS 
Vee = 5V ±5% (Notes 2 and 3), unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
tplH Dnver Input to Output ROIFF = 540, CLl = CL2 = 100pF 0 13 28 50 ns 

(Figures 2 and 5) 

tpHl Driver Input to Output ROIFF = 540, CLl = CL2 = 100pF 0 13 28 50 ns 
(Figures 2 and 5) 

tSKEW Driver Output to Output ROIFF = 540, CLl = Cl2 = 100pF 0 4 10 ns 
(Figures 2 and 5) 

tr, tf Driver Rise or Fall Time ROIFF = 540, CLl = Cl2 = 100pF 0 5 15 25 ns 
(Figures 2 and 5) 

tZH Driver Enable to Output High Cl = 1 OOpF (Figures 4 and 6) 82 Closed 0 40 60 ns 

tZl Driver Enable to Output Low Cl = 1 OOpF (Figures 4 and 6) 81 Closed 0 40 70 ns 
tlZ Driver Disable Time from Low Cl = 15pF (Figures 4 and 6) 81 Closed 0 40 65 ns 
tHZ Driver Disable Time from High Cl = 15pF (Figures 4 and 6) 82 Closed 0 40 60 ns 
tplH Receiver Input to Output ROIFF = 540, CLl = CL2 = 100pF (Figures 2 and 7) 0 15 25 50 ns 
tpHl Receiver Input to Output ROIFF = 540, CLl = CL2 = 1 OOpF (Figures 2 and 7) 0 20 30 55 ns 
tSKEW I tplH - tpHl I ROIFF = 540, Cll = CL2 = 100pF (Figures 2 and 7) 0 5 15 ns 

Differential Receiver 8kew 

tZl Receiver Enable to Output Low Cl = 15pF (Figures 3 and 8) 81 Closed 0 30 45 ns 
tZH Receiver Enable to Output High Cl = 15pF (Figures 3 and 8) 82 Closed 0 30 45 ns 
tlZ Receiver Disable from Low Cl = 15pF (Figures 3 and 8) 81 Closed 0 30 45 ns 
tHZ Receiver Disable from High Cl = 15pF (Figures 3 and 8) 82 Closed 0 30 45 ns 

The 0 denotes specifications which apply over the operating temperature 
range. 
Note 1: "Absolute Maximum Ratings" are those beyond which the safety 
of the device cannot be guaranteed. 

Note 2: All currents into device pins are positive; all currents out of device 
pins are negative. All voltages are referenced to device ground unless 
otherwise specified. 
Note 3: All typicals are given for Vee = 5V and TA = 25°C. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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Output Current at TA = 25°C 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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Pin FunCTions 
PIN 1 (RO) Receiver Output: If the receiver output is 
enabled (RE low), then if A > B by 200m V, RO will be high. 
If A < B by 200mV, then RO will be low. 

PIN 2 (RE) Receiver Output Enable: A low enables the 
receiver output, RO. A high input forces the receiver 
output into a high impedance state. 

PIN 3 (DE) Driver Output Enable: A high on DE enables the 
driver outputs, A and B. A low input will force the driver 
outputs into a high impedance state. 

TEST CIRCUITS 
A 

B 

1.48Sf01 

Figure 1. Driver DC Test Load 

51 

RECEIVER rs:~ V OUTPUT CC 

TCl lk 
52 

~ 
":"' ":" 14S5fD3 

Figure 3. Receiver Timing Test Load 
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PIN 4 (DI) Driver Input: If the driver outputs are enabled 
(DE high), then a low on DI forces the driver outputs A low 
and B high. A high on DI will force A high and Blow. 

PIN 5 (GND) Ground Connection 

PIN 6 (A) Driver Output/Receiver Input 

PIN 7 (8) Driver Output/Receiver Input 

PIN 8 (Vcc) Positive Supply; 4.75V::;; Vee::;; 5.25V 

DI 

Figure 2. Driver/Receiver Timing Tesl Circuil 

~51o--VCC 
OUTPUT 5000 

UNDER TE5T 52 

T Cl ~ 
~ ~ -~ 

Figure 4. Driver Timing Tesl Load 
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SWITCHinG TimE WAVEFORms 

DI 
f .1MHz: Ir~ 10ns: If ~ 10ns 

OV 

vo------r~~90~%~------------------n,w~ 

Vo A ____ 1n~V~ ___________ 1_n_~_~ 

Figure 5. Driver Propagation Delays 

DE 
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OV 

5V 
A,B 

VOl--I------'---.;;.;OU;.;.TP-"U.;;.;T N""O;.;.RM;.;.A.;;.;LL.;;.;YL~O.;;.;W ____ +-J ~ 

VOH --+-----,..-----------------!-~-O 5V 
OUTPUT NORMALLY HIGH 

A,B 

OV 

Figure 6. Driver Enable and Disable Times 

INPUT 

, .1MHz: IT ~ 10ns: If ~ 10ns 

-VOD2 

VOH ______ /- r ______ -=.;OU;.;.TP;.;;U.;;.;T ____________ --..... 

RO 

Figure 7. Receiver Propagation Delays 
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Figure 8. Receiver Enable and Disable Times 
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Number 4 in a series from Linear Technology Corporation November, 1987 

New Developments in RS232 Interfaces 

Robert Dobkin 

New RS232 interface chips have been developed that offer 
significant advantages over older devices such as the 1488 
and 1489. The new RS232 interface ICs improve speed, 
power, voltage supply requirements, and protection over 
older devices. Further, the new chips are easier to use, requir· 
ing fewer external components and may be turned off to a 
"zero" power supply current condition for use in battery pow
ered systems. 

The new RS232 drivers are implemented in a monolithic bipo
lar technology. A unique output stage was designed that pro
vides large output swings, minimizing power supply voltage 
requirements, while retaining outstanding overload protec· 
tion features. The outputs can be driven beyond the power 
supply voltage without drawing excessive current or forcing 
current back into the power supplies. Of course, current limit· 
ing is included to protect against short circuit conditions. 

Initial consideration of technologies for implementing RS232 
interfacing might include CMOS as a possible technology for 
this type of application. Power supply requirements are low, 
output voltage swing is high, and higher voltage CMOS tech
nologies are available to allow operation up to ± 15V. Con· 
sideration of some of the problems associated with CMOS 
decreases its attractiveness for RS232 drivers. 

Inherent in the CMOS structure, are diodes between the drain 
and source of the CMOS devices and the power supplies as is 
shown in Figure 1. A requirement of RS232 interfaces is the 
ability to withstand voltage applied to the output pins. With a 
CMOS output stage this is achieved with the inclusion of a 
3001l resistor in series with the output. (The resistor is similar 
to the resistors included in older drivers.) It protects the inter
face chip, but still allows damage to other devices powered 
by the same supply. . 

A problem occurs when the output of a driver which is pow-

ternal current flows through the 3001l limiting resistor, 
through the diodes, which are a part of the CMOS structure, 
and into the power supply. This forces the power supply to 
12V or 15V damaging the 5V logic that is connected to the 
supplies. This problem can even cause latchup if the logic 
supply is off when external RS232 signals feed voltage into 
the supply. This problem did not usually exist in the past, be· 
cause the RS232 interfaces were powered by separate ± 12V 
supplies. 

ESD damage is probably the most frequent cause of failure of 
interface chips. Bipolar devices are relatively rugged but still 
can be damaged by ESD. System requirements for ESD may 
be as high as 20kV. No IC can withstand that much voltage 
without external protection. 

A requirement of the RS232 specification is the ability to 
withstand ±25V input signals. The CMOS LTC1045 which is 
used as an RS232 receiver has been designed to operate with 
external resistors in series with the input. These resistors 
allow very large voltage swings at the input pins and provide 
ESD protection to the IC. Using on-chip resistors precludes 
the use of the optimum ESD protection structures, so CMOS 
devices may be more sensitive to ESD destruction at their 
inputs. 

V+ 

DRIVES 
CIRCUITRY ~ • 

V-

3000 OUTPUT 

PROTECTION PIN 
RESISTOR 

ered from the 5V logic supply is connected to an external12V Figure 1. CMOS Line Driver Showing Parasitic Diodes to the Power 
or 15V source as is allowed by the RS232 specification. Ex- Supplies 
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The output stage of the bipolar drivers is shown in Figure 2. LT10BO. The on·chip power supply generators generate ex· 
Opposed collector NPN and PNP transistors give the widest cess power over the LT10BO requirements, so anotoor RS232 
possible output swings. The PNP transistor will swing to communication device such as the LT1039 can be powered 
within 200mV of the positive supply while the NPN transistor from the same power supply generator. Table 1 gives typical 
with its associated Schottky diode will swing within about performance of all Linear Technology driver/receiver devices 
900mV of the negative supply. If the output voltage is forced for RS232 communication. 
above the positive supply the emitter base junction of the 
PNP transistor reverse biases, and no current flows into the 
supply. The device is unaffected by external voltage up to the 
breakdown voltage of the transistor. If the output is forced 
below the negative supply, the Schottky diode reverse biases 
and prevents external current flow into the chip. Capacitor C1 
is used to control the output slew rate so that no frequency 
compensation components are required to meet the RS232 
specification of 4V/lls to 30V/lls. 

Typically the slew rate of these drivers is about B-10V/lls. This 
allows them to be used successfully up to about 64k baud. 
The output slew rate of the bipolar drivers is well controlled 
by an internal capacitor and relatively independent of load reo 
sistance or capacitance. The bipolar receiver is rela· 
tively straightforward utilizing a level detector with hystere· 
sis to set the trip point. Nominally the trip point is set at 
about 1.5V with 200mV of hysteresis. The receivers go into a 
high output state with an open input. The receivers outputs 
are both TTL and CMOS compatible. 

A recent advance in the drivers and receivers is on·chip 
power supply generation. Devices like the LT10BO and LT10B1 
include an oscillator, capacitive voltage doubler, and capaci· 
tive inverter to generate ± 9V from the 5V power supply. The 
charge·pump power supply generator requires only four 11lF 
capacitors to generate RS232 communication levels from a 
5V logic supply. Figure 3 shows a typical hook·up for the 
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Figure 2. New Bipolar Driver Output Stage 

C""" 1 INPUTS 

~"I OUTPUTS 

ON·OFF 

DEVICE 

LT1030 

LT1032 

LT1039 

LT1039N16 

LTC1045 

LT1080 

LT1081 

LT1130 
LTl131 
LT1132 
LTl133 
LT1134 
LTl135 
LTl136 

LTl180 
LT1181 

17 
5V INPUT 

1"F 

LT1080 + 9V OUT 

7 
T 1"F 

-9V OUT 

1"F 

'¥ 
1"F 

12 15 
RS232 OUTPUT 

11 
RS232 OUTPUT 

13 14 
RS232 INPUT 

10 
RS232 iNPUT 

18 16 

-= 

Figure 3. 5V Powered RS232 Driver/Receiver 

Table 1. New Drivers and Receivers 

SHUT· SUPPLY 
DRVS RECS DOWN GENERATOR REMARKS 

4 X Low Cost 

4 X RS423 Compatible 

3 3 X 

3 3 MC145406 Compatible 

6 X Micropower 

2 2 X X 

2 2 X MAX232 Compatible 

5 5 X 
5 4 X X 
5 3 X 
3 5 X 
4 4 X 
5 3 
4 5 X X 
2 2 X O.l~F Caps 
2 2 O,l~FCaps 
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Extending the Applications of 5V Powered RS232 Transceivers 

High Speed Operation 

Although the EIA RS232 specification is for a relatively slow time is approximately 1.2 microseconds. Output load is 3k. 
communications protocol, many applications require RS232 Receivers are much faster and can handle these baud rates 
transceivers to operate at higher frequencies. Devices such with no problem. For higher communication rates, a difieren· 
as the LT1080, LT1081 , and the LT1130 series share a common tial signal is recommended. 
design for the drivers and receivers and are capable of 
operating over 100 kilobaud. Power Supply Tricks 

Although the slew rate is controlled for all of the Linear The power supply generator on 5V powered devices is a 
Technology series of RS232 communications devices, for charge pump circuit which generates approximately ± 9V 
output levels limited to ±6V the transition time is fast from a single 5V supply. Parallel operation of the supply 
enough to allow high baud rates. With a slew rate of approxi· charge pumps for 5V powered transceivers is easily achieved 
mately 10V per microsecond, it only takes 1.2 microseconds to minimize component count. The positive and negative sup· 
for a 12V excursion. The two photos (Figure 1 and Figure 2) ply have approximately 11lF of holding capacitance for 
show the output waveform and delay associated with a energy storage. If several devices with charge pumps are 
75kHz square wave input and a 100kHz square wave. Delay used in the same system, the output supplies may be paral· 
times are in the order of 0.5 microseconds and the total slew leled into a single pair of common energy storage capacitors. 

V IN 75kHz V IN 100kHz 

VOUT VOUT 

5V/DIV 2",;fDlV 5V/DIV 2"s/DIV 

Figure 1. Operation at 75kHz Figure 2. Operation at 1 OOkHz 
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Figure 3 shows two LT1080's with common power supply 
capacitors for energy storage. Twice the output current is 12V INPUT 

17 5V INPUT 

available for external use. This eliminates two capacitors 
from the system. Individual charge pump capacitors are still 
needed on each of the devices. 

Operation with + 5V and + 12V Supplies 

The charge pump circuitry takes the input 5V and doubles it. 
The doubled voltage is then inverted to obtain a negative out
put. The only reason for doubling the input is to ensure 
adequate positive and negative output voltage to meet RS232 
specifications. In PC systems, where + 12V is available, the 
internal voltage doubler does not need to be used. The device 
may be connected directly to a + 5V and a + 12V supply. The 
+ 12V is then inverted to obtain approximately -11V. This 
eliminates one charge pump capacitor and one holding 
capacitor for the 12V output. Figure 4 shows an LT1080 con· 
nected to a 12V and 5V power supply. The + 12V is connected 
into one of the charge pump capacitor pins rather than the 
12V output pin. Supply current also decreases to about 9mA. 

LTl080 NC 

- 9VOUT 

lpF ,¥lpF 

LOGIC 1 
INPUTS 

12 
RS232 OUTPUT 

11 
RS232 OUTPUT 

LOGIC [ 
OUTPUTS 

13 
RS232 INPUT 

10 
RS232 INPUT 

18 
ON-oFF--....:::t 

Figure 4. Operation with + 12V and + 5V Supplies 

J.:l,:..7 --5V INPUT 
+9VOUT 

J.:l,:..7 --5V INPUT 

LT10801LTI180' 

12 

'"~"~ 1 __ "":1,,+1 --f 

15 

13 

·~I __ ~lo::..t--oc 
14 

ON_OFF·-...... ....:l~8 ":' 16 
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LT1080/lT1180' 
- 9VOUT 

RS232 OUTPUT 

""'I INPUTS 

RS232 OUTPUT 

12 
RS232 OUTPUT 

11 
RS232 OUTPUT 

RS232 INPUT 

,~,,[ 
OUTPUTS 

RS232 INPUT 

13 
RS232 INPUT 

10 
RS232 INPUT 

18 

• L T1180/81 NEED ONLY 0.1 ~F CAP 
USE LT1180AlLT1181A 

Figure 3. Paralleling Power Outputs 

For literature about our complete line of RS232 
products, call80()'637·5545. For help with an 
application, call (408) 432-1900, Ext. 357. 
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Hex Level Shift Shrinks Board Space 
Brian Huffman 

Although simple in concept, interfacing digital levels be
tween different logic families usually requires many parts 
and appreciable board space. Other applications that require 
some form of level shifting of the output swing have solu· 
tions just as complicated. A logic to CMOS analog switch 
(Figure 1) is just one example where a level shift must occur. 
A new device, the LTC1045, solves this and other level shift 
related problems conveniently. The LTC1045 is a hex level 
translator with a linear comparator on the front end. A latch 
and three·state output buffer are at the back. These features 
make it useful in other applications as a hex comparator or in 
interfacing to a data bus. Almost any input and output volt
age requirements can be accommodated by simply setting 
the level of the appropriate power supply voltages. 

The LTC1045 consists of six high speed comparators with 
output latches and three-state capability (see Figure 2). Each 
comparator's non-inverting input is brought out separately. 
The inverting inputs of comparators 1-4 are tied to VTRIP1 
and 5-6 are tied to VTRIP2. With these inputs the switching 
point of the comparators can be set anywhere within the 

TTL/CMOS 
INPUT 

(Vcc=5V) 

20k 

common-mode range of V - to (V + - 2V). There are four 
power supply pins on the LTC1045: V+, V-, VOH and VOL. V+ 
and V- power the comparator's front end, and VOH and VOL 
power the output drivers. Almost any combination of power 
supply voltages can be ·used. There are three restrictions: 
VOH must be less than or equal to V+; there must be a mini
mum differential voltage of 4.5V between V+ and V- and 3V 
between VOH and VOL. The maximum voltage between any 
two pins must not exceed the 18V absolute maximum. 

The supply current is programmed with an external resistor. 
The RSET resistor allows trade-offs between speed and 
power consumption. The propagation delay, with the ISET pin 
at V- and a single 5V supply, is typically 100ns with a total 
supply current of 4.5mA. The quiescent current can be 
brought down to 100/IA (15 microamps per comparator) with 
an RSET of 1 M and a propagation delay of only 1.2/1s. In addi
tion, the ISET pin completely shuts off power and latches the 
translator output voltages. The DISABLE input sets the six 
outputs to a high impedance state allowing the LTC1045 to 
be interfaced to a data bus. 

5V 

-5V 

:5V 
OUT 

CMOS ArJALOG 
SWITCH 
(C04016 FOR 
EXAMPLE) 

Figure 1. TTUCMOS Logic Levels to ± 5V Analog Switch Driver 
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Figure 3 shows a simple way to build a battery powered power supply monitor. The outputs of three power supplies 
RS232 receiver. The input voltage may be driven ± 30V with· are tied to the positive inputs through an appropriate resis· 
out adverse effects because the 100k resistor prevents de· tive voltage divider. The divider ratio is set so that the voltage 
vice damage. With a 1 M RSET the hex RS232 line receiver into the comparator equals the reference on the inverting in· 
draws only 100~A of quiescent current and has a propagation put when the power supply voltage is at a critical level. 
delay of 1.2J.ts. Only a single supply is needed for operation. 

