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Infroduction

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 solvinginter-
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 0.1uF
charge 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 DTE/DCE 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

as low as 300pA and support data rates up to 10MBit/s.
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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RS232/RS422/RS485 Inferface Solutions

Complete RS232 PC Serial Ports: 3 Drivers, 5 Receivers

= 10kV ESD Immunity m 0.1yF Capacitors
= 3V Logic Compatible = | ow Power Shutdown
= Receiver Keep-Alive in Shutdown m 120k Baud Operation. )
m SOIC Packages (Ask about SSOP) m (apable of Mouse Driving
= Ultra Low Power (LTC1337: 1.5mW) = 3.3V or 5V Powered
® Flow-Through Architecture
3V TYP | 1RECEIVER [ Iy IN o 2———t e
SUPPLY | OR5V | POWER | ACTIVEIN |SHDN| DRIVER | 10KV |0.1uF | DEVICE ORI = SVVeg ~2 e e
VOLTAGE | LOGIC | DISS(mW) | SHUTDOWN | (1A) |DISABLE | ESD | CAPS | TYPE 2xong & j zg L
5 5 85 1 LT1137 DRIVER OUT ol [ ,——Do-Z EQIZE: "
5 5 60 1 X X | X |LT1137A RXIN —G_l—oq-i DRIVER IN
7| 22
5 5 30 X 60 | x| x| x [Lrizs o ] o o[ oL
T0 on
583 3 30 X 60 X X | X* | LT1330 UNE AXIN 1: % RXOUT
3 | 3 42 x e [ x| x| x [Lrist T P
583 | 3 34 X 60 X X | x| LT1331 RXIN :—j 1 i:f’m
5 5 15 1 x | x |Lrc13s7 e 1| 15 OISALE]
5 5 60 X 60 X X LT1341 (SEE CHART) )
* REMAINS ALIVE IN SHUTDOWN on
5&3 3 60 1 X X X | LT1342 DEPENDING ON PART TYPE
*Requires one 1pF capacitor
5V Powered RS232 2 Driver/2 Receiver Circuits
= Rugged Bipolar Construction = |mmune to Latch-Up
® 10kV ESD Immunity (LT1180A, LT1181A) m | ow Power Shutdown
w (,1uF Charge Pump Capacitors = 3-State Outputs When Shut Down
SHUTDOWN/ REQ'D
RS232 AND FAULT CHARGE
TTL THREE- TOLERANT PUMP
STATE OUTPUTS T0 +25V CAP SIZE COMMENTS PART NUMBER
Yes Yes 1uF General Purpose Interface LT1080
No Yes 1uF Rugged MAX232 Replacement LT1081
Yes Yes 0.1pF Ideal for Surface Mount, 10KV ESD LT1180A
No Yes 0.1uF Replaces MAX202, 232A, 10kV ESD LT1181A
Yes Yes 1pF Low Power LT1080 LT1280
No Yes 1uF Low Power LT1081 LT1281
F =y [+ ON/OFF .
;‘F"'F, F-5V Ve T EEE o5V Vgg
W o §1 Ul = 5’1
WFi=H @% 1P 2= gg
4 O u
T O—<t—a W O—<t—3
T = &) T g——h
*0.1uF FOR LT1180A *0.1uF FORLT1181A
LT1080, LT1180A, LT1280 LT1081, LT1181A, LT1281
2 Dx, 2 Rx 2 Dx, 2RRX

More RS232 Driver/Receiver Combinations Inside!

SO/ SR 3
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RS232/R8422/RS485 Inferface Solutions

RS485 Family Features The LTC RS485 Advantage: Low Power
= Ultra Low Power 60 60
= CMOS Schottky Process L 5 = g 6omA
m Designed for RS485 and RS422 Applications § ;_E—
u Three-State RS485 Outputs When Shutdown Z 4 Z 40
m Power-Up/Down Glitch Free Qutputs 5 5
» 10MB Operation (LTC486-489, LTC1485) s % S %
® |ndustry Standard Pinouts £ 2 g 20
= 50IC Available % 2
20 2
ol 500pA 0 110pA
75176  LTC485 75172/4 LTCA86/7*
*ULTRA LOW SUPPLY CURRENT
RS485/RS422 Interface
MAX INDUSTRY
SUPPLIES MAX SUPPLY | STANDARD
DRIVERS | RECEIVERS | REQUIRED | DATARATE CURRENT PINOUT COMMENTS PART NUMBER
1 1 5V 2.5MB 500pA 75176 Half Duplex 2-Wire RS485 LTC485
4 0 5V 10MB 150pA 75172 Good For RS449, RS530, V.35 Interface LTC486
4 0 5V 10MB 150pA 75174 Good For RS449, RS530, V.35 Interface LTC487
0 4 5V 10MB 10mA 75173 Good For RS449, RS530, V.35 Interface LTC488
0 4 5V 10MB 10mA 75175 Good For RS449, RS530, V.35 Interface LTC489
1 1 5V 2.5MB 500pA 75179 Full Duplex 4-Wire RS485 LTC490
1 1 5V 2.5MB 500uA 75ALS180 | Full Duplex 4-Wire RS485 LTC491
1 1 5V 10MB 3.5mA 75ALS176B | High Speed/Half Duplex LTC1485
Other RS232 Driver/Receiver Combinations
SHUTDOWN/ REQ'D
RS232 and FAULT CHARGE
SUPPLIES TTL THREE- TOLERANT | PUMP
DRIVERS | RECEIVERS | REQUIRED | STATEOUTPUTS | to+25V | CAPSIZE | COMMENTS PART NUMBER
4 0 +2V Yes Yes N/A Low Power 1488 Upgrade LT1030
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, +12V No Yes N/A Rugged MC145406 Replacement LT1039-16
5 5 5V No Yes 0.1uF Synchronous Communications, 10kV ESD LT1130A
5 4 5V Yes Yes 0.1pF Synchronous Modem/DCE Interface, 10kV ESD LT1131A
5 3 5V No Yes 0.1uF Modem/DCE Interface, 10kV ESD LT1132A
3 5 5V No Yes 0.1pF PC/DTE Interface, 10KV ESD LT1133A
4 4 5V No Yes 0.1yF 5V Only 1488/1489 Replacement, 10KV ESD LT1134A
5 3 5V, +12V No Yes N/A Modem/DCE Interface, 10kV ESD LT1135A
4 5 5V Yes Yes 0.1uF Synchronous PC/DTE Interface, 10kV ESD LT1136A
5 3 5V Yes Yes 0.1pF Modem/DCE Interface, 10kV ESD LT1138A
4 4 5V,12V Yes Yes 0.14F 1488/1489 Replacement, 10KV ESD LT1139A
5 3 5V, +12V Yes Yes N/A Modem/DCE Interface, 10KV ESD LT1140A
3 5 5V, +12V Yes Yes N/A PC/DTE Interface, 10kV ESD LT1141A
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LT1130A/LT1140A Series

FEATURES

o ESD Protection over 10kV

8 Uses Small Capacitors: 0.1uF, 0.2uF

o 1pA Supply Current in SHUTDOWN

o QOperates to 120k Baud

8 CMOS Comparable Low Power

9 QOperates from a Single 5V Supply

0 Easy PC Layout: Flowthrough Architecture

o Rugged Bipolar Design: Absolutely No Latch-Up

o Qutputs Assume a High Impedance State When Off
or Powered Down

o Improved Protection: RS232 I/0 Lines Can be Forced
to £30V Without Damage

o Qutput Overvoltage Does Not Force Current Back
Into Supplies

o Available in SO and SSOP Packages

Advanced Low Power
5V RS232 Drivers/Receivers
with Small Capacitors

PESCRIPTION

The LT1130A/LT1140A 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
RS2321/0 pins are resilientto multiple +10kV ESD strikes.
Anadvanced 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.

Basic Operation

+ v s v
[P —
O v Pl e 01w
= 3] e s, == Srexo [+
2x01yF 4 J—o<1-£ DRIVER IN -
DRIVER OUT i_l-—[>o-ﬂ RX OUT
RX IN %J—oQ—E—z DRIVER IN
DRIVER OUT _a'_|—>°'z—1 RX 0UT o L08IC
TOLINE RX IN —Q-_l_DO_T RX OUT
RXIN 1—0——|—Do——0 RX OUT
RX IN ?_1—04—3 DRIVER IN
DRIVER OUT —_—J-[>o—18- RX OUT
12 17
RXIN -5 e
ON/OFF = 5V % = | DRIVER DISABLE
kTl i5
- 11304 TAO1

LT1130A 5-Driver/5-Receiver RS232 Transceiver
LT1131A 5-Driver/4-Receiver RS232 Transceiver w/Shutdown
LT1132A 5-Driver/3-Receiver RS232 Transceiver
LT1133A 3-Driver/5-Receiver RS232 Transceiver
LT1134A 4-Driver/4-Receiver RS232 Transceiver

LT1135A 5-Driver/3-ReceiverRS232 Transceiver w/o Charge Pump

Output Waveforms

RECEIVER
OUTPUT
Cp = 50pF

DRIVER
outPUT i

Ry =3k

Gy = 2500pF

INPUT

LT1304+ TAG2

LT1136A 4-Driver/5-Receiver RS232 Transceiver w/Shutdown
LT1137A 3-Driver/5-Receiver RS232 Transceiver w/Shutdown
LT1138A 5-Driver/3-Receiver RS$232 Transceiver w/Shutdown
LT1139A 4-Driver/4-Receiver R§232 Transceiver w/Shutdown
LT1140A5-Driver/3-Receiver R$232 Transceiverw/o Charge Pump
LT1141A 3-Driver/5-Receiver R$232 Transceiverw/o Charge Pump
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LT1130A/LT1140A Series

ABSOLUTE MAXIMUM RATINGS (note 1)

Supply VOItage (VGE) «vveeveereerrerereerererreesreeeessessenaene 6V  Short-Circuit Duration
......................................................................... 13.2V VH s sesesessssesesesese 30 SEC
V‘ ....................................................................... -13.2V Vb reene 30 sec
Input Voltage Driver Qutput ........ .. Indefinite
DIVEE et V-toV* Receiver Output Indefinite
(2111111171 RO —-30Vto 30V  Operating Temperature Range
ON/OFf PiNeeeeeececeecee e -0.3Vto 12V LT113XAC/LT114XAC ..o, 0°C to 70°C
Driver Disable Pin ...........coo........ -0.3Vto Ve + 0.3V Storage Temperature Range................. —65°C to 150°C
Output Voltage Lead Temperature (Soldering, 10 Sec) ................. 300°C
D117 O —-30V to 30V
RECRIVET ... -0.3Vto Vo + 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
LT1131A 5 Yes Yes 5 4 4 Capacitors
LT1132A 5 No No 5 3 4 Capacitors
LT1133A 5 No No 3 5 4 Capacitors
LT1134A 5 No No 4 4 4 Capacitors
LT1135A 5,12,-12 No No 5 3 None
LT1136A 5 Yes Yes 4 5 4 Capacitors
LT1137A 5 Yes Yes 3 5 4 Capacitors
LT1138A 5 Yes Yes 5 3 4 Capacitors
LT1139A 5,12 Yes No 4 4 2 Capacitors
LT1140A 5,12,-12 Yes Yes 5 3 None
LT1141A 512,12 Yes Yes 3 5 None

*The LT1130A, LT1131A, LT1132A, LT1134A, LT1136A, LT1137A and LT1138A can operate with 5V and 12V supplies and two external capacitors.

PACKAGE/ORDER INFORMATION

5-DRIVER/5-RECEIVER

TOP VIEW
-

ORDER PART
NUMBER

v
5V Ve

ctt

c1-

DRIVER QUT
RXIN
DRIVER OUT
RXIN
DRIVER OUT
RXIN
DRIVER OUT
RXIN
DRIVER OUT
RXIN

LT1130ACN
LT1130ACS

[N er][=]feofro[~]

N PACKA( S PACKAGE
28-LEAD PU\STIC DIP 28-LEAD PLASTIC SOL
(600" WIDE) (300" WIDE)
Tomax = 150°C, 644 = 56°C/W (N)
Timax = 150°C, 64 = 68°C/W (S)

5-DRIVER/4-RECEIVER WITH SHUTDOWN

TOP VIEW ORDER PART
v [z v NUMBER
sVVee [2] LT1131A c2"
ct* [3] [26] c2*
o % <Hzsl oriver IN LT1131ACN
DRIVER OUT [5 [>o-124] RX OUT
RXIN [6] <Hz3] DRIVER IN LT 31ACS
DRIVER OUT [7] [>o-422] RX OUT
RXIN [8] [21] DRIVER IN
DRIVER OUT [9 o-{20] RX OUT
RXIN [10) <H19] DRIVER IN
DRIVER OUT IEI RX OUT
RXIN [12] DRIVER IN
DRIVER OUT [13] rm GND
DRIVER DISABLE

N PACKAGI S PACKAGE
28-LEAD PLASTIC DIP 28-LEAD PLASTIC SOL
(600" WIDE) (300" WIDE)
Tmax = 150°C, 64 = 56°C/W (N)
Tymax = 150°C, 6,4 = 68°C/W (S)




LTT130A/LT1140A Series

PACKAGE/ORDER INFORMATION

5-DRIVER/3-RECEIVER

TOP VIEW

v
5V Vg

1t

[

DRIVER OUT
DRIVER OUT
RXIN
DRIVER OUT
DRIVER OUT
RXIN
DRIVER OUT
RXIN

N PACKAGE S PACKAGE
24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL
(300" WIDE) (300° WIDE)

Tymax = 150°C, 64 = 58°C/W (N)
Timax = 150°C, 84 = 80°C/W (S)

ORDER PART
NUMBER

LT1132ACN
LT1132ACS

3-DRIVER/5-RECEIVER
TOP VIEW
vt 1} 24 V-
svvee [2] LT1133a 23] c2-
c1* [3] 22] c2*
1~ [} 21] DRIVER IN
DRIVER OUT [5] 20] RX OUT
RXIN [6] 19] DRIVER IN
DRIVER OUT [7] T 18] RX OUT
R IN [8] T 17] RXOUT
RX IN [9] 16] RX OUT
RX In [10] 15) DRIVER IN
DRIVER 0UT [11 14] RX OUT
RXIN [12 13] GND

N PACKAGE S PACKAGE
24-LEAD PLASTIC DIP  24-LEAD PLASTIC SOL
(300" WIDE) (300" WIDE)

Tymax = 150°C, 8y = 58°C/W (N)
Tymax = 150°C, 834 = 80°C/W (S)

ORDER PART
NUMBER

LT1133ACN
LT1133ACS

4-DRIVER/4-RECEIVER

TOP VIEW

vt E‘ [24) v~
5VVee [2] LT1134A c2”
c1* [3]
¢t [4]

DRIVER OUT | 5 |
RXIN

DRIVER OUT [7

DRIVER IN
RXOUT
DRIVER IN
RXOUT

RXIN [8 DRIVER IN
DRIVER OUT [9] RX OUT
RXIN [10] DRIVER IN
DRIVER OUT RX OUT
RXIN [12] GND
N PACKAGE S PACKAGE
24-LEAD PLASTIC DIP  24-LEAD PLASTIC SOL
(300" WIDE) (300" WIDE)

Tymax = 150°C, 64 = 58°C/W (N)
Timax = 150°C, 6,4 = 80°C/W (S)

ORDER PART
NUMBER

LT1134ACN
LT1134ACS

5-DRIVER/3-RECEIVER
WITHOUT CHARGE PUMP
TOP VIEW
\/
12vv [0 riTasa -12vve
5VVee [2 o<H19] DRIVER IN
DRIVER OUT [3] o<H 18] DRIVER IN
DRIVER OUT [4] RX OUT
RXIN [5] <Hi6] DRIVER IN
DRIVER OUT [6| <Hi5] ORIVER IN
DRIVER 0UT [7] [>o-{14] Rx OUT
RXIN [8 <H13] DRIVER IN
DRIVER OUT [9] [>o-112] Rx 0UT
RXIN [10] GND
N PACKAGE S PACKAGE
20-LEAD PLASTIC DIP  20-LEAD PLASTIC SOL
(300" WIDE) (300" WIDE)

Tymax = 150°C, 6y = 79°C/W (N)
Tymax = 150°C, 84 = 85°C/W (S)

ORDER PART
NUMBER

LT1135ACN
LT1135ACS

4-DRIVER/5-RECEIVER WITH SHUTDOWN

TOP VIEW

vt 4] v
5V Ve [2] c2”
c1* [3] c2*
ot [4] DRIVER IN
DRIVER OUT [5] RX OUT
RXIN [6] DRIVER IN
DRIVER OUT [7] RX OUT
RXIN [8] DRIVER IN
DRIVER OUT [9] RX OUT
RXIN [ig] DRIVER IN
DRIVER OUT E RX OUT
RXIN RX OUT
RXIN [13 GND
OoN/OFF [14] DRIVER DISABLE
N PACKAGE S PACKAGE
28-LEAD PLASTIC DIP 28-LEAD PLASTIC SOL
(600" WIDE) (300° WIDE)

Tomax = 150°C, 64 = 56°C/W (N)
Tomax = 150°C, 834 = 68°C/W (S)

ORDER PART
NUMBER

LT1136ACN
LT1136ACS

3-DRIVER/5-RECEIVER WITH SHUTDOWN
TOP VIEW
—
v [0 28] v
sVvee [2] tTiara J27] o
c1* [3] 26] c2*
o1 [4] 25] DRIVER IN
DRIVER OUT [5] 24] RX OUT
RXIN [6] 23] DRIVER IN
DRIVER 0UT [7} I 22] AX OUT
RXIN [8] I 21] RX OUT
RXIN [9] 20] RX OUT
RXIN [10] 19] DRIVER IN
DRIVER UT [{1] I—{)o— 18] RX OUT
RXIN [i2] 17] GND
ON/OFF [13] 16] DRIVER DISABLE
NC 1 15] NC

G PACKAGE N PACKAGE S PACKAGE
28-LEAD PLASTIC SSOP  28-LEAD PLASTIC DIP  28-LEAD PLASTIC SOL
( 300" WIDE) (600" WIDE) (300" WIDE)
Tymax = 150°C, 6,4 = 96°C/W (G)

Tymax = 150°C, 6,4 = 56°C/W (N)

Tmax = 150°C, 6,4 = 68°C/W (S)

ORDER PART
NUMBER

LT1137ACG
LT1137ACN
LT1137ACS

ALY HNER
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LT1130A/LT1140A Series

PACKAGE/ORDER INFORMATION

5-DRIVER/3-RECEIVER WITH SHUTDOWN | ORDER PART |  4-DRIVER/4-RECEIVER WITH SHUTDOWN | ORDER PART
TOPVIEW NUMBER WITH 12V AND 5V SUPPLIES NUMBER
v %) v
5V Vge [2] c2- TOP VIEW
c1* [3] c2* Ne [T]
1 [4] DRIVER IN LT1138ACG sVVe [2]  LT1130A LT1139ACN
DRIVER OUT E DRIVER IN LT1138ACN 12v ey 3] LT1139ACS
DRIVER OUT RX OUT
RXIN DRIVER IN LT1 138ACS DRIVE‘;;(JTII _%__
DRIVER 0UT [8] RX OUT DRIVER OUT [6 ]
RXIN [g] DRIVER IN RXIN [7]
DRIVER OUT [10] RX OUT DRIVER 0UT [8]
RXIN [11] DRIVER IN RXIN [9]
DRIVER OUT [12] GND DRIVER OUT
ON/OFF [13] DRIVER DISABLE RXIN
Ne [14] NC ON/OFF
6 PACKAGE N PACKAGE S PACKAGE N PACKAGE S PACKAGE
28-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)
Tymax = 150°C, 8 = 96°C/W (G)
150 6 - g Tymax = 150°C, 03 = 58°C/W (N)
T e o Y & Tiwa = 150°C. 635 = 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
v 2 LT1140ACN rove B o LT1141ACN
e 3] LT1140ACS e (5] ——Doal meour LT1141ACS
DRIVER OUT [4] RXIN [4] <Hz1] orvERIN
DRIVER OUT |5 | DRIVER OUT RX OUT
RxIN 6] RXIN [6] <H19] DRIVERIN
DRIVER OUT [7] DRIVER OUT (7] >o-{18] RX OUT
DRIVER OUT [8] RXIN [8] DRIVER IN
Rx v 9} DRIVER OUT [9] [16] Rx ouT
DRIVER OUT RXIN |10 15] RX OUT
RXIN RXIN [1] 12 enD -
ON/OFF ON/DFF [12] DRIVER DISABLE
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)
Tamax = 150°C, 8,4 = 58°C/W (N) Tymax = 150°C, 6,4 = 58°C/W (N)
Tamax = 150°C, 64 = 80°C/W (S) Tamax = 150°C, 85 = 80°C/W (S)
E€LECTRICAL CHARACTERISTICS (note 2)
PARAMETER | conpiTiONS [ min TP max [ unims
Power Supply Generator
V* Qutput 8.6 Vv
V~ Output -7.8 V
5V Vg Supply Current: LT1130A, LT1131A, LT1132A, (Note 3) o 15 25 mA
LT1133A, LT1134A, LT1136A, LT1138A
5V Ve Supply Current: LT1135A, LT1140A, LT1141A (Note 3), V* =12V, V- =-12V [ 8 15 mA
5V Vg Supply Current: LT1137A (Note 3) ] 12 17 mA
5V Vg Supply Current: LT1139A (Note 3), V¥ =12V o 8 15 mA

1-6
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LT1130A/LT1140A Series

€LECTRICAL CHARACTERISTICS (note2)

PARAMETER CONDITIONS MIN TYP MAX UNITS
12V V* Supply Current: LT1135A, LT1140A, LT1141A (Note 3), V- =-12V ® 1 4 mA
12V V* Supply Current: LT1139A (Note 3) ] 6 10 mA
—12V V- Supply Current: LT1135A, LT1140A, LT1141A (Note 3) V+ =12V ® 2 6 mA
Supply Current when OFF (Vgg) SHUTDOWN (Note 4) (] 1 10 PA
DRIVER DISABLE 4 mA
Supply Rise Time C1,C2,C*, C~=1.0uF 2.0 ms
SHUTDOWN to Turn-On C* C~=0.1yF, C1,C2=0.2uF 0.2 ms
ON/OFF Pin Thresholds Input Low Level (Device SHUTDOWN) L] 14 0.8 v
Input High Level (Device Enabled) ° 24 14 '
ON/OFF Pin Current 0V <Vonjorr <5V | -15 80 PA
DRIVER DISABLE Pin Thresholds Input Low Level (Drivers Enabled) <] 1.4 0.8 \
Input High Level (Drivers Disabled) (3] 2.4 14 \
DRIVER DISABLE Pin Current 0V < VpRiver DisaBLE < 5V o| -10 500 pA
Oscillator Frequency 130 kHz
Any Driver
Output Voltage Swing Load = 3k to GND Positive o 5 7.3 v
Negative ] -6.5 -5 v
Logic Input Voltage Level Input Low Level (Voyr = High) o 14 0.8 v
Input High Level (Voyr = Low) (] 2 14 v
Logic Input Current 0.8V<Vy<2v ] 5 20 vA
Output Short-Gircuit Current Voyr =0V +H7 mA
Output Leakage Current SHUTDOWN Vgyr = 30V (Note 4) © 10 100 LA
Slew Rate Ry =3k, C_=51pF 15 30 V/ps
Ry = 3k, C = 2500pF 6 V/us
Propagation Delay Output Transition ty High-to-Low (Note 5) 0.6 13 us
Output Transition t y Low-to-High 05 13 us
Any Receiver
Input Voltage Thresholds Input Low Threshold (Voyrt = High) [+] 0.8 1.3 v
Input High Threshold (Voyt = Low) [ 1.7 24 v
Hysteresis -] 0.1 0.4 1 v
Input Resistance 3 5 7 kQ
Output Voltage Output Low, lgyr =-1.6mA o 0.2 04 '
Output High, lgyt = 160pA (Vgc = 5V) ® 35 4.2 v
Output Leakage Current SHUTDOWN (Note 4) 0 < Voyr < Ve 9 1 10 pA
Output Short-Circuit Current Sinking Current, Voyr = Vg -20 -10 mA
Sourcing Current, Voyr =0V 10 20 mA
Propagation Delay Output Transition ty, High-to-Low (Note 6) 250 600 ns
Output Transition t, y Low-to-High 350 600 ns

The ©denotes specifications which apply over the operating temperature
range (0°C < Tp <70°C for commercial grade and —40°C < T < 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 Vg = 5V and Voy,oe = 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/grF = 0.1V. Supply current measure-

ments using DRIVER DISABLE are performed with VpRrjver pisasLe = 3V.
For LT1135, LT1139, LT1140 and LT1141 with 12V supplies, Voyr leakage
is 200pA for Vgyr forced to £25V.

Note 5: For driver delay measurements, Ry = 3k and Cy_ = 51pF. Trigger
points are set between the driver’s input logic threshold and the output
transition to the zero crossing (ty = 1.4V to 0V and ty = 1.4V to OV).
Note 6: For receiver delay measurements, C, = 51pF. Trigger points are
set between the receiver’s input logic threshold and the output transition
to standard TTL/CMOS logic threshold (ty = 1.3V t0 2.4V and t;y = 1.7V
to 0.8V).

LT HNER
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LT1130A/LT1140A Series

TYPICAL PERFORMANCE CHARACTERISTICS

Driver Qutput Voltage
10 - -
) R =3k OUTPUT HIGH
- z
S - :
hve Vee=5.5V 4
A
S 2 e
>
5 0 ]
o
5 Vgg =4.5V
2 Vee =5V
g -4 Ve =5.5V
= g ] \
= hY
-8 OUTPUT LOW
-10
-55 -25 0 25 50 75 100 125
TEMPERATURE (°C)
LT1130A+ TPCO1T
Supply Current in SHUTDOWN
100
3
= 10
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55 =25 0 25 50 75 100 125
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30
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Receiver Input Thresholds

=

UT HIGH
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-25 0 25 50 75 100 125
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Supply Current in
DRIVER DISABLE

SUPPLY CURRENT (mA)

0
-55 -25 0 25 50 75 100 125
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LTH37A+TPCO5

Supply Current
50

45
40
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35 3 DRIVER

30 P—

25 -1 DRIVER
/

20 =1

-
—
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0
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LT1130A/LT1140A Series

TYPICAL PERFORMANCE CHARACTERISTICS

Driver Short-Circuit Current
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OUTPUT HIGH
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OUTPUT LOW
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Receiver Short-Circuit Current
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Driver Output Waveforms

DRIVER QUTPUT
RL=3k

DRIVER OUTPUT
RL=3k §
€ = 2500pF

INPUT

10U=  SY

LTHI7ASTPCI3

PIN FUNCTIONS

Vee: 5V Input Supply Pin. Supply current drops to zero in
the SHUTDOWN mode. This pin should be decoupled with
a0.1uF 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: Control the operation mode of the device and is
TTL/CMOS 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. Alogic 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. 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 currentdrops to 4mAwhenin DRIVER
DISABLE mode.

V*: Positive Supply Output (RS232 Drivers). V* = 2V¢c -
1.5V. This pin requires an external charge storage capaci-
tor C = 1.0yF, tied to ground or V. 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.

LY YR
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LT1130A/LT1140A Series

PIN FUNCTIONS

V~: Negative Supply Output (RS232 Drivers).V~=—(2V¢c
— 2.5V). This pin requires an external charge storage
capacitor C > 0.1yF. V™ is short-circuit proof for
30 seconds.

C1*,CG1~, G2+, G2~: Commutating Capacitor Inputs. These
pins require two external capacitors C = 0.2uF: one from
C1* to C17, and another from C2* to C2~. To maintain
charge pump efficiency, the capacitor’s effective series
resistance should be less than 2Q. For C > 1yF, 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, G1 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 0.1uF
ceramic capacitor.

DRIVER IN: RS232 Driver Input Pins. These inputs are
TTL/CMOS compatible. Inputs should not be allowed to
float. Tie unused inputs to Vgg.

DRIVER OUT: Driver Outputs at RS232 Voltage Levels.
Driver output swing meets RS232 levels forloads 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, Vg = 0V, or when the driver disable
pinis 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 £10kV for human body model discharges.

RX IN: Receiver Inputs. These pins accept RS232 level
signals (+30V) into a protected 5k terminating resistor.
Thereceiverinputs are protected against ESD to £10kV for
human body model discharges. Each receiver provides
0.4V of hysteresis for noise immunity. Open receiver
inputs assume a logic low state.

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

€SD PROTECTION

The RS232 line inputs of the LT1130A/LT1140A series of
RS232 Driver/Receivers have on-chip protection from
ESD transients upto +10kV. 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 LT1130A/LT1140A
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 Vg,
V+,V~and GND shorted to ground or connected with low
ESR capacitors.

ESD Test Gircuit
vt Tos v
. e P
s
0.1pF 0.1pF 3 , 2% 02uF |+
e I
= T M A l—-__.o<1- 22 "DRIVER 1IN
DRIVER 1 0UT —3 _,——-——-Do—ﬁ RX1 OUT
RX1 IN —3] I———-—od—& DRIVER 2 IN
DRIVER 2 0UT ; ' %f— RX2 OUT
UNE IS | RX2 IN 21 gy ouT
PROTECTED i 20
ey RX3IN — __J-—-Do— Ty Fxeout
RX4 IN ——_r-oq-— DRIVER 3 IN
DRIVER 3 0UT —4 ___.._r>°_1_8- RX5 0UT
RX5 IN —4 1

ON/OFF i

1 ’ 1; G
3 - (— | DRIVER DISABLE
KD 5

- LT1130A+ ESD TC
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LT1130A/LT1140A Series

TYPICAL APPLICATIONS

Operation Using 5V and 12V Power Supplies

Vg 28 V-
ey — Ve | LTamA p- =
+| vyt cit 3 26 2x0.1uF |+
I 4 . 25 =
0.014F 0.01F ¢l 125
WP = 00WF — —s_r-————oq— ” DRIVER IN
= = ( DRIVEROUT —J—-Do-— RX OUT
RXIN —% r—oﬂ—% DRIVER IN
DRIVER OUT 122
S | 2 gig:ﬁ TOLOGIC
TO LINE < 50
RXIN i:l—[po—ﬁ RX OUT
RXIN ‘—°___I—-oq—ﬁ DRIVER IN
DRIVER OUT _”-_,—Do-i RX OUT
RXIN 2] 6o
ONGFF =5 3] 16 | bRiveR DisABLE
14 [is
LT1130A+ TAO3
Typical Mouse Driving Application
N v i 28 V-
gmmmm = mmmm e LTH37A 1
1 i 0uF 5V Vg 2] 71 0.4mF
I MoUSE [ — : =, 3 mzxow T
1 1 -
. | :|I<_ . 20 1yF 4 |25 ORIVERTIN Logio 0"
1 vt 1 N
: ! e - DRIVER 1 0UT_ 5| | [orj2 K1 0UT
: g—rGGlc Lo ! o6 Rxiin 6| | e | DRVERZIN_ | i
H ) [ ! i o 1DSR DRIVER20UT 7| | > |22 RxzouT
! % 1 [ x| ] R2iN 8| | 21 _RX3 0UT MOUSE DATA
T P o tes]] RX3IN_9 20 Axa ouT
: | OPTICS VT RX4 IN_10 19 DRIVER3IN LOGIC *1
: v Voo 1 CTS | oRiverR3OUT 11 I : 18 RX5 0UT
i N 1 OTR I RX5 N 12 I Dol o
1 1 T ~ 1 —
——- RI 13 16_DRIVER DISABLE
(S 4o 0 Ot | oo i3] 16 l
1 ® i 14 15 .

| ! 1 I
N
DB9

LT1130A« TAO4.
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LTT130A/LT1140A Series

TYPICAL APPLICATIONS

Sharing Power Supply Generator with a Second Transceiver

— LT1133A 2 v LT1141A e
5VV, - 23
1pF : C:E_:zs- 22 g:* =,..='_ 1uF svvee _§ 22 ne
EXN =l 21 ! M= | Do MXour
= | ~4—;0— DRIVER IN RX IN = ‘———04—5 DRIVER IN
DRIVER OUT _s_J_'Do_F RX OUT DRIVER OUT — | P> T Fxout
RX IN — '—-—44—— DRIVER IN RXIN —__J——-oQ—— DRIVER IN
DRIVER OUT — 18 ey our 10 | DRIVER OUT —1 8 exour [
T0 | 17 > 10uc  Rs232 < 8 | D 17
Rs2g | RXIN — o Fxout LINE RXIN — ___J_-oq = DRIVERIN
LINE RX IN -1-[]-_]—~—--| Do—? RX OUT DRIVER OUT 1_0____!_>°'? RX OUT
RXIN —_ro<1-4_ DRIVER IN RXIN ——__I—Do—— RXOUT )
DRIVER OUT i—r-bo-i RXOUT | [ R 14_GND
RXIN =3 13 6o N =4 8 bRiveR
. —_l_ DISABLE

==
I

TO
LOGIC
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LT1137A

FERATURES

o ESD Protection over +10kV

o Uses Small Capacitors: 0.1uF, 0.2uF

o 1pA Supply Current in SHUTDOWN

o Pin Compatible with LT1137

o Operates to 120k Baud

a CMOS Comparable Low Power: 60mW

o Qperates from a Single 5V Supply

o Easy PC Layout: Flowthrough Architecture

o Rugged Bipolar Design

o Qutputs 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 Qutput Overvoltage Does Not Force Current Back
into Supplies

o Absolutely No Latch-up

o Available in SO and SSOP Packages

RPPLICATIONS

o Notebook Computers
o Palmtop Gomputers

Advanced Low Power
5V RS232 Transceiver with
Small Capacitors

PESCRIPTION

The LT1137Ais athree-driver, five-receiver RS232 trans-
ceiver, pin compatible with the LT1137, offering perfor-
mance improvements and two SHUTDOWN modes. The
LT1137A’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 LT1137A 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 £10kV 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.