Board space can be saved by using the LTC 1 045 level transla· 
tor as a hex comparator - even though both comparator in· 
puts are not available. Figure 4 shows the LTC1045 used as a 

Figure 2. LTC1045 Block Diagram 
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5V 

'::' 

Figure 3. RS232 Receiver 

Vee (5V) 

59k 

VA (15V) 
VOH tTC1045 V+ 

59k 

'::' 

IN1 OUT! 
316k 

'::' IN2 OUT2 

13k IN3 OUT3 

VB (-15V) 
IN4 OUH 

INS OUTS 
316k 

IN8 Qura 
VTRlP2 DIS 

VTRIPI ISET 

59k v- Yo, 
'::' 

5V 

24k 
20k :5% 

2.5V -25V ±O 2% '::' 

LTlOO9CZ 20k 

ALL RESISTORS = ± 1 % EXCEPT AS NOTED 

Figure 4. Power Supply Monitor 

For literature on the LTC1045, call 800·637·5545. 
For applications help, call (408) 432·1900, Ext. 361. 



Number 27 in a series from Linear Technology Corporation October, 1989 

Design Considerations for RS-232 Interfaces 
Sean Gold 

Introduction 

When designing an RS-232 interface, it is necessary to con
form to standards published by the Electronics Industry 
Association, EIA RS-232.V2B. Some ke~ speCifications are 
summarized in Table 1. However, the EIA specifications are 
often just the beginning of the design. Practical problems 
such as generating RS-232 signal levels, providing sufficient 
load drive, and ensuring protection against fault conditions 
must also be considered. 

Table 1. Key RS·232 Transceiver Specifications (EIA RS232C.V28) 

SPECIFICATION VALUE UNITS 

The charge pump consists of a relaxation oscillator, a capaci
tive voltage doubler, and a capacitive voltage inverter. The os
cillator is designed to operate at a frequency well above the 
signal frequencies to avoid supply degradation as charge is 
rapidly removed from the storage capacitors. 
The LT11 BO/LT11 B1 's charge pump oscillator operates at ap
proximately 200kHz, which is two times the frequency of the 
LT10BO and LT1130 series transceivers. The faster oscillator 
permits the use of low value capacitors (C>0.1/LF), and 
shortens the turn-on time from power off or SHUTDOWN 
state to less than 2001'S. The LT10BO and LT1130 start up in 
approximately 2ms. 

Signal Levels 
Cable Length 
Load Capacitance 
Cable Termination 
Data Rate 

±15Max; ±5Mln V Load Driving 

;:~ax Ft It is often desirable to exceed the 20kHz data rate or drive 
3k<R<7k p~ loads greater than 2500pF, e.g. long cables. Slew rate control 
20k Max Baud in the drivers makes this objective possible without compro-
3<SR<30 V1~s mising the remaining specifications. When lightly loaded, the 
Drivers Must Tolerate: slew rate is set by an internal bias current and compensation 

• Conductor to Conductor _ capacitor. When heavily loaded, slew rate is limited by the 

Slew Rate 
Fault Conditions 

Shorts output stage short circuit current and the load capacitance . 
• Line Open Circuit - The plot in Figure 1 shows the maximum load capacitance 

_____ --'--_·....:±=-:2::...5Vc..::L::;..:in.::....e Ov::....:..::..:.erv:.c:.0l""ta""ge'--"--_- for a given data rate. 

Power Supply Generators 

Creating the separate RS-232 voltage levels is a common 
problem in systems which have only a 5V logic supply. Linear 
Technology has developed a family of transceivers that in
clude an on-Chip charge pump to genera;te the RS-232 sup
plies. These transceivers are available in a wide variety of 
configurations incorporating up to 5 drivers and 5 receivers. 
Some transceivers have a SHUTDOWN control which turns 
off the charge pump and places the drivers in a "zero" 
power-high impedance state. 

Ci:i" 5 4 
~ 52 .. g 50 
; 48 

IS. 46 

~ 44 

5 42 
~ 40 

~ 38 .. 
936 
~ 34 

~ 32 

'" 3 0 
20 

I '{1180 rr-.. 
I 

LT1080 

\ 
'\ \ 

.----- -
\ 
\ \ 

\ ,\ 
"-

40 60 80 100 
FREQUENCY (kHz) 

Figura 1. Max Load Capacitance vs Data Rate. Both Transceivers Use 
1.0~F Storage Capacitors. 
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SYSTEM SUPPLY 
VIN",35V-15V 

IOQkHzLoGlC 
INPUTTOoPToCoUPLER 

" +--+-+-;.,.~VN22_22 -.--SHUTDOWN 

RS232 ---['!l-I,......I»-i!@I
LINES ---li'@l-O......Jr-<H!ll-

-:!:- ",SVSTEMGROUNO 

,j, >=FLOATINGCOMMON 

NOTE 1 REPEAT THE OPTOCOUPLER CONNECTIONS FOA EACH LINE 
NOTE 2 SELECT FOR 10mATHROUGH LED 

"
fOR IMPROVED EFFICIENCV, REPLACE THE 3 6kn RESISTOR WITH A JOV ZENER DIODE 
INCAEASECOLLECToAAESISTANCEWHENUSINGoPToCOUPLERSWITH 
LOWER CURRENT TRANSFER RATIO 

6Nl36 

LT1130 OAIVEROUTPUT 

RS232 Driver Signals 

100kHz RS232 
INPUT 

oPTOCOUPLER 
OUTPUT 

RS232 Receiver Signals 

Figure 2. 2500V Isolated 5·Driver/5·Receiver RS232 Transceiver 

Fault Conditions 

In addition to protecting against all of the fault conditions de· 
scribed in Table 1, LTC transceivers are guaranteed for 
latchup free operation. When the drivers are turned off or 
SHUTDOWN, the output stage becomes a high impedance; 
even when the output is pulled beyond the supply rails. The 
small current produced by overvoltage is not directed back 
into the supplies. High impedance on the driver outputs also 
eliminates signal feedthrough between the logic inputs and 
the RS·232 lines. 

When the device is turned on, overvoltage can, at most, pull 
the limited short circuit current from the supplies. The reo 
ceivers are also short circuit current limited to prevent dam· 
age to unprotected logic circuitry. 

Isolated Transceiver 

The most frequent cause of failure in interface chips is expo· 
sure to extreme fault conditions. Protection against large 
differences in ground potential, high ground loop currents, 
or accidental high voltage connections mandates a fully 
isolated transceiver. 

The circuit in Figure 2 provides 2S00V isolation with optically 
coupled data lines and an isolated SV supply. A powered 
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transceiver eliminates the need for three supplies on both 
sides of the isolation transformer. High speed 6N136 opto· 
couplers permit the LT1130 to operate at its full 100kHz band· 
width. However, slower, less expensive optoisolators, such as 
the 4N28, may be used when the data rate is less than 20k 
baud. The SV power supply is generated with an isolated 
LT1072 switching regulator. The LT1072 has no electrical con· 
nection to the load; instead, the circuit derives its feedback 
from the transformers flyback voltage. This technique is of· 
ten referred to as an isolated fly back regulator1• The regula· 
tor needs to deliver only modest current levels (200m A max), 
allowing a physically small isolation transformer. The circuit 
accepts 3.SV to 1SV unregulated inputs which are readily 
available in most systems. Load regulation is S% over a 
200mA range of output current (50mA-250mA), and efficiency 
reaches 60% under maximum load conditions. Efficiency 
may be improved by 10% if the 3.6kO snubber resistor is reo 
placed with a 30V Zener diode. Q1 provides shutdown 
control, which disables the interface to a low power state. 

Note1: Refer to LinearTechnology's Application Note 19, pp. 30-34. 

For literature on RS·232 products, call (800) 637·5545. 
For applications help, call (408) 432·1900, Ext. 453. 
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A Single Supply RS232 Interface for Bipolar A to D Converters 
Sean Gold 
Designing circuitry for single supply operation is often an at· 
tractive simplification for reducing production costs. Yet 
many applications call for just a few additional supplies to 
solve simple interface problems. The example presented here 
describes how an advanced RS232 interface can simplify an 
A to 0 converter which processes bipolar signals. 

The LT1180 RS232 transceiver includes a charge pump which 
produces low ripple supplies with sufficient surplus current 
to drive a CMOS A to 0 converter and precision voltage refer· 
ence. The circuit in Figure 1 operates from a single 5V supply, 
and draws a total quiescent current of only 37mA. These fea· 
tures make the circuit ideal for applications which must proc· 
ess bipolar signals with minimal support electronics. 

The LTC1094 serial A to 0 converter requires both a low noise 
supply and reference voltage for accurate operation.1 These 
design problems are solved with an LT1021 precision refer· 
ence, which delivers a stable, low noise, 5V signal from the 
LT1180's V+ output. Relatively large storage and filter capaci· 
tors must be used with the LT1180 to reduce the noise in the 
system below 1mV for a 12 bit system. Construction also re-

ANAUlGj INPUTS 
"',v 

RANGE 

quires close attention to the layout of the system grounds 
and other aspects of circuit board design to avoid noise 
problems.2 

To accommodate bipolar inputs (- 5<VIN <5), the LTC1094's 
negative rail must be biased beyond the extreme signal 
swing, but below absolute maximum ratings for the supplies. 
A 5.6V Zener diode, 01, provides a sufficient bias because 
the V- pin draws very little current. 

The A to 0 converter communicates with a remote controller 
via three wires, which carry the clock, the con.flguration word, 
and the output data. The chip select signal, CS, is generated 
from the incoming clock with a peak detector, constructed 
with a single PNP transistor. Rand C are designed to hold the 
CS pin low for at least one clock period. Assuming the logic 

Note 1: Refer to the data sheets forthe LTC1094/LTC1294. 
Note 2: An excellent reference on the subject of grounding and low 
noise circuit design is: "An IC Amplifier User's Guide to Decoupling, 
Grounding, and Making Things Go Right for A Change," by Paul 
Brokaw, Analog Devices Application Note. 

V =CLEANANALOGGROUNO 

m =LOGICGROUND 

NOTE 1 10kD CURRENT LIMIT RESISTORS CAN BE REMOVED IF THE INPUTS ARE GUARANTEED 
NOT TO EXCEED THE LTt094's SUPPLY VOLTAGES 
NOTE 2 DRIVER OUTPUTS CAN BE PARALLEL FOR GREATER CURRENT DRIVE 
NOTE3 SELECT RC=4TCLOCK. MINIMIZE C 

Figure 1. AID Converter Interface 
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threshold in the LTC1094 is 1.4V, two useful rules of thumb 
for selecting Rand C are: Design RC to be at least four times 
the clock period. And select C as small as possible to start 
the converter quickly. Min.Q!. aberrations in the CS signal are 
unimportant because the CS pin is level sensitive. The PNP is 
biased from the clean reference supply so very little noise is 
coupled into the A to D. Additional buffers are unnecessary 
because the peak detector drives a CMOS input. 

The ~rating sequence for the LTC1094 is shown in Figure 2. 
The CS signal switches to a low state less than 1/Ls after 
receiving the system clock, and the configuration word may 
be transmitted after one clock cycle. After the 18 clock cycles 
required to complete the conversion, the clock must shut off 

MSB First Data (MSBF = 1) 

to allow CS to switch to a high state for at least 2fLS - the 
minimum time between conversions. The operating se
quence may then be repeated. 

A Single conversion cycle is shown in Figure 3. The LT1180's 
maximum data rate limits the clock speed to 100k baud. The 
input voltage is 3.33V which generates a bit pattern of al· 
ternating 1's and O's. Trace B shows the Chip Select signal, 
and Trace C shows the gating pulse forthe system clock. The 
complete conversion cycle for a 12·bit converter using an 
LTC1294 is listed in Figure 4. For this example, the gating 
signals are adjusted to allow for the two extra bits of data.3 

Note 3: The LTC1094 in Figure 1 was directly replaced with an 
LTC1294, with no changes to the circuit. 

1--1 ------------tevc-------------::::::J_--, 

~I~--------------------------------------------------~~ 
eLK 

D. 

§IDd 0001 SELD MSBF 
D1FF SIGN 

Dour __ """,.Z'--___ t--., HI'Z 

tsMPL-t---+----

Figure 2. LTC1093/4 Operating Sequence Example: Differential Inputs (CH4 +, CH5 - ), Bipolar Mode 

LTI180DRIVER 
OUTPUT 

ov 

CSINPUT 
ov 

GAtiNG SIGNAL FOR 
THE SYSTEM CLOCK ov 

ALL TRACES 5V1D1V 

Figure 3. 10 Bit Converter Interface 
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1J1180DR1VER 
OUTPUT 

ov 

I:!i'NPUT ov 

GATING SIGNAl FOR 
THE SYSTEM CLOCK ov 

ALL TRACES 5V1DIV 

Figure 4. 12 Bit Converter Interface 

For literature on RS232 products, call (800) 637·5545. 
For applications help, call (408) 432-1900, Ext. 456. 
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RS232 Transceiver with Automatic Power Shutdown Control 
Sean Gold 

The LT1180J81 RS232 transceivers with on-chip charge 
pumps offer some unique features that greatly enhance 
serial interface performance_ Like the LT1080 and LT1130 
series transceivers, the L T1180 is fully compliant with all 
RS232 specifications. The LT1180 is unique since it utilizes a 
charge pump which oscillates at 150kHz to 200kHz - about 
twice the frequency of the standard transceivers. In addition 
to providing excellent current delivery capability, the high 
speed charge pump can operate with storage capacitors as 
smallasO.1fLF. 

Reducing storage capacitor size to O.1fLF shrinks board 
space, thereby lowering production costs. Small capacitors 
also shorten the transceiver turn-on time to less than 200fLS, 
which makes the LT1180 ideal for applications which must 
address the RS232 transceiver quickly. The interface de-

TR11N 

scribed here takes advantage of fast turn-on to reduce power 
dissipation. 

The circuit shown in Figure 1 automatically shuts down when 
there is no data flow through the interface. A data stream on 
either the RS232 or logic inputs activates the transceiver. The 
data must begin with a logic 1 preamble, and the data stream 
must contain a sufficient number of 1 's to keep the trans
ceiver active. The preamble may be as short as 50fLS. Al
ternatively, the input to the Automatic SHUTDOWN circuit 
could be an RS232 handshake signal, such as Data Set 
Ready (DSR) or Clear to Send (CTS), which remain high during 
the data transfer. The LT1180's 200fLS turn-on delay does not 
limit the data rate in the transceiver. Once the LT1180 is ac
tive, it can process data at the maximum 100k baud data rate. 

5V 

1N4148 10kO 

1N753 

5V 

LTl180 15 
TR10UT 

14 
13 

REC11N 

12 
11 TR21N 
10 

REC20UT 

REC10UT--------------______________ ....I 

NOTE 1: SELECT RC BASED ON CLOCK SPEED AND REQUIRED DROP OUTTIME 
T=RC=2'TOROPOUT FORTHIS EXAMPLE. R= 100KDANDC= l~F. 
C SHOULD NOT EXCEED l~F UNLESS THE 2N3904 CURRENT LIMITED 
WITH A COLLECTOR RESISTOR 

Figure 1. Fast Turn·On Transceiver with Automatic SHUTDOWN Control 
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A peak detector senses data flow. The extra CMOS gates are Figures 2 through 4 demonstrate the automatic SHUTDOWN 
buffers which ensure the time constant is relatively indepen· control's response to logic and RS232 signals, as well as zero 
dent of input signal level. The drop out time, i.e. the duration data flow. The minimum pulse width is 50lls and the drop out 
of inactivity prior to SHUTDOWN, is approximately 0.5RC. time is set to 50ms. The power supply outputs - the lower 
More specifically, drop out occurs when the voltage on the two traces in Figures 2 and 3 - become active in less than 
peak detector decays from Vee - 0.7V to the logic switch 200lls. When active, the circuit consumes 1SmA of quiescient 
point of Vee/2. The RS232 input to the control circuit is current. In SHUTDOWN state, the Q·current drops to 50IlA. 
clamped to protect the logic inputs. The zener diode, D3, 
forces the turn·on threshold on the RS232 side to - 3.5V, 
which prevents the transceiver from turning on when the ca· 
ble is grounded. 

DRIVER INPUT 

SHUTDDWN 
CONTROL 

V+ 

V-

3-14 

ALL TRACES 5V/DIV 

Figure 2. Transceiver Turn·On Via 
Logic Input 

DATA PULSE 
5V/DIV 

PEAK DETECTOR 
2V/DIV 

SHUTDOWN 
CONTROL 

5V/DIV 

OV 

OV 

ov 

Rx INPUT 

SHUTDOWN 
CONTROL 

V+ 

V-

ALL TRACES 5V IDIV 

Figure 3. Transceiver Turn·On Via 
Receiver Input 

OV 

OV 

OV 

Figure 4. SHUTDOWN Alter SOms 
Without Data Transmission 

For literature on our interface products, call 
(800) 637·5545. For help with an application, call 
(408) 432-1900, Ext. 445. 
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Active Termination for SCSI-2 Bus 
Sean Gold 

Overview of SCSI·2 

May, 1990 

The SCSI·2 bus 1 is an interface for computers and instru· devices can access the bus at regular distances along the ca· 
mentation that communicate over small distances - often ble. Any two devices can terminate the cable, but bit error 
within the same cabinet. Like GPIB (IEEE 488), SCSI's hard· rates are minimized with the terminators attached only at the 
ware and software specifications are designed to coordinate ends. Local capacitive loading is low under these conditions, 
independent resources such as disk and tape drives, file making the transmission line more consistent with fewer 
servers, printers, and other computers. SCSI·2 is a bidirec· . discontinuities. 
tional bus, which must be terminated at both ends to 2.85V SCSI.2's key specifications are repeated from the ANSI 
(Figure 1). The terminators are needed because SCSI·2 uses standard in Table 1. 
simple open collector output drivers in its transceivers. 
Terminators link communicating devices to the supplies, and Table 1. Single Ended SCSI·2 
roughly match the transmission line's characteristic 
impedance. When the load to the bus increases, the role of 
the termination network becomes more important for main· 
taining signal integrity at high data rates. An active termi· 
nation design is now a part of the SCSI·2 standard and is 
presented here in·depth. 

The single ended SCSI·2 bus is limited to six meters in 
length, and supports variable speed communication up to 5M 
transfers/sec. The bus nominally uses 18 data lines which de· 
fines the loading requirements for the terminators, because 
each output driver can sink at most 48mA. Up to eight SCSI 

Note 1: SCSI-2 = Small Computer System Interface Version 2, pro
nounced "Scuzy-2." The complete specifications standard is avail
able through ANSI # X3T9.2. 

PARAMETER 

Termination Supply 

Logic Supply 

Data Rate 

Cable Impedance 

Transceivers 

Signal Levels 

Short Circuit Current 

TERMPWR 

VALUE 

4.25<TERMPWR< 
5.25 

VOUT = 2.B5V@0.5A 
2.6<VOUT<2.9 
5M Transfers/Sec. 

11011 
BO<20<140 

TIL Compatible 

O<VOL <0.5 
2.5<VOH<5.25 

VIL <O.B 
2.0<VIH 
0.2 < Hysteresis 

4BmAfTransceiver 

COMMENTS 

0.9A Typical 
1.5A Worst Case 

PerTerminator 

Six Meters Max. 

Nominal 

Negative True Logic 
5V=0,OV= 1 

-0.4mA<IIL <OmA 
O.OmA<IIH<O.lmA 

Based on Old TIL Spec 

VT ~~-+----~----------------------------------.-----~~~~ VT 
~~~ ~~~ 
SUPPLY SUPPLY .. ' 

TERMINATOR 
x 18 DATA LINES ....... 

.' 

UPT08 
Figure 1. Global View of the SCSI·2 Bus 

TERMINATOR 
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Shortcomings of Passive Terminators 

The resistive voltage divider shown in Figure 2 is commonly 
used to terminate the SCSI bus. Multiple power sources are 
allowed to connect to the SCSI cable. Each source is pro
tected with a Schottky diode to prevent damage from reverse 
currents. The resulting termination powersignal, TERMPWR, 
is not well regulated - subject to variations in source sup
plies and protection diodes, as well as ohmic losses. Unfor
tunately, these changes in TERMPWR translate directly to 
the bus through the resistive divider, which degrades noise 
margins. 

'--y-J 
DEVICE 1 

'--y-J 
DEVICE 2 

Figure 2. Passive Termination 

The low values for R1 and R2 reflect a compromise between 
driver sink current and impedance matching the signal lines. 
Normally, high resistances would be desirable to minimize 
driver sink current. Yet, the terminator should match the 
signal line's 11012 characteristic impedance, and the bus's 
quiescent state must be above the TTL logic threshold. It is 
not possible to meet all of these objectives simultaneously. 

The SCSI standard suggests R1 = 22012 and R3 = 33012. The 
resulting bus voltage is 3V with 13212 impedance, which is 
mismatched to the nominal 11012 cable impedance. The 
Schottky diode aggravates the mismatch because it presents 
a poor AC ground. In addition to these problems, the small 
resistors draw 300mA Q-current fromTERMPWR, assum
ing 18 signal lines with the bus inactive. 

Active Terminators 

The active terminator shown in Figure 3 uses an 
LT1117 -2.85 low dropout regulator to control the logic 
supply. The LT111 Ts line regulation makes the output 
immune to variations in TERMPWR. After accounting 
forresistor tolerances and variations in the LT111Ts refer
ence, the absolute variation in the 2.85V output is only 4 
percent over temperature. When the regulator drops out 
at TERMPWR -2.85V = 1.25V, the output linearly tracks 
the input with a slope of 1VN. Signal quality is quite good 
because the 11012 series resistor closely matches the 
transmission line's characteristic impedance, and the 
regulator provides a good AC ground. 

In contrast to the passive circuit, two LT1117s require 
only 20mA quiescent current. For the power levels in this 
application, the LT1117 does not need a heat sink, and 
is available in low cost, space saving, SOT-223 surface 
mount packages. Beyond solving basic signal condition
ing problems, the LT1117 handles fault conditions with 
short circuit current limiting, thermal shutdown, and 
on-chip ESD protection circuitry. 

TERMPWR 

lN5817 
LT1117-2.85 Lr:::;--Ir-::::;I~~:Y--O::==:J M ..... -+-----1IN OUT r 

GNO 

Figure 3. Active Termination 
.-------------------------------~ 

For literature on linear regulators, call (800)637·5545. 
For applications help, call (408) 432·1900, Ext. 209. 
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RS232 Transceivers for Hand Held Computers 
Withstand lOkV ESD - Design Note 64 

Sean Gold 

Battery-powered computers and instrumentation are often 
subjected to severe electrical stress which imposes some 
stringent demands on serial communication interfaces. As 
always, operating from a battery mandates minimal power 
consumption. Transceivers must also tolerate repetitive 
Electrostatic Discharge (ESD) pulses because cable connec
tions frequently come in contact with humans and other 
charged bodies. 

Linear Technology's LT1237 addresses the above require
ments. The LT1237 is a complete RS232 port, with three 
drivers, five receivers and a regulated charge pump. Supply 
current is typically SmA, butthe device can be shutdown with 
two separate logic controls. The driver disable pin shuts off 
the charge pump and the drivers-leaving all receiversactive, 
ISUPPL Y = 4mA. The ONIOFF pin shuts down all circuitry 
except for one micropower receiver, ISUPPLY = SOJlA. The 
active receiver is useful for detecting start-up signals. The 
L T1237 operates up to 120kBaud and is fully compliant with 
all RS232 specifications. Connections to the RS232 cable are 
protected with internal ESD structures that can withstand 
repetitive± 1 OkV human body model ESD pulses. 

Figure 1 shows a typical application circuit. The LT1237's 
flow through pinout and its ability to use small surface mount 
capacitors, helps reduce the interface's overall footprint. 

TO 
LINE 

11/92/64 

RING DETECT IN 

L~=::::::'-'::~_~SHUTDOWN 
DMl4f01 CONTROL OUT 

Figure 1. LT1237 Application Circuit 

lL7lJ!J~ 

Interfacing with 3V Logic 
Hand held computers are rapidly moving to 3V logic to save 
power. Yet higher voltage buses are still utilized elsewhere in 
the system for display driving and other functions. The 
LT1330 is functionally equivalentto the LT1237 but operates 
from 5V with a separate logic supply to interface directly with 
3V logic. (Figure 2) 

3V 

L-__ -+_---4~ GNO 

Figure 2. Receiver Output Stages in the LT133D are 
Biased From a Separate Logic Supply to Easily Interface 
with 3V Systems 

ESD Protection Techniques 
Even though the liD pins on the LT1237 and LT1330 are 
protected, a basic understanding of electrostatic discharge, 
its causes and its remedies, is helpful when designing with 
these circuits. 

ESD generated by triboelectric charging of the human body 
is often the mosttroublesome problem for portable com put
ers.1 Energy imparted during a discharge is usually in the 
form of a rapidly rising high voltage pulse with a slow 
exponential tail. ESD pulses can be modeled with the switch
ing circuit shown in Figure 3. ESD contributes frequency 
components well into the GHz range. At such frequencies, 
nearby cables and PC board traces look like receiving 
antennas for ESD noise. 

1. Tnboelectricity Is Ihe charge created as a result of friction between bodies. 
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Figure 3. Human Body Circuit Model for ESD Pulses 

Circuit damage from ESD can occur as a result of three 
effects: (1) High current heating, which destroys junctions or 
metallization. (2) Intense electromagnetic fields, which break 
down junctions or thin oxides. (3) Radiated noise, which 
drives the circuit into invalid or locked up states. 

Any action which eliminates the charge generator, circum
vents charge transfer, or enhances the circuit's ability to 
absorb energy, will increase a circuit's tolerance of ESD. 
Eliminating the ubiquitous charge generators and disrupting 
charge transfer are difficult tasks because they demand strict 
control of the circuit's operating environment. A more prac
tical approach is to limit ESD entry points by shielding the 
circuit's enclosure and covering the RS232 port's connector 
when it is not in use. 

Another practical remedy is to increase a transceiver's ability 
to absorb energy by clamping the RS232 line to ground with 
fast acting avalanche diodes or dedicated transient suppres
sors (Figure 4). Discrete suppressors are widely available 
and are extremely effective. Designers are often reluctant to 
use discrete suppressors because they are expensive. Cost
ing up to $0.40/pin, they can sometimes exceed the cost of 
the transceiver. 

RS232 
TRANSMITTER 

RS232 
RECEIVER 

Figure 4. Older Interface Designs Used External ESD Clamps 

The LT1237 and LT1330 incorporate the clamps for divert
ing ESD energy on chip. These active structures quickly 
respond to positive or negative Signals at threshold voltages 
higher than RS232 signals, yet below destructive levels for 
the device. The path of high current flow is through large pn 
junctions which increases the capacity to absorb energy. 

When a discharge occurs, the resulting current flow is 
insignificant when the transceiver is turned off or powered 
down. When operating, the resulting current may debias 
internal circuitry and lock up the circuit. Observations have 
shown these nondestructive errors to be highly dependent 
upon the logical state of the transceiver. Cycling the power 
clears the circuit. 
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When very high levels of ESD protection are required, an 
external LC filter (Figure 5) can be used to drop ESD 
energy into a range that can be safely dissipated within 
the transceiver. 

RS232 RECEIVER 

RS232~LOGIC 
LINE ( ..L V-OUTPUT 

50pF 

FERRITE BEADS T 
RS232 DRIVER 

RS232~LOGIC 
LINE ..l ___ -'-J INPUT 

T 50PF ..... 

Figure 5. External LC Filters Provide Protection From Very 
High Levels of ESD Yet Cost Less Than Discrete Supressors 

PC Board Layout 
Energy shunted through an ESD clamp can still cause 
pr.oblems ifthe impedance ofthe return path is large enough 
to create a sizable voltage drop. Such voltage drops may 
damage unprotected components that share the common 
return line. Including a low inductance ground plane in the 
PC board is therefore essential for good ESD protection. For 
the LT1237 and LT1330, the AC path to ground through V
must also be low impedance. Adding a few hundred picofar
ads of low ESR capacitance in parallel with the primary 
storage capaCitor provides a good AC ground. 

When using discrete transient suppressors or filters, 
place components as close as possible to the connector 
with short paths to the return plane. Make the spacing 
between the circuit board traces as wide as possible. ESD 
pulses can easily arc from one trace to another when the 
spacing between traces is narrow. Arcing occurs slowly 
compared with ESD rise time, so air spark gaps alone will 
not protect circuitry from ESD. Dedicated spark gaps are 
effective for limiting ESD energy when used with addi
tional suppression devices. 

Do not float the cable shield with respect to local ground. 
Designers may feel inclined to do this to avoid circulating 
current due to differences in ground potential. Instead, AC 
couple the grounds so they are shorted at ESD frequencies. 

Conclusion 
The techniques described here cannot entirely eliminate ESD 
problems, but understanding ESD's nature and using careful 
circuit design, will help protect against its intrusion. 

For literature on our family of RS232 transceivers, 
call (800) 637·5545. For applications help, 
call (408) 432·1900, Ext. 456 



l~nfJ\Q " 
TBCHNOLOGY~===Q~u=a=d=L=o=w~Po=w==e=rL=in=e==D=riv=e=r 

LT1030 

c Low Operating Voltage ± 5V to ± 15V 
r::I 500~ Supply Current 
[J Zero Supply Current when Shut Down 
[J Outputs Can Be Driven ± 30V 
[J Output "Open" when Off (3-State) 
[J 10mA Output Drive 
c Pinout Similar to 1488* 
[J Output of Several Devices can be Paralleled 
[J Available in SO Package 

[J RS232 Driver 
[J Micropower Interface 
[J Level Translator 

• Check compatibility. some pins different 

-6V 

INPUT 

OUTPUT 
ON-OFF 

(OV-5V)t 
INPUT 

OUTPUT 

RS232 Line Driver 

+6V 

STROBE' 

INPUT 

OUTPUT 

NC 

INPUT 

OUTPUT 

·'NO CONNECTION NEEDED WHEN NOT USED. 
t5V=ON. 

The LT1030 is an RS232 line driver that operates over a 
± 5V to ± 15V range on low supply current and can be 
shut down to zero supply current. Outputs are fully pro
tected from externally applied voltages of ± 30V by current 
limiting. Since the output swings to within 200mV of the 
positive supply and 1 V of the negative supply, power supply 
needs are minimized. 

A major advantage of the LT1030 is the high impedance 
output state when off or powered down, which allows 
several different drivers on the same bus. 

Our RS232 product line includes other high-performance 
devices. The LT1039 is a triple low-power driver / 
receiver with shutdown that can be powered from a 5V 
supply. The LT1 080 is a 5V powered dual driver / receiver 
with on-chip ± 9V power generator, and shutdown . 

v+ 
> ;;;--0.2 
w 
~-0.4 
c.. 
=> en 
~ 
Cl 1.2 w 
a: 
ffi 1.0 
u.. w 
~ 0.8 

~ 0.6 

~ 0.4 
=> 
t= 0.2 
=> o v-

V 

o 

Output Swing vs Output Current 

I 
OUTPUT HIGH 

~ 

1/ 
,..... OUTPUT LOW 

2 3 4 5 
OUTPUT CURRENT (rnA) 
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LT1030 

ABSOLUTE mAXimum RATinGS 
Supply Voltage. . . . . . . . . . . . . . . . . . . . . . . .. ± 15V 
Logic I nput Pins ..................... V- to 25V 
On-Off Pin ......................... GND to 12V 
Output (Forced) ............. V- + 30V, V+ - 30V 
Short Circuit Duration (to ±30V) .......... Indefinite 
Operating Temperature Range 

LT1030C ........................ O°Cto70°C 
Guaranteed Functional by Design. .. - 25°C to 85°C 

Storage Temperature. . . . . . . . . . . .. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec) ........ 300°C 

PACKAGE/ORDER InFORmATiOn 

J PACKAGE N PACKAGE 
l4-LEAD CERAMIC DIP S PACKAGE l4-LEAD PlASTIC DIP 

l4-LEAD PLASTIC S 
(.lS0·WIDE) 

TJMAX = 150°C, 0JA = 80°CIW (J) 
TJMAX = 110°C, 0JA = 130°CIW (N) 
TJMAX = 110°C, 0JA = 100°CIW (8) 

ORDER PART 
NUMBER 

LT1030CJ 
LT1030CN 
LT1030CS 

FOR MILITARY 
APPLICATIONS 
USE LT1032MJ 

ELECTRICAL CHARACTERISTICS (Supply Voltage = ±5V to ±15V) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Supply Current VON-OFF",2.4V, IOUT=O, All Outputs Low 0 500 1000 p.A 
Power Supply Leakage Current VON-ow50.4V 

VON-OFF:50.1V 
Output Voltage Swing Load = 2mA I Positive 

I Negative 
Output Current VSUPPLY ±5V to ± 15V 
Output Overload Voltage (Forced) Operating or Shutdown 
Output Current Shutdown VOUT= ±30V 
Input Overload Voltage (Forced) Operating or Shutdown 
Logie I nput Levels Low Input (Vour= High) 

High Input (Vour= Low) 
Logic Input Current VIN>2.0V 

VIN<O.BV 
On-Off Pin Current 0:5V1N :55V 
Slew Rate 

The 0 denotes specifications which apply over the operating 
temperature range. 

Pin FunCTions 
PIN FUNCTION COMMENT 

Minus Supply Operates - 2V to -15V 

1 10 p.A 
0 10 150 p.A 

V+-0.3V V+-0.1V V 
V +0.9V V +1.4V V 

5 12 mA 
0 V+-30V V +30V V 

2 100 p.A 

0 V 15 V 
0 1.4 O.B V 
0 2 1.4 V 

2 20 p.A 
10 20 p.A 

-10 30 65 p.A 
4 15 30 V/p.5 

Note 1: 3V applied to the strobe pin will force all outputs low. Strobe pin 
input impedance is about 2k to ground. Leave open when not used. 

14 8 

2,5,9,12 Logic Input Operates properly on TIL or CMOS levels. LT1030 

3,6,8, II Output 

4 On-Off 

7 Ground 

13 Strobe 

14 
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Output valid from (V- + 2V) :5V1N :515V. 
Connect to 5V when not used. 

Line drive output. 

Shuts down entire circuit. Cannot be left 
open. For" normally on" operation, con-
nect between 5V-IOV. 
Ground must be more positive than V-

Forces all outputs low. Drive with 
3V. 

Positive supply 5V to 15V. 

I ... ... 
lN4001 

I 

Note: As with other bipolar ICs, forward biasing the substrate 
diode can cause problems. The L Tt030 will draw high current 
from V + to ground if the V - pin is open circuited or pulled 
above ground. If this is pOSSible, connecting a diode from V-
to ground will prevent the high current state. Any low cost diode 
can be used. 



TYPICAL PERFORmAnCE CHARACTERISTICS 
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LT1030 

TYPICAL PERFORmAnCE CHARACTERISTICS 
On-Off Response Time 

OUTPUT { 1~~ 
(V'N=OV) OV 

OUTPUT { OV -5V 
(V'N=5V) -10V 

ON-N!' { 5V 
INPUT OV 

H =100",/OIV -