TYPICAL APPLICATION

vt 1 28 V-

e/ LTH137A
—_— 5V - 2
=, 3 26

2x0.1uF
¥ 4 25 DRIVER IN

( DRIVEROUT —’S_IJ—--——bo—--l 2L px our
RXIN —3—1—-——04—3?— DRIVER IN

1.0uF

7

T0
LINE o =21 120 ey out

RXIN 1—0%3 DRIVER IN
DRIVER OUT —"-____rpo-i RX OUT

XN _% 17_GND

. 16 DRIVER
ON/OFF = 5V ] = DR,

LT1137+TAO

2x0.1pF |+

DRIVER OUT — ,""—D”“%f' RX OUT 1 70 L06IC
RXIN e e B2 L2 Y OUT J

Output Waveforms
RECEIVER

OUTPUT
G, = 50pF

DRIVER ff

Ri=3k |
€, = 2500pF

INPUT

LTH37A TA2

LY WIS
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LT1137A

ABSOLUTE MAXIMUM RATINGS

(Note 1)
i TOPVIEW ORDER PART
St:pply Voltage (Veg) «.ooveeeeeeeeeeeeeeeeieereeesresssee e 1 3 % " \> ) v- NUMBER
T . 5vvcc E E CZ_

Vet -13.2V ot [3] 78] oo LT1137ACN
Input Voltage o1 [4] _I-——OQ—@ DRVERIN | |'T4137ACS

0] (11T PO V-toV* | oRiverout Ls__F‘——Do—E_EI RX ouT LT1137ACG

1] G - RXIN [6 ] 23] DRIVER IN

Oultq eucte\l;/(;;age 30V10 30V DRIVER OUT Eﬂ_ |—->°—E RX 0UT

Driver 30V to 30V A [ 1] rxour

Receiver -0.3V to Vgg + 0.3V o %j:%t% il
Short Circuit Duration DRIVER OUT IE__I—Do—EI RX OUT

Ve sttt 30 sec RXIN % 17] auo

T ettt s 30 sec ON/OFF |13 16] pisABLE

DriVEr OUEPUL ...vvooeeevcee e Indefinite NG i 5] o

Receiver OUtpUt .......................................... Indefinite N PACKAGE S PACKAGE
Operating Temperature Range 28-LEAD PLASTIC DIP 28-LEAD SOL

LTTH37AC oot 0°C to 70°C v
Storage Temperature Range................. -65°C to 150°C TJMAx=f50°C, lefzzoc,w o
Lead Temperature (Soldering, 10 SEC) ....vvevreerenne 300°C Toax = 150°, 0, =B5°G/ W (8)

Timax = 150°C, 6y =96°C/ W (G)

PACKAGE/ORDER INFORMATION

€LECTRICAL CHARACTERISTICS (note 2)

PARAMETER { CONDITIONS rMIN TYP MAX UNITS
Power Supply Generator
V+ Qutput 8.6 v
V~ Output -7.8 v
Supply Current (Vgc) (Note 3) ) 12 17 mA
Supply Current When OFF (V) SHUTDOWN (Note 4) o} 1 10 pA
DRIVER DISABLE 4 mA
Supply Rise Time C1,02,C, C™=1pF, 2.0 ms
SHUTDOWN to Turn-On C*,C~=0.1yF, C1, G2 = 0.2uF 0.2 ms
ON/OFF Pin Thresholds Input Low Leve! (Device SHUTDOWN) o 14 0.8 v
Input High Level (Device Enabled) [¢) 24 14 v
ON/OFF Pin Current 0V < Von/ore <5V 0 -15 80 pA
Driver Disable Pin Thresholds Input Low Level (Drivers Enabled) o) 14 0.8 v
Input High Level (Drivers Disabled) ) 24 1.4 Y
Driver Disable Pin Current 0V < VpRiveR DisasLE < 5V 0 -10 500 pA
Oscillator Frequency 130 kHz

1-14
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LT1137A

€LECTRICAL CHARACTERISTICS (note 2)

PARAMETER | CONDITIONS MIN TYP MAX UNITS
Any Driver
Output Voltage Swing Load = 3k to GND Positive [) 5.0 7.5 Y
’ Negative [e) -6.3 -5.0 \
Logic Input Voltage Level Input Low Level (Voyr = High) o 14 08 v
Input High Level (Voyr = Low) [] 2.0 14 \
Logic Input Current 0.8V<V)y<2v [+] 5 20 pA
Output Short-Gircuit Current Vour =0V +17 mA
Output Leakage Current SHUTDOWN Vgt = +25V (Note 4) o 10 100 pA
Slew Rate Ry =3k, G =51pF 15 30 V/ps
Ry = 3k, C = 2500pF 4 15 V/us
Propagation Delay Output Transition ty_High to Low (Note 5) 0.6 13 us
Output Transition t 4 Low to High 0.5 1.3 us
Any Receiver
Input Voltage Thresholds Input Low Threshold (Voyr = High) o 0.8 1.3 v
Input High Threshold (Vgyr = Low) o 1.7 24 v
Hysteresis o) 0.1 04 1.0 v
Input Resistance 3 5 7 kQ
Output Voltage Output Low, lgyr =—1.6mA [e] 0.2 0.4 Y
Output High, loyr = 160pA (Vgg = 5V) o 3.5 4.2 v
Output Leakage Current SHUTDOWN (Note 4) 0 <Vgyr < Vg o 1 10 pA
Output Short-Circuit Current Sinking Current, Voyr = Voo -20 -10 mA
Sourcing Current, Voyr = OV 10 20 mA
Propagation Delay Output Transition ty_High to Low (Note 6) 250 600 ns
Output Transition t_ Low to High 350 600 ns

The odenotes specifications which apply over the operating temperature
range (0°C < Tp < 70°C for commercial grade, and —40°C < Ty < 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 Vg = 5V and Vigy/orF = 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/orr = 0.1V. Supply current measurements using
DRIVER DISABLE are performed with Vpriver pisaBLE = 3V.

Note 5: For driver delay measurements, R, = 3k and G = 51pF. Trigger
points are set between the driver’s input logic threshold and the output
transition to the zero crossing (ty, = 1.4V to 0V and t 4 = 1.4V to OV).
Note 6: For receiver delay measurements, C_ = 51pF. Trigger points are
set between the receiver's input logic threshold and the output transition
to standard TTL/CMQS logic threshold (ty = 1.3V to 2.4V and ty y = 1.7V
to 0.8V).

L7 IER
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LT1137A

TYPICAL PERFORMANCE CHARACTERISTICS
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LT1137A

TYPICAL PERFORMANCE CHARACTERISTICS

Driver Short-Gircuit Current
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Driver Output Waveforms

DRIVER OUTPUT
R =3k

DRIVER QUTPUT
R =3k
Cy =2500pF

INPUT

LTH37ASTPCI3

PIN FUNCTIONS

Vge: 5V Input Supply Pin. Supply current drops to zero in
the SHUTDOWN mode. This pin should be decoupled with
a0.1uF 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: TTL/CMOS Compatible Operating Mode Control.
Alogic 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. Alogic 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. 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 4mAwhenin DRIVER
DISABLE mode.

V+: Positive Supply Output (RS232 Drivers). V't =2V -
1.5V. This pin requires an external charge storage capaci-
tor C = 0.1pF, tied to ground or V. 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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LT1137A

PIN FUNCTIONS

V~: Negative Supply Output (RS232 Drivers). V™= —(2Vg
- 2.5V). This pin requires an external charge storage
capacitor C > 0.1yF. V- is short-circuit proof for 30
seconds.

C1*,G1-,C2+,C2~: Commutating Capacitor Inputs. These
pins require two external capacitors C = 0.2uF: one from
C1* to C17, and another from C2* to C2~. To maintain
charge pump efficiency, the capacitor’s effective series
resistance should be less than 2Q. For C > 1pF, 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 G1* pin. In this mode of opera-
tion, the V* pin should be decoupled with a 0.1uF ceramic
capacitor.

DRIVER IN: RS232 Driver Input Pins.- These inputs are
TTL/CMOS compatible. Inputs should not be allowed to
float. Tie unused inputs to Vgg.

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, V¢ = 0V, or when the driver disable
pinis active. Qutputs 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 £10kV for human body model discharges.

RX IN: Receiver Inputs. These pins accept RS232 level
signals (£30V) into a protected 5k terminating resistor.
The receiverinputs are protected against ESD to +10kV for
human body model discharges. Each receiver provides
0.4V of hysteresis for noise immunity. Open receiver
inputs assume a logic low state.

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

€SD PROTECTION

The RS232 line inputs of the LT1137A 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 order for the 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 capacitorsand
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 Vgg, V*, V™ and GND shorted to ground or
connected with low ESR capacitors.

ESD Test Circuit
vt T e V-
[ — -
W 2] LTMIA 21— o
e
0.1uF 0.1pF 4 3 -7 126 02uF |+
T T, FJ:"—4 . -,;51_—|T =
= = 'l:_,—_l-—-—oq—— DRIVER 1 IN
(" DRIVER 1 OUT —s—l———bc—-ﬂ RX1 OUT
AX1 IN =3 I-——oq—i DRIVER 2 IN
DRIVER 2 0UT — | +22_ Rx2 ouT
NS RY2IN Z > % RY3 OUT
PROTECTED o | =
oTECTED RX3 IN 10_|_>°_ 5 Fxeout
RX4 IN —_J--oq—-- DRIVER 3 IN
DRIVER 3 OUT -Jl_J—Do—l RX5 0UT
RXS IN -2 4 6o
13 e T
ON/OFF — | | DRIVER DISABLE
24 s

- LT1137A+ESD TC
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LT1137A

TYPICAL APPLICATIONS

Operation Using 5V and 12V Power Supplies
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PRELIMINARY
LTC1145/LTC1146

IR

TECHNOLOGY

FEATURES

= Greater Than 2500V Isolation
» Higher Voltage Options Available
= Low Input Current
LTC1145: 600pA
LTC1146: 60pA
= Maximum Input Frequency
LTC1145: 200kbps
LTC1146: 20kbps
= TTL Level Qutput
m Noise Filter Prevents Glitches at the Output
= Qutput Can Be Synchronized to an External Clock

APPLICATIONS

m | ow Power Opto-Isolator Replacement
m |solated Serial Data Interfaces
m |solated Power MOSFET Drivers

Low Power Digital Isolator
February 1993

DESCRIPTION

The LTC1145/LTC1146 provide 2500V of input to output
isolation for TTL digital/CMOS signals. But unlike opto-
isolators, the input currentisa mere 60pA forthe LTC1146
which can handle frequencies up to 20kbps. The faster
LTC1145 will handle frequencies up to 200kbps while only
drawing 600pA.

The output signal is in phase with the input, and swings
between GND2 and Vg providing a TTL/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.

TYPICAL APPLICATION

Digital Isolation Interface
Data Rate Up to 200kbps

11 = 100kHz

T —Hou anot |2

ISOLATION
BARRIER

LTC1145

5V
P

OSCIN  0S OUT =
GND2 Dout

12 = 5MHz

JuL

wl(n I\l

..;_I

1145 TAO1

LTC1145 Typical Waveforms

O
0s out

Dour

{1 AND {2 SYNCHRONIZED FOR PHOTO

11456 1402
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LTC1145/LTC1146

ABSOLUTE MAXIMUM RATINGS

SUpply VOIAQE .....ocveveeercrcrcriece e 12V Operating Temperature Range................ -40°C to 85°C
Input Voltage Storage Temperature Range.................. —65°C to 150°C
DIN ceeevrrerrnneeenenesnseseseessesesnens 12Vto (GND1-0.3V)  Lead Temperature (Soldering, 10 S€C)................. 300°C
OSCIN .o (Vs +0.3V) to (GND2 -0.3V)
Output Voltage
0S OUT, Doyt «eoveevereene (Vs +0.3V) to (GND2 -0.3V)
PACKAGE/ORDER INFORMATION
TOP VIEW ORDER PART TOP VIEW ORDER PART
Diy E - E GND1 NUMBER Diy E ~ E GND1 NUMBER
ISOLATION LTC1145CN ISOLATION LTC1146CN
S S LTC1145IN --|-BERRER 1 LTC1146IN
ne [7] [12] Vo ne [7] [12] vee
osc IN [&] [11] os out extcap [8] [i1] 05 oUT
6np2 [9] 10] Dour GND2 [9] [10] Dour
N PACKAGE N PACKAGE
18-LEAD PLASTIC DIP 18-LEAD PLASTIC DIP

€ELECTRICAL CHARACTERISTICS v, - 4.5v105.5V, Ty = 25°C, unless otherwise noted.

SYMBOL | PARAMETER | connmions | N TYP  MAX | UNITS
LTC1145
VoL Output Low Voltage 0S OUT, Doyt at 4mA 0.4 v
Vou Output High Voltage 0S OUT, Dgyr at 4mA 35 v
ViL Input Low Voltage 0SCIN 0.8 v
Viy Input High Voltage 0SCIN 24 v
In Input Current 0SCIN 10 pA
Dy at3V 400 pA
Dy atsv 600 pA
Diyat 10V 900 pA
lee Supply Current Ve =5V, OSCIN at OV 2 mA
tpLt Dy to OS OUT Low to High Cp=15pF 100 ns
tPHLY Dyy to OS OUT High to Low C,=15pF 600 ns
tpLw2 Dyy to Doyt Low to High Cp = 15pF 600 ns
tpHL2 Dyy to Doyt High to Low G = 15pF 1.2 us
SR Input Signal Slew Rate Dy 1 500 Vius
Tem Common-Mode Slew Din = GND1 Connected to Ve 1000 Vs
Ving Input High Voltage Diy 3 v
VinL Input Low Voltage Diy 1 v
LY IR 1-21



LTCT145/LTC1146

ELECTRICAL CHARACTERISTICS v, =4.5v105.5v, Ty = 25°C, unless otherwise noted.

SYMBOL | PARAMETER | conpiioNs | N TvP mAX | uns
LTC1146 )
VoL Output Low Voltage 0S OUT, Dy at 4mA 0.4 \
Vo Output High Voltage 0S OUT, Dy at 4mA 35 \
ViL Input Low Voltage Diy 0.8 v
ViH Input High Voltage Din 3 \)
Iin Input Current Dyat3Vv 40 pA
Dyyat 5V 60 pA
Dyatiov 100 A
Iec Supply Current Veo=5V 2 mA
thLHd Dy to OS OUT Low to High CL=15pF 100 ns
tPHL1 Dyy to 0S OUT High to Low C=15pV 6 us
tro Dyy to Doyt Low to High Cy = 15pF, Cgxy = 50pF 4 us
tryLo Dyy to Doy High to Low Cy = 15pF, Cgxt = 50pF 10 ps
SR Input Signal Slew Rate Din 1 500 Vius
Tem Common-Mode Slew Dy = GND1 Connected to Ve 1000 Vips
PIN FUNCTIONS

Pin 1 (Dyy): Data Input.
Pin 7 (NC): Not Connected.

Pin 8 (LTC1145) (0SC IN): External Frequency Input. The
signal on this pin overrides the internal oscillator fre-
quency.

Pin 8 (LTC1146) (Cgxt): 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.

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

Pin11(0S OUT): One-Shot Qutput. The output signal that
does not go through the internal filter. The output level is
TTL compatible.

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

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

SWITCHING TIME WAVEFORMS

v

tr=1t=20ns

1.5V
- tpHL1
1.5V

Din 1.5V
[
tpLH1
0s out
ov 15V
tpLH2
Dout
ov 15V

1-— tPHL2
1.5V

USEWFOI
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LTC1145/LTC1146

FUNCTIONAL DIAGRAMS
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i _ o | LT1180A/ LTH
TECHNOLOGY Low Power 5V R$232
Dual Driver/Receiver with
0.1uF Capacitors
FERATURGES PESCRIRTION

o ESD Protection over £10kV

o Uses Small Capacitors: 0.1uF

o QOperates to 120k Baud

o Qutputs Withstand 30V Without Damage

o GMOS Comparable Low Power: 40mW

o QOperates from a Single 5V Supply

o Rugged Bipolar Design

o Qutputs 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

RPPUICATIONS

o Portable Computers
o Battery-Powered Systems
& Power Supply Generator

The LT1180A/LT1181A 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 0.1uF 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 onthe chip allow the LT1180A/LT1181Ato
survive multiple 10KV strikes, eliminating the need for
costly TransZorbs® on the RS232 line pins. The LT1180A/
LT1181A 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 LT1181A is available in 16-pin DIP and SO packages.

o Terminals The LT1180A is supplied in 18-pin DIP and SO packages
o Modems for applications which require SHUTDOWN.
TransZorb 15 a reg| of General GSI
TYPICAL RRPRPLICRTION
2 17 5V INPUT Output Waveforms
0.1pF
T4 TS v+ out
+
LT1180A -° TuF DRIVER
; 3 s
. 1uFﬂ__s- _—m"v out G = 2500pF
12 15I

RS232 OUTPUT

8
14

LoGIG l
INPUTS
il RS232 OUTPUT
RS232 INPUT

.qm.t

RS232 INPUT

A zivv

(5]
=

g

s

&
i}

9
16
L

LT1180A* TAOY

RECEIVER
QUTPUT
CL = 50pF

INPUT

LT1180A+ TAO2
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LTTI80A/LTTI8IA

ABSOLUTE MAXIMUM RATINGS

SUPPIY VOIAGE (VGE) crverrererrerereerrrrnssesressssansssssessenns 6V  Short-Gircuit Duration
b ettt e s 13.2V Vet 30 sec
bt ns -13.2V ettt st 30 sec
Input Voltage Driver QUEPUL ... Indefinite
DIIVET ottt sresenanees V- toV?t Receiver QUEpUL .....cooveeeeeececee e Indefinite
RECEIVET ....oooevrceeerreerinessscseaesenaes -30Vto 30V  Operating Temperature Range
ONJOFF ..o -0.3Vto 12V LT1180AI/LTI181A ..., —40°C to 85°C
Output Voltage LT1180AC/LT1181AC ... 0°C to 70°C
DIAVET .o, V+-30VtoV~+30V  Storage Temperature Range................. -65°C to 150°C
RECBIVE ..., -0.3Vto Voo + 0.3V Lead Temperature (Soldering, 10 SC) ................. 300°C
cc
PACKAGE/ORDER INFORMATION
TOP VIEW ORDER PART ORDER PART
< __ NUMBER TOP VIEW NUMBER
ne [1] 18] ON/OFF P
c1* @ E Vee C1+ E E Vee
v 3] ] oo LT1180AIN ClL e LT1181AIN
o [ S wor | LT{180ACN s N LT4181ACN
g:i % % :Eg: I:UT LT1180ACS o [5] 2] fect ouT LT1181ACS
v- [7] [i2] TR1IN v [E] 1] TR N
TR2 0UT [8] 11] TR2IN TRz ouT [7] 10] TR ¥
rec2 I [ bS] Reco ot REC2IN [8] [9] Rec2 ouT
N PACKAGE S PACKAGE
N PACKAGE S PACKAGE 16-LEAD PLASTIC DIP  16-LEAD PLASTIC SOL
18-LEAD PLASTIC DIP 18-LEAD PLASTIC SOL
Tymax = 125°C, 644 = 90°C/ W, 8¢ = 46°C/W (N)
Tumax = 125°C, 634 = 80°C/W, 6,¢ = 36°C/W (N) Timax = 125°C, 8,5 = 95°C/ W, 8, = 27°C/W (S)
Tymax = 125°C, 84 = 90°C/ W, 6,¢ = 26°C/W (S)

€LECTRICAL CHARACTERISTICS (note 2)

PARAMETER I CONDITIONS MIN TYP MAX UNITS
Power Supply Generator
V+ Qutput 79 v
V- Output -7.0 v
Supply Current (Vgg) (Note 3), Ta = 25°C 9 13 mA
[s) 16 mA
Supply Current When OFF (Vcc) SHUTDOWN (Note 4) LT1180A Only [s) 1 10 pA
Supply Rise Time C1=02=C03=C4=0.1pF 0.2 ms
SHUTDOWN to Turn-On LT1180A Only 0.2 ms
ON/OFF Pin Thresholds Input Low Level (Device SHUTDOWN) o 0.8 1.2 v
Input High Level (Device Enabled) ) 1.6 2.4 V
ON/OFF Pin Current 0V < Von/ofE < 5V o | -15 80 A
Oscillator Frequency 130 kHz
Driver
Output Voltage Swing Load = 3k to GND Positive l>) 5.0 75 v
Negative [) -6.3 -5.0 V
A7 HNER 1-25



LT1180A/LTTI8IA

€LECTRICAL CHARACTERISTICS (note 2)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Logic Input Voltage Level Input Low Level (Vour = High) [+ 1.4 0.8 v
Input High Level (Voyr = Low) [) 2.0 1.4 v
Logic Input Current 0.8V <V 2.0V © 5 20 pA
Output Short-Circuit Current Vour = 0V 17 mA
Output Leakage Current SHUTDOWN Vgt = 30V (Note 4) [+] 10 100 pA
Slew Rate Ry =3k, G =51pF 15 30 V/us
R, = 3k, C = 2500pF 4 7 Vips
Propagation Delay Output Transition ty_ High-to-Low (Note 5) 0.6 1.3 ps
Output Transition t|, Low-to-High 0.5 1.3 us
Receiver
Input Voltage Thresholds Input Low Threshold (Voyr = High) 0.8 1.3 v
Input High Threshold (Vgyt = Low) 1.7 24 \
Hysteresis [] 0.1 0.4 1.0 \
Input Resistance 3 5 7 kQ
Output Leakage Current SHUTDOWN (Note 4) 0 <Voyr < Ve 0 1 10 pA
Output Voltage Output Low, lgyt ==1.6mA (o} 0.2 0.4 v
Output High, loyt = 160pA (Vgo = 5V) [s) 3.5 4.2 v
Output Short-Gircuit Current Sinking Current, Voyr = Vg¢ -20 -10 mA
Sourcing Current, Voyt = 0V 10 20 mA
Propagation Delay Output Transition ty_High-to-Low (Note 6) 250 600 ns
Output Transition t y Low-to-High 350 600 - ns

The odenotes specifications which apply over the operating temperature
range (0°C < Tp <70°C for commercial grade, and —40°C < Tp < 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 Vg = 5V and Vy/oFF = 3V, unless otherwise

specified.

Note 3: Supply current is measured as the average over several charge
pump cycles. C* =G~ =C1 = C2 = 0.1uF. All outputs are open, with all

driver inputs tied high.

Note 4: Supply current measurements in SHUTDOWN are performed with
Voniorr £0.1V.

Note 5: For driver delay measurements, R = 3k and G = 51pF. Trigger

points are set between the driver’s input logic threshold and the output

transition to the zero crossing (ty = 1.4V to OV and ty = 1.4V to OV).

Note 6: For receiver delay measurements, G, = 51pF. Trigger points are

set between the receiver’s input logic threshold and the output transition

to standard TTL/CMOS logic threshold (ty = 1.3V to 2.4V and ty = 1.7V
to 0.8V).

TYPICAL PERFORMANCE CHARACTERISTICS

Driver Maximum Output Voltage

vs Load Capacitance

vs Load Capacitance

Driver Minimum Qutput Voltage

8.0 -40
/ /
15 -45 7 v
= = 120k BAUD |~
w w
5 5 /1A
= 7.0 = 5.0 74 /
5 VT~ 20k BAUD 5 / Ao
g 68 N I i 555 ' 20k|BAUJ —
5 [~~~ 60k BAUD £ L] L]
> > =1
3 60 N ~ | S-60 —
E <<
& N\ 120kBAUD | [ &
55 < -65
N
50 -70
01 2 3 456 78 910 012 3 456 78 910
LOAD CAPAGITANCE (nF) LOAD CAPACITANCE (nF)

LT1180A « TPCO1

LT1180A« TPC02

DRIVER OUTPUT VOLTAGE (V)

Driver Output Voltage
10 T ]
8 RL = 3k —
6 Veg =55V
4 Veo=5V
Veo =45V
2 UUTFUT HllGH
0 OUTPUT LOW
-2 Voo =4.5V
—4 Vee=5v
Veo=5.5V
-6
-8 =
~-10
-55 -25 0 25 50 75 100 125
TEMPERATURE (°C)
LT1180A + TPCO3
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LTT1180A/LTT181A

TYPICAL PERFORMANCE CHARACTERISTICS

Receiver Input Thresholds Supply Current vs Data Rate ON/OFF Thresholds
300 50 T 7 30
2 DRIVERS ACTIVE
2.75 RL= 3k
250 40 |-CL =2500pF 25
s = =
5225 E 1 8 g
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=175 g 7 3 15y
g PUT LOW > ] g
£1.50 INPU — E 20 = % ; — \
£1.25 & w10
T 7] T \\
N 0 z e OFF THRESHOLD y
0.75 |
0.50 0 0
-55 -25 0 25 50 75 100 125 0 25 5 75 100 125 150 55 =25 0 25 50 75 100 125
TEMPERATURE (°C) DATA RATE (kBAUD) TEMPERATURE (°C)
LT1180A = TPCO4 LT1180A+ TPCOS LT1180A « TPCOS
Supply Current Driver Leakage in Shutdown Driver Short-Circuit Current
25 . 100 30
20 2 DRIVERS LOADED R = 3k =5
z - 3 S < &
£ =10 Z 204 ™
5 z 7 E TV ~N
I o 7 >
< S /- s 15
3 1 DRIVER LOADED Ry = 3k 3 / 5
> 10 } w Vour = 30V—, 2 -
2 | g . s A g, N
o T out = ~30VZ=Z 210 AN
@ NO LOAD g £~ b
5 - v 2 \
I/ “ ° N
0 o1 // 0
55 -25 0 25 50 75 100 125 55 -25 0 25 50 75 100 125 55 25 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
LT1180A « TPCO7 LT1180A « TPC08 LT1180A « TPCO9
Receiver Short-Circuit Current Slew Rate vs Load Capacitance
50 16
14
T 0~
é ~
% \%SC_ = 12 \\
E 2 S 10
3 RX ISC* g, \
= e~ <
2 o] N = N5t
o \ 5 8 \ ™~~~
s —SLEW NS [~ ~—_|
£ 10 4
&
2
0 0
55 -25 0 25 50 75 100 125 0 0510 1520 2530 35 4.0 4550
TEMPERATURE (°C) LOAD CAPACITANCE (nF)
LT1180A TPC10 LT1180A«TPC11

O/ HIEAR 1-27



LTTIB0A/LTT181A

TYPICAL PERFORMANCE CHARACTERISTICS

Shutdown to Driver Outputs
10V s e

DRIVER 1
ourpur Y

GND
GND

DRIVER2 _
OuTPUT v

-10v

ONJ/OFF PIN

LTH80ATPCT2

Driver Output Waveforms

A3 22 U

DRIVER OUTPUT
R =3k
Cy = 2500pF

DRIVER OUTPUT
R =3k

INPUT

LTHB0A=TPCI3

PIN FUNCTIONS

Vge: 5V Input Supply Pin. This pin should be decoupled
with a 0.1uF 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 TTL/CMOQS Compatible Operating Mode Con-
trol. A logic low puts the LT1180A 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* = 2Vgg -
1.5V. This pin requires an external charge storage capaci-
tor G > 0.1yF, tied to ground or V. 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™= —(2V¢g
- 2.5V). This pin requires an external charge storage
capacitor C >0.1uF. 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, TR2 IN: RS232 Driver Input Pins. These inputs are
TTL/CMOS compatible. Inputs should not be allowed to
float. Tie unused inputs to Vgg.

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.

Output current capability is sufficient for load conditions
up to 2500pF. Qutputs are ina high impedance state when
in SHUTDOWN mode, Vg = 0V, or when the driver disable
pinis 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 +10kV 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+10kV for human body model discharges. Each receiver
provides 0.4V of hysteresis for noise immunity. Open
receiver inputs assume a logic low state.

REC1 0UT, REG2 OUT: Receiver outputs with TTL/CMOS
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 Vg
with the power ON, OFF or in the SHUTDOWN mode.

C1*, C17, G2+, G2~: Commutating Capacitor Inputs.
These pins require two external capacitors C > 0.1uF: one
from C1* to G1~ and another from C2* to C2~. G1 should
be deleted if a separate 12V supply is available and
connected to pin G1*. Similarly, C2 should be deleted if a
separate —12V supply is connected to pin V=
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LT1180A/LT1181A

€SD PROTECTION

The RS232 line inputs of the LT1180A/LT1181A have on-
chip protection from ESD transients up to £10kV. 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 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 Vg, Vi, V*, V, and GND shorted to ground or
connected with low ESR capacitors.

ESD Test Circuit
NC— 8 onvore
crt2]  imiisoa |17 svvge
+ +
o o.lﬁr v*3 16 GND 0.1pF
= o4 15 pryout) ©
c2t RS232
+ 5 1 extiv | LINEPINS
LT e
c2 6 8 pxrour
0.1uFI +V7 12
[DRZOUT 8 04 1 pR2 in
LINE PINS 9 10
pREEINS | Rxa i Dc RX2 0UT
T0 +10KV

LT1180A +ESD TC

Operation Using 5V and 12V Power Supplies Supporting an LT1039 (Triple Driver/Receiver)
SHUTDOWN
5V
2 17
12V INPUT — — sv InpuT _ — J
BlongF Voo |- l Blvee  onrE
il 13 LT1180A LT1039
1
LT180A TILINPUT ﬁ—l >o———+8 Rs2a2outPUr  TILINPUT 1-5‘-—| So 4. 8232 OUTPUT
5 7 - 12 15 13 6
T > 12Vour TIL INPUT = [—RS232 OUTPUT  TTL INPUT — RS232 OUTPUT
01pF 01pF
T T 11 8
12 5= TIL INPUT — RS232 OUTPUT
Dc RS232 OUTPUT “ 1 1 )
| '\‘LgUGTlg TTL OUTPUT ~ —RS232 INPUT  TTL OUTPUT —| — RS232 INPUT
n Dc 8 Rsazz outeur Sk 30k
1 14 = =
3 Oq . RS232 INPUT T output X LS Rsaa2meur T oureuT 2 1 Rs2a2 inpuT
LOGIC §5k 5k 30k
OUTPUTS 3 5 =
1 gt RS232 INPUT U PR e outeut 4 s—1Rs2s2 inpuT
5k W= 4 30k
18 g-‘ 16 1 3 1
ON/OFF — = '—-L +p— c2* vt v+ =
= msaens 1“F—Lﬁ o v- 7 91y-
GND —Em: _LmF GND
[16 J J_]+ I 10 LT1180A + TAD4

SOy R

1-29



)
TECHNOLOGY

5V RS232 Transcelver with

Advanced Power Management and
One Receiver Active in SHUTDOWN

FERTURES

o One Receiver Remains Active While in SHUTDOWN

o ESD Protection over +10kV

o Uses Small Capacitors: 0.1pF, 0.2uF, 1.0uF

o 60pA Supply Current in SHUTDOWN

o Pin-Compatible with LT1137A

o QOperates to 120k Baud

o CMOS Comparable Low Power 30mW

o QOperates from a Single 5V Supply

o Easy PC Layout — Flowthrough Architecture

o Rugged Bipolar Design

o Qutputs Assume a High Impedance State When Off
or Powered Down

o Absolutely No Latchup

o Available in SO and SSOP Packages

RPRLICRTIONS

o Notebook Computers
o Palmtop Computers

PESCRIRPTION

The LT1237 is an advanced low power #hree 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 £10KkV strikes, eliminating the need for
costly TransZorbs® on the RS232 line pins.