Output Waveform 

OUTPUT { ~~ 
(VS= ±6V) -5V 

OUTPUT OV { 
10V 

(VS= ±12V) -10V 

INPUT { 5V 
OV 

H=2",/OIV 

On-Off Response Time 

{ 
6V 

OUTPUT 4V 
(V'N=OV) 2V 

ov 

{ 
OV 

OUTPUT -2V 
(V'N=5V) -4V 

-6V 
ON-OFF { 5V 

INPUT OV 
H=100",/0IV 

Output Waveform Driving 
Capacitive Load 

j 6V 
4V 
2V 

OUTPUT OV 
-2V 
-4V 
-6V 

INPUT { 5V 
OV 

H =10",/0IV 

Strobe Pin Response Time 

OUTPUT [ 1~~ 
-5V 

-10V 

STROBE { 5V 
INPUT OV 

H=2",/OIV 
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lIn 
TECHNOLOGY 

~~f{)'iiIUJWd~$ 
r;] Low Operating Voltage ± 5V to ± 15V 
EJ 500pA Supply Current 
f.il Zero Supply Current when Shut Down 
IJ Outputs Can Be Driven ± 30V 
m Thermal Lir:niting 
oa Output' 'Open" when Off (Three-State) 
IJ 10mA Output Drive 
[!l Pinout Similar to 1488 (See Diagram)* 

~1l»~l!,~«:Gqj'il'~@(ffi~ 
(] RS232 Driver 
o Power Supply Inverter 

.0 Micropower Interface 
o Level Translator 

• Check compatibility, some pins different 

RS232 Line Driver 

-6V 

INPUT 

OUTPUT 
ON-OFF 

(OV-5V)t 
INPUT 

OUTPUT 

+6V 

STROBE* 

OUTPUT 
RESPONSE TIME 
CONTROL* 
INPUT 

OUTPUT 

*NO CONNECTION NEEDED WHEN NOT USED 
t5V=ON. 

LT1032 

Quad Low Power Line Driver 

DESCRIPTion 
The LT1 032 is a RS232 and RS423 line driver that operates 
over a ± 5V to ± 15V range on low supply current and can 
be shut down to zero supply current. Outputs are fully pro
tected from externally applied voltages of ± 30V by both 
current and thermal limiting. Since the output swings to 
within 200mV of the positive supply and 600mV of the neg
ative supply, power supply needs are minimized. 

Also included is a strobe pin to force all outputs low inde
pendent of input or shutdown conditions. Further, slew 
rate can be adjusted with a resistor connected to the 
supply. 

A major advantage of the LT1032 is the high impedance 
output state when off or powered down. 

For applications requiring dual or triple RS232 driver Ire
ceiver devices, see the LT1080 (dual) or LT1 039 (triple) 
datasheets . 
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LT1032 

ABSOLUTE mAXimum RATinGS 
Supply Voltage. . . . . . . . . . . . . . . . . . . . . . . .. ± 15V 
Logic Input Pins ..................... V- to 25V 
On-Off Pin ......................... GND to 15V 
Output(Forced) ............. V- +30V, V+ -30V 
Response Pin ....... : . . . . . . . . . . . . . . . . . .. ± 6V 
Short Circuit Duration (to ± 30V) .......... Indefinite 

PACKAGE/ORDER InFORmATiOn 
TDP VIEW 

14 ~~STD 15V) 

J PACKAGE N PACKAGE 
14 LEAD CERAMIC DIP 14 LEAD PLASTIC DIP 

TJMAX = 150°C. 9JA = 100°CIW. 9JC = 60°CIW (MJ) 
TJMAX = 85°C. 8JA = 100°CIW. 8JC = 60°CIW (CJ) 
TJMAX = 85°C, 8JA = 100°CIW, 8JC = 60°CIW (N) 

ORDER PART 
NUMBER 

LT1032MJ 
LT1032CJ 
LT1032CN 

ELECTRICAL CHARACTERISTICS 
(Supply Voltage = ±5V to ±15V) 

PARAMETER CONDITIONS 

Operating Temperature Range 
LT1 032M . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 
LT1032C ........................ O°Ct070°C 
Guaranteed Functional by Design ... - 25°C to 85°C 

Lead Temperature (Soldering, 10 sec) ........ 300°C 

VEE 
(-15VTO -5V) 

ON·OFF 
(OVT05V) 

TDPVIEW 

SPACKAGE 
16·LEAD PLASTIC SOL 

TJMAX = asoc, 8JA = WCIW, 8JC = 27°CIW (S) 

MIN TYP 

ORDER PART 
NUMBER 

LT1032CS 

MAX UNITS 
Supply Current VON-OFF ~ 2.4V, IOUT= 0, All Outputs Low 0 500 1000 pA 
Power Supply Leakage Current VON.OWs O.4V 

VON-OFF:SO.1V, TA=125°C 
Output Voltage Swing Load = 2mA I Positive 

I Negative 
Output Current VSUPPLY ± 5V to ± 15V 
Output Overload Voltage (Forced) Operating or Shutdown 
Output Current Shutdown VOUT= ±30V 
Input Overload Voltage (Forced) Operating or Shutdown 

Logic I nput Levels Low Input (VOUT= High) 
High Input (VOUT= Low) 

Logic Input Current VIN> 2.0V 
VIN <0.8V 

On-Off Pin Current 0:sV1N :s5V 
Slew Rate I RESPONSE = 0 
Change in Slew Rate (Note 2) I RESPONSE = + 50fLA 

I RESPONSE = - 50fLA 
Response Pin Leakage VSUPPLY= ± 6V, VON/OFF:SO.4V, 

V RESPONSE = ± 6V 

The 0 denotes specifications which apply over the operating 
temperature range 
Note 1: 3V applied to the strobe pin will force all outputs low. Strobe pm 
Input impedance is about 2k to ground. Leave open when not used 
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1 10 pA 
0 10 50 pA 

V+ -0.3V V+-0.1V V 

V +0.7V V +O,9V V 

10 22 mA 

0 V+ -30V V +30V V 

2 100 pA 

0 V 30V V 

0 1.4 0.8 V 
0 2 1.4 V 

2 20 pA 
10 20 pA 

0 -10 3 50 pA 

4 15 30 V/fLS 

+50 
-50 

1 

Nole 2: Response can be changed by connecting a resistor to the 
supply. For supplies less than j 6V this current is disconnected when 
shut down. Leave open when not used. 

% 
% 

pA 



TYPICAL PERFORmAnCE CHARACTERISTICS 
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LT1032 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFoRmATion 
Application Hints 

The L T1 032 is exceptionally easy to use when compared 
to older drivers. Operating supply voltage can be as low 
as ± 3V or as high as ± 15V. Input levels are referred to 
ground. 

The logic inputs are internally set at TTL levels. Outputs 
are valid for input voltages from 1V above V- to 25V. 
Driving the logic inputs to V- turns off the output stage. 
The' 'on-off" control completely turns off all supply cur
rent of the LT1 032. The levels required to drive the device 
on or off are set by internal emitter-base voltages. Since 
the current into the "on-off" pin is so low, TTL or CMOS 
drivers have no problem controlling the device. 

The strobe pin is not fully logic compatible. The imped
ance of the strobe pin is about 2kf2 to ground. Driving the 
strobe pin positive forces the output stages low-even if 
the device is shut off. Under worst-case conditions, 3V 
minimum at 2mA are needed driving the strobe pin to in
sure strobing. 

Pin FunCTion 

PIN FUNCTION 
Minus Supply 

2,5,9,12 Logic Input 

3,6,8,11 Output 
4 On-5li' 

Ground 

10 Response Control 

13 Strobe 

14 Positive Supply 

LT1032 

The response pin can be used to make some adjustment 
in slew rate. A resistor can be connected between the 
response pin and the power supplies to drive 50JlA to 
100J.tA into the pin. The response pin is a low impedance 
point operating at about O. 75V above ground. For supply 
voltage up to ± 6V, current is turned off when the device 
is turned off. For higher supply voltages, a zener should 
be connected in series with the resistor to limit the voltage 
applied to the response pin to 6V. Also, for temperatures 
above 100°C, using the response pin is not recom
mended. The leakage current into the response pin at 
high temperatures is excessive. 

Outputs are well protected against shorts or externally 
applied votlage. Tested limits are ± 30V, but the device 
can withstand external voltages up to the breakdown of 
the transistors (typically about 50V). The L T1 032 is 
usually immune to ESD up to 2500V on the outputs with 
no damage (limit of LTC tester). 

COMMENT 
Operates - 2V to -15V 

Operates properly on TTL or CMOS levels. 
Output valid from (V - + 2V) ",VIN ",15V. 
Connect to ground when not used. 

Line drive output. 

Shuts down entire circuit. Cannot be left 
open. For "normally on" operation, con-
nectto V+. 
Ground must be more positive than V-

Allows limited change of slew rate. Leave 
open when not used. 

Forces all outputs low. Drive with 
3V. 

Operates 5V to 15V 
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LT1032 

TYPICAL APPLICATions 

Protecting Against More than ± 30V Output Overload 
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V+ 

1000 TO 
10000 

INPUT TO LINE 

V-

FET Driver 

INPUT 

-15V 

TTL/CMOS Compatible Strobe 

TTL INPUT TO LT1032 
STROBE 

INPUT 

~-r""' :OV ZENERS 

Slew Rate Adjustment* 

lOVt 

LTl032 

j'''.J,;l Q,:",",""", 
~ SLEW RATE 

] PIN 10 OR OR 

't.~,~ 'A ." """'" f ~ ~ SLEW RATE 

-5V -15V 
10Vt 

"ABOUT 4V/p!3 CHANGE 
tZENERS PREVENT LEAKAGE 

DURING SHUT DOWN 

Strobing with CMOS 

TTL INPUT 



!lCVl~nmlQ~===LT=103=9/=LT=103=9-=16 
~!J TECHNOLOGY RS232 Driver/Receiver 

with Shutdown 

IJ Operates from ± 5V to ± 15V Supplies 
IJ Fully Protected Against Overload 
o Outputs can be Driven ± 30V without Damage 
o Three-State Outputs; Outputs Open when Off 
IJ Bipolar Circuit-No Latch Up 
o ± 30V Input Range 
IJ Triple Driver/Receiver 
o No Supply Current in Shutdown 
o 30kO Input Impedance 
IJ Meets All RS232 Specifications 
o 16 Pin Version-Pin Compatible with MC145406 
IJ Available in SO Package 

o RS2321nterface 
o Terminals 
o Modems 

'[fqp nvae: (ffi (!, (ffi [i2)(f-)(!,ae: O?:llra©@ 

12V 1 V+ Vee 
18 

5V 
LT1039 

BIAS' 
17 

ON-OFF 

RS232 IN 
16 

LOGIC 

RS232 4 15 
LOGIC 

OUTPUT 

RS232 IN 
14 

LOGIC 

RS232 6 13 
LOGIC 

OUTPUT 

RS232 IN 
12 

LOGIC 

RS232 11 
LOGIC 

OUTPUT 

-12V 

':' 

'BIAS PIN USEO TO KEEP 
THE RECEIVER ON WHILE 
IN SHUTOOWN 

iLYUD~ 

The LT1 039 is a triple RS232 driver/receiver which includes 
SHUTDOWN. Each receiver will accept up to ±30V input 
and can drive eitherTIL or CMOS logic. The RS232 drivers 
accept TIL logic inputs and output RS232 voltage levels. 
The outputs are fully protected against overload and can 
be shorted to ground or up to ±30V without damage to the 
drivers. Additionally, when the system is shut down or 
power is off, the outputs are in a high impedance state al
lowing data line sharing. Bipolar circuitry makes this 
driver/receiver exceptionally rugged against overloads or 
ESD damage. 

A bias pin allows one receiver to be kept on while the rest 
of the part is shut down. 

The LT1 039 is also available in the 16 pin version, without 
shutdown or bias pin functions. 

For applications requiring operation from a single 5V sup
ply, see LT1 080/81, LT1180/81 and LT1130 data sheets. 
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LT1039/LT1039-16 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATiOn 
Supply Voltage 

Driver (V + , V -) ................................ ± 16V 
Receiver (Vcc) ........................ '" ......... .7V 

Logic Inputs ................................. V - to 25V 
Receiver Inputs .................................. ± 30V 
On·Off Input ... " ........................... GND to 12V 
Driver Outputs ................... V - + 30V to V + - 30V 
Short Circuit Duration ......................... Indefinite 
Operating Temperature Range 

LT1039M ............................. - 55°C to 125°C 
LT1039C ............................... OOCto 70°C 
Guaranteed Functional by Design ..... -40°C to 85°C 

Lead Temperature (Soldering, 10 sec.) ............ 300°C 

ELECTRICAL CHARACTERISTICS 
PARAMETER I CONDITIONS 

Driver Y+ =12Y; Y- = -12Y; YON.OFF = 2.5Y (Note 1) 
Output Voltage Swing Load=3k 

I 
Positive 

to Ground Negative 

Logic Input Voltage Input Low Level (Vour= High) 
Levels Input High Level (Vour= Low) 

Logic Input Current VIN<!2.0V 
VIN ,,0.8V 

Output Short Circuit Sourcing Current, Vour=OV 
Current Sinking Current, Vour= OV 

JPACKAGE N PACKAGE 
16 LEAD CERAMIC DIP 16 LEAD PLASTIC DIP 

TJMAX = 150°C, 6JA = 10s0CIW, 6JC = 300 eIW (J) 
TJMAX = 125°e, 6JA = 90°CIW, 6JC = 50°CIW (N) 
TJMAX = 125°C, 6JA = 95°CIW, 6JC = 27°CIW (8) 

J PACKAGE N PACKAGE 
lBlEADCERAMICDIP 16 LEAD PLASTIC DIP 

TJMAX = 150°C, 6JA = 88°CIW, 6JC = 22°CIW (J) 
TJMAX = 125°C, 6JA = 79°CIW, 6JC = 36°CIW (N) 
TJMAX = 125°C, 6JA = 90°CIW, 6JC = 26°CIW (8) 

MIN TYP 

0 V+ -0.4 V+ -0.1 
e V- + 1.5 V- +1 

0 1.4 
0 2,0 1.4 

1 
5 

5 15 
-5 -15 

Output Leakage Current SHUTDOWN (Note 2 and 3); Vour= ± 18V, VIN =0 0 10 (25°C) 

Supply Leakage Current SHUTDOWN (Note 2) 0 1 (25°C) 

Slew Rate RL=3kO;CL=51pF 4 15 

Supply Current Vour = Low 4 

ReceIVer Yee = 5Y; YON Off = 2 5Y (Note 1) 
Input Voltage Thresholds Input Low (Vour= High) 0 0.5 1.3 

Input High (Your = Low) Ell 1.7 

Hysteresis 0 0,1 0.4 

Input Resistance 0 30 

Output Voltage Output Low, lour = -1.6rnA 0 0.4 
Output High, lour= 160~A 0 3.5 4,8 

Output Short Circuit Sinking Current, Your = Vce 0 -10 
Current Sourcing Current, Vour = OV (Note 4) t) 0.5 1 

Output Leakage Current SHUTDOWN (Note 1); OV"Vour"Vce, VIN = 0 e 1 

Supply Current 0 4 
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MAX 
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ORDER PART 
NUMBER 

LT1039CN16 
LT1039CJ16 
LT1039MJ16 
LT1039CS16 

LT1039CN 
LT1039CJ 
LT1039MJ 
LT1039CS 

UNITS 

V 
V 

V 
V 

~A 
~A 

rnA 
rnA 

~A 

~A 

V/~s 

rnA 

V 
V 

V 

kO 

V 
V 

rnA 
rnA 

~A 

rnA 



ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS 

Supply Leakage Current SHUTDOWN (Note 2) 

On-Off Pin Current OV sVON OFFS5V 

The 0 denotes the specifications which apply over the full operating 
temperature range_ 
Nole 1: VON _ OFF = 5_0V for L T1 039M grade devices_ 

LT1039/LT1039-16 

MIN TYP MAX UNITS 

[0 1 (25°C) 100 ~A 

10 -15 80 ~A 

Nole 2: VON _ OFF = O.4V for -55°C,,; T A"; 1 OO°C, and VON-OFF = 0.2V for 
100°C,,; TA"; 125°C. Does not apply to L T1 039-16 part. 
Nole 3: For TA ~ 100°C, leakage current is 350llA max. 
Nole 4: For TA ,,; -25°C, output souce current is O.4mA. 

Pin FunCTions (Pin numbers listed are for18 pin device). 

v +, V - (Pins 1, 9): Driver supply pins. Supply current 
drops to zero in SHUTDOWN mode. Driver outputs are in a 
high impedance state when V + and V - = OV. 

Vee (Pin 18): 5V power for receivers. 

GND (Pin 10): Ground pin. 

TR IN (Pins 11, 13, 15): RS232 driver input pins. Inputs are 
TTL/CMOS compatible. Inputs should not be allowed to 
float. Tie unused inputs to Vee. 

TR OUT (Pins 4, 6, 8): Driver outputs with RS232 voltage 
levels. Outputs are in a high impedance state when in the 
SHUTDOWN mode or when power is off (V + and 
V - = OV) to allow data line sharing. Outputs are fully 
short circuit protected from V - + 30V to V + - 30V with 
power on, off, or in the SHUTDOWN mode. Typical output 
breakdowns are greater than ± 45V and higher applied 
voltages will not damage the device if moderately current 
limited. 

REC IN (Pins 3, 5, 7): Receiver input pins. Accepts RS232 
voltage levels (± 30V) and has O.4V of hysteresis to provide 
noise immunity. Input impedance is nominally 30kn. 

REC OUT (Pins 12, 14, 16): Receiver outputs with TTL/ 
CMOS voltage levels. Outputs are in a high impedance 
state when in the SHUTDOWN mode to allow data line 
sharing. Outputs are fully short circuit protected to ground 
or Vee with power on, off, or in the SHUTDOWN mode. 

ON·OFF (Pin 17): Controls the operation mode of the 
LT1039 and is TTL/CMOS compatible. A logic low puts the 
device in the SHUTDOWN mode which reduces input sup
ply current to zero and places both driver and receiver out
puts in a high impedance state. 

BIAS (Pin 2): Keeps receiver 1 on while the LT1039 is in the 
SHUTDOWN mode. Leave BIAS pin open when not in use. 
See Application Hints for proper use. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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LT1039/LT1039-16 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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LT1039/LT1039-16 

TYPICAL PERFORmAnCE CHARACTERISTICS 

SHUTDOWN to Receiver Output Bias Pin Response Time 
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TYPICAL APPLICATiOn 
LT10ao (Driver/Receiverwith Power Supply) Driving an LT1039 

SHUTDOWN-t"----------------------. 
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LT1080 
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LT1039/LT1039-16 

APPLICATion HinTS 
The driver output stage of the LT1039 offers significantly 
improved protection over older bipolar and CMOS designs. 
In addition to current limiting, the driver output can be ex· 
ternally forced to ± 30V with no damage or excessive cur
rent flow, and will not disrupt the supplies. Some drivers 
have diodes connected between the outputs and the sup· 
plies, so externally applied voltages can cause excessive 