The LT1237 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

TERICRAL RRPLICATION
Output Waveforms
v 28 V"
o T2
e g g =5 0w
= 4 3 26 7 X0 I RECEIVER o
2 0.14F
s 4 125 DRIVER 1 IN outPuT
. 2 €, = 50pF
DRIVER 1.0UT —;_I———--Do- Sy Paout
RX1IN I———o<]- 22 DRIVER 2 IN DRIVER
22 TPUT
DRIVER 2 OUT I RX2 oUT T0 LOGIC Opl{ =3k
RX2IN =2 2 § /
1 21 ava out C, = 2500pF |
LINE RXGIN _g.jr—Do-ﬂ- RX4 0UT '
RX4IN 2 I—-oQ—ﬁ DRIVER 3 IN
DRIVER 3 OUT - l-—[) 18_BX5 UT(LOW-Q) 7 | oy peTECT IN INPUT
12 17_GND
RX5 IN (LOW-Q) CONTROLLER OR
ON/OFF_13 16 DRIVER ¥ APROCESSOR :
” 1 il SHUTDOWN 1237 TAOZ
[ conTRoL our

LT1237 TAO1
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LT1237

ABSOLUTE MAXIMUM RATINGS

(Note 1)
SUPPIY VOIAGE (V) wevvereereererreereemneereenerennaneeersnnneeanes 6V
et nee 13.2V
s nas -13.2V
Input Voltage
DIVEE ettt V-toV+
RECEIVEN ..., -30V to 30V
Output Voltage
DIVEE e, -30V to 30V
RECRIVET ... -0.3Vto Vo + 0.3V
Short Circuit Duration
Ve e 30 sec
s 30 sec
Driver QUEPUL ... Indefinite
Receiver QUEPUL ....cecveeeeeeecerere e Indefinite
Operating Temperature Range
LT12371 ot —-40°C to 85°C
LT1237C .ot 0°C to 70°C
Storage Temperature Range................. -65°C to 150°C
Lead Temperature (Soldering, 10 sec).................. 300°C

PACKAGE/ORDER INFORMATION

TOP VIEW ORDER PART
vl 2 lav NUMBER
5V Ve IZ E c2~
c1* [3] 26] co*
e, | o
DR10UT [5 | [24] RX1 0UT
RX1 IN [§] 23] DR2 IN LT1237CJ
DR20UT [7 ] I——>o—§| RX2 OUT LT1237CN
RX2 IN % >o—1] Rx3 0UT LT1237CS
RX3IN [9 :J_I—qpo—@ RX4 OUT LT1237CG
RX4 IN |’1_;‘0—_|—04—ﬁ| DR3IN
DR3 0UT [fi _l—-[>o-18 e
(L%";?_gg 17] GND
oucr 3 e S
NC [i2 [15] NC
J PACKAGE N PACKAGE
28-LEAD CERAMIC DIP  28-LEAD PLASTIC DIP
S PACKAGE G PACKAGE
28-LEAD SOL 28-LEAD SSOP

Tumax = 150°C, 6y4=62°C/W (J)
Tymax = 150°C, 6,4 = 56°C/ W (N)
Timax = 150°C, 6y4=85°C/W (S)
Tymax = 150°C, 6,4= 96°C/W (G)

E€LECTRICAL CHARACTERISTICS (nots 2)

PARAMETER ] CONDITIONS MIN TYP MAX UNITS
Power Supply Generator

V* Qutput 7.9 v

V~ Qutput -7 \

Supply Current (Vgc) Ta =25°C (Note 3) 6 12 mA

[) 6 14 mA

Supply Current when OFF (Vcc) SHUTDOWN (Note 4) L) 0.06 0.15 mA

DRIVER DISABLE 3.00 mA

Supply Rise Time C1=C02=0.2yF, 2 ms
SHUTDOWN to Turn-On C*=1.0pF, C~=0.1yF

ON/QFF Pin Thresholds Input Low Level (Device SHUTDOWN) ) 0.8 12 \

Input High Level (Device Enabled) © 1.6 2.4 Vv

ON/QFF Pin Current 0V < Vonjors <5V ) -15 80 pA

Driver Disable Pin Thresholds Input Low Level (Drivers Enabled) " 0.8 14 v

Input High Level (Drivers Disabled) o 14 24 v

Driver Disable Pin Current 0V < VpRiver pisaBLE <5V ) -10 500 pA

Oscillator Frequency Driver Outputs Loaded Ry = 3k 130 kHz

&WTEICHNOLOGY 1 "3 1



LT1237

ELECTRICAL CHARACTERISTICS (note2)

PARAMETER | conniTions | miNn_ TYP max [ uNITS
Any Driver
Output Voltage Swing Load = 3k to GND Positive [») 5.0 7.5 '
Negative [~ -6.3 -5.0 v
Logic Input Voltage Level Input Low Level (Voyr = High) o 14 0.8 v
Input High Level (Voyr = Low) [«) 2.0 14 v
Logic Input Current 0.8V<Vy<2v [e) 5 20 pA
Output Short-Circuit Current Vour = 0V 17 mA
Output Leakage Current SHUTDOWN Vgt = £30V (Note 4) o 10 100 pA
Slew Rate Ry = 3k, G = 51pF 15 30 V/us
Ry = 3k, C = 2500pF 4 7 V/us
Propagation Delay Output Transition ty_High to Low (Note 5) 0.6 13 us
Output Transition t 4 Low to High 0.5 1.3 us
Any Receiver
Input Voltage Thresholds Input Low Threshold (Voyr = High) 0.8 13 "
Input High Threshold (Voyr = Low) 1.7 2.4 v
Hysteresis o] 0.1 0.4 1.0 \
Input Resistance 3 5 7 kQ
Output Leakage Current SHUTDOWN (Note 4) 0 < Voyr <V [+] 1 10 pA
Receivers 1,2, 3, 4
Output Voltage Output Low, lgyr =-1.6mA o 0.2 04 Y
Output High, loyr = 160pA (Vg = 5V) 0 35 4.2 v
Output Short-Circuit Current Sinking Current, Voyr = Vg -10 -20 mA
Sourcing Current, Voyt = 0V 10 20 mA
Propagation Delay Output Transition ty High to Low (Note 6) 250 600 ns
Output Transition t y Low to High 350 600 ns
Receiver 5 (LOW IsuppLy RX)
Output Voltage Output Low, lgyt = —500pA [»] 0.2 0.4 v
Output High, loyr = 160pA (Vgg = 5V) 5] 35 4.2 v
Output Short-Circuit Current Sinking Current, Voyr = Vg -2 -4 mA
Sourcing Current, Vgyy = 0V 2 4 mA
Propagation Delay Output Transition ty High to Low (Note 6) 1.0 3 us
Output Transition t y Low to High 0.6 3 us

The odenotes specifications which apply over the operating temperature
range (0°C < Tp <70°C for commercial grade, and —40°C < Tp < 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 Vg = 5V and Voyorr = 3V, unless otherwise

specified.

Note 3: Supply current is measured as the average over several charge
pump burst cycles. C* = 1.0uF, G~ = 0.1pF, C1 = C2 = 0.2uF. All outputs

are open, with all driver inputs tied high.

Note 4: Measurements in SHUTDOWN are performed with Vop/orr < 0.1V.
Supply current measurements using DRIVER DISABLE are performed with
VDRIVER DIsABLE 2 3V.

Note 5: For driver delay measurements, R, = 3k and C, = 51pF. Trigger

points are set between the driver’s input logic threshold and the output

transition to the zero crossing (ty = 1.4V to 0V and t y = 1.4V to OV).

Note 6: For receiver delay measurements, G = 51pF. Trigger points are

t0 0.8V).

set between the receiver's input logic threshold and the output transition
to standard TTL/CMOS logic threshold (ty = 1.3Vto2.4Vand t y =17V
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LT1237

TYPICAL PERFORMANCE CHARACTERISTICS

Driver Output Voltage
10 : — .
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Receiver Input Thresholds
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Supply Current vs Data Rate
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LT1237

TYPICAL PERFORMANCE CHARACTERISTICS

Driver Short-Gircuit Current
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Receiver Output Waveforms
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Driver Output Waveforms

DRIVER OUTPUT g
RL=3k
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1237 613

PIN FUNCTIONS

Vge: 5V Input Supply Pin. This pin should be decoupled
with a 0.1uF 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: TTL/CMOS Compatible Operating Mode Control.
Alogic low puts the device in the low power SHUTDOWN
mode. Allthree drivers and four receivers (RX1, RX2, RX3,
and RX4) assume a highimpedance output state in SHUT-
DOWN. Only receiver RX5 remains active while the trans-
ceiver is in SHUTDOWN. The transceiver consumes only
60uA 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
outputsinahighimpedance 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* =2Vge -
1.5V. This pin requires an external charge storage capaci-
tor C = 1.0y, tied to ground or V. Larger value capaci-
tors may be used to reduce supply ripple. The ratio of the
capacitors on V* and V~ should be greater than 510 1.
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LT1237

PIN FUNCTIONS

V~: Negative Supply Output (RS232 Drivers).V~=—(2V¢c
- 2.5V). This pin requires an external charge storage
capacitor C > 0.1uF. 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 = 0.2uF: one from C1* to
C1-, and another from C2* to G2, The capacitor’s effec-
tive series resistance should be less than 2Q. For C > 1pF,
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
TTL/CMOS compatible. Inputs should not be allowed to
float. Tie unused inputs to Vgg.

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, Vg = OV, or when the driver disable
pinis active. Qutputs 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 #10kV for human body model discharges.

RX IN: Receiver Inputs. These pins accept R5232 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
0.4V of hysteresis for noise immunity. Open receiver
inputs assume a logic low state.

RX OUT: Receiver Outputs with TTL/CMOS 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 Vgg 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 60pA. This receiver has
the same 5k input impedance and +10kV ESD protection
characteristics as the other receivers.

LOW Q-CURRENT RX QUT: Low Power Receiver Output.
This pin produces the same TTL/CMOS 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.

€SD PROTECTION

The RS232 line inputs of the LT1237 have on-chip protec-
tion from ESD transients up to £10kV. The protection
structures act to divert the static discharge safely to
system ground. Inorder for the 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 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 Vg,
Vi, V*, V7, and GND shorted to ground or connected with
low ESR capacitors.

ESD Test Circuit
Vi1 28 V-
T Vo2 LT1237 pm T
1w == == 01wF 0.24F |
T T
- = 0 —|:.—J-—-o<1—_ DRIVER 1IN
(" DRIVER 10UT —s-_l—-bo-& RX1 0UT
RXTIN —s_r—oQ—% DRIVER 2 IN
DRIVER 2 0UT e (e >0t B2 0UT
RS232 8 ¥ 2
a2 Rz —2 proT_ RXaouT
PROTECTED axa iy —4—] 120 x4 out
TO +10kV 10 19
RX4IN —_I—oQ—— DRIVER 3 IN
DRIVER 3 OUT o —J—Do— 118 axs 0UT (LOW-0)
RX5 IN (LOW-0) —& 1; GND
onvoFF ) 16| pRiver DisasLE
o i

- 1237 7C01
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LT1237

APPLICATIONS INFORMATION

Storage Capacitor Selection

The V*and V™ storage capacitors must be chosen care-
fully toinsure low ripple and stable operation. The LT1237
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 0.1yF 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 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 V.

Burst Mode is a trademark of Linear Technology Corp

Typical Mouse Driving Application

jm e Vi1 ri2a7 28 V"
1
E MOUSE i HOE =, svvcc_z Z 2% 0.1pF f 0.1uF
1 Cd g any B
i —E::——- H 2x0.0uF 4 s DRIVER1I|\T L0GIC oo
i v V. DRIVER 10UT 5] | S“o_ 24 RX1 OUT
! HTOGIC v 0 H) RXIIN 6] | oH{Z DRER 2N L0GIC 0"
:) ro 0 o—LDSR pRiverzour 7| | [22 Rx2 0UT
i % 1+t | ! E o TRX mem 8 | 21 RX30UT MIOUSE DATA
| = P 1 ~ LRIS|] e 9| | 20 R4 oUT
i |_0P_Tfﬂ Voo i RX4 IN 10 | ~ [19 DRIVER3IN L0GIG "
i v A o 1 CTS | oRver3out 11 | w118 RX50UT (LOW-0)
H ' ! DIR | rX5 N (LOW-0) 12 | ! 17_GND
e ————— J i - © iR ON/OFF_13] ' [16_DRIVER DISABLE
! ] 24 15
1 1 -
1237 TAO3
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LTC1320

N2

TECHNOLOGY

FERTURES

o Single Chip Provides Complete
LocalTalk®/AppleTalk® Port

o Low Power: Igg = 1.2mA Typ

o Shutdown Pin Reduces lgc to 30pA Typ

o Drivers Maintain High Impedance in Three-State

or with Power Off

30ns Driver Propagation Delay Typ

5ns Driver Skew Typ

Thermal Shutdown Protection

Drivers are Short-Circuit Protected

O o oo

RRPRLICATIONS

LocalTalk Peripherals
Notebook/Palmtop Computers
Battery-Powered Systems
RS232/562 to RS422 Conversion

O o oo

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

AppleTalk® Transceiver

PESCRIRTION

The LTC1320 is an RS422/RS562 line transceiver de-
signed to operate on LocalTalk networks. It provides one
differential RS422 driver, one single-ended RS562 driver,
two single-ended RS562 receivers, and one differential
RS422 receiver. The LTG1320 draws only 1.2mA quies-
cent current when active and 30uA in shutdown, making
it ideal for use in battery-powered devices and other
systems where power consumption is a primary concern.

The LTC1320 drivers are specified to drive £2V into 100€2.
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 5kV.

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

TYPICAL RRRLICATION

Typical LocalTalk Connection

5V
s

w g o :
1 100pF <
DATA IN = >
1 222 = 9 stae

_ 3 A
TX ENABLE —— WA ” 53“;
LTC1320 —=ooF b

— # =
RX ENABLE 1 20 20 ‘:"(

8 AAA AAA S
DATA OUT — M= SO
&, —_ —— 100pF
4 ZZQ — 229
SHUTDOWN — 10 L7C1320+ TAOL

A A AAY

J_g |14 __I___100pF

YYY

*LocalTalk TRANSFORMER

Output Waveforms

DATAIN 5V/DIV

- 2v/pIv

2v/pIv

SIGNALS
ON LINE

DATA OUT sviv

(REMOTE
RECEIVER)

50ns/DIV

LE T ECHNOLOGY
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LTC1320

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Vpp) ...cveeveerrevereemerreeerseeeneeeseseeeeenns v
SUPPlY VOItage (Vgs) «eeeeveereeereererrerereereesenesesesaeens =7V
Input Voltage (Logic Inputs) ......... -0.3Vto Vpp + 0.3V
Input Voltage (Receiver INPUts) .......cc.ccveveerecvneen. +15V
Driver Output Voltage (Forced) .........ccvvvvrurennnes +15V
Output Short-Circuit Duration.............cc........ Indefinite
Operating Temperature Range ...........c........ 0°C ot 70°C
Storage Temperature Range.................. -65°c to 150°C
Lead Temperature (Soldering, 10 Sec) ................ 300°C

PRACKAGE/ORDER INFORMATION

TOP VIEW ORDER PART
™ [1] 8] Vop NUMBER
™ 2} 7] TXD~

TXDEN [3 ] 6] Tx0* LTC1320CS
sp (4} 5] TXO
RXEN [E-+Dy [14] Vss
RX0 [6] 6] /@i
mx0 [7] 1) rui
RXDO [8] —<|":LI:E] RXD™
GND [ 0] RxD*
S PACKAGE
18-LEADPLASTICSOL
Tymax = 150°C, By = 100°C/W

DC ELECTRICAL CHARACTERISTICS v -5V +5%, T, = 0°C to 70°C (Notes 2, 3)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | UNITS
Vop Differential Driver Output Voltage No Load o| 80 Y
Ry = 100Q (Figure 1) o 20 \
Change in Magnitude of Driver Ry = 100Q (Figure 1) 0.2 v

Differential Output Voltage
Voc Driver Common-Mode Output Voltage R = 100Q (Figure 1) 3 \
Output Common-Mode Range SD = 5V or Power Off [¢] +10 \
Single-Ended Driver Output Voltage No Load O | 4.0 v
R = 400Q O | %34 \
Input High Voltage All Logic Input Pins o 20 \'
Input Low Voltage Ali Logic Input Pins o) 0.8 V'
Input Current All Logic Input Pins [¢] +1 +20 VA
Three-State Output Current SD = 5V or Power Off, -10V < Vg < 10V 0] +2 +100 vA
Driver Short-Gircuit Current -5V <Vp< 5V o 35 350 500 mA
Receiver Input Resistance -IV<Vp<7V o 12 kQ
Vou Receiver Output High Voltage lop=-4mA O| 35 v
VoL Receiver Output Low Voltage lg=4mA [¢] 0.4 \
Receiver Output Short-Circuit Current 0V< Vo<V o] 7 85 mA
Receiver Output Three-State Current 0V<Vp<5V (v} +2 +100 pA
Differential Receiver Threshold Voltage -V<Vem<7V o | -200 200 mv
Differential Receiver Input Hysteresis -IV<Vem< 7V 70 mv
Single-Ended Receiver Input Low Voltage [V) 0.8 v
Single-Ended Receiver Input High Voltage o 2 \
Ipp Supply Current No Load, SD =0V [+] 12 3.0 mA
No Load, SD =5V o 30 350 pA
Iss Supply Gurrent No Load, SD = 5V [s) 350 LA

LY YR



LTC1320

SWITCHING CHARACTERISTICS v - -5 +5%, 4 = 0°C to 70°C (Notes 2, 3)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | UNITS
tpLy,HL | Differential Driver Propagation Delay Rp = 1009, C|_ = 100pF (Figures 2, 8) o 40 120 ns
tskew Differential Driver Output to Output Ry = 1009, C; = 100pF (Figures 2, 8) [¢) 10 50 ns
11 Differential Driver Rise/Fall Time Ry = 1009, G = 100pF (Figures 2, 8) o] 15 80 ns
tENH, L Driver Enable to Output Active Cy = 100pF (Figures 3, 4, 10) o 50 150 ns
t, Ldis Driver Output Active to Disable Cy = 15pF (Figures 3, 4, 10) [¢] 50 150 ns
tpry,HL | Single-Ended Driver Propagation Delay Ry =450Q, C_ = 100pF (Figures 5, 11) [¢] 40 120 ns
tr 1 Single-Ended Driver Rise/Fall Time R =450Q, C_= 100pF (Figures 5, 12) o} 15 80 ns
ey, HL | Receiver Propagation Delay Cy = 15pF (Figures 13, 14) o 60 160 ns
tENH, L Receiver Enable to Output Active Cy = 100pF (Figures 6, 7, 15) o 30 100 ns
tH, Ldis Receiver Output Active to Disable Cy = 15pF (Figures 6, 7, 15) o 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 Vg = £5V, Ty = 25°C.

TYPICAL PERFORMANCE CHARACTERISTICS

Differential Output Swing vs

Output Swing vs Load Current Load Current Supply Current vs Temperature
T h
4 T | = \
OUTPUT HIGH [T~ =
3 g 8 = 11D
— = I
s 2 s ~—— § \‘\l oD -
2 1 5 6 Z I~
= S &
» 0 = = 1.0
= o =1
2 -1 2 4 >
5 E z
o -2 w % £ ¥
. L = 3 0.004
= OUTPUT LOW—= = 2
) L a 0.002 Iss //
5 0 0 b
0 20 40 60 80 100 0 20 60 80 100 0 10 20 30 40 50 60 70
OUTPUT CURRENT (mA) OUTPUT CURRENT (mA) TEMPERATURE (°C)
LTC1320 + GO LTC1320+ GO2 LTC1320+GO3

TXD (Pin1): RS422 Differential Driver Input (TTL Compat-
ible).

TXI (Pin 2): RS562 Single-Ended Driver Input (TTL com-
patible.

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

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

SD (Pin 4): Shutdown Input (TTL Compatible). When this
pinis high, the chip is shut down: all driver outputs three-
state and the supply current drops to 30uA. A low on this
pin allows normal operation.

LY HIER
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LTC1320

PIN FUNCTIONS

RXEN (Pin 5): Receiver Enable (TTL Compatible). A high
level onthis 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 SD.

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

RXO0 (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 pinis >200mV below RXD ~, RXDO will
be low.

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

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.

Vgs (Pin 14): Negative Supply.—4.75>Vgg >-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 - (Pin17): RS422 Differential Driver Inverting Output.
Vpp (Pin 18): Positive Supply. 4.75V < Vpp <5.25V.

TEST CIRCUITS

TXD*

She
:» L/ ™Dt

[-—j— Cy 500Q
OUTPUT

Voo
S Voo D 4 h UNDER TEST |
S R ¢
- T L2 = CL
™D = - I
LTC1320+ FO1 TXD LTC1320 « TCFO2 vss LTC1320+F03
Figure 1 Figure 2 Figure 3
UTPUT ™ 1X0 oUTPUT
UNDER TEST | L | oUTPUT 5000 v UNDER TEST ) 8
< DD >
CL < 500Q 3: RL CL UNDER TEST I Vv CL < 500Q
—] T |
Vss LTC1320+ FO4 LTC13200F05 = LTC1320+ 06 = LTC1320 ¢+ FO7
Figure 4 Figure 5 Figure 6 Figure 7
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LTC1320

SWITCHING WAVEFORMS

v v
™D 15V f=1MHz t; < 10ns. t; < 10ns 15v ™ 15y f=1MHz t;<10ns: t; < 10ns
ov ov
toy <—>lten, - tPHL
Vou
L ¢ ™0 ov
TXD™ VoL LIC1320+ 11
LT %] 1
™D f Figure 11
F 12V < tgiem toew —=]  l<— 112Vg g
LTC1320+ FO8
Figure 8
Von 90% 90%
Vo =25 10%
Vi tr t
0 90%, Vpifr = V(TXD*) - V(TXD") 90% LTC1320+ F12
10, 9/ .
v 2% 10% Figure 12
t t LTC1320+ FO9
Figure 9
v
RXI 15y f=1MHz t; <10ns: t;< 10ns 15V
ov
v .
A f=1MHz t; < 10ns" t; < 10ns o tPHL <—>|tpLH
TXOEN K8 ' ' A Vou
ov RXO 1.5V 1.5V
tent — e—tuds Vo
5V N
TXD*, TXD™ v 3 v
VoL IS OUTRUTHORMALLY LOW 0.5V RXI 15v f=1MHz t; <10ns: t; < 10ns 15V
v OUTPUT NORMALLY HIGH o
OH 4 0.5V tpLH tPHL
XD, TXD™ AT N Ve 7,
-5V RXO 1.5V 1.5V
tenn > e—tygs LTC1320+ F10 Vor
LTC1320+F13
Figure 10 Figure 13
25V
(RXD") - (RXD*) ov  f=1MHz t;<10ns: t; < 10ns o
-25V
tPHL ~—>\tpLy
Vo
RXDO 15V 15V
VoL LTC1320+F14
Figure 14
v . )
f= 1MHz: t; < 10ns: t < 10 VA
RXEN KV 7= 10ns: iy < 100 15V
ov
tenL > —tgs
o 5V \
RX0, RXO, R’i/[;‘z KJ.5V_OUTPUT NORMALLY LOW | 05V
v QUTPUT NORMALLY HIGH
o OH Ve 0.5V
1.5V
RXO, RX0, RXDO
ov T
tenH tHas—> |l<—  wciens

Figure 15
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LTC1320

APPLICATIONS INFORMATION

Thermal Shutdown Protection

The LTC1320 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 atabout 10Hzand 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 SD (pin 4)
is forced high, the part enters shutdown mode. In shut-

down, the supply current drops from 1.2mA to 30uA typ.
The driver outputs are three-stated and the power to the
receivers is removed. The receiver outputs are not auto-
matically 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 SD; this will
three-state the receiver outputs and prevent the genera-
tion of spurious data.

Supply Bypassing

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

TYPICAL APPLICATIONS

Single 5V Supply

5V

DRIVER I/0

LOGIC I/0 LTC1320

5V

[ o fo [ feo o |-

+

2
| LTc1046
10uF

- 4 LT1P54

A _L —— 100pF 1N5817
r "TT"?

on

LTC1320+ TAT3

*LTC1046 GIVES 300pA QUIESCENT
CURRENT WHEN LTC1320 IS SHUT DOWN

LT1054 PROVIDES HIGHER OUTPUT DRIVE

RS422 to RS562/RS562 to RS422 Converter

5V

T 1
0.4pF
"
18 -
Voo
11 | RXD™ ol 15
+_ e
RS422IN _ 10 |RXD* wols 3§562 ouT
8} RXD0 4 KT
ETXI ™D*| 16 +
RS562 IN —12f X L1820 ryp-17__ * Rsz2 00T
7] Rx0 TXDEN| 3
[ spf 4
RXEN| 5
GND ves [ L
_E 1w -
= T

AuF
-5V Ium 111320+ TADA
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TYPICAL APPLICATIONS

Switched Negative Supply

sV
™=
ApF
I
8=
% ™1z
2™ ™0+ [16
3| ™oER o [15.
4}sp RXi |13
4 DRIVER /0
Loaic o< s | Rxew LTC1820 nxnz
_6]RX0 RXD™ |11
7]rxo Axo*[10_
"8 Rx00
T n

) \ L. 3

L

-5V

*SCHOTTKY DIODE PREVENTS Vg FROM EXCEEDING
GND ON POWER-UP OR POWER-DOWN

LTC1320+ TAOS

<‘ 1N5817*

DATA
INPUT/OUTPUT §

TO OUTSIDE WORLD
¢~ PROTECTED AGAINST ESD
DAMAGE TO £25kV

>25k ESD Protection
5V
| =
uF
X
8=
oo
_fmo ™o~|17
2fm ™*D*|16 _E;L"
_3|TXDEN ™X0|15 AL ’1‘ 1
AfsD (rc130 RXIf13 ’1‘ 1
_5 | RXEN RXI|12 ’1 :
_6|R%0 RXD™[11 }
_7|rxo RXD*]10 —1
_8|RXD0 ’1‘ 'r
GND Vss
9 14
- 1 —:— 0 1l1F LTC1320 + TAOE
v L

*GENERAL SEMICONDUCTOR ICTE-22C OR EQUIVALENT

LOyHNER
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INITIAL RELEASE

FEATURES

Low Supply Current

1pA Supply Current in SHUTDOWN
ESD Protection +10kV
Operates From a Single 3.3V Supply

Uses Small Capacitors 0.1yF
Operates To 120k Baud

Three-State Outputs are High Impedance When Off
Output Overvoltage Does Not Force Current Back Into
Supplies

EIA/TIA-562 1/0 Lines Can Be Forced to £25V
Without Damage

Meet All EIA/TIA-562 Specifications

Flowthrough Architecture

APPLICATIONS

= Notebook Computers
= Palmtop Computers

300pA

] Fl
H B
| __LTC1327
T 3.3V l\/hcropower EIA/TIA -562
Driver/Receiver
April 1993

DESCRIPTION

TheLTC1327 is an advanced low power, three-driver/five-
receiver EIA/TIA-562 transceiver. Inthe no load condition,
the supply current is only 300pA. In the shutdown mode,
the supply current is further reduced to 1pA. The charge
pump only requires four 0.1pF 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 1pA. All EIA/TIA-562 outputs assume a high
impedance state in SHUTDOWN and with the power off.

The LTC1327 s fully compliant with all EIA/TIA-562 speci-
fications. The transceiver can operate up to 120k Baud
with a 1000pF//3kQload. Both driver outputs and receiver
inputs can be forced to £25V without damage, and can
survive multiple 10k ESD strikes.

3-Drivers/5-Receivers with SHUTDOWN
vt 2 V"
¢ p B o ¢
0.1pF I Voo — s = C3 I 01pF
- I 6 _~otf T
014 ’I\——“-J—oQ—E DRIVER 1 IN
DRIVER 1 0UT i_,——bo——z"— RX1 OUT
RXTIN =] l—oq—ﬁ- DRIVER 2 IN
DRIVER 2 0UT ; I %— RX2 OUT
RX2IN — X3 oUT
mam -1 Do—t2 axa out
10 [ 19
RX4 IN —“-_,-—o4—1—8- DRIVER 3 IN
DRIVER 4 OUT J-— RX5 OUT
RXS IN 1—2 Y Gwo
ON/OFF — L
Ll 15—

1327 TAO1

Supply Current
600 —— 12
| Veg =33V
" ALL DRIVERS INPUTS TIED TO Voo
500 10
— w
3 &
=
g ‘0 QUIESCENT 08 §
g CURRENT E
2 300 06 2
— o
Z A
é 200 04 5
3 B
100 02
SHUTDOWN V)
CURRENT |

-20 0 20 40 60 80
TEMPERATURE (°C)

LTC1327 + TAO2
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ABSOLUTE MAXIMUM RATINGS

SUPPIY VOItAGE (VGE) -vvvveremerreererersemmerrerseenseserereesensenne 5V
Input Voltage

0] 11171 SOOI -0.3Vto (Vgg + 0.3V)

RECEIVET «..ovvveereeerrienssiess st -25V to 25V

ON/OFE PiN e -0.3Vto (Vgc +0.3V)
Output Voltage

D] 4117:] TR =25V to 25V

Receiver -0.3Vto (Voo + 0.3V)
Short-Circuit Duration

s s 30 sec

V- 30 sec

Driver QUIPUL ...t Indefinite

Receiver QUIpUL .......c.cveveverreeceeeeenne Indefinite
Operating Temperature Range

Commercial LTC1327C .......ccoevereeerernen 0°Cto 70°C
Storage Temperature Range................... -65°¢ to 150°C
Lead Temperature (Soldering, 10 SEC) .......ccccvune.. 300°C

PACKAGE/ORDER INFORMATION

i ORDER PART
v [ 28] v~ NUMBER
Vee [2] 27] c2*
cr* 3] [26] c2
: LTC1327CN
o1 [2] |—°4—ZI DR1 IN
DR1 OUT [E_I———-Do-z__ﬂ RX1 OUT LTC1327CG
RX1IN E_,—oq—z__a] DR2 IN LTC1327CS
DR2OUT [7] l—>o-@‘| RX2 OUT
RX2IN [8] [21] RX3 OUT
RX3IN E—_—II'—D‘A?O RX4 OUT
RX4 IN @_,—04—19 DR3IN
DR3 OUT [i1] 18] RX5 OUT
RX5 IN Iﬁ——rbo_ln GND
ON/OFF [i3] [16] NC
NC [i4] [15] NC
N PACKAGE S PACKAGE
28-LEAD PLASTIC DIP  28-LEAD PLASTIC SOL
T,

GLGCTRKHL CHﬂﬂ ﬂCTGﬂlST'CS Ve = 3.3V, C1 to C4 = 0.1pF, unless otherwise noted.

PARAMETER | cONDITIONS | MmN TYP MAX UNITS
DC PERFORMANCE
Any Driver
Output Voltage Swing Positive . ° 37 4.5 v
Negative (3k to GND) ) =37 ~4.5 v
Logic Input Voltage Level Input Low Level (Vqyt = High) ° 14 0.8 v
Input High Level (Voyr = Low) ) 2 14 v
Logic Input Current Viy=33 ° 5 pA
Vin=0 [ ] -5 VA
Output Short-Circuit Current Vour=0V +10 mA
Output Leakage Current SHUTDOWN (Note 3), Voyr = £20V 10 100 pA
Any Receiver
Input Voltage Thresholds Input Low Threshold ° 0.8 13 v
Input High Threshold ° 1.7 2.4 '
Hysteresis [ 0.1 0.4 1 v
Input Resistance 3 5 7 kQ
Output Voltage Output Low, gyt =-1.6mA (Vgc = 3.3V) [ 0.2 0.4 v
Output High, lgyr = 160pA (Voo = 3.3V) ® 3 3.2 v
Output Short-Circuit Current Sinking Current, Voyr = Vge -5 -20 mA
Output Leakage Current SHUTDOWN (Note 3), 0 < Voyr <V = 1 10 pA
Power Supply Generator
V* Qutput Voltage loyr = OmA ) 5.2 5.7 v
lour = 5mA [ ] 5.0 5.5 v
V= Output Voltage loyr = OmA [ -47 -53 Vv
lour=-5mA [ -4.5 -5.0 v
Supply Rise Time SHUTDOWN to Turn-On 0.2 ms
=n
SOy ISR 1-45



LTC1327

ELECTRICAL CHARACTERISTICS v =3.3v, c110C4 = 0.1,F, unless otherwise noted.

PARAMETER | conpmions | MmN vP MAX | UNITS
Power Supply
Vec Supply Current No Load (Note 2) [ 0.3 0.5 mA
Supply Leakage Current (V¢c) SHUTDOWN (Note 3) [ 1 10 pA
On/Off Threshold Low ° 14 0.8 v
On/Off Threshold High ° 2 14 v
AC CHARACTERISTICS
Slew Rate Rp =3k, C_=51pF 6.5 30 Vips
Ry = 3k, C( = 2500pF 2 4 Vips
Driver Propagation Delay tHLo [ 2 3 us
(TTL to RS232) tLup ° 2 3 us
Receiver Propagation Delay tHLR ® 0.3 0.6 us
(RS232to TTL) tLHR ) 0.2 0.6 us

The @ denotes specifications which apply over the operating temperature
(0°C <Tp £70°C).

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

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

Note 3: Supply current measurement in SHUTDOWN is performed with
Von = 0V.

PIN FUNCTIONS

Vee: 3.3V Input Supply Pin. Supply current less than 1pA
in the SHUTDOWN mode. This pin should be decoupled
with a 0.1uF ceramic capacitor.

GND: Ground Pin.

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

V*: Positive Supply Output (EIA/TIA-562 Drivers).

V* =2V - 0.5V. This pin requires an external capacitor
C = 0.1yF 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 (EIA/TIA-562 Drivers).
V™=~ (2Vgg - 1). This pin requires an external capacitor
C = 0.1pF for a charge storage.

C1t, C1°, C2*, C2™: Commutating Capacitor Inputs.
These pins require two external capacitors C = 0.1pF. 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 20Q.

DRIVER IN: EIA/TIA-562 Driver Input Pins. Inputs are
TTL/CMOS compatible. Inputs should not be allowed to
float. Tie unused inputs to Vge.

DRIVER OUT: Driver Outputs at EIA/TIA-562 Voltage
Levels. Qutputs are in a high impedance state when in
SHUTDOWN mode or Vgg = OV. The driver outputs are
protected against ESD to +10kV for human body model
discharges.

RX IN: Receiver Inputs. These pins accept EIA/TIA-562
level signals (£25V) into a protected 5kQ terminating
resistor. The receiver inputs are protected against ESD to
+10kV for human body model discharges. Each receiver
provides 0.4V of hysteresis for noise immunity.

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

1-46
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TEST CIRCUIT

ESD Test Circuit
v 1 % Vv
e 2| o |z L
o1 T — Pra e e
= g [ 2 T 0w =
0pF 4 J—_OQ--"’i DRIVER 1IN
( DRIVER 1 0UT —S-J—Do-ﬁ RX1 OUT
RXIIN = I—-—o<1--?-=‘l- DRIVER 2 IN
sz | PRVERZOUT ; | %12- RX2 0UT
R o o sa ot
T0 =10kV RX3 IN 1—0_J—>o-1—- RX4 OUT
RX4 IN —__'—oq-— DRIVER 3 IN
DRIVER 3 0UT — e axs out
12 17
RYS IN =5 GND
ON/OFF '_3l 16
4 7
— LT1327ESD TC

APPLICATIONS INFORMATION

The LT1327 is compatible with RS232 parts. This table
shows some devices and thresholds.

MANUFACTURER PART NUMBER COMPATIBLE MIN TYP MAX MIN TYP MAX
Linear Technology LT1080 v 0.8 13 - - 1.7 2.4
LT1137A y 0.8 13 - - 1.7 24
LT1330 v 0.8 13 - - 1.7 24
LT1281 v 0.8 13 - - 1.7 24
All Others y
Texas Instruments SN75189 vy 0.65 1 125 0.9 1.3 1.6
SN75189A v 0.65 1 1.25 1.55 1.9 225
MAX232 v 0.8 1.2 - - 1.7 24
SN75C185 v 0.65 1 125 16 2.1 255
Maxim MAX232A v 0.8 1.3 - - 1.8 24
MAX241 v 0.6 1.2 - - 1.5 24
Sipex SP232 < 0.8 1.2 - - 1.7 2.4
SP301 v 0.75 - 1.35 1.75 25
Motorola MC1489 v 0.75 - 1.25 1 - 1.5
MC1489A v 0.75 0.8 125 1.75 1.95 225
National DS1489 v 0.75 1 125 1 1.25 1.5
DS14C89A v 0.5 - 1.9 13 - 27

Ly HNGe
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/ UWM LT1330
HNOLO OGY 5V RS232 Transceiver with

3V Logic Inferface and One
Receiver Active in SHUTDOWN

= EC

FERTURGES RESCRIPTION
o 3V Logic Interface The LT1330 is a three driver, five receiver RS232 trans-
o ESD Protection over +10kV ceiver with low supply current. Designed to interface with
o Uses Small Capacitors: 0.1uF, 0.2uF, 1.0uF new 3V logic, the LT1330 operates with both a 5V power
o One Low Power Receiver Remains Active While in supply and a 3V logic power supply. The chip may be shut
SHUTDOWN down to micropower operation with one receiver remain-
o Pin Compatible with LT1137A and LT1237 ing active to monitor RS232 inputs such as ring detect
o Qperates to 120k Baud from a modem.
o CMOS Comparable Low Power: 30mW The LT1330 s fully compliant with all EIA RS232 specifi-
z E?sz :g é‘?yo(i:: Bgsl?vlv]through Architecture cations. Additionally, the RS232 line input and output pins
o0 tgg t Ap H9 b Impedance State When off &€ resilienttomultiple +10kV ESD strikes. This eliminates
utputs Assume a High fmpedance State When the need for costly TransZorbs® on line pins for the RS232
or Powered Down part
o Absolutely No Latchup '
@ BOpA Supply Current in SHUTDOWN The LT1330 operates to 120k baud even driving high
o Available in SO and SSOP Packages capacitive loads. During SHUTDOWN, driver and receiver
outputs are at a high impedance state allowing devices to
@@@mﬂ@ﬂTﬂ@@S be paralleled.
o Notebook Computers
o Palmtop Computers TransZorb is a registered trademark of General Instruments, GSI
TYRPICAL ARPPLICATION
Output Waveforms
_r'i—i LT1330 z Y —1 RECEIVER
1.0pF__I___ 5V Ve —2 127 —4— po I+_0.1uF O\}JTflélJ
2301y m %‘I—_ﬁ - = .= 50¢
_II_'—J———oQ—— DRIVER 1 IN
DRIVER 1 0UT — _l————[>o—ﬂ RX1 OUT DRVER
RX1 IN =3 I—oq—ﬁ DRIVER 2 IN R, = 3
DRIVER 2 0UT —~ ' 2 RX2 OUT T0 LOGIC Cy = 2500pF
o RX2IN 2 | % RX3 OUT
RX3IN RX4 OUT
RX4 IN 1—0-———|Fo><—— DRIVER 3 IN INPUT
DRIVER 3 0UT —1 l—{) 18 RXSQUTQLOW-Q) | pyG perecr N
RX5 IN (LOW-Q) 1—2 17_GND WCONTROLLER OR
ON/OFF_13 m PROCESSOR e
vy, 4 15 = SHUTDOWN
|_ CONTROL QUT

1330 TAO1
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LT1330

ABSOLUTE MAXIMUM RATINGS

PRACKAGE/ORDER INFORMATION

(Note 1) TOP VIEW
SUPPIY VORAGE (VgG) v 6V i e | SR
SUpPly VOItage (VL) veeveveeeereereeereererieeseeersesseseseeens 6V 5V Vge [2] 7] co
Ve 13.2V ct* [3] 26] c2*
Ve -13.2v o1 [4] J———°<1—E DRT IN LT13301J
Input Voltage DR1 0OUT [5 ] J_DO_E RX1 OUT LT1330CJ
L SO, V-to V* Rxt N [E]— ———oe<-@l orem | | T1330CN
RECBIVET . —3Vtodoy | eI R neor | LT13300S
Output Voltage RX3IN Eil-—{bo-:zﬂ RX4 OUT LT1330CG
DIIVEL oot e -30V to 30V RX4 IN @_J—oQ—E DR3IN
RECEIVET v -0.3Vto VL +0.3V DR3 OUT E4|—I>°—1EI o
Short Circuit Duration (Low.) 2 7] G
Vet s 30 sec owor 13 6] DiSReLe
Vet et sttt 30 sec W =l o
Driver QUEPUL ..o Indefinite J PACKAGE N PACKAGE
Receiver OUIPUL ......c.eveeeeeeeieee e Indefinite 2B-LEAD CERAMICDIP - 26-LEAD PLASTIC DIP
Operating Temperature Range M 266K S50
LT13300 oo —~40°C to 85°C e 50°, 6= G2 )
LT13300 .o 0°C to 70°C Tymax = 150°C, 65 = 56°C/ W (N)
Storage Temperature Range................. -65°C to 150°C T oW1
Lead Temperature (Soldering, 10 Sec).................. 300°C '
ELECTRICAL CHARACTERISTICS (ot 2)
PARAMETER | CONDITIONS MIN TYP MAX UNITS
Power Supply Generator
V* Qutput 7.9 v
V™ Qutput -7 v
Supply Current (Vgc) Ta = 25°C (Note 3) 6 12 mA
o] 6 14 mA
Supply Current (V}) (Note 4) 0.1 1 mA
Supply Current When OFF (V¢c) SHUTDOWN (Note 5) o 0.06 0.15 mA
DRIVER DISABLE 3.00 mA
Supply Rise Time C1=02=0.2yF, 0.2 ms
SHUTDOWN to Turn-On Ct=1.0pF,C~=0.1pF
ON/QFF Pin Thresholds Input Low Level (Device SHUTDOWN) o 0.8 14 \'
Input High Level (Device Enabled) [¢) 14 2.4 v
ON/QFF Pin Current 0V < Von/opr <5V 0] -15 80 LA
Driver Disable Pin Thresholds Input Low Level (Drivers Enabled) 0 038 1.4 v
Input High Level (Drivers Disabled) (o) 14 2.4 \
Driver Disable Pin Current 0V < VpRiver pisaBLE < 5V ) o -10 500 VA
> Oscillator Frequency Driver Qutputs Loaded Ry = 3k 130 kHz

LY HNER
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LT1330

€LECTRICAL CHARACTERISTICS (note 2)

PARAMETER | coNDITIONS [ min  tvr max | units
Any Driver
Output Voltage Swing Load = 3k to GND Positive [¢] 5.0 75 v
Negative [v] -6.3 -5.0 v
Logic Input Voltage Level Input Low Level (Voyt = High) [+] 14 0.8 v
Input High Level (Vout = Low) [¢] 2.0 14 V
Logic Input Current 0.8V<Vy<2v (] 5 20 pA
Output Short-Circuit Current Vour = 0V 17 mA
Output Leakage Current SHUTDOWN Voyt = +30V (Note 5) (¢} 10 100 pA
Slew Rate Ry =3k, G =51pF 15 30 V/ps
Ry = 3k, C = 2500pF 4 15 V/us
Propagation Delay Output Transition ty_High to Low (Note 6) 0.6 13 us
Output Transition ty Low to High 0.5 1.3 us
Any Receiver
Input Voltage Thresholds Input Low Threshold (Voyr = High) 0.8 13 v
Input High Threshold (Vgyr = Low) 1.7 24 v
Hysteresis o 0.1 0.4 1.0 v
Input Resistance 3 5 7 kQ
Output Leakage Current SHUTDOWN (Note 5) 0 < Voyy < Vgg o 1 10 pA
Receivers 1,2, 3, 4
Output Voltage Output Low, lgyr =—1.6mA [¢] 0.2 04 \
Output High, Iyt = 160pA (V| = 3V) s} 2.7 29 v
Output Short-Gircuit Current Sinking Current, Voyt = Ve -10 -20 mA
Sourcing Current, Vour = OV 10 20 mA
Propagation Delay Output Transition tyHigh to Low (Note 7) 250 600 ns
Output Transition t;y Low to High 350 600 ns
Receiver 5 (LOW Q-Current RX)
Output Voltage Output Low, lgyt =—500pA o 0.2 0.4 Y
Output High, loyr = 160pA (Vi = 3V) 2] 2.7 29 v
Output Short-Gircuit Current Sinking Current, Vour = Vg -2 -4 mA
Sourcing Current, Voyr = OV 2 4 mA
Propagation Delay Output Transition ty High to Low (Note 7) 1 3 us
Output Transition ty Low to High 1 3 us

The © denotes specifications which apply over the operating temperature
range (0°C < T <70°C for commercial grade, and —40°C < T <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 Vg = 5V and Vonorr = 3V.

Note 3: Supply current is measured as the average over several charge
pump burst cycles. C* = 1.0pF, C~ = 0.1pF, C1 = C2 = 0.2uF. All outputs

are open, with all driver inputs tied high.

Note 4: V|_supply current is measured with all receiver outputs low.

Note 5: Measurements in SHUTDOWN are performed with Voysorr < 0.1V.
Supply current measurements using DRIVER DISABLE are performed with
VoRIVER DISABLE = 3V.

Note 6: For driver delay measurements, R = 3k and G = 51pF. Trigger

points are set between the driver's input logic threshold and the output

transition to the zero crossing (tyL = 1.4V to OV and t = 1.4V to V).

Note 7: For receiver delay measurements, C = 51pF. Trigger points are
set between the receiver’s input logic threshold and the output transition

to standard TTL/CMOS logic threshold (ty = 1.3V t0 2.4V and ty = 1.7V

t0 0.8V).

1-50
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LT1330

TYPICAL PERFORMANCE CHARACTERISTICS

Driver Output Voltage
10 T — .
8 RL=3k | OUTPUTHIGH | Vec=5V
— |
S 6 Vee = 4.5V
& 4
=
3 2
>
'é 0
3 -2
& 4 OUTPUT LOW Vg = 4.5V
Z 6 :
Vgg = 5V
-8 CCi
-10
55 -25 0 25 50 75 100 125
TEMPERATURE (°C)
1330601
Vgc Supply Current in
SHUTDOWN
150
125
3
= 100
&
[
[ —
3 75 N~ \‘
S
=l
T s —~
2
w
25
0
55 -25 0 25 50 75 100 125
TEMPERATURE (°C)
1330 Go4
On/0ff Thresholds
3.0
25
=
& 20
5 ON THRESHOLD
E 15 ‘\
% 0 ™~ NS
w1 <
[-=
z OFFTHRESHOLD\:J
05
0
-55 -25 0 25 50 75 100 125

TEMPERATURE (°C)

1330 GO7

SUPPLY CURRENT (mA)

SUPPLY CURRENT (mA)

0.75
0.50

Receiver Input Thresholds

INEUTHIGH
INPUT LOW
-55 -25 0 25 50 75 100 125
TEMPERATURE (°C)
1330 G02
Ve Supply Current in
DRIVER DISABLE
~
N
NS

40
35
30
25
20
15
10

5

0
-5 -25 0 25 50 75

0
-55 -25 0 25 50 75 100 125

TEMPERATURE (°C)

1330 605

Ve Supply Current

3 DRIVERS LOADED
R =3k

1 DRIVER LOADED
R =3k

NO LOAD

—

100 125
TEMPERATURE (°C)

1330 G08

Supply Current vs Data Rate

80 T T
3 DRIVERS ACTIVE
70 |-RL =3k
Gy = 25000F L~
= 60
E L~
£ 50
E 40 //
=2
o
> /
z
B 20
10
0
0 25 5 75 100 125 150
DATA RATE (KBAUD)
1330603
Driver Disable Threshold
3.0
25
s
& 20
E —
S 15 ’\\
2 -~
= \\
2 10
ES
[
05
0
55 =25 0 25 50 75 100 125
TEMPERATURE (°C)
1330 Go6
Driver Leakage in SHUTDOWN
100
3 10
= 7
£ 7
S /-
"‘%" . V?UT=3PV_/'
= Vour =-30VaE
w v A
-l 77
v
/
/ 4
0.1
-55 25 0 25 50 75 100 125
TEMPERATURE (°C)
1330 Go9
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LT1330

TYPICAL PERFORMANCE CHARACTERISTICS

Driver Short-Gircuit Current

30
z %
£ Isct
2 §><~ N
E 7 N
=2
o
= 15
= I1SC™
o
"i’ 10 \\
o<
2 \
[} 5 N
0
55 25 0 25 50 75 100 125

TEMPERATURE (°C)

1330G10

Receiver Output Waveforms

RX5 OUTPUT
G = 50pF

RX1 TO RX4
OUTPUT
Gy = 50pF

INPUT

Receiver Short-Circuit Current

35 \\ I
z N R T0RKe
£ 3 I+
= N
£ 2 X1 TORK
3 Isc- \
2 2
g
= 15 RX5 Igct
| 10
S 10 = ~
@ 5 RX5 Igg—
0
-55 -25 0 25 50 75 100 125

TEMPERATURE (°C)

133061

Driver Output Waveforms

DRIVER OUTPUT
Ry = 3k
€ = 2500pF

DRIVER OUTPUT
R =3k

INPUT

1330 613

PIN FUNCTIONS

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

V: 3V Logic Supply Pinfor all RS232 Receivers. Like Vg,
the V_input should be decoupled with a 0.1uF ceramic
capacitor. This pin may also be connected to 5V.

GND: Ground Pin.

ON/OFF: TTL/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 RX5 remains active while the trans-
ceiver is in SHUTDOWN. The transceiver consumes only

60uA 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
outputsinahighimpedance 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* = 2V — 1.5V. This pin
requires an external charge storage capacitor, C > 1.0yF,
tied to ground or 5V. Larger value capacitors may be used
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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 Qutput. V~= —(2Vgc—2.5V). This pin
requires an external charge storage capacitor, G > 0.1pF.
See the Applications Information section for guidance in
choosing filter capacitors for V*and V.

C1*, G1~, C2*, G2~ Commutating Capacitor Inputs re-
quire two external capacitors, C = 0.2uF: one from C1* to
C17, and another from G2 to G2~ The capacitor’s effec-
tive series resistance should be less than 2Q. For C > 1pF,
low ESR tantalum capacitors work well, although ceramic
capacitors may be used withaminimal reduction in charge
pump compliance.

DRIVER IN: RS232 Driver Input Pins. These inputs are
TTL/CMOS compatible. Unused inputs should be con-
nected to Vgg.

DRIVER QUT: Driver Qutputs 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. Qutputs are in a high impedance state when in
SHUTDOWN mode, V¢ = 0V, or when the driver disable
pinis 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 +10kV 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 +10kV for
human body model discharges. Each receiver provides
0.4V of hysteresis for noise immunity. Open receiver
inputs assume a logic low state.

RX OUT: Receiver Qutputs with TTL/CMOS Voltage Lev-
els. Outputs are in a high impedance state when in SHUT-
DOWN mode to allow data line sharing. Outputs, including
LOW-QRXQUT, are fully short-circuit protected to ground
or Vg 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 60pA. 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 TTL/CMOS 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.

€SD PROTECTION

The RS$232 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 order for the ESD protection to function
effectively, the power supply and ground pins of the
LT1330 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 Vg,
Vi, V*,V~, and GND shorted to ground or connected with
low ESR capacitors.

ESD Test Circuit
vEo1 - P
of o Mmool M 2 o
1uF 01uF 0.2uF
T T oL i
- = ‘”‘]:_,—J—-——oQ— DRIVER 1 IN
(" DRIVER 10UT —S_J-———Do—ZE RX1 OUT
RXTIN —2] r——oq_i DRIVER 2 IN
DRIVER 2 OUT — | 22 pxa out
LINE PINS RX2IN — - 2L rxa out
9 | < E)
PROTECTED AX3 IN e 12 RX4 OUT
TO £10kV 10 ' L 19
RX4IN ——J—aq-— DRIVER3IN
DRIVER 3 OUT -1____1—-Do—i RX5 OUT (LOW-Q)
RX5 IN (LOW-Q) % 1; GND
ON/OFF — ' | DRIVER DISABLE
14 15
vy, i
wF |+ 1330 TCo1
01uF =

LY UIR
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APPLICATIONS INFORMATION

Storage Capacitor Selection

The V*and V- storage capacitors must be chosen care-
fully toinsure 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 0.1uF 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 V.

Burst Mode 1s a trademark of Linear Technology Corporation

Typical Mouse Driving Application

e mmee v 1 - 2 V-
H 1.0uF 2 m -t

E MOUSE _E::T i g -:Ir:i-_I_—w_\:-o_c-_c-'z mzmw I;‘”“F
H ' 2% 0.1uF 4 25 DRIVER 1IN =
i v i _________ DRIVER 10UT 5] | °§°_ [24_RX1 OUT LOGIC "0
i g—l_LFG'C b Tao ) Ram 6| | v |23 DRIVERZIN. | ogic e
i ) poo o} DSR DRVER20UT 7| | 22 rrzour
i S I b 1RX Rew 8 | 21 RX3 OUT MIOUSE DATA
| = N RXGIN_9 [ Ko foo maour
i ILPTM N RX4 IN 10 |_A 19 DRIVER3IN LOGIC 1
1 v Voo o 1 CTS | DRIVER3OUT 11 I < [18_RX5 0UT (LOW-Q)
, A 1 DTR | RX5 N (LOW-0) 12 I ) 17_GND
e o ©o—tB! ON/OFF_13] 16_DRIVER DISABLE |

i v v_14] 15 1

1

1330 TAO3
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INITIAL RELEASE
171331

FEATURES

= RS232 Compatible 3 Volt Operation

m 3V Logic Interface

m ESD Protection Quer +10kV

m One Low Power Receiver Remains Active While in
SHUTDOWN

= 60pA Supply Current in SHUTDOWN

m Low Power Driver Disable Mode

Uses Small Capacitors (0.1uF, 0.2uF, 1.0uF)

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

APPUICATIONS

m Notebook Computers
m Palmtop Computers

3V RS562 or 5V/3V RS232
Transceiver with One Receiver
Active in SHUTDOWN

February, 1993

PDESCRIPTION

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

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 Vg supply may be shut down
while in ring detection mode. While shut down, the drivers
and receivers assume high impedance output states.

The LT1331 is fully compliant with all EIA-RS232 specifica-
tions when Vgg=5V. If V=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
I/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+

./
1.0uF 2E ] LT4331

I 5V/3V Vee
2%0.14F

RX4IN
DRIVER 3 OUT [ii}
RX5 IN (LOW-Q)

0.1pF
= 2x0.1pF I
DRIVER 1 IN
4 AX10UT
DRIVER 2 IN
RX2 0UT TOLOGIC
RX3 OUT
AX 4 0UT
DRIVER 3 IN
RX5 OUT(LOW-Q [y peTecT in
GND 11 CONTROLLER OR
DRIVER DISABLE uPROCESSOR
SHUTDOWN CONTROL OUT,

F
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LT1331

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

Supply Voltage (Vgg)
Supply Voltage (V1) ...coeeerveereereerenenns ORDER PART
VA oo B NUMBER
V’ ...................................................................... 02+
Input Voltage DRIVER 1 IN
DT woon | LTIC)
RECEIVET ..vvvereveeeerrieeresesseenesssesssssee 30V to -30V oz
out LT1331CS
ON/OFF ......................................... '0-3V tO VCC+0.3V RX 3 0OUT LT1 331 CG
Driver Disable ..........coeueeeeerrrrenne -0.3V to Vgo+0.3V RX 4 OUT
Output Voltage 9] DRIVERS I
DIIVET covorvvveeeeeeeereeeeeseessssesesssesesssssenes -30V to 30V o ouT(one
Recgiver ......... s -0.3V to V]_+03V DRIVER DISABLE
Short Circuit Duration
Vs naes 30s — —
V'. ....................................................................... 303 28-LEAD CERAMIC DIP 28-LEAD PLASTIC DIP
Driver QUEPUL ......cvueeeeeeeeeee e Indef!n!te S PACKAGE G PACKAGE
Receiver QUIPUL .........ccvevvveveeeecierieereee Indefinite 26-LEAD PLASTIC SOL 28-LEAD PLASTIC SSOP
Operating Temperature Range
LTI331C vt 0°C to 70°C
ELECTRICAL CHARACTERISTICS (Note 1)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Generator
V+Output Veo=5V 86 \
V=33V 55 v
V-Output Vee=5V -70 v
V=33V -48 v
Supply Current (V) Vec=5V (Note2) 12 17 mA
V=33V 12 17 mA
SupplyCurrent(V)) (Note3) 3 5 mA
Supply Current When OFF (V) SHUTDOWN (Note4) [ ] 2 50 pA
DRIVERDISABLE 01 1 mA
Supply Current When OFF (V) SHUTDOWN (Note4) [ 60 100 pA
DRIVERDISABLE 3 5 mA
Supply Rise Time, SHUTDOWNto TurnOn C1=02=0.2uF,C+=1.0pF,C-=0.1pF 2 msec
ON/OFFPinThresholds InputLowLevel (Device SHUTDOWN) [ ] 14 08 v
InputHigh Level (Device Enabled) [ ] 24 14 v
ON/OFFPinCurrent 0V < Voyjorr s5V @ -15 80 vA
Driver Disable Pin Thresholds InputLow Level (Drivers Enabled) { 14 08 v
InputHigh Level (Drivers Disabled) @ 24 14 v
DRIVERDISABLEPinCurrent 0V < VpRiver DisasLE <5V @ -10 500 pA
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LT1331

ELECTRICAL CHARACTERISTICS  (vote 2)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Any Driver
OutputVoltage Swing, Positive Vee=5V, R =3k el 50 65 v
Vic=3.3V,R.=3k 3.7 40 v
Output Voltage Swing, Negative Vee=5V, R =3k ° -60 -5.0 \
Vee=3.3V,R =3k -33 -27 v
Logic Input Voltage Level Input Low Level (Vour=High) o 14 0.8 v
Input High Level (Vgy=Low) [J 2.0 14 v
Logic Input Current 0.8V sVjy=2.0V ° 5 20 pA
Output Short Circuit Gurrent Vour=0V 17 mA
Output Leakage Current SHUTDOWN Vout = +30V (Note 4) [ 10 100 pA
Slew Rate R =3K,C,=51pF 15 30 V/us
R.=3K, C_=2500pF 6 V/us
Propagation Delay Output Transitionty; High to Low (Note 5) 06 1.3 usS
Output Transition t,y Lowto High 05 13 uS
Any Receiver
Input Voltage Thresholds InputLow Threshold (Voyy=High) 08 13 v
InputHigh Threshold (Voyr=Low) 1.7 24 v
Hysteresis ) 01 04 1.0 v
Input Resistance 3 5 7 kQ
Receivers1Through4
OutputVoltage OutputLow, igyr =-1.6mA o 02 04 v
OutputHigh, igyr=160pA (V =3.3) ) 20 24 v
Output Short Circuit Current Sinking Current,Voyr=Vgg -20 -10 mA
Sourcing Current, Voyr =0V 10 20 mA
Propagation Delay Output Transition ty_Highto Low (Note 6) 250 600 ns
Output Transition t,yLowto High 350 600 nS
Ouput Leakage Current SHUTDOWN (Note 4) 0 s Vgyr sV ° 1 10 pA
Receiver 5 (LOW Q-CURRENT RX)
OutputVoltage OutputLow, igyr=-500pA o 0.2 04 v
Output High, igyr=160pA (V =3V) o 20 24 v
Output Short Circuit Current Sinking Current, Vour=Vce -4 -2 mA
Sourcing Current, Voyr =0V 2 4 mA
Propagation Delay Output Transition ty, High to Low (Note 6) 1.0 3 uS
Output Transition t,; Lowto High 10 3 wS

The @ denotes specifications whichapply over the operatingtemperature
range. (0°C < Ta= 70° C for commercial grade, -40°C s T, <85°C for
industrial grade, and -55°C <Ta=<125°C for military grade.)
Note1:Testingdoneat Vg =5V, V| =3.3V,and Vg orr=3V.
Note2:Supply currentis measured astheaverage over several charge pump
burstcycles.C+=1.0uF,C-=0.1uF,C1=G2=0.2uF All outputsare open, with
alldriverinputstied high.

Note3: V| supply currentis measured withall receiver outputs high.

Note4: Supplycurrentand leakagecurrentmeasurements in SHUTDOWNare
performed withVoy/orr=0.1V. Supplycurrent measurementsusing DRIVER
DISABLE are performed with VppiverpisasLe 23V.

Note5:Fordriver delay measurements, R =3Kand C =51pF. Trigger points
aresetbetweenthe driver'sinputlogicthresholdand the outputtransitionto
the zerocrossing. (ty, =1.4VtoOVandt ;=1.4Vto OV)

Note 6:For receiver delay measurements, G =51pF. Trigger points are set
betweenthe receiver'sinputlogic threshold and the output transition to
standard TTL/CMOS logicthreshold. (ty =1.3Vto2.0Vandt y=1.7Vt00.8V)

LY LR
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PIN FUNCTIONS

Vgc: 3V or 5V power supply for charge pump and drivers.
This supply is not used by keep alive receiver RX5, so Vg
may be powered down when in the SHUTDOWN mode
for system power savings. The Vgg pin should be
decoupled with a 0.1pF ceramic capacitor.

V: 3V power supply for receivers. The V| pin should be
decoupled with a 0.1pF ceramic capacitor.

GND: Ground.

ON/OFF: A TTL/CMOS 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 Vg 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* = 2Vcc - 1.5V. The V*
output is short circuit proof for 30 seconds. This pin
requires an external capacitor for charge storage. With
V=3V, the V* charge storage capacitor should be
chosen to minimize ripple to acceptable levels. A
minimum size of 0.1pF is recommended for 3V operation.
With Vgg=5V, the capacitor must be at least 5X the value
chosen for the V- storage capacitor. The recommended
minimum valug of C* for 5V operation is 1F. (Units
shipped with date code after 9326 may use 0.1pF filter
capacitors on V*).

V": Negative supply output. V- = -(2Vcc-2.5V). 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
0.1yF is recommended. When Vgc=5V, 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.

C1+C17;02+62: Commutating capacitor inputs. These
pins require two external capacitors C = 0.2yF. One from
C1*to C17, 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 TTL/CMOS
compatible. Tie unused inputs to Vgg.

DRIVER OUT: RS232 Driver outputs. Outputs are in a
high impedance state when in SHUTDOWN , Driver
Disable, or Vg = 0V. 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 10KV for human body model
discharges. Output levels of -3.3V to 4V are achieved
when the circuit is operated with Vg = 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 0.4V 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, Vgg, or Vi,

LOW Q RX IN: Low power receiver input. This receiver
remains active in SHUTDOWN mode, consuming only
60pA from supply V. 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.
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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 Vi power
supply, so the power consumption from Vgg drops to
zero. The Vg 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 V| and
less than 100pA from V.

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 V=5V and V| =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 LT1331.

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

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 0.1pF 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, 0.1pF will be acceptable.)

+3V OPERATION

Driver Outputs

The LT1331 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 Vg=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 RS§232 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
Vgc=3V operation. The charge pump always operates
continuously with V=3V, so interaction between C* and
G 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 = 0.1pF.

LY HIER
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APPLICATIONS INFORMATION

Table 1. Commonly Used RS232 Interface Circuit Receiver Thresholds

MANUFACTURER PARTNUMBER COMPATIBLE INPUTLOW THRESHOLD INPUTHIGH THRESHOLD
MIN TYP MAX MIN TYP MAX
LINEARTECHNOLOGY LT1080 v 08 13 - - 1.7 24
LT1137A v 038 13 - - 1.7 24
LT1330 \ 0.8 13 - - 17 24
LT1281 v 038 13 - - 1.7 24
ALLOTHERS v
TEXASINSTRUMENTS SN75189 v 065 1.0 1.25 0.9 13 16
SN75189A v 0.65 1.0 125 155 1.9 225
MAX232 v 08 12 _ - 17 24
SN75C185 v 0.65 1.0 1.25 16 21 255
MAXIM MAX232A v 08 13 - - 18 24
MAX241 v 06 1.2 - - 1.5 24
SIPEX SP232 v 0.8 12 - - 1.7 24
SP301 v 0.75 - 135 175 - 25
MOTOROLA MC1489 v 0.75 - 1.25 1 - 15
MC1489A v 0.75 038 1.25 175 1.95 225
NATIONAL DS1489 v 0.75 1.0 125 1.0 1.25 15
DS14C89A v 0.5 - 1.9 13 - 27
Basic Mixed 5V/3V Supply Operation Basic 3V Supply Operation
V4 V- Vs \w V-
+p————r|T] 2
1.0uF ] LT1331 0.1uF 0.1yF LT1331 =0.1uF
'_1_‘ Vee=5V —{2] - 2x04 "F$ "_1_' V=33V E—:—::: 2%0.14F L
2x0u EE =] PO = g I PA——
T {4] DRIVER1IN i == =y J._uq_@ DRIVER 1IN
DRIVER 1 OUT [5] RX10UT DRIVER 1 OUT [5] _,—>—Z] RX 10UT
. RX 1IN [6] DRIVER 2 IN RX 1 m@_l__..q.@ DRIVER 2IN
" A S e R e [0
II(I’\IE RX3IN[9] RX4 0UT I&E RX3IN[9] ] RX40UT
RX4IN DRIVER 3 IN RX 4 IN[i0] o DRIVER 3 IN
DRIVER 3 0UT [11] 78] RX5 OUT(LOW-Q) DRIVER 3 OUT »—{18] RX5 OUT(LOW-Q)
RX5 IN (LOW-0) [12} GND RX5 IN (LOW-0) [12] GND
on/oFF [i3] DRIVER DISABLE ON/OFF DRIVER DISABLE

VL=3.3V
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TYPICAL APPLICATIONS

+3.3V Parallel Operation with Shared Storage Capacitors

V+ ] V-
+
1] =1
1WF T vee-aav LT1331 e T Veoe33v 7] LT1331

P e e K P 3]
2X 0.1uF—:I—_E DRIVER1 IN 2X0.1uF—|:I—_E
DRIVER 1 0UT [5] g RX10UT DRIVER 1 0UT [5]
RX1IN[E] DRIVER2 IN RX1IN[E]
DRIVER 2 OUT[7] RX20UT T0L06IC DRIVER 2 OUT[7]
To RX2IN[8] RX 3 0UT 10 RX2 IN[8]
LINE RX 3 IN[T] ] Rx4o0UT LINE RX3IN[9]
RX 4 IN[ig] 9] DRIVER3IN RX 4 IN[10]
DRIVER 3 OUT 8] RX50UT(LOW-0) DRIVER 3 OUT
RX5 IN (LOW-Q) [i2] GND RX5 IN (LOW-Q)

6] { DRIVER DISABLE

= 2 0.1yF

DRIVER 1 IN
RX10UT
DRIVER 2 IN
RX20UT
RX30UT

RX4 0UT
DRIVER 3 IN

RX5 OUT(LOW-Q)
GND

DRIVER DISABLE

TO LOGIC

€SD PROTECTION

The RS232 line inputs of the LT1331 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 order for the ESD protection to function

ESD Test Circuit

LT1331

DRIVER 1 IN

effectively, the power supply and ground pins of the DRIVER 1 OUT[E] 4 RX10UT
LT1331 must be connected to ground through low imped- RX1IN[E] DRIVER 2N
ances. The power supply decoupling capacitors and charge sy Lue pms DR'VERRigl:; o
pump storage capacitors provide this low impedance in PRo oD T0 RX3 IN[T] RX4 OUT
normal application of the circuit. The only constraint is RX4 IN[T] 9 DRIVER3IN
that low ESR capacitors must be used for bypassing and DRIVER 3 0UT I} RX5 OUT(LOW-Q)
charge storage. ESD testing must be done with pins Vgg, s LW [ T R DiSABLE
Vi, V¥, V", and GND shorted to ground or connected with

low ESR capacitors. T 1

LY WIS
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D PRELIMINARY

_ e LT1882
TECHNOLOGY WideSupplyRange

Low PowerRS232TransceiverWith
12V Vpp OutputforFLASH Memory
February, 1993

FERTURES DESCRIPTION

w Generates Full RS232 Signal Levels from 3V Supply ~ The LT1332 is a 3 driver, 5 receiver RS232 transceiver,
= 12V Vpp Output Available for FLASH Memory designed to be used in conjunction with a switching
m Useful with a Wide Variety of Switching Regulators regulator. The LT1332 shares the regulator's positive
m Low Supply Current, I(Vec) = 1mA output, while charge is capacitively pumped from the
m Wide Supply Range , 2 < Vcc < 6 regulator's switch pin to the negative supply. Schottky
m ESD Protection to +10kV rectifiers built into the LT1332 simplify the charge pump
m Qperates to 120kbaud design.