supply voltage to develop. 

Placing the LT1039 in the SHUTDOWN mode (Pin 17 low) 
puts both the driver and receiver outputs in a high 

LT1039 Driver 

~ n 30V 

-Vo~~P~D~AN -l L -30V 
BE FORCED 

EXTERNALLY 

Older RS232 Drivers and Other CMOS Drivers 

v+ -t>t WITH SOME DRIVERS, 
EXTERNALLY APPLIED 
VOLTAGE CAN FORCE 
THE SUPPLIES 

V-

Sharing a Transmitter Line 

LT1039 # 1 
DRIVER 

LT1039 # 2 
DRIVER 

RS232 
">0-+-...... - TRANSMISSION 

LINE 

ON-OFF 
LOGIC 

INVERTER 

(CHANNEL_+----! ~_...I 
SELECT) 

INPUT 
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impedance state. This allows data line sharing and 
transceiver applications. 

The SHUTDOWN mode also drops all supply currents 
(Vee, V+, V-) to zero for power-conscious systems. 

When driving CMOS logic from a receiver that will be used 
in the SHUTDOWN mode and there is no other active re
ceiver on the line, a 51 k resistor can be placed from the 
logic input to Vee to force a definite logic level when the 
receiver output is in a high impedance state. 

ON-OFF 

Sharing a Receiver Line 

LT1039 # 1 
RECEIVER 

LT1039 #2 
RECEIVER 

LOGIC 
INVERTER 

(CHANNEL -4----1 ",>o--..J 
SELECT) 

INPUT 

LOGIC 

Transceiver 
LT1039 # 1 

DRIVER 

TRANSMIT IRECEIVE - ...... -1 
RS232 

"'>O--...... -TRANSMIT IRECEIVE 
LINE LINE 

ON-OFF 

LT1039 #2 
RECEIVER 

LOGIC 
INVERTER 

(TRANSMIT I ---4-~ 
RECEIVE) 

INPUT 



APPLICATion HinTS 
To protect against receiver input overloads in excess of 
± 30V, a voltage clamp can be placed on the data line and 
still maintain RS232 compatibility. 

The receiver input impedance of the LT1039 is nominally 
30kn. For applications requiring a 5kn input impedance, a 
5.6kn resistor can be connected from the receiver input to 
ground. 

Driver inputs should not be allowed to float. Any unused 
inputs should be tied to Vee. 

RS232 
INPUT 

ON-OFF 
INPUT 

Vee 

CMOS 

LOGIC LOGIC 
O--OUTPUT 

'FORCES LOGIC INPUT STATE 
WHEN VON-OFF IS LOW 

LOGIC 
OUTPUT 

RECEIVER 

RS232INPUT~LOGIC 
56klll ~ OUTPUT 

LT1039/LT1039-16 

The bias pin is used to "keep alive" one receiver while in 
the SHUTDOWN mode (all other circuitry being inactive). 
This allows a system to be in SHUTDOWN and still have 
one active receiver for transferring data. It can also be 
used to make an RS232 compatible SHUTDOWN control 
line. Driving the bias pin low through a resistance of 24kn 
to 30kn keeps the receiver active. Do not drive the bias pin 
directly from a logic output without the series resistor. An 
unused bias pin should be left open. 

Keeping Alive One Receiver while in SHUTDOWN 

25kll 

LOGIC SHUTDOWN 
INPUT 

ON-5Fi' 17 

RS232 ~3 _-I :><>---+1;:..6 LOGIC 
INPUT OUTPUT 

LTl039 

RS232 Compatible SHUTDOWN Control Line 

25kll 

L,...;:..f=--, ON-OFF 17 

RS232 
SHUTOOWN""""'f--! ;><>--+,16'-1 

INPUT 

LT1039 

3-35 



lin· LTC1045 
TECHNOLOGY Programmable Micropower Hex 

Translator / Receiver / Driver 

[J Efficiently Translate Voltage levels 
I:J Internal Hysteresis for Noise Immunity 
o Output latches Included 
o Three-State Outputs 
o Programmable Power/Speed 
o Power can be Completely Shut Off 
o ± 50V on Inputs with External100k!l Limit Resistor 

The lTC1045 is a hex level translator manufactured using 
Linear Technology's enhanced lTCMOS ™ silicon gate 
process. It consists of six high speed comparators with 
output latches and three-state capability. Each compara
tor's plus input is brought out separately. The minus in
puts of comparators 1-4 are tied to VTRIP1 and 5-6 are tied 
to VTRIP2. 

o 1.2J.!s Response at 100J.!A Supply Current 

o TTL/CMOS to ± 5V Analog Switch Drive 
IJ TTLto CMOS (3V to 15V Vee) 
IJ ECl to CMOS (3V to 15V Vee) 
o Ground Isolation Buffer 
IJl low Power RS232 Line Receiver 

5V 

TIL IN 

XMT OUT ) r) 
XMIT IN (5V/DIV) 

XMT OUT (W/DIV) 

RCV IN (W/DIV) 

RCV OUT (5V/DIV) 
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The ISET pin has several functions. When taken to V+ the 
outputs are latched and power is completely shut off. 
Power/speed can be programmed by connecting ISET to 
V- through an external resistor. 

LTCMOSTM is a trademark of Linear Technology Corp. 

Flat Ribbon Cable Driver/Receiver 

5V 

66 FT FLAT RIBBON CABLE < RCV IN 

Zo~1500 

<~ 
1500 

ADJACENT CONDUCTORS 

RCV OUT TIL OUT 

100ns/DIV 



ABSOLUTE mAXimum RATinGS 
(Notes 1 and 2) 

Total Supply Voltage (V+, VOH to V-, VOU ............ 18V 
Output High Voltage (VOH) ......................... sV+ 
Input Voltage .......................... 18V to V- - O.3V 
Operating Temperature Range 

LTC1045C ............................. -40°C to 85°C 
LTC1045M ........................... - 55°C to 125°C 

Storage Temperature Range ............. - 55°C to 150°C 
Lead Temperature (Soldering, 10 sec) .............. 300°C 
Output Short Circuit Duration 

(VOH - VOLS 10V) .......................... Continuous 
ESD (MIL·STD·883, Method 3015.1) ................. 2000V 

ELECTRICAL CHARACTERISTICS 

LTC1045 

PACKAGE/ORDER InFORmATiOn 

J20 PACKAGE N20 PACKAGE 
HERMETIC DIP PLASTIC DIP 
TJMAX = 15D'C, 9JA = 7D'CNI (J) 
TJMAX = 11 D'C, 9JA = 9D'CNI (N) 

ORDER PART 
NUMBER 

LTC1045MJ 
LTC1045CJ 
LTC1045CN 

(Note 3) V+ = VOH = 5V, V- =VOL =OV, TA=25°C unless otherwise specified. 

LTCI045M LTCI045C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Is Input Bias Current V- :5. VIN':5.V+ ±1 ±I nA 
0 1.0 0.5 pA 

Trip Voltage Range 0 V- V+-2 V- V+-2 V 
(Pin 8 and Pin 9) 

Is V+toV- Supply Current DISABLE = V+, RSET= 10k 2,5 3.5 2.5 3.5 rnA 
0 5.0 4,5 rnA 

10FF V+ to V- Supply Current DISABLE = I SET = V + 10 10 nA 
in Shutdown 0 5 I pA 

VREF Voltage on ISET(Pin 12) RSET= 10k 0.9 0.9 V 
0 0.5 1.4 0.6 1.25 V 

VOH TTL Output High Voltage 10UT= -360pA, V+ =4.5V 0 2.4 4.4 2.4 4.4 V 

VOL TTL Output Low Voltage lOUT = 1.6mA, v+ =4.5V 0 0.2 0.4 0.2 0.4 V 

ISINK Output Short Circuit VIN = VTRj!' -IOOmV, 8.5 15 7.5 15 rnA 
Sink Current VOUT=V 0 5.5 5.5 rnA 

ISOURCE Output Short Circuit VIN = VTRIP + 100mV, 4.5 8.0 4.0 8.0 rnA 
Source Current VOUT=V- 0 3.2 3.2 rnA 

loz Three·State Leakage DlSABLE=V+ 0.005 0.005 pA 
Current VOL:5.VOUT:5.VOH 0 I I pA 

ROH Output Resistance to VOH Iiourl :5 I OOpA 260 400 260 475 0 
0 600 600 0 

ROL Output Resistance to VOL (loUTI :5.IOOpA 100 150 100 180 0 
0 250 250 0 

ISET Voltage for Shutdown 0 V+ -0.5 V+ -0.5 V 
DISABLE Input Logic 

VIH Levels V+ =4.5V, V- =OV 0 2.0 2.0 V 
VIL V+ = 5.5V, V- = OV 0 0.8 0.8 V 

Input Supply Differential 
(V+ - v-) (Note 3) 

0 4.5 15 4.5 15 V 

Output Supply Differential 0 3 15 3 15 V 
(VOH - Vou (Note 3) 
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LTC1045 

AC ELECTRICAL CHARACTERISTICS 
v+ = VOH = 5V, v- = VOL = ov, TA = 25°C unless otherwise specified. 

LTC1045M LTC1045C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

td Response Time Test Circuit Figure 1 200 250 ns 
RSET = 10k, ± 100mV Drive 0 350 350 ns 

tSETUP Time Before Rising Edge of ISET that Test Circuit Figure 2 
Data Must be Present 

tHOLD Time After Rising Edge of ISET that Test Circuit Figure 2 
Data Must be Present 

tAcc Falling Edge of DISABLE to Logic Test Circuit Figure 3 
Level (from Hi·Z State) 

tlH, tOH Rising Edge of DISABLE to Hi·Z Test Circuit Figure 3 
State 

The 0 denotes the specifications which apply over the full operating 
temperature range. 
Nole 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 
Nole 2: The maximum differential voltage between any two power pins 
(V+, V-, VOH and VOL) must not exceed 18V. The maximum recommended 
operating differential is 15V. 

TEST CIRCUITS 
5V 5V 

Figure 1. Response Time Test Circuit 

V"~ 
VTROP= 12V-V 

V"{ 1~OT:~~ _____ _ 

-100mV 

tHOlD tSETUP 

{ 
5V 

ISET 

OV 

50% 

ISET{5V 

OV-----J 

50% 

Figure 2. Latch Test Circuit 
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80 80 

0 0 

165 165 

200 200 

Nole 3: During operation near the maximum supply voltage limit, care 
should be taken to avoid or suppress power supply turn·on and turn·off 
transients, power supply ripple, or ground noise; any of these conditions 
must not cause a supply differential to exceed the absolute maximum 
rating. 

I r .::;;10ns 

tlH 
DISABLE 

5V 

OV 

OUTPUT tlHj 

ns 

ns 

ns 

ns 

~ - 10pF 10k 5V 

9:~ 
DISA:LE VOL 

OUTPUTS 

-5V 

t rsl0ns 

~
tOH VOH,0k 

-= OUTPUT 

V+ 10pF r 
DISABLE -

DISABLE 

IOHi 
OUTPUTS 5V ~ 

_5V ____ .... ¥1O% 

DISABLE 

OUTPUTS 5V -------~:~1= 
-5V-----

Figure 3. Three·State Output Test Circuit, 
Conditions:V+ =5V, V- =OV, VOH=5V, VOL=OV 



LTC1045 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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Pin DESCRIPTion 

Pin 
1 

2-7 

8 

9 

10 

Name 
VOH 

INPUT 

VTRIP2 

VTRIPl 

V-

Description 
High level to which the output 
switches 
Six comparator inputs; voltage 
range = V- to V- + 18V 
Trip paint for first four comparators 
(inputs 1-4); voltage range = V- to 
V+ -2V 
Trip paint for last two comparators 
(inputs 5-6); voltage range = V - to 
V+ -2V 
Low level to which the output switches 

RSET (!J) Rsrr (!J) 

Hysteresis vs RSET 
20 

18 

'> 16 .s 
'" 14 
gj 
ffi 12 
In 
~ 10 
a: 

~ B 
<t 6 

'" 8 4 

Pin Name 

11 VOL 
12 ISET 

T" V+;5V 

1\ 

lk 10k lOOk 1M 
RSET (!J) 

Description 
Comparator negative supply 
This pin has three functions 

1) RSET from this pin to V- sets bias 
current 

2) When forced to V + power is shut 
off completely 

3) When forced to V+ outputs are 
latched 

13 DISABLE When high outputs are Hi·Z 
14-19 OUTPUT Six driver outputs 
20 V + Comparator positive supply 
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LTC1045 

BLOCK DIAGRAm 

3-40 

'--+ _______ V""BI:;:AS'-! BIAS 
GENERATOR 

1-__ -.1 SHUT
DOWN 

RSET 

-8kO 

LATCH 
ENABLE I 

I 
I 
I 

.J 



APPLICATions INFoRmATion 
The LTC1045 consists of six voltage translators and asso
ciated control circuitry, see Block Diagram. Each transla
tor has a linear comparator input stage with the positive 
input brought out separately. The negative inputs of the 
first four comparators are tied in common to VTRIP1 and 
the negative inputs of the last two comparators are tied in 
common to VTRIP2. With these inputs the switching point 
of the comparators can be set anywhere within the com
mon-mode range of V - to V + - 2V. To improve noise 
immunity each comparator has a small built-in hysteresis. 
Hysteresis varies with bias current from 7mV at low bias 
current to 20mV at high bias current (see typical curve of 
Hysteresis vs RSET). 

Setting the Bias Current 

Unlike CMOS logic, any linear CMOS circuit must draw 
some quiescent current. The bias generator (Block Dia
gram) allows the quiescent current of the comparators to 
be varied. Bias current is programmed with an external re
sistor (see typical curve of 1+ vs RSET). As the bias current 
is decreased, the LTC1045 slows down (see typical curve 
of Delay Time vs RSET). 

Shutting Power Off and Latching the Outputs 

In addition to setting the bias current, the ISET pin shuts 
power completely off and latches the translator outputs. 
To do this, the ISET pin must be forced to V+ - 0.5V. As 
shown in Figure 4, a CMOS gate or a TTL gate with a resis
tor pull-up does this quite nicely. Even though power is 

LTC1045 

turned off to the linear circuitry, the CMOS output logic is 
powered and maintains the output state. With no DC load 
on the output, power dissipation, for all practical pur
poses, is zero. 

Latching the output is fast- typically BOns from the rising 
edge of ISET. Going from the latched to flow through state 
is much slower-typically 1.5Jls from the falling edge of 
ISET. This time is set by the comparator's power up time. 
During the power up time, the output can assume false 
states. To avoid problems, the output should not be con
sidered valid until 2Jls to 5Jls after the falling edge of ISET. 

Putting the Outputs in Hi·Z State 

A DISABLE input sets the six outputs to a high impedance 
state. This allows the LTC1045 to be interfaced to a data 
bus. When DISABLE = "1" the outputs are high impedance 
and when DISABLE = "0" they are active. With TTL sup
plies, V+ = 4.5V to 5.5V and V- = GND, the DISABLE input 
is TTL compatible. 

Power Supplies 

There are four power supplies on the LTC1045: V+, V-, 
VOH and VOL. They can be connected almost arbitrarily, 
but there are a few restrictions. A minimum differential 
must exist between V+ and V- and VOH and VOL. The V+ 
to V- differential must be at least 4.5V and the VOH to VOL 
differential must be at least 3.0V. Another restriction is 
caused by the internal parasitic diode D1 (see Figure 5). 

V+ (4 5V TO 15V) V+ (4.5V TO 5.5V) 
.-----, VOH V+ 

20t---~..., 

lOOk 
LTC1045 LTG1045 OATA 

DISABLE -----.l.....-" 

(A) CMOS (B) TTL 

Figure 4. Driving the ISET Pin with Logic Figure 5. Output Driver 
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LTC1045 

APPLICATions InFoRmATion 
Because of this diode, VOH must not be greater than V +. 
Lastly the maximum voltage between any two power sup
ply pins must not exceed 15V operating or 18V absolute 
maximum. For example, if V+ = 5V, V- or VOL should be 
no more negative than -10V. Note that VOL should not be 
more negative than -10V even if the VOH to VOL differen
tial does not exceed the 15V maximum. In this case the V+ 
to VOL differential sets the limit. 

Input Voltage 

The LTC1045 has no upper clamp diodes as do convention· 
al CMOS circuits. This allows the inputs to exceed the V+ 
supply. The inputs will break down approximately 30V 
above the V - supply. If the input current is limited with 
100kO, the input voltage can be driven to at least ± 50V 
with no adverse effects for any combination of allowed 

~ 40 

" ~ , 
+ 30 
2:-

" z « 

~ 20 

Ei 
> 
I 

~1 0 

~ 
£ 0 

+-vH 
% 

,-L-
/" ,I ,I I -
~ -,.... 
VOH-VO~ 

'SPECifiED POINT 

VOH- VOl"=10V 

o 2 4 6 8 10 12 14 16 
V+ -VOH IVI 

Figure 6. Relative Output Sourcing 
Resistance (ROHl vs V + - VOH 

TYPICAL APPLICATiOnS 

ECl 
IN 

ECl to CMOS/Tll logic 
5V 

- -1 3V+---'IIIIV---...1_---..--/-----l 

10k -52V 
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CMOSiTIl 
(Vcc~5VI 

power supply voltages. Output levels will be correct even 
under these conditions (Le., if the input voltage is above 
the trip point, the output will be high and if it is below, the 
output will be low). 

Output Drive 

Output drive characteristics of the LTC1045 will vary with 
the power supply voltages that are chosen. Output 
impedance is affected by V+, VOH and VOL. V- has no ef· 
fect on output impedance. Guaranteed drive characteris
tics are specified in the table of electrical characteristics 
for V+ =VoH=5V and V- =VOL=OV. Figures 6 and 7 
show relative output impedance for other supply combina· 
tions. In general, output impedance is minimized if V+ to 
VOH is minimized and VOH to VOL is maximized. 

TIL/CMOS 
(Vcc~5VI 

20 

\ 
\ 

IVSPEClflED POINT 

1\ 
1"'-r-... 
1 -.. t--l-
I 

o 
o 2 4 5 6 8 10 12 14 16 

vOH-VolIVI 

Figure 7. Relative Output Sinking 
Resistance (Roll vs VOH - VOL 

TTL/CMOS (Vcc = 5V) to High Voltage CMOS (Vcc = 15V) 
15V 

CMOS 
(Vcc~15VI 



TYPICAL APPLICATions 
High Voltage CMOS (Vee = 15V) to TTL/CMOS (Vee = 5V) 

CMOS 
(Vcc=15V) 

-25V 

TTL/CMOS 
(Vcc=5V) 

5V 

TTL/CMOS 
(Vcc=5V) 

TTL/CMOS (Vee = 5V) to Low Voltage CMOS (Vee = 3V) 

5V 

lOOk 

RS232 Receiver 

5V 

30V-Jl~'VII'..--t 
-30V-

o 9V 

3V 

CMOS 
(Vcc=3V) 

"INPUTS HAVE NO INTERNAL 
PULL DOWN IF INPUTS FLOAT 
EXTERNAL PULL DOWN MUST 
BE ADDED 

LTC1045 
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fr.~~l~nlM 
~!J TECHNOLOGY::;::===' =, ==A=d=v=a=n=c=e=d=L""",·~:z;m~""","pl:ll:l%! ~=w=e=~' 

LT1080/LT1081 

o Absolutely No Latchup 
o CMOS Comparable Low Power - 60mW 
o Superior to CMOS 

-Improved Speed - Operates Over 64K Baud 
-Improved Protection - Outputs Can be Forced 

to ± 30V Without Damage 
- Three-State Outputs are High Impedance When Off 
- Only Needs 1JlF Capacitors 

o Can Power Additional RS232 Drivers -10mA 
o 1JlA Supply Current in Shutdown 
o Available in SO Package 
o Available With or Without Shutdown 

o Portable Computers 
o Battery Powered RS232 Systems 
o Power Supply Generator 
o Terminals 
o Modems 

~17~_5VINPUT 

LT1080 j-::-..,+---+ 9V OUT 

r 1pF 
7 ";' 

-9V OUT 

1pF 

12 '»---l~15 __ RS232 OUTPUT 

»---l~--RS232 OUTPUT 

...... ---r:;14:...-_RS232 INPUT 

...... -+'---RS232 INPUT 

ON_QFi' __ 1"'i8 16 
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5V RS232 Dual Driver I Receiver 

The LT1080 and LT1081 are the only dual RS232 driverl 
receiver with charge pump to guarantee absolutely no 
latchup. These interface optimized devices provide a real
istic 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 ± 30V. Unlike CMOS, the advanced architecture 
of the LT1080/LT1081 does not load the signal line when 
"shut down" or when power is off. Both the receiver and 
RS232 outputs are put into a high impedance state. An 
advanced output stage allows driving higher capacitive 
loads at higher speeds with exceptional ruggedness 
against ESD. 

For applications requiring up to 5 drivers and 5 receivers 
with charge pump in one package see the LT1130 Series 
data sheet. A version of the LT1080/81, the LT1180 and 
LT1181 which use only O.1JlF capacitors is also available. 
All of Linear Technology's RS232 IC's are available in 
standard surface mount pacl<ages. 

10 

~ 
~ 2 

'" ~ 0 

~ -2 
~ 
o -4 

-6 

-8 

-10 

Supply Generator Outputs 

l- I V+ OUTPUT 

RL TO V::'--
RL TO GNO= 

J-- Vcc=5V 

T I 

r-+h RL TO GNO 
J--

~ -r 
~ i O~TP~T 

o 2 4 6 8 10 12 14 16 18 20 
OUTPUT CURRENT (mA) 



I1CVl~n(M::;::======LT=113=O S=er=ies, 
~j) TECHNOLOGY . Advanced Low Power 

5V RS232 Drivers/Receivers 

l?@(ffili'MOO@~ 

o Absolutely No Latchup 
o CMOS Comparable Low Power - 80mW 
o Operates from a Single 5V Supply 
o Superior to CMOS 

- Easy PC Layout - Flow Through Architecture 
-Improved Speed - Operates Over 64K Baud 
-Improved Protection - Outputs Can be Forced 

to ± 30V Without Damage 
- Three-State Outputs are High Impedance When Off 
- Only Needs 1/LF Capacitors 
- Output Overvoltage Does Not Force Current Back Into 

Supplies 
o 1/LA Supply Current in Shutdown 
D Available in SO Package 

Basic Operation 

LT1130 5-Driver/5·Receiver RS232 Transceiver 
LT1131 5-Driver/4·Receiver RS232 Transceiver w/Shutdown 
LT1132 5-Driver/3·Receiver RS232 Transceiver 
LT1133 3-Driver/5·Receiver RS232 Transceiver 
LT1134 4-Driver/4·Receiver RS232 Transceiver 
LT1135 5-Driver/3·Receiver RS232 Transceiver w/o Charge Pump 

.. .LY~ 

with Charge Pump 
[Q)@~~OOOG0VU©@ 

The LT1130 S~ries are the only RS232 drivers/receivers 
with charge pump to guarantee absolutely no latchup. 
These interface optimized devices provide a realistic bal
ance 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 
±30V. Unlike CMOS, the advanced architecture of the 
LT1130 does not load the signal line when "shut down" or 
when power is off. Both the receiver and RS232 outputs 
are put into a high impedance state. An advanced output 
stage allows driving higher capacitive loads at higher 
speeds with exceptional ruggedness. 

For applications requiring only 2 drivers and 2 receivers 
with charge pump in one package see the LT1180 Series 
data sheet. All of Linear Technology's RS2321C's are avail
able in standard surface mount packages. 

Output Waveform 

2,.. 4,.. 6,.. B¢I 

LT1136 4·Driver/5-Receiver RS232 Transceiver w/Shutdown 
LT1137 3·Driver/5·Receiver RS232 Transceiver w/Shutdown 
LT1138 5·Driver/3-Receiver RS232 Transceiver w/Shutdown 
LT1139 4·Driver/4-Receiver RS232 Transceiver w/Shutdown 
LT1140 5·Driver/3·Receiver RS232 Transceiverw/o Charge Pump 
LT1141 3·Driver/5·Receiver RS232 Transceiver w/o Charge Pump 
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.(1~l~n~ LTl180/LTl181 
~ IJ TECHNOLOGY========A=d=v=a=n=c=e=d=L=o=w=P=o=w=e=r 

[] O.1fLF Capacitors 
[J Absolutely No Latchup 
[J CMOS Comparable Low Power - 70mW 
[J Superior to CMOS 

-Improved Speed - Operates Over 64K Baud 
-Improved Protection - Outputs Can be F.orced 

to ± 30V Without Damage • 
- Three·State Outputs are High Impedance When Off 
- Smaller Board Area Required 

[] 1fLA Supply Current in Shutdown 
[] Available in SO Package 
[] Available With or Without Shutdown 

[J Portable Computers 
[J Battery Powered RS232 Systems 
[] Power Supply Generatpr' , 
IJ Terminals' 
[] Modems 

TYPICAL APPLICATiOn 
17 

5V INPUT 

Lf1180 + 'iN OUT 

T OIF 
7 '=' -'iN OUT 

"¥,O,IPF 

12 
RS232 OUTPUT 

LOGIC! INPUTS 
11 RS232 OUTPUT 

13 
RS232 INPUT 

~,! OUTPUTS 
10 

RS232 INPUT 

ON-Dl'F 
18 

'=' 
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5V RS232 Dual Driver I Receiver 
with Small Capacitors 

IQ)@~~ 00 ~ [f.lll~©UiJ 
The LT1180 and LT1181 are the only dual RS232 driverl 
receiver with charge pump to guarantee absolutely no 
latchup. Requiring only O.1fLF charge pump capacitors, 
these interface optimized devices provide a realistic bal· 
ance between CMOS levels of power dissipation and real 
world requirements for ruggedness. Small capacitors reo 
duce cost as well as board size. The driver outputs are 
fully protected against overload and can be shorted to 
±30V. Unlike CMOS, the advanced architecture of the 
LT1180/LT1181 does not load the signal line when "shut 
down" or when power is off. Both the receiver and RS232 
outputs are put into a high impedance state. An advanced 
output stage allows driving higher capacitive loads at 
higher speeds with exceptional ruggedness against ESD. 

For applications requiring up to 5 drivers and 5 receivers 
with charge pump in one package see the LT1130 Series 
data sheet. A version of the LT1180/81, the LT1080 and 
LT1081 is available for applications requiring extra current 
from the charge pump to power other circuitry. All of 
Linear Technology's RS232 IC's are available in standard 
surface mount packages. 

Output Waveforms 

ORIVER { : 
OUTPUT 

-5V 

RECEIVER { 5V 
OUTPUT ov 

{ 
5V 

INPUT OV 

2ps 4,.. 6,.. 8,.. 



;1~U[1~ LT1280/LTl281 
~tJ TECHNOLOGY~=======A=d=v=a=n=ce=d==L=o=w=P=o=w=e=r 

D 10mA Max Supply Current 
D Absolutely No Latchup 
D CMOS Comparable Low Power - 35mW Typ 
D Superior to CMOS 

-Improved Speed - Operates Over 64K Baud 
-Improved Protection - Outputs Can be Forced 

to ± 30V Without Damage 
- Three-State Outputs are High Impedance When Off 
- Smaller Board Area Required 

o 1~ Supply Current in Shutdown 
D Available in SO Package 
o Available With or Without Shutdown 

D Portable Computers 
D Battery Powered RS232 Systems 
D Power Supply Generator 
o Terminals 
o Modems 

lTf280 

12 

~'I INPUTS 
11 

13 

""'I OUTPUTS 
10 

ON-OFF 
1a 

p17 __ 5V INPUT 

+ 9VOUT 

r1,", 
7 ":" 

-sv OUT 

"¥1,", 

RS232 OUTPUT 

RS232 OUTPUT 

RS232 INPUT 

RS232 INPUT 

5V RS232 Dual Driver I Receiver 

The LT1280 and LT1281 are the only dual RS232 driverl 
receiver with charge pump to guarantee absolutely no 
latchup. Requiring only 1JlF charge pump capacitors, 
these interface optimized devices provide a realistic bal
ance between CMOS levels of power dissipation and real 
world requirements for ruggedness. Small capacitors re
duce cost as well as board size. The driver outputs are 
fully protected against overload and can be shorted to 
±30V. Unlike CMOS, the advanced architecture of the 
LT1280/LT1281 does not load the signal line when "shut
down" or when power is off. Both the receiver and RS232 
outputs are put into a high impedance state. An advanced 
output stage allows driving higher capacitive loads at 
higher speeds with exceptional ruggedness against ESD. 

For applications requiring small 0.1 JlF capacitors, 
the LT1280AlLT1281 A will be released by June 1993. 
In addition to meeting all L T1280/L T1281 specifications, 
including 10mA max. supply current, the LT1280Al 
LT1281A provides ±10kV ESD protection for the RS232 
line pins. 

Output Waveforms 

ORIVER { :: 
OUTPUT 

-5V 

RECEIVER { 5V 
OUTPUT OV 

{ 
5V 

INPUT OV "iiiiiIiii~~~iiiii;;;;;i!;;;;;;.~ 
2pS 4pS 6pS 8pS 
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LT1280/LT1281 

ABSOLUTE mAXimum RATinGS 
Supply Voltage (Vee) .............................. " 6V 
V+ ............................................... 13.2V 
V- ............................................. -13.2V 
Input Voltage 

Driver ............................... V - to V + 
Receiver .............................. - 30V to 30V 
On·Off Pin ............................. GND to 12V 

Output Voltage 
Driver ...................... V - + 30V to V + - 30V 
Receiver ...................... -0.3V to Vee + 0.3V 

PACKAGE/ORDER InFORmATiOn 

TOP VIEW 

J PACKAGE N PACKAGE 
18-LEAD CERAMIC DIP 18-LEAD PLASTIC DIP 

TJMAX = 150'C, 8JA = 100'CIW, 8JC = 40'CIW (J) 
TJMAX = 125'C, 8JA = 120'CIW, 8JC = 50'CIW (N) 

TOP VIEW 

J PACKAGE N PACKAGE 
16-LEAD CERAMIC OIP 16-LEAO PLASTIC DIP 

TJMAX = 150'C, 8JA = 100'CIW, 8JC = 40'CIW (J) 
TJMAX = 125'C, 8JA = 120'CIW, 8JC = 50'CIW (N) 
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ORDER PART 
NUMBER 

LT1280MJ 
LT1280lJ 
LT1280lN 
LT1280CJ 
LT1280CN 

LT1281 MJ 
LT12811J 
LT12811N 
LT1281CJ 
LT1281CN 

Short Circuit Duration 
V + ...................................... .. 30 Seconds 
V - ..................................... .. 30 Seconds 
Driver Output. .......................... Indefinite 
Receiver Output. ......................... Indefinite 

Operating Temperature Range 
LT1280M/LT1281M .................... - 55°C to 125°C 
LT1280llLT1281I ...................... - 40°C to 85°C 
LT1280C/LT1281 C ........................ O°C to 70°C 

Lead Temperature (Soldering, 10 sec.) ............ 300oC 

TOP VIEW 

S PACKAGE 
18-LEAD PLASTIC SOL 

TJMAX = 125'C, 8JA = 90'CIW, 8JC = 26'C/W (8) 

TOP VIEW 

S PACKAGE 
16-LEAD PLASTIC SOL 

TJMAX = 125'C, 9JA = 95'CIW, 8JC = 2rc/W (8) 

ORDER PART 
NUMBER 

LT1280lS 
LT1280CS 

LT1281IS 
LT1281CS 



LT1280/LT1281 

ELECTRICAL CHARACTERISTICS (Note 1) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Driver 

Output Voltage Swing Load = 3k to GND 
I 

Positive 0 5.0 7.3 V 
Both Outputs. Negative 0 -5.0 -6.5 V 

Logic Input Voltage Input Low Level (Vour= High) 0 1.4 0.8 V 
Level Input High Level (Vour= Low) 0 2.0 1.4 V 

Logic Input Current VIN2:2.0V 0 5 20 pA 
V1N sO.8V 0 5 20 pA 

Output Short Circuit Sourcing Current, Vour=OV 7 12 mA 
Current Sinking Current, Vour= OV -7 -12 mA 

Output Leakage Current SHUTDOWN (Note 2), Your = ± 30V (Note 4) 0 10 25 ~A 

Slew Rate RL =3kll, CL =51pF 4 15 30 V/~s 

Receiver 

Input Voltage Thresholds Input Low Threshold, LT1280C/LT1281C 0 0.8 1.3 V 
LT12801, M/LT1281I, M 0 0.2 1.3 V 

Input High Threshold, LT1280C/LT1281C 0 1.7 2.4 V 
LT12801, M/LT1281I, M 0 1.7 3.0 V 

Hysteresis 0 0.1 0.4 1.0 V 
Input Resistance 3 5 7 kll 
Output Voltage Output Low, lour = -1.6mA 0 0.2 0.4 V 

Output High, lour = 160pA (Vcc= 5V) 0 3.5 4.8 V 

Output Short Circuit Sinking Current, Your = Vee -10 -20 mA 
Current Sourcing Current, Vour=OV 0.3 0.6 mA 

Output Leakage Current SHUTDOWN (Note 2), OV sVoursVce 0 1 10 ~A 

Supply Current (Note 3) 7 10 mA 
0 14 mA 

Supply Leakage Current (Vcc) SHUTDOWN (Note 2) (LT1280 Only) (Note 4) 0 1 25 ~A 
On·Off Pin Current OV s VON.OFF S 5V (LT1280 On Iy) 0 -15 80 ~A 

The 0 denotes specifications which apply over the operating temperature 
range (OOC sT A s700C for commercial grade, - 40°C sT As85°C for indus· 
trial grade or - 55°C sTAs 125°C for military grade devices). 

Note 3: Unless otherwise specified, Vee = 5V, external loading of V + and 
V - equals zero and the driver outputs are low (inputs high). 

Note 1: These parameters apply for VON.OFF = 3V, V cc = 5V and C = 1.0~F un· 
less otherwise specified. 
Note 2: VON.OFF =0.4V for -55°CsTAsl00oC, and VON.OFF=0.2V for 
100°C sTA s 125°C (LT1280 only). 

Note 4: Leakage current at 125°C = 100pA max. 
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LT1280/LT1281 

Pin FunCTions (PinnumbersrefertoLT1280) 

Vee (Pin 17): Input supply pin. Supply current drops to zero 
in the SHUTDOWN mode. 

GND (Pin 16): Ground pin. 

On·Off (Pin 18): Controls the operation mode of the LT1280 
and is TTL/CMOS compatible. A logic low puts the device 
in the SHUTDOWN mode which reduces input supply cur· 
rent to zero and places both driver and receiver outputs 
in a high impedance state. A logic high fully enables the 
device. 

V + (Pin 3): Positive supply for RS232 drivers. V + .. 
2Vee -1.SV. Requires an external capacitor (~O.1!LF) for 
charge storage. Capacitor may be tied to ground or + SV 
input supply. With multiple transceivers, the V + and V
pins may be paralleled into common capacitors. 

V - (Pin 7): Negative supply for RS232 drivers. V - .. 
-(2Vee-2.SV). Requires an external capacitor (~O.1!LFI 
for charge storage. With multiple transceivers, the V + 
and V - pins may be paralleled into common capacitors. 

TR1IN; TR21N (Pins 12, 11): RS232 driver input pins. Inputs 
are TTLICMOS compatible. Inputs should not be allowed 
to float. Tie unused inputs to Vee. 

TR1 OUT; TR2 OUT (Pins 15,8): Driver outputs with RS232 
voltage levels. Outputs are in a high impedance state 
when in the SHUTDOWN mode or when power is off 
(Vee = OV) to allow data line sharing. Outputs are fully 
short circuit protected from V - + 30V to V + - 30V with 
power on, off, or in the SHUTDOWN mode. Typical output 
breakdowns are greater than ± 4SV and higher applied 
voltages will not damage the device if moderately current 
limited. Shorting one output will affect output from the 
other. 

REC1 IN; REC2 IN (Pins 14, 9): Receiver inputs. Accepts 
RS232 voltage levels ( ± 30V) and has O.4V of hysteresis to 
provide noise immunity. Input impedance is nominally 
SkO. 

REC1 OUT; REC2 OUT (Pins 13, 10): Receiver outputs with 
TTL/CMOS voltage levels. Outputs are in a high 
impedance state when in the SHUTDOWN mode to allow 
data line sharing. Outputs are fully short circuit protected 
to ground or Vee with-power on, off, or in the SHUTDOWN 
mode. 

C1 +; C1 -; C2 +; C2 - (Pins 2, 4, 5, 6): Requires an ex· 
ternal capacitor (~O.1!LF) from C1 + to C1- and another 
from C2 + to C2 -. Pin 2 can be used for connecting a 
second positive supply. When a separate positive supply 
is used, C1 can be deleted. 

TYPICAL PERFORmAnCE CHARACTERISTICS 

10 

-6 

-8 

Supply Generation from Vce 
or Shutdown 

V+ SUPPLY 

~ ~ Yc~=5J I I 
V Cl-C4=lpf 

1/ 
RL =4 7k. V+ TO V-

\ 
r\ 

r--.. 
t-
v- SUPPLY 

3.00 

2.75 

2.50 

~ 225 
c c: 2.00 
:I: 

!!l1.75 
:I: 

~ 150 

~ 125 

1.00 

0.75 

-10 050 

Receiver Input Thresholds 

INPUT HIGH ~ l7 
V 

......... 1-'" L.-~ 

...... V 
.-I.--jNPUT LOW_ 

V 
!--

.-

o 0.2 0.4 0.6 0.8 1.0 1.2 14 16 1.8 20 -55 -25 0 25 50 75 100 125 
TIME (ms) TEMPERATURE (OC) 
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100 

01 

Receiver Output Short 
Circuit Current 

OUTPUT SINKING 

OUTPUT SOURCING 

-55 -25 0 25 50 75 100 125 
TEMPERATURE (OC) 



LT1280/LT1281 

TYPICAL PERFORmAnCE CHARACTERISTICS 

40 
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~ 25 

~ 20 
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:::> 

'"' ~ 10 
~ 

-5 

-10 

1000 

j[ 100 

~ 
a: 
:::> 

'"' ~ 
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:::> 
VJ 
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On·Off Pin Current vs Voltage 

/ 
/ 

/ 

/ 
/ 

/ 

It 

o 2 3 
INPUT VOLTAGE (V) 

Supply Current in Shutdown 

==Vcc 5V 

/ 

/ 
-55 -25 0 25 50 75 100 125 

TEMPERATURE ('C) 

{ 
10V 

g~i~~~ 5V 

OV 

DRIVER r OV 
OUTPUT 1 -5V 

-10V 

ON-OFF { 5V 
INPUT OV 

Shutdown to Driver Output 

lms 2ms 3ms 4ms 