" 8?:%??,:‘,323:3301‘"':"9'1 Impedance States When The LT1332/Switcher combination generates fully com-

; : . . pliant RS232 signal levels from as little as 2V of input
. gllleJ%LDPngl{l Recelver Remains Active while in supply. The switcher can deliver greater than 100mA of

= Flow Through Architecture Eases PC Board Layout ouput current, making the LT1332 an excellent choice for

m 60uA Supply Current in SHUTDOWN mouse driver circuits.

= Absolutely No Latchup Advanced driver output stages operate up to 120Kbaud

m Available in SO and SSOP Packages while driving heavy capacitive loads. New ESD structures
on chip make the LT1332 resilient to multiple +10kV

APPLICATIONS strikes, eliminating costly transient supressors.

= Notebook and Palmtop Computers A shutdown pin disables the transceiver except for one

m Mouse Driver Circuits 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 *
L
' L1 ' i
" SWITCHER VIN Bu MBRSISTS 2V \pp QUTPUT T v
e - o Tt
. UPTOSV | + + - C o - 104F
. 22uF* == A %__L T
| VIN W X B = =
= LT1108A-12 L E ¢ g
ON/OFF =] swONOTF SENSE - E p El
GND PGND : RS232 SIDE E —D°—— m LOGIC SIDE
L L E—>—m
-------------- I B—<t+—®
i g
-+L1 = SUMIDA CD54-330N (708-956-0666) NG [ LT RS232 ON/OFF
+3VRS232 Vee
HAVX TAJE226K035 +I

0.1pF =

LT1332 powered from an LT1109A micropower switching regulator conﬁgured for FLASH memoty.
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INITIAL RELEASE
LTC 1337

3

[EAR

TECHNOLOG

5V Micropower RS232

3-Driver/5-Receiver Transceiver

FEATURES

= Low Supply Current
1pA Supply Current in SHUTDOWN

300pA

= ESD Protection Over £10kV
m Qperates from a Single 5V Supply
m Uses Small Capacitors 0.1yF

= (Qperates to 120k Baud

m Three-State Outputs Are High Impedance When Off

= Qutput Overvoltage Does Not Force Current Back into
Supplies

® RS232 1/0 Lines Can Be Forced to 25V without
Damage

= Pin Compatible with LT1137A and LT1237

= Flowthrough Architecture

APPLICATIONS

= Notebook Computers
® Palmtop Computers

January 1993

DESCRIPTION

The LT1337 is a 3-driver/5-receiver RS232 transceiver
with very low supply current. In the no load condition, the
supply current is only 300uA. The charge pump only
requires four 0.1uF 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 1pA. All RS232 outputs assume a high imped-
ance state in SHUTDOWN and with the power off.

The LTC1337 is fully compliant with all RS232 specifica-
tions. The transceiver can operate up to 120k baud with a
1000pF//3k<2 load. Both driver outputs and receiver in-
puts can be forced to +25V without damage, and can
survive multiple £10kV 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.

TYPICAL APPLICATION
3-Drivers/5-Drivers with SHUTDOWN
0 e S
PrEEE—
O Vo2 2 o
T % _~owr T
opF > 4 _,—o<]—2—5 DRIVER 1IN
DRIVER 1 0UT —§ I——-Do—zi RX1 OUT
RXTIN =2 | o< DRIVER 2IN
DRIVER 2 0UT : | = Rxzout
RX2 IN — RX3 0UT
RX3IN J:',——Do—% AX4 OUT

RX4 IN — - 5 DRVERSIN
DRIVER 4 OUT —J—I—Do———, 18 oxs out
RX5 IN =4 T ano
ONIOFF = 16 ]
24 15 L

1337 TAO1

Supply Current
600 12

%soo 1.0
g 2
= S
= 400 08g
& QUIESCENT 2
2 CURRENT £
= 300 062
[ ]
S 2
; 200 o.4§
2. E
& 100 02
5 SHUTDONW v

(CURRENT —_ T+~

~

20 0 20 40 60 80
TEMPERATURE (°C)

1337 TA02

LY TR
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LTC 1337

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

SUpPlY VOHAGE (VGE) wevevreeerererreerenrrrrenrensanssesreaeseneaes 6V 0P VIEW
Input Voltage o
117 S -0.3Vto Vg + 0.3V v [0 2] v
RECBIVET ..o ~25V to 25V l 2
(01O | -0.3Vto Vo + 0.3V or [4] I—°<_25 DRI IN
Output Voltage DR1 OUT [5 ] _'———Do—% RX1 OUT
0] 111 ] RO T -25V 1o 25V RX1 IN [’s_‘_,—o<}—g_g[ DR2IN
Receiver -0.3Vto Vigg + 0.3V oR2 0uT [T J— ——>o—47] Axzour
Short Circuit Duration RN B — 21) s Ut
VH s ss s sa s asine 30 sec RN 3 [ o] wxour
V™ e essssssssss s sensss s 30 sec oot %__l—oq_% s our
Driver Output ...... Indefinite RX5 IN [ﬁﬂﬁ] GND
Receiver QUPUL ........coveeverereereecreerceernens Indefinite ON/OFF [i3] 6] ne
Operating Temperature Range NC [f4] [15] N
Commercial (LTC1337C) ..coeveverererernnns 0°Cto 70°C N PACKAGE S PACKAGE
Storage Temperature Range................. -65°C t0 150°C AR PLASTIC D oo SO
Lead Temperature (Soldering, 10 SEC) ....occerernees 300°C 26-LEAD SSOP

ORDER PART
NUMBER

LTC1337CN
LTC1337CS
LTC1337CG

DC ELGCTBICHL CHﬂﬂﬂCTGBISTlCS Ve =5V, C1=C2 =C3 = C4 = 0.1pF, unless otherwise noted.

PARAMETER | CONDITIONS [ MIN TYP MAX | UNITS
Any Driver
Output Voltage Swing 3k to GND Positive ° 5.0 7.0 v
Negative ° -5.0 -6.5 v
Logic Input Voltage Level Input Low Level (Voyr = High) ) 14 0.8 Y
Input High Level (Voyt = Low) ° 2.0 1.4 v
Logic Input Current Vin=5V ) 5 pA
Viy=0 [ ] -5 pA
Output Short-Circuit Current Vour=0V +10 mA
Output Leakage Current SHUTDOWN, Voyr = £20V (Note 3) ° 10 100 pA
Any Receiver
Input Voltage Thresholds Input Low Threshold ° 0.8 13 \
Input High Threshold ) 17 2.4 v
Hysteresis [) 0.1 0.4 1 v
Input Resistance 3 5 7 kQ
Output Voltage Output Low, lgyr =—1.6mA (Vg =5V) ° 0.2 0.4 \
Output High, loyr = 160pA (Vgc = 5V) ° 35 4.8 )
Output Short-Circuit Current Sinking Current, Voyy = Voo -15 -40 mA
Output Leakage Current SHUTDOWN, 0 < Vgyr <Vge (Note 3) ® 1 10 pA
Power Supply Generator
V* Output Voltage lour = 0mA ° 7.0 8.0 v
loyr = 12mA ® 6.8 75 v
V- Output Voltage lour = OmA e | -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 €LECTRICAL CHARACTERISTICS v, -s5v, ¢1=c2=C3 = C4=0.14F, unless otherwise noted.

PARAMETER | coNDiTIONS | min v max | uNITS
Power Supply
Ve Supply Current No Load (Note 2) [ 0.3 0.5 mA
Supply Leakage Current (Vgc) SHUTDOWN (Note 3) [ 1 10 pA
On/Off Threshold Low ° 14 0.8 v
On/Off Threshold High D 2.0 1.4 v
AC CHARACTERISTICS
PARAMETER CONDITIONS MIN TYP MAX UNITS
Slew Rate Ry =3k, C_ = 51pF 8 30 Vius
Ry = 3k, Cy = 2500pF 2 4 Vius
Driver Propagation Delay tuio (Figure 1) ° 2 3 us
(TTL to RS232) tiyp (Figure 1) ° 2 3 us
Receiver Propagation Delay tyir (Figure 2) ° 0.3 0.6 us
(RS232to TTL) tiuR (Figure 2) ° 0.2 0.6 us

The @ denotes specifications which apply over the operating temperature

range (0°C <Ta <70°C).

Note 1: Absolute Maximum Ratings are those values beyond which the life

of the device may be impaired.

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

Note 3: Supply current measurement in SHUTDOWN is performed with
Von=0V.

SWITCHING TIMeE WAVEFORMS

DRIVER \
INPUT 1.4V 1.4V

/[

ov

vt

DRIVER
OUTPUT 2[ ov
tLHp —>1 —>

oV
v
tHLD

1337F01

Figure 1. Driver Propagation Delay Timing

Vee
1.7V /
RXIN 1.3V 4

o

RX w
OUTPUT, 0.8V o
tLHR =1 4R

1337702

Figure 2. Receiver Propagation Delay Timing

TEST CIRCUITS

DRIVER

DRIVER OUuTPUT

INPUT

1337503

Figure 3. Driver Timing Test Load

RX
OUTPUT

T 51pF

1397504

RXIN

Figure 4. Receiver Timing Test Load

SOy RIS
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LTC1337

PIN FUNCTIONS

Vgc: 5V Input Supply Pin. Supply current less than 1pAin
the SHUTDOWN mode. This pin should be decoupled with
a 0.1yF ceramic capacitor.

GND: Ground Pin.

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

V*: Positive Supply Output (RS232 Drivers). V*=2Vgp —
1V. This pin requires an external capacitor C = 0.1uF for
charge storage. The capacitor may be tied to ground or 5V.
With multiple devices, the V*and V™~ pins may be paral-
leled into common capacitors. For large numbers of
devices, increasing the size of the shared common storage
capacitors is recommended to reduce ripple.

V~: Negative Supply Output (RS232 Drivers). Vt=2Vec -
1.5V). This pin requires an external capacitor C = 0.1uF for
charge storage.

C1*,C1~, C2+, C2™: Commutating Capacitor Inputs. These
pins require two external capacitors C = 0.1uF. 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 50Q.

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

DRIVER OUT: Driver Outputs at RS232 Voltage Levels.
Outputs are in a high impedance state when in SHUT-
DOWN mode or Vg =0V. The driver outputs are protected
against ESD to £10kV for human body model discharges.

RX IN: Receiver Inputs. These pins accept RS232 level
signals (+£25V) into a protected 5k terminating resistor.
The receiverinputsare protected against ESD to+10kV for
human body model discharges. Each receiver provides
0.4V of hysteresis for noise immunity.

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

ESD Test Circuit
v 1 % V"
| Lcisw o L
0.1pF d__\ Vee —3- 26—=_ c3 T 0.1pF
=] E
0pF > _I—oqj— DRIVER 1IN
DRIVER 1 OUT __5__|_>°_£ RX1 OUT
RX1 IN =2 I—o<1—£§- DRIVER 2 IN
" E‘iﬁiﬁ DRIVER 2 0UT ; | z—f RX2 OUT
PROTECTED R2IN — | 2 - Psout
TO +10kV RX3 IN RX4 OUT
10 19
RX4 IN T:l——roq_?ﬂ_ DRIVER 3 IN
DRIVER 4 0UT 1—2_—_I—Do—1— RX5 OUT
R IN == 1; GND
ON/OFF =] — |
M 15—

1337 €01
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FEATURES

m One Receiver Remains Active While in SHUTDOWN

= ESD Protection Over +10kV

m Uses Small Capacitors (0.1uF, 0.2uF)
m 60uA Supply Current in SHUTDOWN

= Pin Compatible with LT1137A
m QOperates to 120k baud

m CMOS Comparable Low Power - 60mW
m Operates From a Single 5V Supply
m Easy PC Layout-Flow Through Architecture

m Rugged Bipolar Design

m Qutputs Assume a High Impedance State When

Off or Powered Down
m Absolutely No Latchup

= Available in SO and SSOP Packages

APPLICATIONS

m Notebook Computers
m Palmtop Computers

INITIAL RELEASE
L1341

5VRS232TransceiverwithOne
Receiver ActiveinSHUTDOWN

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.

T0
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0.1uF

2x0.1uF =2 == |
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H

DRIVER 1 0UT
RX1IN
DRIVER 2 OUT
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m RX50UT(LOW-Q)

6] | DRIVER DISABLE

Typical Application

0.1pF
= 2x0.1pF :E
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RX20UT
RX30UT
RX4 0UT
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LT1341

ABSOLUTE MAXIMUM RATINGS
(Note 1)
Supply Voltage (VGg) «eeeeereereeseereererseeeeererneesensensenens 6V
vt 13.2V
v -13.2V
Input Voltage

DFIVET oo Vtio V-

RECBIVET .ot 30V to -30V
Output Voltage

3] (11 UV -30V to 30V

RECEIVET ...eovvecvereereecereerenneeeeieenes -0.3Vto V0.3V
Short Circuit Duration

v 30s

A 30s

Driver QUEPUL......c.cvevrreeeee e Indefinite

Receiver QUEpUL........c.coeveeeeceeceeeeas Indefinite
Operating Temperature Range

N 7 | PR -40°C to 85°C

LTI341C ..o 0°C to 70°C
Storage Temperature Range .................... -65°C to 150°C
Lead Temperature (Soldering, 10 S€C.) ..c.evvevveernnnne 300°C

PACKAGE/ORDER INFORMATION

V+ E
5V vee [2]
c1+ [3]

ci- [4]

DRIVER 1 0UT [5]
RX 1IN [8]

2 LT1341

DRIVER 2 OUT [7] 2

RX2IN [8] |

RX3IN |9

RX4IN [i0
DRIVER 3 0UT [i

RXIN5 (LOW-0Q) [iZ

oN/OFF [i3]
J PACKAGE
28-LEAD CERAMIC DIP

S PACKAGE
28-LEAD PLASTIC SOL

28 V-

27] C2-

26| C2+

25| DRIVER 1IN
24 RX10UT

23 DRIVER2IN
221 RX20UT
21| RX3 0UT

20| RX4 0UT
19] DRIVER3IN

18] RX 5 OUT (LOW-Q)

17| GND
16] DRIVER DISA
15

N PACKAGE
28-LEAD PLASTIC DIP

G PACKAGE

28-LEAD PLASTIC SSOP

ORDER PART
NUMBER

LT13411

LT1341CJ
LT1341CN
LT1341CS
LT1341CG

BLE

ELECTRICAL CHARACTERISTICS (Note2) )
PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Generator
V+Output 8.6 Vv
V- Output 7.0 Vv
Supply Current(Vcg) (Note3) 14 17 mA
Supply Current when OFF (V¢c) SHUTDOWN (Note4) ° 006 0.150 mA
DRIVERDISABLE 3 mA
SupplyRise Time C1=02=0.2uF, 2 ms
SHUTDOWNtoTurnOn C*=C=0.1pF
ON/OFF Pin Thresholds Input Low Level (Device SHUTDOWN) o 14 08 v
Input High Level (Device Enabled) o 2.0 1.4 v
ON/OFF Pin Current 0V < Vonjorr s5V ®| -15 80 pA
Driver Disable Pin Thresholds Input Low Level (Drivers Enabled) ° 14 08 v
Input High Level (Drivers Disabled) ° 2.0 1.4 v
DRIVER DISABLEPin Current 0V = Vppriver pisasLe 5V e| -10 500 pA
Oscillator Frequency 130 kHz

1-68
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LT1341

ELECTRICAL CHARACTERISTICS  (Nowe2)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Any Driver
Output Voltage Swing Load = 3k to GND Positive e| 50 73 v
Negative ®| -50 -65 '
Logic Input Voltage Level Input Low Level (Voyr=High) o 14 08 v
InputHigh Level (Voyr=Low) ° 2.0 1.4 v
Logic Input Current 0.8V sVjys2.0V ) 5 20 pA
Output Short Circuit Current Vour=0V 17 mA
Output Leakage Current SHUTDOWN Vgyt =30V (Note 4) [ 10 100 pA
Slew Rate R.=3k,C=51pF 15 30 V/us
Ry=3k,C;=2500pF 4 15 Vius
Propagation Delay Output Transition ty High to Low (Note 5) 06 1.3 uS
Output Transition t;y Low to High 05 13 usS
Any Receiver
Input Voltage Thresholds Input Low Threshold (Voyt = High) 0.8 1.3 N
Input High Threshold (Voyt = Low) 1.7 24 )
Hysteresis [ 0.1 04 1.0 \
Input Resistance 3 5 7 kQ
Ouput Leakage Current SHUTDOWN (Note) 0 s Voyt sVec [ 1 10 pA
Receivers 1 Through 4
Output Voltage Output Low, lgyr =-1.6mA o 02 04 \
Output High, lgyt = 160pA (Vge=5V) o 35 4.2 \
Output Short Circuit Current Sinking Current,Voyr=Vee -10 -20 mA
Sourcing Current, Voyr=0V 10 20 mA
Propagation Delay Output Transition ty,_High to Low (Note 6) 250 600 nS
Output Transition t;y Low to High 350 600 nS
Receiver5 (LOW-Iq RX)
OutputVoltage Output Low, lgyt =-500pA ) 02 04 \
Output High, lgyt = 160pA (Vgc =5V) [} 3.5 42 v
Output Short Circuit Current Sinking Current, Voyr=Vc -2 -4 mA
Sourcing Current, Voyr=0V 2 4 mA
Propagation Delay Output Transition ty,_High to Low (Note 6) 1.0 8 uS
Output Transition t; y Low to High 1.0 3 usS

The @ denotes specifications whichapply over the operatingtemperature
range. (0°C s Tas 70° Cfor commercial grade, -40°C < T <85°C for
industrial grade, and -55°C s T < 125°C for military grade.)

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

Note 2: Testing done at Vg = 5V and Vop,orr=3V.

Note 3: Supply currentis measured as the average over several charge
pump burstcycles. C*=C"=0.1pF, C1=C2=0.2uF. All outputs are open,
with all driver inputs tied high.

Note 4: Supply current measurements in SHUTDOWN are performed
with Vonjorr s 0.1V. Supply current measurements using DRIVER
DISABLE are performed with Vpgiver pisasLe = 3V.

Note 5:For driver delay measurements, R, = 3kand C_=51pF. Trigger
points are set between the driver's input logic threshold and the output
transitionto the zero crossing. (ty = 1.4Vto OV and t.;=1.4Vto OV)
Note 6:For receiver delay measurements, C_ = 51pF. Trigger points are
setbetweenthereceiver'sinputlogic threshold and the outputtransition
to standard TTL/CMOS logicthreshold. (ty =1.3Vto 2.4Vandt\y=1.7V
100.8V) .

LY WS
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LT1341

PIN FUNCTIONS

Vee: 5V Input supply pin. This pin should be decoupled
with a 0.1uF ceramic capacitor.

GND: Ground Pin.

On/0ff: A TTL/CMOS 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* = 2V¢g -
1.5V. This pin requires an external charge storage capaci-
tor C =0.1uF, tied to ground or V. Larger value capacitors
may be used to reduce supply ripple.

V": Negative supply output (RS232 drivers). V- ~ -(2Vgc-
2.5V). This pin requires an external charge storage capaci-
tor C= 0.1uF. To reduce supply ripple, increase the size of
the storage capacitor.

C1+;C17;C2*,62": Commutating capacitor inputs, require
two external capacitors C = 0.2uF. One fromC1*to C1-,and
another from C2* to C2°. The capacitor's effective series
resistance should be less than 2Q. For C =1pF, 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 TTL/
CMOS compatible. Tie unused inputs to Vce.

DRIVER OUT: Driver outputs at RS232 voltage levels.
Outputs are ina high impedance state whenin SHUTDOWN
mode, Vg = 0V, or when the driver disable pin is active.
Outputs are fully short circuit protected from Voyr=V" +
30V to Vpyr=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 +10kV for human body model discharges.

RX IN: Receiver inputs. These pins accept RS232 level
signals (+30V) into a protected 5kQ terminating resistor.
The receiver inputs are protected against ESD to +10kV for
human body model discharges. Each receiver provides
0.4V of hysteresis for noise immunity.

RX OUT: Receiver outputs with TTL/CMOS 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 Vg 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 60uA. 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 TTL/CMOS output voltage
levels with slightly decreased speed and short circuit
current,

ESD Test Circuit

N Vi [I 7 V-
f mrera—
0.1yF 5V Ve LT1341 0.14F
L T
Ea e Fl 7 = R 3
xI ¥
= 0.24F 1?{@ 2
T4 25 DRIVER 1IN
DRIVER 1 0UT [5] 24 RX10UT
RX1IN [g] 23 DRIVER2IN
DRIVER 2 0UT [7} 72 RX20UT
RS232 Line Pins 1
Protected o RX2 N [8] | 21 RX30UT
10K RX3 IN RX 4 OUT
RX4 IN [T0] DRIVER 3 IN
DRIVER 3 0UT RX 5 OUT(LOW-Q)
RXS IN (LOW-0) [i) GND
ON/OFF [T3] DRIVER DISABLE
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FEATURES

m ESD Protection Over +10kV

m 3 Volt Logic Interface

m Uses Small Capacitors (0.1uF, 0.2uF)

= 1yA Supply Current in SHUTDOWN

m Low Power Driver Disable Operating Mode

m Pin Compatible with LT1137A

= Operates to 120k baud

m CMOS Comparable Low Power - 60mW

m Operates From a 5V Supply and 3V Logic Suppy

m Easy PG Layout: Flowthrough Architecture

m Rugged Bipolar Design

m Qutputs Assume a High Impedance State When
Off or Powered Down

m Absolutely No Latchup

APPLICATIONS

m Notebook Computers
m Paimtop Computers

INITIAL RELEASE
11342

5V RS232 Transceiver with
3V Logic Interface

January, 1993
DESCRIPTION

The LT1342 is an advanced low power three driver, five
receiver RS232transceiver. The LT1342 operatesfroma5sV
supply and a3V logic supply. Receiver outputs caninterface
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 onthe chip allow the LT1342 to survive
multiple +10kV 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

V+
+

T svvee
2x01uF EEE )
DRIVER 1 0UT

RX1IN

DRIVER 2 0UT

o RX2IN

l

0.1uF

LT1342

LINE RX3IN

0.1puF
2x0.1pF :lz
= =
DRIVER 1IN
4] RX10UT
DRIVER 2 IN
RX20UT TO3V
RX 3 OUT LOGIC
RX 4 0UT
9] DRIVER3IN
RX5 OUT
GND
5] | DRIVER DISABLE

LR
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LT1342

ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION
(Note 1)
SUPPIY VOHAGE (VGE) vvvvereesenmeereessserresssserseessneees 6V ORDER PART
Supply Voltage (V1) .evevvereereeereerernereesnsesesinenenseeeses 6V v+ g v- NUMBER
v+ 13.2V e 2
v -13.2V o DRIVER 1 IN LT13421J
Input Voltage . DRIVER 1 0UT 4 RX10UT LT1342CJ
i - RX 1IN ] DRIVER2 IN
e Cr——— wor | isics
Output Voltage RX3IN RX 4 0UT
0] 111 R RO -30V to 30V AX4IN DRIVER3 IN
RECEIVET ..cvevrvreireireeerrneernreireninanas -0.3V to Vgg+0.3V DRWE’; : ;‘U; z:; our
Short Circuit Duration
v+ 305 OZ\I/O\;i DRIVER DISABLE
v 30s
Driver QUEPUL.....ccvvvvverreesrinnnsvsneesrnne Indefinite B P 2bLon e P
Receiver QUIPUL..........ocvevriercreeseinccenns Indefinite
Operating Temperature Range § PACKAGE G PACKAGE
LTI342I ... -40°C to 85°C ZLEADPUISTICSOL  26-LEADPLASTICSSOP
LT1342C ... 0°C to 70°C
Storage Temperature Range .................... -65°C to 150°C
Lead Temperature (Soldering, 10 sec.).................. 300°C
CLECTRICAL CHARACTERISTICS (vore2)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Generator
V+Output 86 v
V-Output -70 v
Supply Current (Vgc) (Note 3) 12 17 mA
Logic Supply Current (V) (Note 4) 0.1 1 mA
Supply Current when OFF (V¢g) SHUTDOWN (Note 5) ) 1 10 pA
DRIVERDISABLE 0.1 mA
Logic Supply Current (V) when OFF SHUTDOWN (Note 5) [} 1 10 pA
DRIVERDISABLE 0.1 1 mA
Supply Rise Time C1=02=0.2uF, 0.2 ms
SHUTDOWN to TurnOn C+=C=0.1uF
ON/OFFPinThresholds InputLowLevel (Device SHUTDOWN) ° 14 08 v
InputHigh Level (Device Enabled) ) 20 14 v
ON/OFFPinCurrent OV =Vonsorr <5V ®| -15 80 pA
Driver Disable PinThresholds InputLow Level (Drivers Enabled) [ ) 1.4 08 v
InputHigh Level (DriversDisabled) [ 2.0 1.4 v
DRIVERDISABLEPinCurrent 0V = VpRiver pisasLe 5V ol -10 500 pA
Oscillator Frequency 130 kHz
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LT1342

ELECTRICAL CHARACTERISTICS (Note 2)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Any Driver
OutputVoltage Swing Load =3ktoGND Positive ® 5.0 73 v
Negative ®| -50 -65 v
LogicInputVoltageLevel InputLowLevel (Voy=High) ® 14 08 v
InputHighLevel (Voyr=Low) [ 2.0 14 v
LogiclnputCurrent 0.8V sViys2.0V [ 5 20 pA
Output ShortCircuitCurrent Vour=0V 17 . mA
Output Leakage Current SHUTDOWN Vqyr = £30V (Note 5) o 10 100 pA
Slew Rate R.=3k,C,=51pF 15 30 V/us
R.=3k,C_=2500pF 4 15 V/us
Propagation Delay Output Transition ty, High to Low (Note 6) 06 1.3 uS
Output Transition t y Low to High 0.5 1.3 uS
Any Receiver
InputVoltage Thresholds InputLow Threshold (Voyr=High) 0.8 13 v
InputHigh Threshold (Voyr=Low) 1.7 24 v
Hysteresis [ 0.1 04 1.0 v
InputResistance 3 5 7 kR
OuputLeakageCurrent SHUTDOWN (Note) 0sVoyrsVee [ 1 10 pA
Receivers1 Through4
OutputVoltage OutputLow, Iyt =-1.6mA ° 02 04 v
OutputHigh, loyr=160pA ) 2.7 29 v
OutputShortCircuitCurrent Sinking Current,Voyr=Vee -0 -20 mA
SourcingCurrent, Voyr=0V 10 20 mA
Propagation Delay OutputTransitionty Highto Low (Note 7) 250 600 ns
OutputTransitiont yLowtoHigh 350 600 nS
Receiver5
OutputVoltage OutputLow, lgyr =-500pA [ 0.2 04 v
OutputHigh, lpyr=160pA [ 2.7 29 )
OutputShortCircuitCurrent Sinking Current, Voyr=Vge -2 -4 mA
Sourcing Current,Voyr=0V 2 4 mA
Propagation Delay Output Transition ty Highto Low (Note 7) 1.0 3 uS
Output Transitiont, yLowto High 10 3 uS

The@denotes specifications whichapply over the operatingtemperature
range. (0°C s Tas 70° Cfor commercial grade, -40°C < T, <85°C for
industrial grade, and -55°C < T <125°C for military grade.)

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

Note 2: Testing done at Vigg = 5V, V| =3.3V and Vo orr=3V.

Note 3: Supply currentis measured as the average over several charge
pump burst cycles. C*=C-=0.1uF, C1=C2=0.2uF. All outputs are open,
with all driver inputs tied high.

Note 4: V| supply current is measured with all receiver outputs low.

Note 5: Supply current measurements in SHUTDOWN are performed
with Vonjorr s 0.1V. Supply current measurements using DRIVER
DISABLE are performed with Vppjver pisasLe = 3V.

Note 6:For driver delay measurements, Ry = 3kand C; = 51pF. Trigger
points are set between the driver's input logic threshold and the output
transition to the zero crossing. (ty_ =1.4Vto OVand t ;= 1.4Vto OV)
Note 7:For receiver delay measurements, C|_ = 51pF. Trigger points are
setbetweenthe receiver'sinputlogicthreshold and the outputtransition
tostandard TTL/CMOS logicthreshold. (ty =1.3Vto 2.4Vandt y=1.7V
t0 0.8V)

AV IR

1-73



LT1342

PIN FUNCTIONS

Vge: 5V Input supply pin. This pin should be decoupled with
a 0.1uF ceramic capacitor close to the package pin. Insuffi-
cient supply bypassing can result in low output drive levels
and erratic charge pump operation.

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

GND: Ground Pin.

On/Off: A TTL/CMOS compatible operating mode control. A
logic low puts the device in the low power SHUTDOWN 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. Alogic low onthe
On/0ff 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+ =2V -
1.5V. This pin requires an external charge storage capaci-
tor C =0.1uF, tied to ground or Vgg. Larger value
capacitors may be used to reduce supply ripple.

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

C1*,617;62*,62: Commutating capacitor inputs, require
two external capacitors C = 0.2uF. One fromC1*to C1-, and
another from C2* to C2°. The capacitor’s effective series
resistance should be less than 2Q. For C =1uF, 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 TTLor CMOS logic. Tie unused inputs to
Vee or V.

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, Voc = 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 10KV 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 +10kV for
human body model discharges. Each receiver provides 0.4V
of hysteresis for noise immunity. Open receiver inputs
assume a logic low state.

RX OUT: Receiver outputs with TTL/CMOS 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 Vg with the power on, off, or in
SHUTDOWN mode.

ESD Test Circuit

Vi

e ]
,—1:0'1‘": 5V Vee |:2
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= i 2
ol =S by DRIVER 1 IN
DRIVER 1 0UT [5] o—{24 RX10UT
Rx 1IN [6] ,—-o<]— DRIVER 2 IN
o DRIVER 2 OUT [7] 27 Rx20UT
e Ax2 N [g] | 21 Rx3o0uT
10KV RX3IN RX4 0UT

9] DRIVER3IN
° 8] RX50UT
RX5IN GND
B] | DRIVER DISABLE
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TECHNOLOGY

RS485 Applications Information

Typical Applications

A typical half duplex interface is shown in Figure 1. A
twisted pair of wires 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.

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

BN
4 SHELD 7 N\ SHELD
[

12
N
1/4 LTC486

12

L 1/4 LTCA86

12
EN 1/4 LTC488

LTC486 * TAO?

Figure 1. 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.

TheLTC490and LTC491 canalso be used as line repeaters
asshowninFigure 3. Ifthe 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.

RX

RECEIVER

12
! 120Q 7 )
19 \/\DATA IN

10
5 1200 /'\

Figure 3. Line Repeater

I.h IwN

LTC491+ TA1

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 thermal 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
120Q cables designed for RS485 applications.

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

1.0 A

LOSS PER 100 ft (dB)
N

I
Nl i

01 10 100
FREQUENCY (MHy)

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 fora given
datarate. With lower quality PVC cables, the dielectric loss
factor can be 1000 times worse. PVC twisted pairs have
terrible losses at high data rates (>100kBs), and greatly
reduce the maximum cable length. At low data rates
however, they are acceptable and much more economical.

10k === = ===zzi|

1 H 13511 1
i il Tl

100 54%55% Ezszﬂ

iii i |
" I |
10k 100k M 25M 10M

DATA RATE (bps)

LTC491+ TA13

CABLE LENGTH (ft)

Figure 5. Cable Length vs Data Rate
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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).
PROBE HERE

ot
o

Rt=120Q

Rt=470Q W

Rt = 470Q

LTC491 « TA14

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).

If the cable is lightly loaded (470%2), 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 currentis about 60 times greater than
the supply current of the LTC491. One way to eliminate the
unwanted current is by AC coupling the termination resis-
tors as shown in Figure 7.

>
1200

RECEIVER RX

e

C = LINE LENGTH (ft) x 16.3pF

LTC491 + TA1S

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 of the cable. The coupling capacitor
must pass frequencies above the point where the line
represents an electrical one-tenth wavelength. The value
of the coupling capacitor should therefore be setat 16.3pF
per foot of cable length for 12002 cables. With the coupling
capacitors in place, power is consumed only on the signal
edges, and not when the driver output is idling ata1 or 0
state. A 100nF 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).

AV e
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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)
whenthe datais finished transmitting and all drivers on the
line are forced into three-state. The receiver of the LTC491
has a fail-safe feature which guarantees the output to 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

=
Sima Z1a Fiaee Jiioe -
\/\ | receen RX
1\
+5V
315k |
X\/ Mg 1 Recewen RX
g VVv
S
15k
L
100k
w5 W——) —
¢ 31200
Ve
RECEIVER RX
\K

LTC491 » TA16

Figure 8. Forcing “0” When All Drivers are Off

The termination resistors are used to generate a DC bias
which forces the receiver output to aknown state, inthis case
alogic 0. The first method consumes about 208mW and the
second about 8mW. 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.

Fault Protection

All of LTC’s RS485 products are protected against ESD
transients up to 2kV using the human body model (100pF,
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).

X! 1200 Y \f\\

z
Y,

T

(X

- LTC491 2 TA17

DRIVER

Figure 9. ESD Protection with TransZorbs

ATransZorb 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 ina 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

RS232 IN — q

sekeg RX

j— 1/2 LTC491

LTC491+ TA18

Figure 10. RS232 Receiver

DRIVER

1/2 LTCA491
Jvy -vz| 19k
TR

= HYSTERESIS = 10kQ * R

LTC4g1 + TA19

Figure 11. RS232 to RS485 Level Transistor with Hysteresis

TransZorb is a registered trademark of General Instruments, GSI
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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-
|ar technology because the common mode range of the de-
vice must extend beyond the supplies and be immune to ESD
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
(lcc=5004A max.) without sacrificing ESD and latchup
immunity.

Proprietary Output Stage

The LTC485 driver output stage of Figure 1 features a
common mode range that extends beyond the supplies while
virtually eliminating latchup and providing excellent ESD

Vee

DRIVER
ouTpPUT

LOGIC

IN

Figure 1. LTC485 Output Stage

TTL 0ISE
GENERATOR

protection. Two Schottky diodes SD3 and SD4 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 Vg or be-
low ground by another driver on the party line, the parasitic
diode D1 or D2 will forward bias, but SD3 or SD4 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

Using the test circuit of Figure 4 with only one foot of twisted
pair wire, Figures 2 and 3 show the typical propagation
delays.

DRIVER
OUuTPUT

Figure 3. LTC485 System Waveforms

=

26AWG TWISTED PAIR

Figure 4. LTC485 System Test Circuit

LY HIER
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LTC485 Line Length vs Data Rate

The maximum line length allowable for the RS422/RS485 Figures 7 and 8 show that the LTC485 is able to comfortably
standard is 4000 feet. Using the test circuit of Figure 4 with  drive 4000 feet of wire at 110kHz.

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.

When specifying line length vs maximum data rate the curve
in Figure 9 should be used:

Ro Ro
COMMON MODE
VOLTAGE (C +OD)12 egGiZEENJIAé

DI Dl

Ro Ro
COMMON MODE DIFFERENTIAL
VOLTAGE (C+ D)2 VOLTAGED-C

DI

- | [

b | ) 1 |

Figure 7. System Common Mode Voltage @110kHz Figure 8. System Differential Voltage @110kHz

10k
\\
_— \
P
T
o
=
=]
]
2 100 N
S C
o I
10k 100k M 25M  10M
MAXIMUM DATA RATE

Figure9. 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.

2.8 LT IR



LTC485

O/ LITgAR

TECHNOLOGY

FEATURGES

o Low Power: Icc=300xA Typ

o Designed for RS485 Interface Applications

o Single +5V Supply

a —7Vto + 12V Bus Common Mode Range Permits + 7V
Ground Difference Between Devices on the Bus

a 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

a 70mV Typical Input Hysteresis

o 30ns Typical Driver Propagation Delays with 5ns Skew

o Pin Compatible with the SN75176A, DS75176A and
1A96176

APPLICATIONS

o Low Power RS485/RS422 Transceiver
a Level Translator

Low Power RS485 Interface
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). It 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 drlver 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.

TYPICAL APPLICATION

RO1 —
RET
DE1 —
DIt —

RO2 =
RE2
DE2 —
DI2 —

sy iy

[ GND2

Driver Outputs

SO/ UNEAR
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LTC485

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Supply Voltage (Voe) «vvvvvvvvrvieniiiiiiin s, 12V
Control Input Voltages .............. -0.5Vto Vg +0.5v
Driver Input Voltage ................. -0.5Vto Ve +0.5V
Driver Output Voltages ............ccoeevvininene. 14V
Receiver InputVoltages...........ccoovvevininnns 14V
Receiver Output Voltage ............. -0.5Vto Vg +0.5V
Operating Temperature Range
LTCABS ...ouveereerecrrerreererireiins -40°C <Tp <85°C
LTCA85C ...c.vvvveeeetrerreererersenns 0°C < Tp<70°C
LTCA85M ..., —-55°C < Tp<125°C

PACKAGE/ORDER INFORMATION

TOP VIEW ORDER PART
ol NUMBER
ot LTC485CNS
af LTC485IN8
5] ao LTC485CS8
LTC4851S8
BLEADCERMMIGDIP  S-LEAD PLASTIC 1P LTC485CJ8
S8 PACKAGE LTC485MJ8
8-LEAD PLASTIC SOIC 88 PART MARKING
Tyax = 155°C, 634 = 100°CW (J)
Tomax = 100°C, 8y = 130°C/W (N) 485
Ty = 100°C, 03 = 170°CW (S) 4851

DC ELECTRICAL CHRARACTERISTICS vc=5v:5% (Notes 2and 3)

LTC485C, LTC4851
SYMBOL PARAMETER CONDITIONS MIN P MAX UNITS
Vont Differential Driver Output Voltage lp=0 o 5 v
(Unloaded) .
Vonz Differential Driver Output Voltage R=500; (RS422) (5] 2 \
(with Load) R=270; (RS485), Figure 1 o 15 5
AVop Change in Magnitude of Driver R=272 or R=50Q, Figure 1 ° 0.2 v
Differential Output Voltage for
Complementary Output States
Voc Driver Common Mode Output Voltage R=270 or R=50Q, Figure 1 [+] 3 \
AlVog| Change in Magnitude of Driver R=270 or R=50, Figure 1 o 0.2 \
Common Mode Output Voltage
for Complementary Output States
Viy Input High Voltage DE, DI, RE ° 20 '
Vi Input Low Voltage DE, DI, RE [ 08 v
It Input Current DE, DI, RE o *2 WA
Iina Input Current (A, B) DE=0,Vge=0 | V=12V (] +1.0 mA
or5.25 V= -7V ) -08
Vru Differential Input Threshold Voltage for -VsVeys +12V ° -0.2 +0.2 v
Receiver
" AViy Receiver Input Hysteresis Vou=0V ° 70 mV
Vou Receiver Output High Voltage lp= —4mA, Vip= +200mV ) 3.5 \
VoL Receiver Output Low Voltage lg= +4mA, Vjp= - 200mV =] 0.4 v
lozm Three-State (High Impedance) Output Voo =Max, 0.4<Vp<24 o +1 BA
Current at Receiver
Riy Receiver Input Resistance =7VsVeys +12V © 12 kQ
lec Supply Current No Load, Pins 2, |Outputs Enabled | @ 500 900 pA
3,4=0Vor5V | Qutputs Disabled | © 300 500
losp1 Driver Short-Circuit Current, Voyr = HIGH -V=Vo=< 412V (] 35 250 mA
losp2 Driver Short-Circuit Current, Voyr = LOW -7V<Vo< + 10V 0 35 250 mA
losm Receiver Short-Circuit Current 0V<Vp<Vge 4 7 85 mA
210 A7y LINEAR
TECHNOLOGY



LTC485

SWITCHING CHARACTERISTICS vec=5v:5% (Notes 2and 3

LTC485C, LTC4851
SYMBOL PARAMETER CONDITIONS MIN TYP  MAX UNITS
tow Driver Input to Output Rpirr =549, Gy =Cpp=100pF, o 10 30 60 ns
tou Driver Input to Output (Figures 3 and 5) o 10 30 60
tskew Driver Output to Output o 5 10
tre tF Driver Rise or Fall Time o 3 15 40
tzy Driver Enable to Output High Cy=100pF (Figures 4 and 6) S2 Closed o 40 70 ns
ta Driver Enable to Output Low Cy =100pF (Figures 4 and 6) S1 Closed o 40 70 ns
tiz Driver Disable Time from Low Cy =15pF (Figures 4 and 6) S1 Closed ) 40 70 ns
tuz Driver Disable Time from High Cy = 15pF (Figures 4 and 6) S2 Closed ] 40 70 ns
tpuy Receiver Input to Output Rpirr =549, Cpy=Cyo=100pF, o 30 90 200 ns
tou Receiver Input to Output (Figures 3 and 7) o 0 90 200 ns
tsk [terrrtpn| ° 13 ns

Differential Receiver Skew

ta Receiver Enable to Output Low Cpgy = 15pF (Figures 2 and 8) S1 Closed [¢] 20 50 ns
tzy Receiver Enable to Output High Cpgy = 15pF (Figures 2 and 8) S2 Closed o 20 50 ns
tz Receiver Disable from Low Cgy =15pF (Figures 2 and 8) S1 Closed [¢] 20 50 ns
thz Receiver Disable from High Cgy=15pF (Figures 2 and 8) S2 Closed o 20 50 ns

The O denotes specifications which apply over the full 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 Vg =5V and Ty = 25°C.

TEST CIRCUITS

A
3R
Voo ][—T
2R voe
8 i

Figure 1. Driver DC Test Load

- LTC485+ TAO1

Figure 3. Driver/Receiver Timing Test Circuit

RECEIVER TEST POINT

OUTPUT
CRL

15pF I

Figure 2. Receiver Timing Test Load

S1 0= V¢

OUTPUT 000
UNDERTEST

Figure 4. Driver Timing Test Load #2

JOyHIEAR
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L TC485
SWITCHING TIME WAVEFORMS

vV

DI 15V f=1MHz: ta<10ns: tF<10ns S'v.sv
ov
tPLH tpHL—| [ 12Vo

5 vy
z X
T 12Vo —>| |<—tSKEw -*‘ |<—tsn<ew I

. VoirF=V(A)-V(B)

Vo 80% 0%
v 0% 2%
tn——»l tF |<—

Figure 5. Driver Propagation Delays

3v

* o 711'5\/ f=1MHz: t=<10ns: tF<10ns \ 15V
5 T tz—> ~—
AB 23V
VoL N~ OUTPUT NORMALLY LOW -
VoH
Ao w oo OUTPUT NORMALLY HIGH 08V
tzH—>] |— iz

Figure 6. Driver Enable and Disable Times

Vo
R 5’va OUTPUT 1.5V
VoL
l<_. f=1MHz: tr<10ns: tF<10ns tLH

tPHL—>
Vooz
A-B o INPUT o

~Vop2 I

Figure 7. Receiver Propagation Delays

o & l
RE 1.5V = : tE< 1.5V
o K f=1MHz tg<10ns: tr<10ns Y,
5V t71—> |-— tz—> |<*—
R 1.5V OUTPUT NORMALLY LOW 05
0.5V
R w 1.5V OUTPUT NORMALLY HIGH
tz—>| tHz—>1

Figure 8. Receiver Enable and Disable Times
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LTC485

LTC485 Transmitting
INPUTS LINE OUTPUTS
RE DE DI CONDITION B A
X 1 1 No Fault 0 1
X 1 0 No Fault 1 0
X 0 X X Z z
X 1 X Fault z z
LTC485 Receiving
INPUTS OUTPUTS
RE DE A-B R
0 0 >+02V 1
0 0 <-02V 0
0 0 Inputs Open 1
1 0 X z

PIN FUNCTIONS
PIN# | NAME DESCRIPTION

1 RO Receiver 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.

2 RE Receiver Output Enable. A low enables the
receiver output, RO. A high input forces the
receiver output into a high impedance state.

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
outputs into a high impedance state and the chip
will function as a line receiver.

4 DI Driver Input. If the driver outputs are enabled (DE
high), then a low on DI forces the outputs A low
and B high. A high on DI with the driver outputs
enabled will force A high and B low.

5 GND Ground Connection.

6 A Driver Output/Receiver Input.

7 B Driver Output/Receiver Input.

8 Voo Positive Supply; 4.75< V¢ <5.25

TYPICAL PERFORMANCE CHARACTERISTICS

Receiver Output Low Voltage vs
Output Current Ty =25°C

OUTPUT CURRENT (mA)
>

05 1.0 15 20
OUTPUT VOLTAGE (V)

OUTPUT CURRENT (mA)

Receiver Output High Voltage vs

Output Current Ty =25°C

Receiver Output High Voltage vs
Temperature @l =8mA
48

46

44
42 PN

40 S

38
~N
38 AN

OUTPUT VOLTAGE (V)

3 AN

32

4 3
OUTPUT VOLTAGE (V)

30
2 -50 -26 0 25 5 75 100 125
TEMPERATURE (°C)

LR
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TYPICAL PERFORMANCE CHARACTERISTICS

09
08
0.7
06
05
04
03
02
0.1

OUTPUT VOLTAGE (V)

0

90

70

50

OUTPUT CURRENT (mA)

75
70
65
6.0
55

TIME (ns)

50
45
40
35
30

Receiver Output Low Voltage vs
Temperature @l =8mA

-50 -5 0 25 50 75

TEMPERATURE (°C)

100 125

Driver Output Low Voltage vs
Output Current Ty =25°C

/1
/

0 1 2 3 4
OUTPUT VOLTAGE (V)

Receiver |tp .y~ tpHL| vS

Temperature
\
\\
\\\
-50 -25 0 2% 50 7; 100 125
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OUTPUT CURRENT (mA)
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48

2
24
16

5.4
48
42
36
30
24
18
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0.6

0
-50

Driver Differential Output Voltage
vs Output Current Ty =25°C

N

N

\\
N

N

\

1 2 3
OUTPUT VOLTAGE (V)

Driver Output High Voltage vs
Output Current Ty =25°C

N

0 1 2 3 4

OUTPUT VOLTAGE (V)

Driver Skew vs Temperature

N\
\\ Ve
\ A
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\ L/
\V/
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TEMPERATURE (°C)

DIFFERENTIAL VOLTAGE (V)

RESHOLD VOLTAGE (V)

x
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=
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Driver Differential Output Voltage
vs Temperature Rl =540
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TTL Input Threshold vs
Temperature
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Supply Current vs Temperature
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40 \‘ DRIVER ENABLED
. /
u DRIVER DISABLED _L~
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220
160
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LTC486

FERTURES

o Very Low Power: Igc = 110pA Typ.

o Designed for RS485 or RS422 Applications
a Single +5V Supply

[n]

-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,

nA96172, and DS96F172

APPLICRTIONS

o Low Power RS485/RS422 Drivers
o Level Translator

Quad Low Power
RS485 Driver

PESCRIPTION

The LTC486 is a low power differential bus/line driver
designed for multipoint datatransmission 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 counterpart without sacrificing ruggedness against
overload or ESD damage.

The driver features three-state outputs, with the driver
outputs maintaining high impedance over the 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 0°C to
70°C and over the 4.75V to 5.25V supply voltage range.

TYRPICAL RRPLICATION

4000 FT BELDEN 9841

1/4 LTCA86

m

RS485 Cable Length Specification*

10k ===z

m
=
-z
V.4

CABLE LENGTH (FT)

1/4 LTCA88

. I I |

10k 100k M 25M  10M
DATA RATE (bps)

LTC486 » TAGY

* APPLIES FOR 24 GAUGE, POLYETHYLENE
DIELECTRIC TWISTED PAIR

L/ HIER
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LTC486
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION

(Note 1)
SUpPlY VOIAGE (VGE) crvvveerseeerreseeseesreeesessesesee s 12V AL ORDER PART
Control Input Voltages...................... -0.5V to Vg + 0.5V % ‘;‘:’ NUMBER
g::zg: I&E)tut Voltages....c.coeeevevrrunes -0.5Vto Vge + 0.5V ] boss LTCAS6CN
PUt VOIAQES ......ceveeererrecierereeeieins +14V ] ooss 4
Control INput CUITENtS .....cvevvevverrererreereneseenene +25mA 7 & LTCA86CS
Driver Input CUIrents ........cocveeeeerrecrecmecencerennees +25mA ] oo
Operating Temperature Range .................... 0°C to 70°C 9] oo
Storage Temperature Range................... -65°C to 150°C =] o
Lead Temperature (Soldering, 10 SEC.) ..c.co.cvrverenes 300°C
N PACKAGE S PACKAGE
Tymax = 125°C, 6y = 70°CW (N) | 16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOL
Tymax = 150°C, 654 = 95°C/W (S) LTcese - Po0t
DC ELECTRICAL CHARACTERISTICS v, - 5v 5%, 0°C < Temperature < 70°C (Note 2, 3)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vop1 Differential Driver Output Voltage (Unloaded) lp=0 5 v
Vop2 Differential Driver Output Voltage (With Load) R =50Q; (RS422) 2 v
R = 27Q; (RS485) (Figure 1) 15 5 v
Vop Change in Magnitude of Driver Differential R=27Qor R =50Q 0.2 v
Output Voltage for Complementary Output States (Figure 1)
Voo Driver Common Mode Output Voltage 3
Voc! Change in Magnitude of Driver Common Mode 0.2
Output Voltage for Complementary Output States
Vi Input High Voltage DI, EN, EN 2.0 v
ViL Input Low Voltage 0.8 v
It Input Current +2 pA
Igc Supply Current No Load | Output Enabled 110 200 uA
Output Disabled 110 200
losp1 Driver Short Circuit Current, Voyr = High -V<Vp<+12V 250 mA
losp2 Driver Short Circuit Current, Voyt = Low -TV<Vp<+12V 250 mA
loz High Impedance State Output Current Vo=-7Vto 12V +2 +200 pA
SWITCHING CHARACTERISTICS v = 5v +5%, 0°C < Temperature < 70°C (Note 2, 3)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
tpLH Driver Input to Output Roir = 54Q, Gy = Co = 100pF 20 28 60 ns
tpHL Driver Input to Output (Figures 2, 4) 20 28 60
tskEw Driver Output to Output 5 15
tr 1 Driver Rise or Fall Time 5 15 i
tzn Driver Enable to Qutput High Ci = 100pF (Figures 3, 5) S2 Closed 35 70 ns
tzL Driver Enable to Qutput Low Cy = 100pF (Figures 3, 5) S1 Closed 44 75 ns
iz Driver Disable Time from Low Cy = 15pF (Figures 3, 5) S1 Closed 55 92 ns
thz Driver Disable Time from High Ci = 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: Al typicals are given for Vg = 5V and Temperature = 25°C.
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LTC486

FUNCTION TABLE

INPUT ENABLES OUTPUTS
DI EN N 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

H: High Level

L: Low Level

X: Irrelevant

Z: High Impedance (Off)

PIN FUNCTIONS

DI1 (Pin1): Driver 1 input. If Driver 1is enabled, thenalow
on DI1 forces the driver outputs DO1Alow and DO1B high.
A high on DI1 with the driver outputs enabled will force

DO1A high and DO1B low.

DO1A (Pin 2): Driver 1 output.
DO1B (Pin 3): Driver 1 output.
EN (Pin 4): Driver outputs enabled. See Function Table for

details.

DO02B (Pin 5): Driver 2 output.
DO2A (Pin 6): Driver 2 output.

DI2 (Pin 7): Driver 2 input. Refer to DI1.

GND (Pin 8): Ground connection.

DI3 (Pin 9): Driver 3 input. Refer to DI1.
DO3A (Pin 10): Driver 3 output.

DO3B (Pin 11): Driver 3 output.

EN (Pin 12): Driver outputs disenabled. See Function
Table for details.

D04B (Pin 13): Driver 4 output.

DOA4A (Pin 14): Driver 4 output.

DI4 (Pin 15): Driver 4 input. Refer to DI1.

Vec (Pin 16): Positive supply; 4.75 < Ve < 5.25.

TEST CIRCUITS

Figure 2. Driver Timing Test Circuit

OUTPUT 000
UNDER TEST

LTC486+ TA04

Figure 3. Driver Timing Test Load #2
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LTCA486
SWITCHING TIME WAVEFORMS

v
Dl }‘/1.5v f=1MHz " t; < 10ns * tf < 10ns \FLSV
ov
¢ ¢ —| tpy [<— * —| tp|~—
B
A ki A
! |
' f 112V —>| |<—-tsxsw 112V —>| |<—tSKEw
0 BT d< 90%
\ 0% e Yore= YA -V®) 20%
Y .
—ft | . . . =ty ]~
Figure 4. Driver Propagation Delays (To4ss  TAGS
3v
EN jltsv f=1MHz "t < 10ns: t; < 10ns \\1.5\,
ov
p—— tq:— . pa—— tLZ |«
5V
A B
: 23y OUTPUT NORMALLY LOW
Vou 05

AB 23y OUTPUT NORMALLY HIGH 0%
o
—| by |e— —tz |<—

Figure 5. Driver Enable and Disable Times

TYPICAL PERFORMANCE CHARACTERISTICS

LTC486 TAGS

Driver Output High Voltage vs Driver Differential Output Voltage vs Driver Output Low Voltage vs
- Output Current Ty = 25°C Output Current Ty = 25°C Output Current T = 25°C
96 ~ 64 80 / /
_ \ _ < _ y.
= & N 5
g g ™ £
£ £ AN £
3 -48 3 32 < 3 40
5 5 5 4
o o o /
5 \ 5 5
© o4 © 1 S 2
0 0 0
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
OUTPUT VOLTAGE (V) LTCAg6 + TPCO1 OUTPUT VOLTAGE (V) LTC486+ TPCO2 OUTPUT VOLTAGE (V)  vLrcass«Trcos
TTL Input Threshold vs Temperature Driver Skew vs Temperature Supply Gurrent vs Temperature
163 50 130
=
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=161 40 % 120
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& 1.59 = 30 S 110
w = >
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I o
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2157 20 100
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155 C10 90
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TEMPERATURE (°C ) LTC485 « TPCO4 TEMPERATURE (°C)  Lcass-ecos TEMPERATURE (°C) LTC486 + TPCOB

2-18 A HIEAR



LTC486

TYPICAL PERFORMANCE CHARACTERISTICS

Driver Differential Output Voltage vs
Temperature Rg = 54Q

23 ™
=
& 94
<C
=
§ \\\
—_
=19 ™~
=
2 AN
.
517 \\
15
-50 0 50 100

TEMPERATURE (°C )
LTC486+ TPCO7
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LTC487

AR

ECHNOLOGY

FCRTURES

o Very Low Power: Igc = 110pA 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

Thermal Shutdown Protection

o Power-Up/Down Glitch-Free Driver Qutputs 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 SN75174, DS96174,

nA96174, and DS96F174

RPRLICRTIONS

o Low Power RS485/RS422 Drivers
o Level Translator

a

Qudd wa Powef
RS485 Driver

PESCRIPTION

The LTC487 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 over the 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 0°C to
70°C and over the 4.75V to 5.25V supply voltage range.

TYPICRL RPPLICRTION

1/4 LTCA87

RS485 Cable Length Specification*

10k =5 ===

-z
V4

1k

1T
T
T
T

2
I
i
h
I
i
i

CABLE LENGTH (FT)
/]

11
i |

I il I

10k 100k M 25M  10M
DATA RATE (bps)

LTC487 + TAOY

23l

LTC487 « TAOS
* APPLIES FOR 24 GAUGE, POLYETHYLENE
DIELECTRIC TWISTED PAIR
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LTCA487

ABSOLUTE MAXIMUM RATINGS

(Note 1)

SUPPIY VOIAGE (VGE) wevvvmereerernersreeernrrineireieesesseraaene
Control Input Voltages

Driver Input Voltages........

Driver Qutput Voltages

Control Input CUITENtS ...ecveececrrerreerrirereeereines +25mA
Driver Input CUIrents .......cc.ocevveveeeeververeereeeernne +25mA
Operating Temperature Range ............cc....... 0°C to 70°C
Storage Temperature Range.................. -65°C to 150°C
Lead Temperature (Soldering, 10 sec.)................. 300°C

Tymax = 125°C, 8y = 70°C/W (N)
Timax = 150°C, 8y = 95°C/W (S)

PACKAGE/ORDER INFORMATION

TOSEW ORDER PART

ort ] 6] Voo NUMBER
D01A 2] [75] D14
oot [3] 1] Do4A LTC487CN
ente 4] 73] oos LTC487CS
D028 [5] [12] Ena4
Do2A €] [11] poss

o2 [7] 0] DO3A

anp €] 9] oi3

N PACKAGE S PACKAGE

16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOL

DC ELECTRICAL CHARACTERISTICS v, - 5v +5%, 0°C < Temperature < 70°C (Note 2, 3)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

Vop1 Differential Driver Qutput Voltage (Unloaded) lo=0 5 "

Vobz Differential Driver Output Voltage (With Load) R =50Q; (RS422) 2 v
R =27Q; (RS485) (Figure 1) 1.5 5 v

Voo Change in Magnitude of Driver Differential R=27Qor R =50Q 0.2 v

Output Voltage for Complementary Output States (Figure 1)
Voo Driver Common Mode Output Voltage 3
Vogl! Change in Magnitude of Driver Common Mode 0.2
Output Voltage for Complementary Output States

Viy Input High Voltage DI, EN12, EN34 2.0 v

ViL Input Low Voltage 0.8 \

lint Input Current +2 uA

lec Supply Current No Load | Output Enabled 110 200 uA

Output Disabled 110 200

losp1 Driver Short Circuit Current, Vgyt = High -V <Vp<+12V 250 mA

losp2 Driver Short Circuit Current, Voyr = Low -7V <Vp<+12V 250 mA

loz High Impedance State Qutput Current Vo=-7Vto 12V +2 +200 pA

SlllITCHInG CHﬂﬂﬂCTGﬂISTICS Ve = 5V £5%, 0°C < Temperature < 70°C (Note 2, 3)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

tpLy Driver Input to Output Rpirr = 549Q, G = G2 = 100pF 20 28 60 ns

torL Driver Input to Output (Figures 2, 4) 20 28 60

tskew Driver Output to Output 5 15

Ik Driver Rise or Fall Time 5 20 7

tzn Driver Enable to Output High Cy = 100pF (Figures 3, 5) S2 Closed 35 70 ns

tz Driver Enable to Output Low Cy = 100pF (Figures 3, 5) S1 Closed 44 75 ns

tz Driver Disable Time from Low Cy = 15pF (Figures 3, 5) S1 Closed 55 92 ns

tyz Driver Disable Time from High Gy = 15pF (Figures 3, 5) S2 Closed 45 75 ns

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 GND unless
otherwise specified.
Note 3: All typicals are given for Vg = 5V and Temperature = 25°C.

Ly HNgR
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LTC487

FUNCTION TABLE
INPUT ENABLES OUTPUTS

DI - EN12 or EN34 OUTA 0uTB
H H H L
L H L H
X L z z

H: High Level X: Irrelevant

L: Low Level Z: High Impedance (Off)

PIN FUNCTIONS

DI (Pin1): Driver 1 input. If Driver 1 is enabled, thenalow
on DI forces the driver outputs DO1Alowand DO1B high.
A high on DI1 with the driver outputs enabled will force
DO1A high and DO1B low.

DO1A (Pin 2): Driver 1 output.
DO1B (Pin 3): Driver 1 output.

EN12 (Pin 4): Driver 1 and 2 outputs enabled. See Func-
tion Table for details.

DO2B (Pin 5): Driver 2 output.
DO2A (Pin 6): Driver 2 output.
DI2 (Pin 7): Driver 2 input. Refer to DI1.

GND (Pin 8): GND connection.

DI3 (Pin 9): Driver 3 input. Refer to DI1.
DO3A (Pin 10): Driver 3 output.

DO3B (Pin 11): Driver 3 output.

EN34 (Pin 12): Driver 3 and 4 outputs enabled. See
Function Table for details.

D04B (Pin 13): Driver 4 output.

DO4A (Pin 14): Driver 4 output.

DI4 (Pin 15): Driver 4 input. Refer to DI1.

Ve (Pin 16): Positive supply; 4.75 < Vg < 5.25.

TEST CIRCUITS

EN12

o 5

A ‘L A
<R
v ? DI DRIVER 1
0D L
l 3 Voo B
N 2 | |

LTC487 « TAO2

Figure 1. Driver DC Test Load

<
<

S Roifr

Figure 2. Driver Timing Test Circuit

i

ouTPUT 3000

UNDER TEST

cl12

LTC487 + TAO3

LTC487 + TAO4

Figure 3. Driver Timing Test Load #2
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LTC487

SWITCHING TIME WAVEFORMS

DI 1.5V
ov
‘ ‘ —>| tpy [

f=1MHz:t, < 10ns : t < 10ns

1.5V
‘ —| tp |

B
Vo .
"7 o — ] |
12V | —lskew 1V —| |~—tskew
% £ 50% I K 90%
oife = V(A) - V(B) "
V 0% 20%
te ) . . —| ty |~
Figure 4. Driver Propagation Delays Lrcia7+ TADS

3v

EN12 //1,5\/ f=1MHz: t; < 10ns : t; < 10ns \\1_5\,
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— tZL -— —— tLZ | «—
5v .
A B /
oL 23V OUTPUT NORMALLY LOW — s
Vo I
AB }I 23V OUTPUT NORMALLY HIGH G 0.5v
ov
!
- tZH i~ —>THZ == LTCA487 « TADG

Figure 5. Driver Enable and Disable Times

TYPICAL PERFORMANCE CHARACTERISTICS

Driver Output High Voltage vs
Output Current Ty = 25°C
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Driver Differential Output Voltage vs
Output Current Ty = 25°C

64

48

32 AN

OUTPUT CURRENT (mA)

0 1 2 3 4
OUTPUT VOLTAGE (V)

LTCa87+ TPCO2

Driver Skew vs Temperature
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Driver Output Low Voltage vs
Output Current Ty = 25°C
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LTCA487
TYPICAL PERFORMANCE CHARACTERISTICS

Driver Differential Qutput Voltage vs
Temperature Rg = 54Q
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LIC488/LTC489

TECHNOLOGY

FERTURES

o Low Power: lgg = 7mA Typ.

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

a 60mV Typical Input Hysteresis

o Receiver Maintains High Impedance in Three-State or
with the Power Off

o 28ns Typical Receiver Propagation Delay

o Pin Compatible with the SN75173 (LTC488)

o Pin Compatible with the SN75175 (LTC489)

RPPLICRTIONS

o Low Power RS485/RS422 Receivers
o |evel Translator

Quad RS485 Line Receiver

PESCRIPTION

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.

Thereceiver 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.

TYPICAL APPLICRTION
EN EN EN EN
_—\ 2 12
L 0000 eN: >
—9
4000 FT 24 GAUGE TWISTED PAIR
EN12
EN12
— 2
0008 ==
(S S
4000 FT 24 GAUGE TWISTED PAIR LTc4889 TA01

Ly IR
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LTCA488/LTCA489

ABSOLUTE MAXIMUM RATINGS (note 1)

Supply Voltage (Vgg) «.oeveeeeeerveerereeeeecrreineeeeeseveens 12V Operating Temperature Range
Control Input Currents ..........ccoeeeeunnee. - 25mA to 25mA LTC488C/LTCA489C ........cvvvverreiiirennns 0°C to 70°C
Control Input Voltages -0.5V to Vg + 0.5V LTCA88I/LTCA8I ........covvrereererrerrernns -40°C to 85°C
Receiver Input Voltages..........ccovvueveevereerreveeenenenns +14V  Storage Temperature Range.................. -65°C to 150°C
Receiver Output Voltages .............. -0.5Vto Vg + 0.5V Lead Temperature (Soldering, 10 S6C.) ................ 300°C
PACKAGE/ORDER INFORMATION
"’"\‘T‘” ORDER PART T"P\‘QEW ORDER PART
Bt [1] 6] Ve NUMBER 81 [l 16] Voo NUMBER
Al Eﬁﬁﬁl B4 At IZj>| < 15] B4
ROt [3] 14] A4 Rot [3] l<tﬁ| A4
e [1] 7] Rt LTC488CN ez [T— T o LTC489CN
Pa g LTC488CS — LTC489CS
Ro2 [5] 2] &N Ro2 [5] 12] EN34
LTC488IN LTC489IN
r2 ] il foo LTC488IS s ‘Eja)' i Ros LTC4891S
B2 [7] Ktﬂ A3 B2 [7] 3 10] A3
R 9] B3 aNp [B] 0] B3
N PACKAGE S PACKA( N PACKAGE S PACKAGE
16-LEAD PLASTICDIP  16-LEAD PLASTIC soL 16-LEAD PLASTIC DIP  16-LEAD PLASTIC SOL
Timax = 150°C, 85 = 70°C/W (N PKG) Tamax = 150°C, 84 = 70°C/W (N PKG)
Timax = 150°C, 64 = 90°C/W (S PKG) Tymax = 150°C, 6,4 = 90°C/W (S PKG)

DC GLGCTRICﬁl CHﬁﬁﬁCTﬁﬁISTICS Vgc = 5V £5% (Notes 2 and 3), unless otherwise noted.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Ving Input High Voltage EN, EN, EN12, EN34 [+ 2.0 '
VinL Input Low Voltage EN, EN, EN12, EN34 o 08 v
™ Input Current EN, EN, EN12, EN34 o +2 A
Iing Input Current (A, B) Vo =0V or5.25V, Viy =12V (] 1.0 mA
Voo =0Vor5.25V, Viy=-7V [¢) -0.8 mA
Vry Differential Input Threshold Voltage for Receiver -7V<Vgm<i12v [} -0.2 0.2 \)
AVTy Receiver Input Hysteresis Vom =0V 60 mv
Vou Receiver Output High Voltage lgp=—-4mA, Vp=0.2V [¢] 35 \
VoL Receiver Output Low Voltage lp=4mA, Vip=-0.2V o 0.4 \
lozr Three-State Output Current at Receiver Vi = Max 0.4V <Vp <24V o H pA
lec Supply Current No Load © 7 10 mA
Rin Receiver Input Resistance -7V <Vem <12V, Ve = 0V (o] 12 kQ
losr Receiver Short-Gircuit Current 0V<Vo<Vgg © 7 85 mA
tpLy Receiver Input to Output Cy = 15pF (Figures 1, 3) o 12 28 55 ns
tpHL Receiver Input to Output Gy = 15pF (Figures 1, 3) © 12 28 55 ns
tskp ItpLy—tpuL! Gy = 15pF (Figures 1, 3) 4 ns
Differential Receiver Skew
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LTCA488/LTCA489

DC G'.EC““C“L CHﬂﬂﬂCTGﬂISTICS Vec = 5V £5% (Notes 2 and 3), unless otherwise noted.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
ta Receiver Enable to Output Low Cy = 15pF (Figures 2, 4) S1 Closed o 30 45 ns
tzy Receiver Enable to Qutput High Cy = 15pF (Figures 2, 4) S2 Closed [¢) 30 45 ns
tLz Receiver Disable from Low Cy = 15pF (Figures 2, 4) S1 Closed ) 30 45 ns
thz Receiver Disable from High Cy = 15pF (Figures 2, 4) S2 Closed o) 30 45 ns

The o 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: Al typicals are given for Vgg = 5V and Ty = 25°C.