5.0 

4.5 

4.0 

§ 3.5 
co 
13 30 

~ 2.5 
z 
0:: 20 

~ z 1.5 
o 

1.0 

05 

o 

On·Off Pin Thresholds 

......... t-... ~ONVOLTAGE f---r---l- :--r-. 
MAXIMUM OFF VOLTAGE -I--

-55 -25 0 25 50 75 100 125 

100 

0.1 

TEMPERATURE ('C) 

Driver Output Leakage 
in Shutdown 

VOUT=~OY 

/ 

-/-

/ / vIOUT= i 30V 

-55 -25 0 25 50 75 100 125 

OUTPUT 2V 

TEMPERATURE ('C) 

Shutdown to Receiver 
Output 

RECEIVER { :~ 
OV 1~-:;;'*",,~CH+i+l 

ON-DFF { 5V 
INPUT OV 

1 ms 2ms 3ms 4ms 
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LT1280/LT1281 

APPLICATion HinTS 
The driver output stage of the LT1280 offers significantly 
improved protection over older bipolar and CMOS designs. 
In addition to current limiting, the driver output can be ex
ternally forced to ± 30V with no damage or excessive cur
rent flow, and will not disrupt the supplies. Some drivers 
have diodes connected between the outputs and the sup
plies, so externally applied voltages can cause excessive 
supply voltage to develop. 
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LT1280/LT1281 Driver 

~Jl30V 
~AN -30V 

BE FORCED 
EXTERNALLY 

Older RS232 Drivers and CMOS Drivers 

V+ -t>t WITH SOME DRIVERS, 
EXTERNALLY APPLIED 
VOLTAGE CAN FORCE 
THE SUPPLIES 

RS232 
INPUT B 

ON-OFF 
(CHANNEL 

SELECT) 
INPUT 

V-

Sharing a Receiver Line 

LT1280 # 1 
RECEIVER 

LT1280 #2 
RECEIVER 

LOGIC 
INVERTER 

LOGIC 
OUTPUT 

Placing the LT1280 in the SHUTDOWN mode (Pin 18 low) 
puts both the driver and receiver outputs in a high 
impedance state. This allows data line sharing and 
transceiver applications. 

The SHUTDOWN mode also drops input supply current 
(Vee; Pin 17) to zero for power-conscious systems. 

Transceiver 

LT1280 #1 
DRIVER 

LOGIC 
TRANSMIT IRECEIVE -..--t RS232 

'>O--..... -TRANSMIT/RECEIVE 
LINE 

LT1280 #2 
RECEIVER 

LOGIC 
INVERTER ON-OFF 

(TRANSMIT/_-+--I 
RECEIVE) 

INPUT 

LOGIC 
INPUT B 

ON-OFF 
(CHANNEL 

SELECT) 
INPUT 

Sharing a Transmitter Line 

LT1280 #1 
DRIVER 

LT1280 #2 
DRIVER 

LOGIC 
INVERTER 

LINE 

RS232 
TRANSMISSION 
LINE 



APPLICATion HinTS 
When driving CMOS logic from a receiver that will be used 
in the SHUTDOWN mode and there is no other active reo 
ceiver on the line, a 51k resistor can be placed from the 
logic input to Vee to force a definite logic level when the 
receiver output is in a high impedance state. 

To protect against receiver input overloads in excess of 
± 30V, a voltage clamp can be placed on the data line and 
still maintain RS232 compatibility. 

RS232 
INPUT 

ON-!!i'I' 
INPUT 

Vee 

LOGIC 
OUTPUT 

'FORCES LOGIC INPUT STATE 
WHEN VON-orr IS LOW 

TYPICAL APPLICATiOn 

LT1280/LT1281 

RECEIVER 
RS232 __ .... 1\1\,kll""· --t---h ....... 
INPUT 

"A PTC THERMISTOR WILL 
ALLOW CONTINUOUS OVERLOAD 
OF GREATER THAN '" 1 OOV .".. 

LOGIC 
OUTPUT 

LT1280 EXTERNAL 
.----...-----------, ~POWER 

+ OPAMP 

":I"_ l~F ~+ 
DRIVER 

16 GND 

v-

Operating with 12V and 5V Supplies· 

IN~~~ --'"t 
17 

5V INPUT 

LT1280 

+ - 12VOUT 
l~F ¥1~ 

12 

""I INPUTS 
11 

15 
RS232 OUTPUT 

RS232 OUTPUT 

13 

""I OUTPUTS 
10 . 

14 
RS232 INPUT 

RS232 INPUT 

ON·Ol'l' 
18 16 

'SUPPLY CURRENT IS SHUTDOWN 
.".. FROM BOTH SUPPLIES. 

loTYP=4mA. 
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INTERFACE REFERENCE TABLES 

InTERFACE STAnDARDS 
SPECIFICATION RS232 RS423 RS422 RS485 RS562 

Mode of Operation Single-Ended Single-Ended Differential Differential Single-Ended 

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

Maximum Cable Length 50 feet' 4000 feet 4000 feet 4000 feet 50 feet' 

Maximum Data Rate 20kb/s 100kb/s 10Mb/s 10Mb/s 64kb/s 

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

Driver Output Signal I Min Loaded ±5V ±3.6V ±2V ±1.5V ±3.7V 

I Max Unloaded ±15V ±6V ±5V ±5V 4c13.2V 

Driver Load 3kQto 7kQ 450Q (Min) 100Q 54Q 3kQ to 7kQ 

Maximum Driver Output Current I Power ON - - - - 60mA 

(High Impedance State) I Power OFF VMAX/300Q ±100J.tA +100J.tA 4cl00J.tA VMAX/300Q 

Output Slew Rate 30Vl~ (Max) Controls Provided - - 30V/Jls (Max) 

Receiver Input Voltage Range ±15V (±25V Max) ±12V ±7V -7Vto 12V 4c15V (±25V Max) 

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

Receiver Input Resistance 3kQ to 7kQ 4kQ(Min) 4kQ (Min) 12kQ (Min) 3kQ to 7kQ 

, For 2500pF cable capacitance, as per EIA 2320 for data rates less than 20k baud. For data rates greater than 20k baud, Cload = 1000pF. 

Complete standards can be obtained from Global Engineering Documents, 2805 McGraw Avenue, Irvine, CA 92714 

InTERFACE GLOSSARY 
ASCII - American Standard Code for Information Inter
change-a 7-bit code for sending data. See page 8. 
asynchronous - Transmission in which character synchro
nization is established by use of start and stop bits. Also 
called starVstop transmission_ 

auxiliary channel- A secondary channel whose transmis
sion direction is independent of the primary channel. 
backward channel- A secondary channel whose direction 
of transmission is the opposite of the primary channel. 

baud - The number of discrete signal elements transmitted 
per second. Many encoding methods allow transmission 
rates (bits per second) which are a multiple of baud rate. 
BPS - Bits per second transmitted or received. 

DCE - Data communications equipment. For example, a 
modem. 

DIE - Data terminal equipment. For example, a computer or 
terminal. 

frame - A group of bits transmitted as a unit. In asynchro
nous transmission a frame consists of a start bit, data bits, 
an optional parity bit, and one or more stop bits. 

full-duplex - Simultaneous two-way independenttransmis
sian in both directions. 
half-duplex - A circuit designed for transmission in either 
direction but not both directions simultaneously. 

modem - Stands for MODulator-DEModulator, a device that 
converts digital signals to analog signals and vice versa. 
Analog signals can be transmitted over communications 
links such as telephone lines. 
primary channel - The data channel having the higher 
signaling line. 

protocol - Rules that define how two or more communica
tions devices will "talk" to each other. 
secondary channel - The data channel having the lower 
signaling rate of the interface. There are two classes of 
secondary channels: auxiliary and backward. 

simplex-A circuit capable of operating in only one direction. 
synchronous - Transmission method in which the data is 
transmitted at a fixed rate with the transmitter and receiver 
synchronized. 
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INTERFACE REFERENCE TABLES 

connECTOR InFORmATion 
SIGNAL PINOUT 

PIN NAME ABBR. DTE/DCE 

Frame Ground FG 

2 Transmit Data lO ~ 

3 Receive Data RD ¢= 

4 Request to Send RTS ~ 

5 Clear to Send CTS ¢= 

6 Data Set Ready DSR ¢= 

7 Signal Ground SG 

8 Data Carrier Detect DCD ¢= 

9 (Reserved) 

10 (Reserved) 

11 Unassigned 

12 Sec. Carrier Detect (S)CD ¢= 

13 Sec. Clear to Send (S)CTS ¢= 

14 Sec. Transmit Data (S)lO ~ 

15 Transmitter Clock TC ¢= 

16 Sec. Receive Data (S)RD ¢= 

17 Receiver Clock RC ¢= 

18 Local Loopback ~ 

19 Sec. Request to Send (S)RTS ~ 

20 Data Terminal Ready DTR ~ 

21 Remote Loopback ~ 

Signal Quality Detect SQ ¢= 

22 Ring Indicator RI ¢= 

23 Data Rate Select 

24 Transmitter Clock (E)TC ~ 

25 Test Mode ¢= 

• The DTElDCE column indicates data direction. 
• The AT column indicates the pin numbers used on IBM-PC/AT 

9-pin connectors. 
• Pin numbers in bold indicate commonly used signals. 
• Data rate select (pin 23) can be from DTE or DCE. 

CONNECTORS 

)~@@@®®0®®0®®~c 
o ®@@@@)®@@@@@@ 0 

VIEWS ARE FROM THE PIN SIDE OF THE FEMALE (DCE) CONNECTOR OR THE 
WIRE SIDE OF THE MALE (DTE) CONNECTOR. 
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AT 

3 

2 

7 

8 

6 

5 

4 

9 

CONNECTOR SIGNAL DESCRIPTIONS 

Frame Ground - Chassis ground of equipment. 
Transmit Data - Data sent by the DTE. The DTE holds the 
transmit data line in the mark condition when not transmitting. 
Receive Data - Data received by the DCE. The DCE holds the 
receive data line in the mark condition when Data Carrier Detect 
is oft. 
Requestto Send - Used by DTE to tell DCE it wants to send data. 
Clear to Send - Used by DCE to indicate it is ready to accept 
data. 
Data Set Ready (DCE Ready) - Indicates DCE is ready for 
operation. 
Signal Ground - Common ground for all signals. 
Data Carrier Detect (Received Line Signal Detector) - DCE 
indicates it is receiving a signal. 
Transmitter Clock (Transmitter Signal ElementTiming) - Used 
to supply signal timing. Note thatthere are two ofthese signals: 
one supplied by the DCE and one by the DTE. Used for 
synchronous transmission. 
Receiver Clock (Receiver Signal ElementTiming)-Used by the 
DCE to provide receive signal timing (clock) to the DTE. Used 
for synchronous transmission. 
Local Loopback - Used to control the local loopback test 
condition in the local DCE. 
Data Terminal Ready - Used by the DTE to tell the DCE to 
switch to the communications channel. Turning oft DTR will 
cause a modem to hang up a connection. 
Remote Loopback - Used to control the remote loopback test 
condition in the remote DCE. An ON condition causes the local 
DCE to signal the remote DCE to establish remote loopback. 
Signal Quality Detect - An OFF condition indicates a high 
probability of error. (Not recommended for new designs.) 
Ring Indicator - DCE turns this signal ON when it receives a 
ri'nging signal. 
Data Rate Select - Used to select one of two data rates 
(synchronous DCE) or one of two ranges of data rates (asyn-
chronous DCE). . 

Test Mode - Used by DCE to indicate that it is in test mode. 
Note: All secondary (Sec.) signals have the same meaning as the primary 
signals olthe same name but apply to the secondary channel. The secondary 
channel is not available in many systems. 



CABLE InFORmATion 
CABLES AND ADAPTERS 

STRAIGHTTHROUGH CABLE MINIMUM STRAIGHT CABLE 
DTE 

FG 
DCE OTE 

TO 
DCE 

2 
TO RO 

RD SG 
7 

RTS RTS RTS 

CTS :~ U;: 
DSR DSR DSR 

SG :jE ~: DCD 20 DTR DTR 
B B 20 

TC (SYNCHRONOUS ONLY) 
15 - - - - - - - - - 15 A MINIMUM NULL MODEM CABLE IS THE 

RC (SYNCHRONOUS ONLY) SAME AS A MINIMUM STRAIGHT CABLE 
17 - - - - - - - - - 17 EXCEPTTHAT RD AND TO (PINS 2 AND 3) 

DTR ARE CROSS·CONNECTED AS IN THE NULL 
20 20 MODEM CABLE. 

DTE 
NUll MODEM CABLE 

FG 
DCE 25'PIN 

ATTO 25·PIN ADPTER 
TO 

9·PIN 

SG RD 

TO TO RTS 
2~2 
3 RD RD 3 CTS 

4 RTS RTS 4 DSR 

5~5 SG 

DSR DTR DCD 

:~ 
20 

20 
DTR 

DTR DSR RI 
20 GL: 22 

CABLE RUN LENGTH 
Within the standard, cable lengths are limited by the signal 
characteristics. In practice, however, these limits are ex
ceeded. The following chart offers some reasonable guide
lines for 24-gauge wire under average conditions. 
Information from the data sheets on standard driver inte
grated circuits indicates that these guidelines may be conser
vative and suggests lengths of up to 10,000 feet at data rates 
in excess of 20,000 bits per second are possible. 
The external environment will have a large effect on lengths 
for unshielded cables. In electrically noisy environments, 
even very short cables can pick up stray signals. 

Rate Shielded Unshielded 

110 5000 1000 

300 4000 1000 

1200 3000 500 

2400 2000 500 

4800 500 250 

9600 250 100 

1LJ1lJfJ~ 

INTERFACE REFERENCE TABLES 

PROTOCOL InFORmATiOn 
PARITY 
Parity is the use of a check bit, appended to each frame of 
data, for error checking purposes. The following parity types 
are possible. 
None - No parity bit is sent. 
Odd - The parity bit is setto ensure an odd number of bits are 
set within the frame. 
Even - The parity bit is set to ensure an even number of bits 
are set within the frame. 

Mark - The parity bit is always set to the marking signal 
condition. 
Space - The parity bit is always set to the spacing signal 
condition. 

Examples of Common Formats 
8N1 - 8 data bits, 1 stop bit, no parity bit. (10-bit frame) 
7N1 - 7 data bits, 1 stop bit, no parity bit. (9-bit frame) 
8E1 - 8 data bits, 1 stop bit, even parity. (11-bit frame) 

CHARACTER FRAME 

I • CHARACTER FRAME ----_, I 
I I 
I I 
I __ DATA BITS ------I I 
I I I I 

:~:1 ~~; i '" } .. 1 ~'/i 'M ' 

OTHER DATA BITS 

OPTIONAL PARITY BIT 

MSB = MOST SIGNIFICANT DATA BIT 
lSB = lEAST SIGNIFICANT DATA BIT 

RELATIVE SIGNAL TIMING 

NORMAL TIMING SEQUENCES DURING ESTABLISHMENT OF 
COMMUNICATIONS ARE SHOWN BELOW ON HAlF·DUPlEX 
CIRCUITS. RTS IS DROPED AS SOON AS THE DATA IS SENT. 
THIS IS TO SIGNAL A TURNAROUND OF THE CIRCUIT 

OTR--l 

DSR----.J 

RTS __ ---' 

CTS ____ -' 

1O _____ ...J 
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CORNER LEADS OPTION 
(4 PLCS) 

I (0.584 -1.143) 
I HALF LEAD 

J Package 
8-Lead Cerdip 

0.405 

0.005 i: (1~:7) ) 
(0.127) r-

MIN 8 7 6 5 

I 
0.220 - 0.310 

(5.588 - 7.874) t 0.023-0.045 

I I OPTION 
0.045 - 0.068 _ I-
(1.143-1.727) 

0.025 
(0.635) 

RADTYP 

"r-:-r-!-::"T""'T"'~U FULL LEAD 
OPTION 

,:::::::~ ---tt-1 ~J 
0.014-0.026 -ll

(0.360 - 0.660) 

NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS. 

J Package 
14-Lead Cerdip 

0.200 
(5.080) 

MAX 

L 0.125 
3.175 

0.100.0.010 MIN 
(2.540.0.254) 

JB0293 

1
~--------- 0.785 --------~~~I 

o 005 .. (19.939) 

(0.127) r- MAX 
MIN 14 

~....&...;;.I-I~~.L.......I..,;,~T 

0.220 - 0.310 
(5.588 - 7.874) 

'-r.-T-T"':"'T"'"'T:-r-T"":"T~~~--.l 
0.200 

(5.080) 
MAX 

~~'-.~ (0.381 -1.524) 

0045-0.068 Jt ..... 1 I 0.100.0.010 

(1.143-1.727) -J~ 0.014-0.026 ~ (2.540.0.254) 

0.125 
(3.175) 

MIN 

NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS. 
(0.360 - 0.660) 

J'4D392 



PACKAGE DIMENSIONS 

J Package 
16·Lead Cerdip 

0.840 
(21336) 

MAX 

T 
0.220 - 0.310 

(5.588 - 7.874) 

'-r-T--.-r-~""I"'""'!'-r-!~U 

0015-0.060 

0.200 
(5.080) 

~l
MAX 

~:----::==_ OJ!'''"' i __ _ 

I- 0.385.0.025 -I 0125 0.100.0010 -..1 l jtl . .,_o.o .. 
(9.779. 0.635) (3.175) (2.540.0.254) (1143 -1.727) 

MIN 0014 - 0.026 ---
NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS. (0.360 - 0 660) 

J Package 
18·Lead Cerdip 

0.005 -.. J.
(0.127) I -

MIN 

0.960 

(24.384)~l MAX 

14 13 12 11 10 

T 
0.220 - 0.310 
(5.590 -7.870) 

0.025 
(0.635) 

RADTYP ~~.......,.......~u 

-I- 0.385.0.025 _I 
(9.779.0.635) 

o· -15· 

0.125 
(3.175) 

MIN 

NOTE: LEAD DIMENSIONS APPLYTO SOLDER DIP OR TIN PLATE LEADS 

0.100.0.010 -..1 
(2.540. 0.254) 

0.200 
(5.080) 

MAX 

n 
J18C392 
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PACKAGE DIMENSIONS 

4-8 

J Package 
20-Lead Cerdip 

I", '" '---t--
0.220 - 0.310 

1 3 

I 0.005 
-(0.127) 

MIN 

1.060 
(26.924) 

MAX 

0290 - 0.320 I+- (7.366 - 8.128) ~ 
0.015 - 0.060 !---;=;-=;--;o=;--;=::::;-=;-;:==;--;=::::;-=;-;:==;--;=;

II 
~ 0.008-0.018 

t (0.203 - 0.457) 

~ - ¥ 

I-- 0385. 0.025 --..I 
(9.779.0.635) 

(0.381 -1.524) 
_t_ 

0' -15' 

NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS. 

t 
0.220 - 0.31 0 

J Package 
24-Lead Cerdip 

~l '.MHOOO 
~ (1.143-1.727) 

0.014 - 0.026 
~ (0.356 - 0.660) 

1.290 
(32.77) 

MAX 

I I 0.100.0.010 
~ (2.540.0.254) 

0.225 
(5.715) 
MAX 

0.015 - 0.060 1--;:=--=::;--';=:;",,=--==;-=;--;0=;--;==;-=;--;0=;--;=::::;-=;-11 

(0.381_t_1._52_4) _ 

1_ 0.310-0.410~ 
(7874 -10.41) 

0.125 
(3.175) 

MIN 

NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS. 

I I 0.100.0010 
~ (2540.0.254) 

.1240392 



1 
0.025 

(0.635) 
RADTYP 

0.500 - 0.610 
(12.700 -15.494) 

MAX 

r-- 0.590 - 0.620 I I C(14.986-15.748)-

0.008 - 0.01 8 
(0.203 - 0.457) 

I 0.685 ~~.~~~ 
~ .. --

(17 40.0.635 ) . -1.524 

NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS. 

I 0.325 .0.025 I _ -0.015_ 

(8255.0.635) . -0.381 

PACKAGE DIMENSIONS 

J Package 
28-Lead Cerdip 

1.490 
1 ..... 1---------- (37.85) ---------~ 

N Package 
8-Lead Molded DIP 

MAX 

1

- (100~0~0) ~ 
MAX 

8 7 6 5 

-t 
0.250.0.010 

(6.350. 0 254) 