TYPICAL PERFORMANCE CHARACTERISTICS

Receiver Output Low Voltage vs
Temperature at | = 8mA
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LTC488/LTC489

TYPICAL PERFORMANCE CHARACTERISTICS

Supply Current vs Temperature

70

6.6

6.2

A,

SUPPLY CURRENT (mA)

58

N

N

~]

54
-50 -25 0

25

50 75 100 125

TEMPERATURE (°C)
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PIN FUNCTIONS

PIN 1 (B1) Receiver 1 input.
PIN 2 (A1) Receiver 1 input.
PIN 3 (R0O1) Receiver 1 output. If the receiver output is

enabled, then if A > B by 200mV, RO1 will be high. If A<
B by 200mV, then RO1 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 RO1.
PIN 6 (A2) Receiver 2 input.

PIN 7 (B2) Receiver 2 input.

PIN 8 (GND) Ground connection.

PIN 9 (B3) Receiver 3 input.
PIN 10 (A3) Receiver 3 input.
PIN 11 (R03) Receiver 3 output. Refer to RO1.

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 RO1.
PIN 14 (A4) Receiver 4 input.

PIN 15 (B4) Receiver 4 input.

PIN 16 (V) Positive Supply; 4.75V < Vgg <5.25V

LTC488 LTC489
DIFFERENTIAL ENABLES OUTPUT DIFFERENTIAL ENABLES OUTPUT
A-B EN EN RO A-B EN12 or EN34 RO
Vip=0.2V H X H Vip=>0.2V H H

X L H ~0.2V <Vjp< 0.2V H 2
-0.2V< V|D <0.2v ; )lf '; VID <0.2V H L
Vip<0.2V H X L X : L z

X L L H: High Level ?: Indeterminate
X L H 7 L: Low Level Z: High Impedance (Off)

X: Irrelevant

2 ‘2 8 &j TEICHNOLOGY



LTC488/LT1C489

TEST CIRCUITS

1006F RECEIVER 2k
= A oUTPUT O—WAV— Ve
< CL 1k
D DRIVER S0 RECEIVER RO ‘-l-' s2
= - 8aF02

B
100pF =

_I 4829 F01

Figure 1. Receiver Timing Test Circuit Figure 2. Receiver Enable and Disable Timing Test Circuit

Note: The input pulse is supplied by a generator having the following characteristics:
f=1MHz, Duty Cycle = 50%, t; < 10ns, t; < 10ns, Zgyt = 50Q

SWITCHING TIM€ WAVEFORMS

INPUT
weur %2 1= 1MHz t <10ns; 1< 10ns @ 7= 1MHz t, < 10ns, ty< 10ns
w o 15V 15V
A B EN12
-V, o
on2 ton etz
- tz |-—
5V — :——
05v
le—
05V
ABIF04

[<— tpq —>
Vou
RO 15V 15V RO Vo 1.5V QUTPUT NORMALLY LOW
s <—-t1|.—>| "l thz

VoL

Vor
OUTPUT NORMALLY HIGH

Figure 3. Receiver Propagation Delays RO 15V
ov

Figure 4. Receiver Enable and Disable Times

APPLICATIONS INFORMATION

SHIELD  ~~ _ SHIELD

X

4889 F05

Figure 5. Typical Connection
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LTCA488/LTCA489

APPLICATIONS INFORMATION
Typical Application

A typical connection of the LTC488/LTC489 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 120Q. The input impedance of a
receiver is typically 20k to GND, or 0.5 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.

TYPICAL APPLICATIONS

RS232
IN

RS232 Receiver

LTC488/9 TAO2
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LTC490

TECHNOLOGY

FERTURES

o Low Power: lgg = 300uA Typical

o Designed for RS485 or RS422 Applications

o Single +5V Supply

o -7V to +12V Bus Gommon 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

a 70mV Typical Input Hysteresis

o 28ns Typical Driver Propagation Delays with 5ns
Skew

o Pin Compatible with the SN75179

RPPLICATIONS

o Low Power RS485/RS422 Transceiver
o Level Translator

Differential Driver and
Receiver Pair

PESCRIPTION

The LTC490isalow power differential bus/line transceiver
designed for multipoint datatransmission standard RS485
applications with extended common mode range (+12Vto
—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 0°C to
70°C and 4.75V 10 5.25V supply voltage range.

TYPICAL RPPLICATION

LTC490

o
[

5
DRIVER ] | 1200 Y \/\\\/\( | 1200 .
C

4000 FT BELDEN 9841

/] 8 _ /‘
2] 120Q 120Q |

4000 FT BELDEN 9841

LTG490

LTC490« TAO1
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ABSOLUTE MAXIMUM RATINGS

PRCKAGE/ORDER INFORMATION

(Note 1)
SUPPIY VOHAGE (VGE) oevevrrreerreeeeerresssssseeessessessce 12v ORDER PART
Driver INput CUMTENtS ....ooc.vvreevrrernnns -25mA to 25mA AL NUMBER
Driver Input VOItages ...........c.c........ -0.5V to Vg +0.5V Voo 1] 5] A LTC490CNS
Driver Qutput VOIAGES ..........ervvvvrmrrrrersrerrersenn +14V R 2 7] 8 LTC490CS8
Receiver Input VORAGES ..........oveeerveeerereeeneerrennnns +14V D E‘I_&::EI z LTC490INS
Receiver Output Voltages.................. -0.5V to Vg +0.5V ane [3] el ¥ LTC490IS8
Operating Temperature Range ..................... 0°Cto70°C | 4 o oacor sicnopusnosoc | S8 PART MARKING
Storage Temperature Range .................. -65°C to 150°C e e Nw 490
Lead Temperature (Soldering, 10 s€c.)................. 300°C Ly }S; 490
DC ELECTRICAL CHARACTERISTICS
Ve = 5V £5%, 0°C < Temperature < 70°C (Notes 2 and 3) unless otherwise noted.
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vop1 Differential Driver OQutput Voltage (Unloaded) lp=0 5 '
Vop2 Differential Driver Output Voltage (With load) R =50Q; (RS422) 2 v
R =279; (RS485) (Figure 1) 15 5 v
AVpp Change in Magnitude of Driver Differential Output R =27Q or R = 50Q (Figure 1) 0.2 v
Voltage for Complementary Output States
Voc Driver Common Mode Output Voltage 3 v
AlVge | Change in Magnitude of Driver Common Mode 0.2 v
Output Voltage for Complementary Output States
Vin Input High Voltage (D) 2.0 \
ViL Input Low Voltage (D) 0.8 v
I Input Current (D) +2 pA
lin2 Input Current (A, B) Vec=0Vor5.25V | Viy=12V +1.0 mA
Vin=-7V -0.8 mA
Vy Differential Input Threshold Voltage for Receiver -V 12V -0.2 +0.2 Y
AVl Receiver Input Hysteresis Vom =0V 70 mV
Vou Receiver OQutput High Voltage lo=—4mA, Vjp=+0.2V 35 v
VoL Receiver Output Low Voltage lg=+4mA, Vjp=-0.2V 04 v
lozr Three-State Output Current at Receiver Vic = Max 0.4V <Vp <24V +1 nA
Ieo Supply Current No Load; D = GND, or Vgg 300 500 LA
Rin Receiver Input Resistance -TV<Voy<+12V 12 kQ
lospi Driver Short Circuit Current, Voyr = High -TV<Vp<+12V 250 mA
losp2 Driver Short Circuit Current, Voyr = Low =V<Vp<+12V 250 mA
losr Receiver Short-Circuit Current 0V<Vg< Ve 7 85 mA
loz Driver Three-State Output Current Vop=-7Vto 12V +2 +200 LA
2-32 LT HIRAR
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SWITCHING CHARACTERISTICS

Vgc = 5V £5%, 0°C < Temperature < 70°C (Notes 2 and 3) unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
tpLH Driver Input to Output Kpirr = 54Q, Cq = G2 = 100pF 10 28 60 ns
tpHL Driver Input to Output (Figures 2, 3) 10 28 60 ns
tskew Driver Qutput to Qutput 5 ns
tn Driver Rise or Fall Time 5 15 25 ns
tpLy Receiver Input to Qutput Roire = 54Q, G 1 = G2 = 100pF 40 70 150 ns
tpHL Receiver Input to Output (Figures 2, 4) 40 70 150 ns
tsko ItpLy — tpue | Differential Receiver Skew 13 ns

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 Vgg = 5V and Temperature = 25°C.

PIN FUNCTIONS
Ve (Pin 1): Positive supply; 4.75V < Vg < 5.25V.

R (Pin 2): Receiver output. [f A > B by 200mV, R will be
high. If A < B by 200mV, then R will be low.

D (Pin3): Driverinput. Alow on D forces the driver outputs
Alow and B high. A high on D will force A high and B low.

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

Driver Output High Voltage vs
Output Current Ty = 25°C

Driver Differential Output Voltage vs
Output Current Ty = 25°C

Driver Output Low Voltage vs
Output Current Ty = 25°C

96 =] 64 80
\‘ /l
= = =
En E s E 6 /
= = £
& & &
g S \\ 5
O -48 S 32 > S 40
5 5 N 5 //
= Y = =
3 \ 3 3
-24 16 20
0 0 0
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
QUTPUT VOLTAGE (V) OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (V)
LTC490 » TPCO1 LTC490 LTC490 « TPCO3
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LTC490

TYPICAL PERFORMANCE CHARACTERISTICS

TTL Input Threshold vs Temperature

Driver Skew vs Temperature

Supply Current vs Temperature

1.63 5.0 350 —
s N
g g f
=161 40 P
g 2 =
5 £ 2 AN
Z159 = 30 S 330
£ " z
= &
Lt >
Sis7 20 “ 320 N
=
1.55 1.0 310
-50 0 50 100 -50 0 50 100 -50 0 50 100
TEMPERATURE (°C) TEMPERATURE (°C ) TEMPERATURE (°C )
LTC490+ TPCO4 LTC490 « TPCOS LTC490 » TPCO6.
Driver Differential Output Voltage Receiver |tpy-tputl vs Receiver Output Low Voltage vs
vs Temperature Rg = 54Q Temperature Temperature at | = 8mA
2.3 PN\ 7.0 0.8
= N
w s
< 21 6.0 S 08 A
< w
g \‘ z 2 //
> —~ = = L~
249 ™ g 50 AN 2 04 ]
=
E \‘ E -
B N 3
a 17 N 40 N 0.2
N,
15 30 N A 0
-50 0 50 100 -50 0 50 100 -50 0 50 100
TEMPERATURE (°C) TEMPERATURE (°C ) TEMPERATURE (°C)
LTC420+ TPCO7 LTC490* TPCO8 LTC490 « TPCO9
— .
1
SR
;» v Cy |A
Vooz s
l :ER vl D Roirr g R
0C - q
721 l ' TCLz B __[:.15pF

LTC490+ TAO2

Figure 1. Driver DC Test Load

LTC490+ TAO3

Figure 2. Driver/Receiver Timing Test Circuit
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SWITCHING TIM€ WAVEFORMS

f=1MHz:t, <10ns:t; <10ns

1.5V
—>| tpu|=—

Voige = V(Y) - V(2)

90% 50%
20%

—| b |-—

z L
Yo Y f | N
12V | |——tgkew 12Vg  —| |=—tlskew
Figure 3. Driver Propagation Delays LTG4%0+ TA04
Voo INPUT
A-B f=1MHz,t, < 10ns - t; < 10ns

~Von2

oV
—>| tpHL [~<—

ov
—>| tpy |
Vou
R 15V
VoL

OUTPUT

Figure 4. Receiver Propagation Delays

\1\1 5V

LTC490+ TAOS

APPLICATIONS INFORMATION

Typical Application

A typical connection of the LTC490 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. Ifthe outputs must be
disabled, use the LTC491.

+5V

LTC480

L~

-||—4——|“

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

+5Y

LTC490

I
8 SHIELD 5
_2] 120Q |3
RX 7 m 6 DRIVER DX
o
+ SHIELD +
:F0.0mF 6 S \ 7 — —001pF
3 (\ | 120Q |2
DX DRIVER 5 /-m 8 RECEIVER RX
3

L L

LTC490 + TAGS

Figure 5. Typical Connection

SO IR
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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 LTC490 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
8
! 120Q ;/ )
7 \/\DATA IN

6

5 /\XJATA out

LTC490» TAOT

RX —t RECEIVER

DX DRIVER

i

Figure 6. Line Repeater

Thermal Shutdown

The LTC490 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 at the
same time.

2-36



IR

LTC491

TECHNOLOGY

FERTURES

Low Power: Igc = 300uA Typical

Designed for RS485 or RS422 Applications

Single +5V Supply

-7V to +12V Bus Common Mode Range

Permits £7V Ground Difference Between Devices
on the Bus

Thermal Shutdown Protection

o Power-Up/Down Glitch-Free Driver Outputs Permit
Live Insertion or Removal of Package

Driver Maintains High Impedance in Three-State or
with the Power Off

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

Pin Compatible with the SN75180

O ooao

=]

a

o

=]

RPPLICRTIONS

o Low Power RS485/RS422 Transceiver
o Level Translator

Differential Driver and
Receiver Pair

PESCRIRTION

The LTC491 isalow power differential bus/line transceiver
designed for multipoint datatransmission standard RS485
applications with extended common mode range (+12Vto
-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 afail safe feature which guarantees a high
output state when the inputs are left open.

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

TYPICRL RPPLICATION

DE
|4

o
|t.n

LTC491

A

R — RECEIVER

n

|3
REB

9
DRIVER 10! 2o Y J\\\/\( | 1200 .
O

4000 FT 24 GAUGE TWISTED PAIR

12 o
“! 1200 }( \/\\\/\\/ | 1200 ORIER |— o

4000 FT 24 GAUGE TWISTED PAIR

LTC491/‘

Vg

REB LTC491 - TADY

LO7 IR
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LTC491

ABSOLUTE MAXIMUM RATINGS

(Note 1)

SUpPlY VOHAGE (VGEL) wevvvreererrererreerereessnessenassssssneses 12V
Control Input Voltages ...........ccoeeeene. -0.5V to Vg +0.5V
Control Input Currents .........coccvvueverennee -50mA to 50mA
Driver Input VoItages .........cccvvvveenee -0.5V to Vo +0.5V
Driver Input Currents .......cccocoeevvecerennee. -25mA to 25mA
Driver Output VOItages..........ccvveeveneererernevenenenne +14V
Receiver Input VOIAGES .........ccceverrevereerererrncrrirnnens +14V
Receiver Output Voltages................. -0.5V to Ve +0.5V
Operating Temperature Range ............c........ 0°C to 70°C
Storage Temperature Range................... -65°C to 150°C
Lead Temperature (Soldering, 10 S€C.) .....c.ccvevvenns 300°C

PRCKAGE/ORDER INFORMATION

TOP VIEW

el 2 v
R [Z 73] NC

reB [3] [72] A

ot [4] 17] 8

D E&E z

anp [6] o] v
anp [7] 8] NC
N PACKAGE S PACKAGE
14-LEAD PLASTIC DIP  14-LEAD PLASTIC

+POI0OY

ORDER PART
NUMBER

S0IC

Tymax = 100°C, @54 = 90°C/W (N)
Tomax = 100°C, 64 = 110°C/W (S)

LTC491CN
LTC491CS
LTC491IN
LTC491IS

DC ELECTRICAL CHARACTERISTICS

Ve = 5V £5%, 0°C < Temperature < 70°C (Notes 2 and 3) unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vob1 Differential Driver Output Voltage (Unloaded) lp=0 5 \
Vop2 Differential Driver Output Voltage (With load) R =50Q; (RS422) 2 '
R =27Q; (RS485) (Figure 1) 1.5 v

AVop Change in Magnitude of Driver Differential Output R =27Q or R = 50Q (Figure 1) 0.2 '

Voltage for Complementary Output States
Voc Driver Common Mode Output Voltage '
AlVgg | Change in Magnitude of Driver Common Mode 02 v
Output Voltage for Complementary Qutput States

Viy Input High Voltage D, DE, REB 2.0 v
ViL Input Low Voltage 0.8 \'
Nt Input Current +2 pA
Iin2 Input Current (A, B) Veg=0Vor5.25V | Viy=12V +1.0 mA
Vin=-7V -0.8 mA

V4 Differential Input Threshold Voltage for Receiver =V<Vem<12v -0.2 +0.2 v
AVl Receiver Input Hysteresis Vom =0V 70 mV
Vou Receiver Output High Voltage lo=—4mA, Vip=+0.2V 35 v
Voo Receiver Output Low Voltage lg = +4mA, Vjp=-0.2V 04 v
lozr Three-State Output Current at Receiver Vo = Max 0.4V < Vg <24V +1 HA
leo Supply Current No Load; D = GND, |Outputs Enabled 300 500 pA
orVee Outputs Disabled 300 500 pA

Rin Receiver Input Resistance -V <Vey < +12V 12 kQ
losp1 Driver Short Circuit Current, Voyr = High -7V<Vp<+12V 250 mA
losp2 Driver Short Circuit Current, Voyr = Low -V <Vp<+12V 250 mA
losr Receiver Short Gircuit Current 0V<Vo<Vge 7 85 mA
loz Driver Three-State Output Current Vp=-7Vto 12V +2 +200 pA
2 —38 i‘y TEICHNOLOGY



LTCA491

SWITCHING CHARACTERISTICS

Vg = 5V £5%, 0°C < Temperature < 70°C (Notes 2 and 3) unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
tpLH Driver Input to Output Rpifr = 549, Cp4 = C 2 = 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, t Driver Rise or Fall Time 5 15 25 ns
tzH Driver Enable to Output High Cy = 100pF (Figures 4, 6) S2 Closed 40 70 ns
7L Driver Enable to Output Low G = 100pF (Figures 4, 6) S1 Closed 40 70 ns
tz Driver Disable Time From Low Gy = 15pF (Figures 4, 6) S1 Closed 40 70 ns
thz Driver Disable Time From High Cy = 15pF (Figures 4, 6) S2 Closed 40 70 ns
tpLH Receiver Input to Qutput Ropirr = 54Q, C1 = Co = 100pF 40 70 150 ns
tPHL Receiver Input to Qutput (Figures 2, 7) 40 70 150 ns
tsko |tpLy — tewe. | Differential Receiver Skew 13 ns
7 Receiver Enable to Output Low Cy = 15pF (Figures 3, 8) S1 Closed 20 50 ns
tz4 Receiver Enable to Output High Cy = 15pF (Figures 3, 8) S2 Closed 20 50 . ns
iz Receiver Disable From Low Cy = 15pF (Figures 3, 8) S1 Closed 20 50 ns
thz Receiver Disable From High Gy = 15pF (Figures 3, 8) S2 Closed 20 50 ns

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 V¢ = 5V and Temperature = 25°C.

PIN FUNCTIONS
NC (Pin 1): Not Connected.

R(Pin2): Receiver output. Ifthe receiver output is enabled
(REB low), then if A > B by 200mV, R will be high. IfA<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 B): Driver input. If the driver outputs are enabled
(DE high), then Alow on D forces the driver outputs A low
and B high. A high on D will force A high and B low.

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.
NG (Pin 13): Not Connected.

Vee (Pin 14): Positive supply; 4.75V < Vg < 5.25V.
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TYPICAL PERFORMANCE CHARACTERISTICS

Driver Output High Voltage vs
Output Current Ty = 25°C
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TEST CIRCUITS
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Figure 1. Driver DC Test Load
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Figure 2. Driver/Receiver Timing Test Circuit
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SWITCHING TIM€E WAVEFORMS

D 1.5V f=1MHz: t,<10ns: t;<10ns
ov
—

Vpiee = V(Y) - V(Z)

Figure 5. Driver Propagation Delays
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DE A sv f=1MHz:t, < 10ns : t, < 10ns N5y
ov /| AN
—— tZL | «— — tLZ -
5V .
AB, 23V OUTPUT NORMALLY LOW _,Q -
oL —T *
Vo 23V 05V
AB : OUTPUT NORMALLY HIGH "
o |
> tZH I~ - tHz <~ LTC491 + TAO?
Figure 6. Driver Enable and Disable Times
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A-B v ov f=1MHz;t, <10ns:t;<10ns ov
~VoD2
—>| tpy [ == toy [
Vo
R 15V OUTPUT 1.5V
VoL
. . . LTC491 + TAOS
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Figure 8. Receiver Enable and Disable Times
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APPLICATIONS INFORMATION

Typical Application

Atypical 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

12

typically 20k 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 10. Ifthe cable length is longer than 4000 feet, the
LTC491 is inserted in the middle of the cable with the
receiver output connected back to the driver input.

12
Ll"}?,‘j_w RECEIVER

I» ulm

lu:

DRIVER DX

RX :;— Recewer | |, L.kzo,,,‘f,_l H J
= i
10 L | 10
ox =4 DRIVER . Lkz,‘,’,%_l H J le,?ﬁ_l .
LTC491 = [ |o 11I— 12

LTC491

LTC491

RECEIVER
DRIVER

5
DX

I+ I ]2
RX

LTC491 - TA1D

Figure 9. Typical Connection

RX

RECEIVER

Iaa IuN

=

DX | nmven)

12

! 120Q 7 Y
11 \/\DATAIN
i N~ 10

. Lw_l /\X)ATAOUT

LTC491

LTC491 + TAN

Figure 10. Line Repeater
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FERTURES

o Low Power: Igc = 1.8mA Typ.

o 28ns Typical Driver Propagation Delays with 4ns
Skew

n 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

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 60mV Typical Input Hysteresis

o Pin-Compatible with the SN75176A, DS75176A, and
SN75LBC176

RPRLICRTIONS

o | ow Power RS485/RS422 Transceiver
o |evel Translator

Differential Bus Transceiver

PESCRIPTION

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 ACand DC specifications are guaranteed from—40°C
to 85°C and 4.75V to 5.25V supply voltage range.

TYPICAL APPLICRTION
B

LTC1485
. 6

=

DI

DRIVER 1ZOQIEW:E1M DRIVER f—2- DI

7' 4000 FT 24 GAUGE TWISTED PAR 7

5V DE
|8 |3
LTC1485

6

1485 TAO1
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LTC1485

ABRSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

(Note 1)
Supply VOlage (VGg) eeveeeeeeeerrereeereeseeneeseerssennns 12V
Control Input Voltages ................... -0.5Vto Vg + 0.5V OT\I%E,\IZBPE‘%RT
Control Input Currents .......coevevervennes - 50mA to 50mA
Driver Input Voltages ..................... -0.5V to Vg + 0.5V ToPVEw LTC1485CNS
Driver Input Currents .......cccooverevevennee. —25mA to 25mA LTC1485IN8
Driver Output VOItages .........ccovevveurevveciecernnnens 14V LTC1485CS8
Receiver Input VOIages .......ccccccueevveeerrreecrvernnnnns +14V LTC14851S8
Receiver Qutput Voltages .............. -0.5Vto Voo + 0.5V
P ETCUBSE e poorg | e suwdiitbor |20 PART MARKIED
LTC14851 ..., —40°C to 85°C Towax = 125°C, 834 = 100°C/W (N) 1485
Storage Temperature Range................. -65°C to 150°C Toax = 150°, 03 = 150°GMW (5 14851
Lead Temperature (Soldering, 10 S€C.) .....cc.ovevnce. 300°C
DC €ELECTRICAL CHARACTERISTICS
Ve = 5V £5% (Notes 2 and 3), unless otherwise noted.
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vop1 Differential Driver Output Voltage (Unloaded) lp=0 [¢] 5 V
Vop2 Differential Driver Output Voltage (With Load) R =500Q; (RS422) [e] 2 v
R = 27Q; (RS485) (Figure 1) o 15 5 \
AVgp Change in Magnitude of Driver Differential R =27Q or R =50Q (Figure 1) o 0.2 v
Output Voltage for Complementary Output States
Voe Driver Common Mode Output Voltage R =27Q or R = 50Q (Figure 1) [¢] 3 v
AlVgg! Change in Magnitude of Driver Common Mode R =27Q or R = 50Q (Figure 1) o 0.2 v
Output Voltage for Complementary Output States
ViNH Input High Voltage DI, DE, RE o 2.0 v
VinL Input Low Voltage DI, DE, RE o 0.8 v
It Input Current DI, DE, RE ) +2 A
In2 Input Gurrent (A, B) Veo =0V or5.25V, Viy = 12V [} 1.0 mA
Vee =0V or5.25V, Viy =-7V [¢] -0.8 mA
Vry Differential Input Threshold Voltage for Receiver -7V<Vem <12V o -0.2 0.2 )
AVTy Receiver Input Hysteresis Vom =0V [e] 60 mV
Vou Receiver Output High Voltage lp=—4mA, Vip=0.2V [¢] 35 \
Voo Receiver Qutput Low Voltage lp=4mA, Vip=-0.2V ) 0.4 v
lozr Three-State Output Current at Receiver Vo = Max 0.4V <Vp <24V [¢] + pA
[ Supply Current No Load; DI = GND or Vg
Outputs Enabled o 1.8 23 mA
Outputs Disabled o 1.7 2.3 mA
Rin Receiver Input Resistance -7V<Vemsi12v (&) 12 kQ
losp1 Driver Short-Circuit Current, Vgyr = High -7V<Vg <12V o 250 mA
losp2 Driver Short-Circuit Current, Voyt = Low -7V<Vo <12V o 250 mA
losr Receiver Short-Circuit Current 0V<Vg<Vge 0 7 85 mA
; =
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LTC1485

SWITCHING CHARACTERISTICS

Ve = 5V + 5% (Notes 2 and 3), unless otherwise noted.

OUTPUT CURRENT (mA)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS

tpLH Driver Input to Output Rpir = 54Q, Cp1 = CLo = 100pF (o] 13 28 50 ns
(Figures 2 and 5)

tpHL Driver Input to Output Rpirr = 54Q, Cp1 = G = 100pF (o) 13 28 50 ns
(Figures 2 and 5)

tskew Driver Output to Output Rpjrr = 54Q, Cp 1 = Co = 100pF (o) 4 10 ns
(Figures 2 and 5)

tr, t Driver Rise or Fall Time Rojrr = 54Q, Cp 1 = CLo = 100pF [o] 5 15 25 ns
(Figures 2 and 5)

tz4 Driver Enable to Output High Cy = 100pF (Figures 4 and 6) S2 Closed [*] 40 60 ns

tzL Driver Enable to Output Low C| = 100pF (Figures 4 and 6) S1 Closed o] 40 70 ns

tz Driver Disable Time from Low Cy = 15pF (Figures 4 and 6) S1 Closed (o] 40 65 ns

thz Driver Disable Time from High Cy = 15pF (Figures 4 and 6) S2 Closed [¢) 40 60 ns

tpLy Receiver Input to Qutput Rpirr = 54, C 1 = G2 = 100pF (Figures 2 and 7) [¢] 15 25 50 ns

tpHL Receiver Input to OQutput Rpifr = 54Q, C1 = G2 = 100pF (Figures 2 and 7) (] 20 30 55 ns

tskew Itpey—tpy ! Roirr = 54Q, Cp 1 = G2 = 100pF (Figures 2 and 7) o] 5 15 ns

Differential Receiver Skew

ta Receiver Enable to Output Low Cy = 15pF (Figures 3 and 8) S1 Closed [s} 30 45 ns

74 Receiver Enable to Output High Cy = 15pF (Figures 3 and 8) S2 Closed (&) 30 45 ns

tz Receiver Disable from Low Cy = 15pF (Figures 3 and 8) S1 Closed [¢) 30 45 ns

thz Receiver Disable from High Cy = 15pF (Figures 3 and 8) S2 Closed [a) 30 45 ns

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 Vg = 5V and Tp = 25°C.

The O 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.

TYPICAL PERFORMANCE CHARACTERISTICS

Receiver Output High Voltage vs
Output Current at Ty = 25°C

Receiver Output Low Voltage vs
Output Current at TA = 25°C

Receiver Qutput High Voltage vs
Temperature at | = 8mA

36 18 48
32 16 46
28 A -14 44
v z =
2 v € 10 A < 42 N
[T}
20 / g 10 L/ E 40 ™~
/’ & / <] N
16 T 3 -8 c 38 N
12 / E -6 / E 36 =
/ 5 4 8 - ~N
8 / S 4 / 34 ™.
/ 4
4 -2 A 32
0 0 30
0 05 10 15 20 5 4 3 2 50 -25 0 25 50 75 100 125
OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (V) TEMPERATURE (°C)
. 1485 GO1 1485 G02 1485 G03
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LTC1485

TYPICAL PERFORMANCE CHARACTERISTICS

Receiver Output Low Voltage
vs Temperature at | = 8mA
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LTC1485

PIN FUNCTIONS

PIN 1 (RO) Receiver 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.

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.

PIN 4 (DI) Driver Input: If the driver outputs are enabled
(DE high), then alow on DI forces the driver outputs Alow
and B high. A high on DI will force A high and B low.

PIN 5 (GND) Ground Connection

PIN 6 (A) Driver Output/Receiver Input

PIN 7 (B) Driver OQutput/Receiver Input

PIN 8 (Vgc) Positive Supply; 4.75V < Vg <5.25V

TEST CIRCUITS

>
SR

Vonz2 ¢
‘b
SR I

Voc

AA

148501

Figure 1. Driver DC Test Load

st
RECEIVER
OUTPUT
Cy 1k
1‘ t 52

1k
O—=AN— V(e

=T s

Figure 3. Receiver Timing Test Load

A L
‘P
ol SRoirF
Q
0 1

ouTPUT 300
UNDER TEST 0

°

- = M485F04

Figure 4. Driver Timing Test Load
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SWITCHING TIME WAVEFORMS

f = 1MHz; t; < 10ns; t; < 10ns
DI 1.5V 1.5V

tPLH

P
Vo 1/2Vg 12V,
A
> tskew > = tokew
1485 FO5
Figure 5. Driver Propagation Delays
3V - -
o Asv f=MHZ L <100t 10ns N\ 15y
o — N
— t7 | >tz |-
5V
AB 23V
OUTPUT NORMALLY LOW 05V
VoL
Vou
OUTPUT NORMALLY HIGH 05V
AB 23V
QY =t
—{ 74 |- > thz |- 1485 F06
Figure 6. Driver Enable and Disable Times
v INPUT
0D2 f= 1MHz; t; < 10ns; t; < 10ns
AB ov ov
Vo2 IPLH tpLH
OUTPUT

Vo
RO 7{1 15V 15V
VoL

Figure 7. Receiver Propagation Delays

&
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SWITCHING TIME WAVEFORMS

3V =\
RE

1,57

15V
ov \ f=1MHz; t, < 10ns; t; < 10ns /
— iz | — t7 [=<—
5V ——t
RO
v 1.5V QUTPUT NORMALLY LOW ]
oL
Vou
OUTPUT NORMALLY HIGH [
RO 1.5V
OV 1485 FO8
—=! {7y -tz |-

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
3000 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-
ered from the 5V logic supply is connected to an external 12V
or 15V source as is allowed by the RS232 specification. Ex-

ternal current flows through the 3000 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+

300

DRIVE
CIRCUITRY

OUTPUT

proecTioN PIN

RESISTOR

V-

Figure 1. CMOS Line Driver Showing Parasitic Diodes to the Power
Supplies
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The output stage of the bipolar drivers is shown in Figure 2.
Opposed collector NPN and PNP transistors give the widest
possible output swings. The PNP transistor will swing to
within 200mV of the positive supply while the NPN transistor
with its associated Schottky diode will swing within about
900mV of the negative supply. If the output voltage is forced
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/us to 30V/us.

Typically the slew rate of these drivers is about 8-10V/ys. This
allows them to be used successfully up to about 64k baud.
The output slew rate of the bipolar drivers is well controlled
by aninternal capacitor and relatively independent of load re-
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 LT1080 and LT1081
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 1uF
capacitors to generate RS232 communication levels from a

5V logic supply. Figure 3 shows a typical hook-up for the
v+
OUTPUT
PIN
BIAS
DRIVE

Figure 2. New Bipolar Driver Output Stage

LT1080. The on-chip power supply generators generate ex-
cess power over the LT1080 requirements, so anothar RS232
communication device such as the LT1039 can be powered
from the same power supply generator. Table 1 gives typical
performance of all Linear Technology driver/receiver devices
for R$232 communication.

2 L 17
— b5V INPUT
1uF - 4 3
L LT1080 = . 9v ouT
1
s ;= !
| —1—>' —9v ouT
i 1uF
Ts ¥
12 > 19 RS232 OUTPUT
LOGIC
INPUTS
! > & RS232 QUTPUT
( 13 < —itt RS232 INPUT
LOGIC _%5"
oUTPUTS i 2
10 < —t RS232 iNPUT
5k
ONGFE 18 L |6
Figure 3. 5V Powered RS232 Driver/Receiver
Table 1. New Drivers and Receivers
SHUT- SUPPLY
DEVICE DRVS | RECS | DOWN | GENERATOR REMARKS
LT1030 4 X Low Cost
LT1032 4 X RS423 Compatible
LT1039 3 3 X
LT1039N16 [ 3 3 MC145406 Compatible
LTC1045 6 X Micropower
LT1080 2 2 X X
LT1081 2 2 X MAX232 Compatible
LT1130 5 5 X
LT1131 5 4 X X
LT1132 5 3 X
LT1133 3 5 X
LT1134 4 4 X
LT1135 5 3
LT1136 4 5 X X
LT1180 2 2 X 0.14F Caps
LT1181 2 2 0.14F Caps
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Number 14 in a series from Linear Technology Corporation

September, 1988

Extending the Applications of 5V Powered RS232 Transceivers

High Speed Operation

Although the EIA RS232 specification is for a relatively slow
communications protocol, many applications require RS232
transceivers to operate at higher frequencies. Devices such
as the LT1080, LT1081, and the LT1130 series share acommon
design for the drivers and receivers and are capable of
operating over 100 kilobaud.