~~~-~ 

0.065 ~ 
(1651) 

TYP 

0.045. 0.015 tl 
(1.143.0.381) -

0.100.0.010 
(2540.0.254) 

0.125 
(3.175) 

-MIN 

JL 0.018.0.003 
(0.457.0.076) 

0.225 
(5715) 
MAX 

J 
J280392 
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PACKAGE DIMENSIONS 

4-10 

I 0325 +0.025 I 
_ . -0.015 ~ 

(8 255 +0.635) 
. -0.381 

N Package 
14-Lead Molded DIP 

r r 
0.260.0010 

(6.604.0.254) 

0.770 
(19.558) 

MAX 

L~~~~~;;;=J 

~----------~--~~ 

0100.0.010 _ 

(2.540 • 0 254) 

T 
0065 
(1.651) 

TYP 

. II _ 0018.0.003 -, r- (0457 ± 0.076) 

N Package 
16-Lead Molded DIP 

-t-
0.260.0.010 

(6604.0.254) 

0.770 -::-:1 (19.558) 
MAX 

13 12 11 10 9 

L~~~~~ 
0.045 - 0.065 ~ 

(1.143-1651) --± 

0.100.0.010 _ 
(2.540 • 0.254) 

t 
0065 
(1.651) 

TYP 

JL 0.018.0003 
(0 457 ± 0.076) 



PACKAGE DIMENSIONS 

N Package 
18-Lead Molded DIP 

-t-
0.260.0010 
(6604.0254) 

0.905 
(22.860) 

MAX 

LI;;=;;:::;;;;~~~~~ 

(~.~:~ = ~.~~~) --,........------+-+--.....,~ 

N Package 
20-Lead Molded DIP 

1.040 
(26416) 

MAX 

t 
0.065 

(1.651) 
TYP 

Jl 0018±0.003 
(0.457.0.076) 

N180392 

-t-
0260. 0.010 

(6.604.0.254) 

L~~~~~~~ 
0.045 - 0.065 __ 

(1.143-1.651) .L 
~ __________ ++ ____ ~i 

~ 0065.0015 
(1.651 ± 0 381) 

0.100 ± 0.010 _ 
(2.540 ± 0 254) 

l' 
0065 

(1.651) 

Jl 0018.0003 
(0457. 0 076) 

TYP 

4-11 



PACKAGE DIMENSIONS 

0.009-0015 .... ..
(0.229 - 0.381) l 0325+0025 I 

. -0015_ 

(8 255 +0 635) 
. -0.381 

0600 - 0.625 
--- (15240-15.875) -I 

0.009 - 0.015 
(0.229 - 0.381) 

I 0625 +0.025 
_ -0015~ 

(1587 +0.635) 
. -0.381 

4-12 

0.260.0.010 
(6604.0.254) 

N Package 
24-Lead Molded DIP 

1.265 
(32.131) 

~~~~~~~~~ 

1 
0.505 - 0.560 

0.045 - 0.065 --.-
(1.143 -1.651) 1 

~ __________ ~~ ________ ~J 

0.100.0.010 _ 
(2.540 • 0.254) 

N Package 
28-Lead Molded DIP 

JL 0.018.0.003 
(0.457 • 0.076) 

t 
0.065 

(1.651) 
TYP 

N240592 

I" '" L 1;;;;;;;;;;;;;;~T"T;;;;;;;;;;;;==;=r=r=r;;;;;;;;~T"T;;;;;;;;=;==;=i=""r=r;;;;;;;;;;;;;;;T=r;;;;;;;;;;;;;=;;;=I 
0.045 - 0.065 --.-

(1.143 -1.651) J 
~ ____________ -+~ __________ ~l 

\.- 0.035 - 0 080 
(0.889 - 2.032) 

0.100.0010 
(2.540 ± 0 254) - L 

JL 0.018±0003 
(0.457 .0076) 

T 
0.070 
(1.778) 

TYP 

N280592 



PACKAGE DIMENSIONS 

I (0.254 0.508( 

SO Package 
8-Lead Small Oulline 

(4.801 - 5.004) I ~
0'189_0197 

8 7 6 R I 
I 

0.228-0.244 0.150-0157 
(5.791-6.197) (3.810-3.988) 

1J ~ 
0053 - 0.069 

(1.346 1.752) 

1 

11-- 0.01 0 - 0.020 45° 

~ I 0.008-0.010 
(0.203 - 0.254) 

, Jj lL-' 
0-------, 0.004-0.010 
~} (0.101 0.254) 

15 t:::::l t::j t:::::l EI-----.i 
r 0.016-0.050-1 P 

0°_ 8° TYP 00406 -1.270 0.014-0.0: _ ~II T T 0050 f 
(0.355 - 0.483) I-- r---r- (1.270) 

_II-- 0.01 0 - 0.020 45° I (0.254 0.508( 

0.008 - 0.010 
~ I (0.203 - 0.254) 

,Jj lb--.l 
Loo_ 80 TYP J L 

0.016 - 0.050 
0.406 -1.270 

SO Package 
14-Lead Small Oulline 

sse 
5060392 

ri 0.337 - 0.344 

---14--1-3 -,t'""':·"'~~1 

0.228-0244 0.150-0.157 
(5.791-6.197) (3.810-3.988) 

1J ~ 
0.053 - 0.069 

(1.346-1.752) n--------------, 0.004-0.010 
~} (0.101 0.254) 
El t:::::l t:::::l t::j t::j t::j t:::::l EI , 
~ ~ ~ ~ ~ ~ ~----r 

0.014-0019 J l U(~~~) 
(0.355 - 0.483) S0140392 
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PACKAGE DIMENSIONS 

/
1- 0.010-0.020 45' 

- I (0.254 0.508) x 

'~ I 0.008-0.010 

SO Package 
16-Lead Small Outline 

0.386 - 0.394' • 
1+------(9.804 -10.008)-----1 

I 
0.228-0.244 0.150-0.157' 
(5.791-6.197) (3810-3988) 

LJ----I~ 
0.053 - 0.069 

(1.346 -1.752) 

t::j t::j t:::J Ej t:::J t::j t:::J -----± t-J ~=+0254) 

0'-8'TVP j / 0.016-0.050 _ 
0.406 -1.270 

tJ 0.004-0.010 bid (0.101 0.254) 

0.014-0.0: II =1 I' 0.: = = = f 
(0.355-0.483) -I I- -1-(1.270) 

TVP 

4-14 

'THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0.15mm). 

SOL Package 
16-Lead Small Outline (Wide) ra 0398-0413 

(10109 10.490) 
(NOTE 2) 

" """ " ,,~ 
1 

0.394-0.419 
(10.007 10.643) 

~U 
0.291 - 0.299 ;J

-- (7.391 - 7.595) 

(NOTE 2) 0.093 _ 0.104 0.037 - 0.045 
0.005 0010 - 0.029 45'--1 (2.362 _ 2.642) (0.94011.143) 

(0.127) (0.254-0.737) x 1 ~ 

2345678 

~~! .--"l~m tiunnrumrid~ 
0009"!:13 ~ J t (~:~~~)-l I-J L 0.004-0.012 
(0229-0330) NOTE 1 TVP 0.014-0.019 (0.102 0.305) 

0.016-0.050 _ 
(0.406 -1.270) (0.35~~.482) 

NOTE: 
1. PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BonOM OF PACKAGES ARE THE MANUFACTURING OPTIONS. SOl16 0392 

THE PART MAY BE SUPPLIED WITH OR WITHOUT ANY OF THE OPTIONS. 
2. THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0 006 INCH (0.15mm). 



PACKAGE DIMENSIONS 

SOL Package 
18-Lead Small Outline (Wide) 

~ 
0.447-0463 

(11.354 -11.760) 
(NOTE 2) 

18 17 16 15 14 13 12 

SEE NOTE lll) 0394-0.419 
,- (10.007 -10.643) 

~o ~U 
r S'~!b~n~;) 1 0093-0104 2 3 6 7 8 0037-0.045 

(~.~~~) 1~~~t~~~~)X450~r (2.362-2.642) (0':11.143) 

~~I\::f,i~:'r nLctDwOwDJ1DJ1Dl:f~ 
0.009-0.013 NO~TEI J I (~:~~~)-I I- I L 0.00410.012 
(0229 - 0.330) TYP (0.102 - 0 305) 

0.016-0050 \ 0014-0019 
(0 406 1.270) - (0.356 - 0.482) -

NOTE: TYP 
1. PIN lIDENT, NOTCH ON TOP AND CAVITIES ON THE BonOM OF PACKAGES ARE THE MANUFACTURING OPTIONS. 

THE PART MAY BE SUPPLIED WITH OR WITHOUT ANY OF THE OPTIONS. 
2. THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0.15mm). 

SOL Package 
20-Lead Small Outline (Wide) 

roo5 0496-0512 
(12 598 -13.005) 

(NOTE 2) 

20 19 18 17 16 15 14 

NOTE 1 1) 0.394 - 0 419 
(10.007 -1 0.643) 

G (~'~!b~J2~~;) ;} 0093-0.104 2 3 4 5 6 7 8 9 100037_0.045 

0005 0010 -0.029 450--1 (2.362 _ 2.642) (0.940 11.143) 
(0.127) (0.254-0.737) x I -----I. 

() I 
~~I " ~, t::r tfumOJJjlo~QDJJ]~ 

0.009""!:13 \:=7 J L (~.~~~)-I 1- I L 0.004-0012 
(0.229-0.330) NOTE 1 TYP (0102-0.305) 

0016-0050 0014-0019_ 
NOTE: (0406 1.270) (0.35;Y~.482) 

1. PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BOnOM OF PACKAGES ARE THE MANUFACTURING OPTIONS 
THE PART MAY BE SUPPLIED WITH OR WITHOUT ANY OF THE OPTIONS. 

2. THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0 006 INCH (0.15mm). 

4-15 



PACKAGE DIMENSIONS 

(NOTE 2) 
0.005 0.010-0029 0 

SOL Package 
24·Lead Small Outline (Wide) 

2 3 4 5 6 7 8 9 10 11 12 

0394-0419 
(10007-10643) 

0093-0.104 0037-0.045 
(2362-2.642) (0.940-1.143) 

0291-0299 ;} G (7.391 - 7.595) 

(0.127) (0.254-0.737) x45 -1 

~~! " .l~::t, 
0.009!:13 \/7* J L t 

(0.229 - 0.330) NOTE 1 
0016-0.050 

NOTE: (0.406 -1.270) 

tftn~@J1J1DJ1QQ[JJfd~ I 
0050 I I II (1.270)-1 -

TYP 0014-0019 
(0356-0482)- -

000410012 
(0102-0305) 

1. PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BODOM OF PACKAGES ARE THE MANUFACTURING OPTIONS. 
THE PART MAY BE SUPPLIED WITH OR WITHOUT ANY OF THE OPTIONS. 

2. THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0 15mm). 

0.291-0299 ;} 
(7.391 7.595) 

(NOTE 2) 
0.005 0010 - 0.029 0 I'·"" r: ~ ... ml"" -"I 

~~r, JL:r' 
0.009"!:13 \/7* J L t 

(0.229 - 0.330) NOTE 1 
0016-0050 

NOTE: (0 406 1.270) 

SOL Package 
28·Lead Small Outline (Wide) 

0.697 - 0 712 
(17.70 -18.08) 

(NOTE 2) 

0.394 - 0 419 
(10007 -10.643) 

~~~J 
2 3 4 5 6 7 8 9 10 11 12 13 14 

0093 - 0.104 0.037 - 0045 
(2362-2.642) (0':11.143) 

~f 
(~.~~~)~ I- I L 0004-0012 

TYP 0014-0.019 _ (0102-0305) 

(0.356 - 0.482) 

1. PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BODOM OF PACKAGES ARE THE MANUFACTURING OPTIONS 
THE PART MAY BE SUPPLIED WITH OR WITHOUT ANY OF THE OPTIONS. 

2. THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0 006 INCH (0.15mm). 
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PACKAGE DIMENSIONS 

G Package 
28-Lead Shink Small Outline 

1

_0205-0.212_1 
(5.20 - 5.38) 

""r,:: vi 1\,,--'1" 
0.005 -0 009 0022-0037 I I t 
(0.13-022) (055-095) -j r-

11~7L1net\.Q 
~j/ TECHNOLDGY 

0045 
(1.14) 

t 

0.397 - 0 407 
• (10.07-10.33) ---->·1 
28 272625 24 2322 21 20 19 18 17 16 15 h 

I 
0301-0311 

f1r "TOOl 

0066-0070 0068-0078 
(1.68-1.78) (173 199) 

!~itI 
0.0256 -I I- Il (065) 
sse 0002-0008 

0.010-0015 _ (005-0.21) 
(0.25 - 038) 

28SS0P1192 
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,-

NOTES 
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NORTHEAST REGION 
Linear Technology Corporation 
One Oxford Valley 
2300 E. Lincoln Hwy.,Suite 306 
Langhorne, PA 19047 
Phone: (215) 757-8578 
FAX: (215) 757-5631 

Linear Technology Corporation 
266 Lowell Street 
Suite B-8 
Wilmington , MA 01887 
Phone: (508) 658-3881 
FAX: (508) 658-2701 

FRANCE 
Linear Technology S.A.R.l. 
Immeuble "Le Quartz" 
58 Chemin de la Justice 
92290 Chatenay Malabry 
France 
Phone: 33-1-41079555 
FAX: 33-1-46314613 

GERMANY 
Linear Techonolgy GMBH 
Untere Hauptstr. 9 
0-8057 Eching 
Germany 
Phone: 49-89-3197410 
FAX: 49-89-3194821 

JAPAN 
Linear Technology KK 
5F YZ Bldg. 
lidabashi, Chiyoda-Ku 
Tokyo, 102 Japan 
Phone: 81-3-3237-7891 
FAX: 81-3-3237-8010 

© LINEAR TECHNOLOGY CORPORATION 1993 

u.s. Area Sales Offices 

SOUTHEAST REGION 
Linear Technology Corporation 
17060 Dallas Parkway 
Suite 208 
Dallas, TX 75248 
Phone: (214) 733-3071 
FAX: (214) 380-5138 

CENTRAL REGION 
Linear Technology Corporation 
Chesapeake Square 
229 Mitchell Court , Suite A-25 
Addison, IL 60101 
Phone: (708) 620-6910 
FAX: (708) 620-6977 

International Sales Offices 

KOREA 
Linear Technology Korea Branch 
Namsong Building, #505 
Itaewon-Dong 260-199 
Yongsan-Ku, Seoul 
Korea 
Phone: 82-2-792-1617 
FAX: 82-2-792-1619 

SINGAPORE 
Linear Technology Pte. Ltd. 
101 Boon Keng Road 
#02-15 Kallang Ind. Estates 
Singapore 1233 
Phone: 65-293-5322 
FAX: 65-292-0398 

World Headquarters 

Linear Technology Corporation 
1630 McCarthy Blvd. 
Milpitas, CA 95035-7487 
Phone: (408) 432-1900 
FAX: (408) 434-0507 

TOUGH PRODUCTS 
FOR TOUGH APPLICATIONS 

SOUTHWEST REGION 
Linear Technology Corporat ion 
22141 Ventura Blvd. 
Suite 206 
Woodland Hills, CA 91364 
Phone: (818) 703-0835 
FAX: (8t8) 703-0517 

NORTHWEST REGION 
Li near Technology Corporation 
782 Sycamore Dr. 
Milpitas, CA 95035 
Phone: (408) 428-2050 
FAX: (408) 432-6331 

TAIWAN 
Linear Technology Corporat ion 
Rm. 801 , No. 46, Sec. 2 
Chung Shan N. Rd. 
Taipei , Taiwan, R.O.C. 
Phone: 886-2-521-7575 
FAX: 886-2-562-2285 

UNITED KINGDOM 
Linear Technology (UK) Ltd. 
The Coliseum, Riverside Way 
Camberley, Surrey GU15 3YL 
United Kingdom 
Phone: 44-276-677676 
FAX: 44-276-64851 

BAlBC 0393 30K 