Although the slew rate is controlled for all of the Linear
Technology series of RS232 communications devices, for
output levels limited to +6V the transition time is fast
enough to allow high baud rates. With a slew rate of approxi-
mately 10V per microsecond, it only takes 1.2 microseconds
for a 12V excursion. The two photos (Figure 1 and Figure 2)
show the output waveform and delay associated with a
75kHz square wave input and a 100kHz square wave. Delay
times are in the order of 0.5 microseconds and the total slew

Vn 75kHz

Vout

Sv/DIv

Figure 1. Operation at 75kHz

time is approximately 1.2 microseconds. Output load is 3k.
Receivers are much faster and can handle these baud rates
with no problem. For higher communication rates, a differen-
tial signal is recommended.

Power Supply Tricks

The power supply generator on 5V powered devices is a
charge pump circuit which generates approximately +9V
from a single 5V supply. Parallel operation of the supply
charge pumps for 5V powered transceivers is easily achieved
to minimize component count. The positive and negative sup-
ply have approximately 14F of holding capacitance for
energy storage. If several devices with charge pumps are
used in the same system, the output supplies may be paral-
leled into a single pair of common energy storage capacitors.

V\n 100kHz

fo {3 . i

4 e
bbb

ACNES

Vour + i B W
A R R S0 N D SO |
5V/DIV 2us/0IV

Figure 2. Operation at 100kHz
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Figure 3 shows two LT1080's with common power supply
capacitors for energy storage. Twice the output current is
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 toa +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.

12V INPUT r——SV INPUT
3
171080 ——N¢
5 7 oV
1
T "

>15

12 RS232 OUTPUT
LOGIC
INPUTS
1 8 RS232 OUTPUT
13 :-< —t RS232 INPUT
LOGIC _%5“
QUTPUTS i
10 < —t RS232 INPUT
5
18 16

ON-DFF 2 =

Figure 4. Operation with +12V and + 5V Supplies

2 ~ sy NpUT ~ [ svineuT
i +Vour
bl 1 3 2
LT1080/LT1180" oy o8/t |t
1 -
- SVour 4 T
5 7= 7
C 1 5
1uF 1
"Ts T E=
= T
{ 12 > 15 RS232 OUTPUT 12 >c L RS232 OUTPUT
Loslc Loaic
INPUTS INPUTS {
1 >c 8 RS232 OUTPUT L > 8 RS232 OUTPUT
{ 13 < —t RS232 INPUT ( 13 < —t RS232 INPUT
LOGIC _%_5" LOGIC Bk
ouTPUTS 1 oUTPUTS 3
10 < —t RS232 INPUT 10 —t RS232 INPUT
sk i.‘)k
_ 18 1 1
ON-OFF = 51_ 8 <L ﬁl

Figure 3. Paralleling Power Qutputs

*L71180/81 NEED ONLY 0.1uF CAP

USE

LT1180A/LT1181A

For literature about our complete line of RS232
products, call 800-637-5545. For help with an
application, call (408) 432-1900, Ext. 357.
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Number 20 in a series from Linear Techno/ogy Corporation

February, 1989

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 Vtgip1
and 5-6 are tied to Vrgipo. With these inputs the switching
point of the comparators can be set anywhere within the

common-mode range of V= to (V* -2V). There are four
power supply pins on the LTC1045: V*+, V=, Vo and VoL. V*
and V- power the comparator’s front end, and Von and Vo
power the output drivers. Aimost any combination of power
supply voltages can be used. There are three restrictions:
Von must be less than or equal to V*; there must be a mini-
mum differential voltage of 45V between V* and V- and 3V
between Von 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 Rger resistor allows trade-offs between speed and
power consumption. The propagation delay, with the Isgt pin
at V- and a single 5V supply, is typically 100ns with a total
supply current of 45mA. The quiescent current can be
brought down to 100xA (15 microamps per comparator) with
an Rget of 1M and a propagation delay of only 1.2us. In addi-
tion, the IsgT 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.

TTL/CMOS
INPUT
(Veo=5V)

LATCH

e
+5V +5V
| por
THREE-STATE
BUFFER I_LI | |
out } |
T L
CHOS ANALOG
SWITCH
(CD4016 FOR
EXAMPLE)

Figure 1. TTLICMOS Logic Levels to + 5V Analog Switch Driver
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Figure 3 shows a simple way to build a battery powered
RS232 receiver. The input voltage may be driven +30V with-
out adverse effects because the 100k resistor prevents de-
vice damage. With a 1M Rggr the hex RS232 line receiver
draws only 1004A of quiescent current and has a propagation
delay of 1.2us. Only a single supply is needed for operation.

Board space can be saved by using the LTC1045 level transla-
tor as a hex comparator — even though both comparator in-
puts are not available. Figure 4 shows the LTC1045 used as a

9
|
|
|
I
|
1
|
|
|
I
|
|
|
]
|
|
|

§
-
‘é’

|
Eaas
|
i
i
1
1
|
1
I
|
|
|
|
|
;)
11

|
|
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! T
—i- osk—
H s u,—--_i |
Vo f—i]
| ] |
e Vagsm 16V -
Vairs BIAS 3
GENERATOR s

| PR,

Figure 2. LTC1045 Block Diagram

power supply monitor. The outputs of three power supplies
are tied to the positive inputs through an appropriate resis-
tive voltage divider. The divider ratio is set so that the voltage
into the comparator equals the reference on the inverting in-
put when the power supply voltage is at a critical level.

Vee (5V)
<
:: 59k
£ LTC1045
VA (15V) ! Vou v+
< 5% Nt OUT1}—b Vec>45
3316k ke ' cc
3 = N2 QUT2 e Vi >5 5
1%1-3;(_—_1—————- IN3 OUTEf— Vp>13 5
b
IN4 0UT4|—>Va>16 5
skg '8l
b3 < NS 0UTS [—> Vp>—135
1 sk
= b NG OUTE = Vg>—165
13k Virwz ] —15v
ViRipt Iser 10
V- Vo j +5%
-5V

+=1%
LT1029CZ
-25v =

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.
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Number 27 in a series from Linear Technology Corporation

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-232V28. Some key 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
Signal Levels +15Max; £5Min v
Cable Length 50 Max Ft
Load Capacitance 2500 Max pF
Cable Termination 3k<R<7k Q
Data Rate 20k Max Baud
Slew Rate 3<SR<30 Vips
Fault Conditions Drivers Must Tolerate:

* Conductor to Conductor -

Shorts
* Line Open Circuit -
* +25V Line Overvoltage —

Power Supply Generators

Creating the separate RS-232 voltage levels is a common
problem in systems which have only a5V logic supply. Linear
Technology has developed a family of transceivers that in-
clude an on-chip charge pump to generate 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.

The charge pump consists of a relaxation oscillator, a capaci-
tive voltage doubler, and a capacitive voltage inverter. The 0s-
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 LT1180/LT1181's charge pump oscillator operates at ap-
proximately 200kHz, which is two times the frequency of the
LT1080 and LT1130 series transceivers. The faster oscillator
permits the use of low value capacitors (C>0.14F), and
shortens the turn-on time from power off or SHUTDOWN
state to less than 200us. The LT1080 and LT1130 start up in
approximately 2ms.

Load Driving

It is often desirable to exceed the 20kHz data rate or drive
loads greater than 2500pF, e.g. long cables. Slew rate control
in the drivers makes this objective possible without compro-
mising the remaining specifications. When lightly loaded, the
slew rate is set by an internal bias current and compensation
capacitor. When heavily loaded, slew rate is limited by the
output stage short circuit current and the load capacitance.
The plot in Figure 1 shows the maximum load capacitance
foragiven data rate.
& 54
252 \ Qo
g’ 22 1108 3
5 L71080
g :i N \\
E 5 \ \\
P W\
S 34 \
232 A\

3 N
=30

20 0 60 80 100
FREQUENCY (kHz)

Figure 1. Max Load Capacitance vs Data Rate. Both Transceivers Use
1.04F Storage Capacitors.
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1INCREASE COLLECTOR RESISTANCE WHEN USING OPTOCOUPLERS WITH
LOWER CURRENT TRANSFER RATIO

ouTPUT

[l

2uid 3%

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 re-
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 2500V isolation with optically
coupled data lines and an isolated 5V supply. A powered

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 5V 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 flyback regulator'. The regula-
tor needs to deliver only modest current levels (200mA max),
allowing a physically small isolation transformer. The circuit
accepts 3.5V to 15V unregulated inputs which are readily
available in most systems. Load regulation is 5% 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 3.6k snubber resistor is re-
placed with a 30V Zener diode. Q1 provides shutdown
control, which disables the interface to a low power state.

Note 1: Refer to Linear Technology'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.

3-10
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A Single Supply RS232 Interface for Bipolar Ato D Converters

Sean Gold

Designing circuitry for single supply operation is often anat-  quires close attention to the layout of the system grounds
tractive simplification for reducing production costs. Yet and other aspects of circuit board design to avoid noise
many applications call for just a few additional supplies to  problems.?

solve simple interface problems. The example presented here . . .
; ; o To accommodate bipolar inputs (- 5<Vn<5), the LTC1094’s
describes how an advanced RS232 interface can simplify an negative rail must be biased beyond the extreme signal

AtoD converter which processes bipolar signals. swing, but below absolute maximum ratings for the supplies.
The LT1180 RS232 transceiver includes a charge pump which A 5.6V Zener diode, D1, provides a sufficient bias because
produces low ripple supplies with sufficient surplus current  the V- pin draws very little current.

to drive a CMOS A to D 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-

The A to D converter communicates with a remote controller
via three wires, which carry the clock, the configuration word,
tures make the circuit ideal for applications which must proc- and the ogtput Qata. The ch!p select signal, GS, is generated
ess bipolar signals with minimal support electronics from the incoming clock with a peak detector, constructed
9 P ) with a single PNP transistor. R and C are designed to hold the
The LTC1094 serial A to D converter requires both alow noise ~ CS pin low for at least one clock period. Assuming the logic
supply and reference voltage for accurate operation,' These
design problems are solved with an LT1021 precision refer- Note 1 Refer o the data sheets or the LTC1004/LTC1294
le_;.]%e 8,0"'1 h:ICP dillvirsnals:.ablf ’llow n?se’ v s’é’?.ftl from th? Note 2: An excellent reference on the subject of groundin'g and low
S V" output. A elatively large storage and fi ?r cgpacl- noise circuit design is: “An IC Amplifier User's Guide to Decoupling,
tors must be used with the LT1180 to reduce the noise inthe  Grounding, and Making Things Go Right for A Change,” by Paul
system below 1mV for a 12 bit system. Construction also re-  Brokaw, Analog Devices Application Note.

_L _I_ (NOTE 3)

400k
R

10uF

2000F ==
E ¢
2N3906 |
320
S
(NOTE 1) ”
10K 100 [
20 o s |2 ne—4 1S onvorr
M 19 7 7y
g 104 [ i
I 1“F;I_ 15__DATA
pd I T4 out
A TF 5 14 CLOCK
l . e R
14F
T B
10k
7 1
’ 5V (NOTE 2
1 — (NOTE 2)
o1 4 TuF 9 10
TS24 T
J; AD
DATA IN
V =CLEAN ANALOG GROUND NOTE 1 10kf2 CURRENT LIMIT RESISTORS CAN BE REMOVED IF THE INPUTS ARE GUARANTEED
NOT TO EXCEED THE LT1094's SUPPLY VOLTAGES
/47 =L0GICGROUND NOTE 2 DRIVER OUTPUTS CAN BE PARALLEL FOR GREATER CURRENT DRIVE

NOTE 3 SELECT RC=4T¢yock. 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 R and 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. Minor 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 operating sequence for the LTC1094 is shown in Figure 2.
The CS signal switches to a low state less than 1ps 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 2us — 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 0's. Trace B shows the Chip Select signal,
and Trace C shows the gating pulse for the 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.’

Note 3: The LTC1094 in Figure 1 was directly replaced with an
LTC1294, with no changes to the circuit.

i
&

e

START SEL1 UNI

wA L | Vs

SGL/ 00D/ SELO
.z DOFF SO

Dour - 89

MSBF

tsmpL toon

Hi-Z

B | ea——

BO | FILLED WITH ZEROES

Figure 2. LTC1093/4 Operating Sequence Example: Differential Inputs (CH4 +, CH5 - ), Bipolar Mode

A LT1180 DRIVER
ouTPUT

] 3 npuT

c GATING SIGNAL FOR
THE SYSTEM CLOCK

ALL TRACES 5V/DIV

Figure 3. 10 Bit Converter Interface

¢ GATING SIGNAL FOR
THE SYSTEM CLOCK

ALL TRACES SV/DIV

Figure 4. 12 Bit Converter Interface

For literature on RS232 products, call (800) 637-5545.
For applications help, call (408) 4321900, Ext. 456.
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Number 30 in a series from Linear Technology Corporation

January, 1990

RS232 Transceiver with Automatic Power Shutdown Control

Sean Gold

The LT1180/81 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 LT1180 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
small as 0.14F.

Reducing storage capacitor size to 0.1uxF shrinks board
space, thereby lowering production costs. Small capacitors
also shorten the transceiver turn-on time to less than 200us,
which makes the LT1180 ideal for applications which must
address the RS232 transceiver quickly. The interface de-

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 50ps. 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 200ys 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.

-
e AR 10K
% b

1/1474C00 1474C00

1/474C00

1N4148i

1/474C00

-
3 . ol ﬂ A N3
< 2 i
! - 3 16 >
NOTE 1) + +
Y, k.
0.14F m,ﬁ_u
;; 5 LT1180 15
TR1OUT
oF == | 14 RECTIN
g il
7
8
0.1;;F—E TR2 OUT—g‘ T TR2IN
;U;‘* REC2 N REC20UT
REC10UT.
NOTE 1: SELECT RC BASED ON CLOCK SPEED AND REQUIRED DROP OUT TIME
7=RC=2¢Tprop our FORTHIS EXAMPLE, R=100KQ2 AND C = 1,F.
CSHOULD NOT EXCEED 1xF UNLESS THE 2N3904 CURRENT LIMITED
WITH ACOLLECTOR 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
buffers which ensure the time constant is relatively indepen-
dent of input signal level. The drop out time, i.e. the duration
of inactivity prior to SHUTDOWN, is approximately 0.5RC.
More specifically, drop out occurs when the voltage on the
peak detector decays from Vgg—0.7V to the logic switch
point of Vgg/2. The RS232 input to the control circuit is
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.

Twv w9175
DRIVER INPUT
-0

SHUTDOWN
CONTROL

v+

o

ov

sv s §3504s

ALL TRACES 5V/DIV

Figure 2. Transceiver Turn-On Via
Logic Input

DATA PULSE
5V/DIV

PEAK DETECTOR
2V/DIvV

SHUTDOWN
CONTROL
5V/DIV

Figures 2 through 4 demonstrate the automatic SHUTDOWN
control’s response to logic and RS232 signals, as well as zero
data flow. The minimum pulse width is 50us and the drop out
time is set to 50ms. The power supply outputs — the lower
two traces in Figures 2 and 3 — become active in less than
200ps. When active, the circuit consumes 16mA of quiescient
current. In SHUTDOWN state, the Q-current drops to 50,A.

Rx INPUT o

SHUTDOWN &
CONTROL

v+

v H

ALL TRAGES 5V/DIV

Figure 3. Transceiver Turn-On Via
Receiver Input

Figure 4. SHUTDOWN After 50ms
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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Number 34 in a series from Linear Technology Corporation

May, 1990

Active Termination for SCSI-2 Bus

Sean Gold
Overview of SCSI-2

The SCSI-2 bus! is an interface for computers and instru-
mentation that communicate over small distances — often
within the same cabinet. Like GPIB (IEEE 488), SCSI's hard-
ware and software specifications are designed to coordinate
independent resources such as disk and tape drives, file
servers, printers, and other computers. SCSI-2 is a bidirec-
tional bus, which must be terminated at both ends to 2.85V
(Figure 1). The terminators are needed because SCSI-2 uses
simple open collector output drivers in its transceivers.
Terminators link communicating devices to the supplies, and

devices can access the bus at regular distances along the ca-
ble. Any two devices can terminate the cable, but bit error
rates are minimized with the terminators attached only at the
ends. Local capacitive loading is low under these conditions,
making the transmission line more consistent with fewer

. discontinuities.

SCSI-2's key specifications are repeated from the ANSI
standard in Table 1.

Table 1. Single Ended SCSI-2

roughly match the transmission line’s characteristic papAmETER VALUE COMMENTS
|mpedanpe. When the load to the bus increases, the role.of Termination Supply | 4.25<TERMPWR<_ | 0.9ATypical
the termination network becomes more important for main- 5.5 1.5A Worst Case
taining signal integrity at high data rates. An active termi- | ogic supply Vour=285V@05A | Per Terminator
nation design is now a part of the SCSI-2 standard and is 26<Vour<29
presented here in-depth. Data Rate 5M Transfers/Sec. | Six Meters Max.
The single ended SCSI-2 bus is limited to six meters in CableImpedance ;(1)00 " Nominal
length, and supports variable speed communication up to 5M - <Zo< - - -
transfers/sec. The bus nominally uses 18 data lines which dg- ~ Transceivers TTLCompatile | Regalite Tus Logic
fines the loading requirements for the terminators, because Signal Loves V<05 —
. . f oL<VY-
each output driver can sink at most 48mA. Up to eight SCSI 25<Vn<5.25
V<08 -0.4mA<I <0mA
: 20<Viy 0.0mA<l<0.1mA
Note 1: SCSI-2 = Small Computer System Interface Version 2, pro- 0.2<Hysteresis
gg:in&ergugﬁ LAZ,\‘:SQ' #;ggrgz;r.nplete specifications standard is avail Short Circuit Current | 48mA/Transceiver | Based on Old TTL Spec
TERMPWR
. vr
SOURCE SOURCE
SUPPLY -y I —1= I SUPPLY
X18DATALINES | o+
TERMINATOR TERMINATOR
SCSI DEVICE SCS! DEVICE
UPTO 8
Figure 1. Global View of the SCSI-2 Bus
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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 power signal, 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.

1N5817

TERMPWR
o
"Lw,ur S R1 S J'qu
I S22 320 E‘
) SIGNAL WIRE
110Q
S50 w0
v v
W—J H__J

DEVICE 1 DEVICE 2

Figure 2. Passive Termination

The low values for R1 and R2 reflect a compromise between
driver sink currentand 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 110Q 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=220Q and R3=330Q. The
resulting bus voltage is 3V with 132Q impedance, which is
mismatched to the nominal 110Q 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 LT1117’s line regulation makes the output
immune to variations in TERMPWR. After accounting
for resistor tolerances and variations in the LT1117’s 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 1V/V. Signal quality is quite good
because the 110Q 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

N5817 LT1117-2.85

110Q, 2%

out
GND

v

_L22uF

JL IN
b 10pF
;‘ TANTALUM

;TANTALUM ;‘ CERAMIC

>— v‘v‘v :: ’_
Lo _% 1100
1100, 2%
18 - 27 LINES 110Q

110Q, 2%

110Q

DN34 + TAO!

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 10kV 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
currentis typically 6mA, but the device can be shutdown with
two separate logic controls. The driver disable pin shuts off
the charge pump and the drivers—leaving all receiversactive,
IsuppLy = 4mA. The ON/OFF pin shuts down all circuitry
except for one micropower receiver, lgyppry = 60uA. The
active receiver is useful for detecting start-up signals. The
LT1237 operates up to 120kBaud and is fully compliant with
allRS232 specifications. Connections to the RS232 cable are
protected with internal ESD structures that can withstand
repetitive+10kV human body model ESD pulses.

Figure 1 shows a typical application circuit. The LT1237’s
flowthrough pinout and its ability to use small surface mount
capacitors, helps reduce the interface’s overall footprint.

1 CONTROLLER
RING DETECT IN

DRIVER3 0UT [i]
RX5 IN (Low-0) [i2]

ON/OFF
[

RECEIVE
ONLY MODE

- SHUTDOWN
, | CONTROL OUT

Figure 1. LT1237 Application Circuit

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
LT1330isfunctionally equivalentto the LT1237 but operates
from 5V with a separate logic supply to interface directly with
3V logic. (Figure 2)

5v W
BIAS 1
hw—é

MA—DL oL
LYV »J

Ry out

AA
W

N 3
W

r‘ M $
S
.P

GND

oNet Fo2

AN

Figure 2. Receiver Output Stages in the LT1330 are
Biased From a Separate Logic Supply to Easily Interface
with 3V Systems

ESD Protection Techniques

Even though the 1/0 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 most troublesome problem for portable comput-
ers.! 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. Triboelectricity is the charge created as a result of friction between bodies.

11/92/64
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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 transferare 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.

O—o
HIGH VOLTAGE
DC SUPPLY

RETURN
CONNECTION

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 RS232

TRANSMITTER RECEIVER
esD VY, l | VY, ESD
cLame & T\/T & clawe
AG COUPLING L
v CAPACITORS = overe

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.

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

LOGIC
OUTPUT

RS232

LINE
50pF
FERRITE BEADS =
RS232 DRIVER
SpH

RS232 LOGIC
LINE INPUT

ONBA RS

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
problems if the impedance of the 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
gffective 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
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‘x 1{ \leg: LT .| O 30
TECHNOLOGY Quad Low Power Line Driver
FERTURES DESCRIPTION
o Low Operating Voltage 5V to +15V The LT1030 is an RS232 line driver that operates over a
@ 500uA Supply Current +5V to =15V range on low supply current and can be
a Zero Supply Current when Shut Down shut down to zero supply current. Outputs are fully pro-
o Qutputs Can Be Driven +30V tected from externally applied voltages of 30V by current
o Qutput “*Open’” when Off (3-State) limiting. Since the output swings to within 200mV of the
o 10mA Output Drive positive supply and 1V of the negative supply, power supply
o Pinout Similar to 1488* needs are minimized.
o OUtPUt of.Several Devices can be Paralleled A major advantage of the LT1030 is the high impedance
o Available in SO Package .
output state when off or powered down, which allows
several different drivers on the sam .
APPLICATIONS everal different drivers ame bus
- G RS232 Dri Our RS232 product line includes other high-performance
o M nvelr tert devices. The LT1039 is a triple low-power driver/
o ncr?;%owerl tn erface receiver with shutdown that can be powered from a 5V
evel Iransator supply. The LT1080 is a 5V powered dual driver/ receiver
* Check compatibility, some pins different with on-chip =9V power generator, and shutdown.
RS232 Line Driver Output Swing vs Output Current
v+
—ov—{T] _imios0__ [ +ov 702 OUTPUT HIGH
inpuT —{2] ﬂﬁ]— STROBE* g-04f ]
ouTPUT —{ 3] L 12} npUT 3
(03':‘53?]5 -z 11— ouTpuT 8 12 —
INPUT —E"% 5[‘__0"— NC g0 _—OUTPUT LOW
output —{ 6] (9] eut w 08
GND [Z]_T T_rﬂ— OUTPUT = 06
o
> 04
*NO CONNECTION NEEDED WHEN NOT USED. E 0.2
T5v=0N. 3
V-
0 1 2 3 4 5
OUTPUT CURRENT (mA)
A7 HER 3-19



LT1030

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

SupplyVoltage . . ............ ... ... +15V ToPViEW
Logic INpUtPins . .................... V-~ 1025V oo S o ORDER PART
ON-ORPIN ..o GND1o 12V & eros: NUMBER
Output(Forced) ............. V= +30V,V+ —30V 1
Short Circuit Duration (to +30V).......... Indefinite o105y il LT1030CJ
; [E] m| LT1030CN
Operating Temperature Range
° o o <] LT1030CS
LT1080C . ... 0°Ct070°C wil] (g FOR MILITARY
Guaranteed Functional by Design . .. —25°C1085°C 1 PACKAGE N PAGKAGE APPLICATIONS
Stora e Temperatu re - 65 oC tO 1 50 o C 14-LEAD CERAMIC DIP S PACKAGE 14-LEAD PLASTIC DIP
g AR 6AERD PRSI USE LT1032MJ
Lead Temperature (Soldering, 10sec) ........ 300°C (150" WIDE)
Tymax = 150°C, 64 = 80°C/W (J)
Tymax = 110°C, @5 = 130°CAW (N)
Tymax = 110°C, 85 = 100°C/W (S)
ELECTRICAL CHARACTERISTICS (Supply Voltage= =5V to +15V)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Supply Current Von-oFE = 2.4V, lgyr=0, All Outputs Low ] 500 1000 A
Power Supply Leakage Current Von-orE<0.4V 1 10 pA
Von-gre=<0.1V o 10 150 A
Output Voltage Swing Load=2mA | Positive Vt—0.3v  Vt—0.1V v
Negative V=409V VT +1.4V v
Output Current Vsyppy £5V to £ 15V 5 12 mA
Output Overload Voltage (Forced) Operating or Shutdown o v+ 30V V™ +30V v
Output Current Shutdown Vour= =30V 2 100 pA
Input Overload Voltage (Forced) Operating or Shutdown 5] V- 15 Y
Logic Input Levels Low Input (Voyr=High) o 1.4 0.8 v
High Input (Vgy7=Low) o 2 1.4 v
Logic Input Current ViN>2.0V 2 20 pA
Viy<0.8V 10 20 pA
0n-Off Pin Current 0=<Vp=5V -10 30 65 pA
Slew Rate 4 15 30 V/uS

The O denotes specifications which apply over the operating
temperature range.

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.

PIN FUNCTION COMMENT e 3
1 Minus Supply Operates —2V to —15V :
2,5,9,12 Logic Input Operates properly on TTL or CMOS levels. LT10%0
Output valid from (V™ +2V) <Vy=<15V. ’
Connect to 5V when not used. ! 7
3,6,8,11 Output Line drive output. | J
4 On-Off Shuts down entire circuit. Cannot be left 1N4001
open. For ‘‘normally on’’ operation, con-
nect between 5V-10V. Note: As with other bipolar ICs, forward biasing the substrate
7 Ground Ground must be more positive than V= diode can cause prgblems. Thg L.T1030 W|_II dr?w high current
¢ o from V+ to ground if the V- pin is open circuited or pulled
13 Strobe Forces all outputs low. Drive with above ground. If this is possible, connecting a diode from V -
V. to ground will prevent the high current state. Any low cost diode
14 Positive supply 5V to 15V. can be used.



LT1030

TYPICAL PERFORMANCE CHARACTERISTICS

On Supply Current vs

Temperature
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On Supply Current vs Supply
Voltage

ALL OUTPUTS H_GH//
!
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On-Off Pin Current vs Voltage

/

GND 5 10 15

v+
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02
V-

OUTPUT VOLTAGE REFERRED TO SUPPLIES (V)
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—— |
—— A ]

_|oulr=;‘1;/ lour=5mA
||

3 lour= —5mA

loyr=—1mA

— y

75 -50 -25 0 25 50 75
TEMPERATURE (°C)

100 125

SUPPLY CURRENT (pA)

o

IN VOLTAGE (V)

N-OFF P

0

SLEW RATE (V/ps)

GND

0Off Supply Current vs
Temperature
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Shutdown Voltage vs
Temperature
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LT1030
TYPICAL PERFORMANCE CHARACTERISTICS

0n-Off Response Time 0n-Off Response Time
Y
0v OUTPUT | 4V
oUTPUT _
(VIN=0V){ ol V=00 ﬁz .
o E ov
OUTPUT | _ 5y ouTPUT | -2v §
ViN=5V) | _qov (ViN=5V) ] -4V
-6V
ON-OFF 5V ON-OFF [ 5V
INPUT [ 5 INPUT | OV
00ps/0OV H 0us/DIV
Output Waveform Driving
Output Waveform Capacitive Load
5V
ouTPUT
(vs=ﬂV){ o &
- v
10v QUTPUT o
v, OUTlpzl;'lT){ o —4v
=% —_
s -1 —6V
weor {2 lNPUT{ ¥

H=2,s/0IV

Strobe Pin Response Time

1ov

v
QUTPUT o

-5V

-1V

STROBE v
INPUT ov

H=2us/DIV
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FERTURES

@ Low Operating Voltage 5V to +15V

a500uA Supply Current

& Zero Supply Current when Shut Down

@ Qutputs Can Be Driven +30V

@ Thermal Limiting

@ Qutput “*Open’’ when Off (Three-State)
@ 10mA Output Drive

@ Pinout Similar to 1488 (See Diagram)*

REPLICATIONS

o RS232 Driver

o Power Supply Inverter
.a Micropower Interface
o Level Translator

* Check compatibility, some pins different

LT1032

Quad Low Power Line Driver

DESCRIPTION

The LT1032 is a RS232 and RS423 line driver that operates
overa =+ 5V to + 15V range on low supply currentand can
be shut down to zero supply current. Qutputs 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/re-
ceiver devices, see the LT1080 (dual) or LT1039 (triple)
datasheets.

TYPICAL RPPLICRTION
RS232 Line Driver
—6V 14} +6v
INPUT [13}— sTRoBE*
OUTPUT [12}— INPUT
ON-OFF
(Ov-5V)1 [T} outpur
RESPONSE TIME
INPUT 10— conTROL"
OUTPUT (9] input
GND (8} outpur

*NO CONNECTION NEEDED WHEN NOT USED
t5V=0N.

Output Swing vs Output Current

v+

s [T
g 02 Vour HIGH —
= 04
o
e}
w
o
=
2
&
g 10 Vour LOW 1
& g —
g LT
<C
5 06 —p
S /]
Z 04
=
o
£ 02
o

V-

0 2 4 6 8 10

OUTPUT CURRENT (mA)

AV WIS
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LT1032

ABSOLUTE MAXIMUM RATINGS

SupplyVoltage . . ....................... +15V  Operating Temperature Range
LogicInputPins ..................... V~— to25V LT1032M . ......... ... .. ..., —55°C10125°C
On-OffPin ..., GNDto 15V LT1032C . ... 0°Cto70°C
Output(Forced) ............. V= +30V, Vvt —-30V Guaranteed Functional by Design ... —25°Ct085°C
ResponsePin........................... +6YV  Lead Temperature (Soldering, 10sec) ........ 300°C
Short Circuit Duration (to £30V) ... ....... Indefinite
PACKAGE/ORDER INFORMATION
Ll ORDER PART T0P ViEW ORDER PART
(<1570 54 1] 5 70 1) NUMBER . i i R NUMBER
EJ% ﬂﬁ] STROBE 2 -—% ﬂ@ STROBE
(W%%@;TEU e LT1032MJ o TLY {2 LT1032CS
RESPONSE LT1032CJ CACE) RESPONSE
EJ% 5[ 190 controL LT1 032CN %—-J% aﬂ CONTROL
] ] B |
i1 1 d Y L
14 LEAD GERAIC O 14 LEAD PLASTIC O i 5] 1
Tynaax = 150°C, 854 = 100°C/W, 6,5 = 60°CAW (W) I
Tymax = 85°C, 64 = 100°C/AW, 6,¢ = 60°CAW (CJ)
Tymax = 85°C, 6y = 100°C/AW, 8¢ = 60°CAW (N) Tymax = 85°C, Byp = 95°C/W, 8¢ = 27°C/W (S)
ELECTRICAL CHARACTERISTICS
(Supply Voltage = =+ 5V to =+ 15V)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Supply Current Von-GFF = 2.4V, loyr=0, All Qutputs Low o 500 1000 pA
Power Supply Leakage Current Von-orE<0.4V 1 10 pA
Von-EE< 0.1V, Ta=125°C o 10 50 wA
Output Voltage Swing Load=2mA | Positive V+—-0.3v  V¥-0.1v v
Negative V=407V V™ +0.9v v
Output Current Vsuppy £5V to £15V 10 22 mA
Output Overload Voltage (Forced) Operating or Shutdown o vVt -30v V™ +30V v
Output Current Shutdown Vour= 30V 2 100 pA
Input Overload Voltage (Forced) Operating or Shutdown [] ' 30V v
Logic Input Levels Low Input (Voyr=High) [e] 1.4 0.8 v
High Input (Vgyr=Low) (o} 2 1.4 v
Logic Input Current Viy>2.0v 2 20 pA
Vin<0.8V 10 20 pA
0On-Off Pin Current 0=<Vy=<5V ol -10 3 50 7y
Slew Rate lresponse=0 4 15 30 V/uS
Change in Slew Rate (Note 2) Iesponse= + 50pA +50 %
IResponse = — 50pA -50 %
Response Pin Leakage VsuppLy = £ 6V, Von/orr=<0.4V, 1 HA
VResponse= =6

The O denotes specifications which apply over the operating
temperature range

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

Note 2: Response can be changed by connecting a resistor to the
supply. For supplies less than + 6V this current is disconnected when
shut down. Leave open when not used.

3-24

LT WIR




LT1032

TYPICAL PERFORMANCE CHARACTERISTICS

On Supply Current vs
Temperature
3.0

I
12

ALL OUTPUTS HIGH
L—"T

)
o

=

e

ALL QUTPUTS LOW

IsyppLy — SUPPLY CURRENT (mA)
o

o
o

0
-5 -2 0 25 50 75 100 125
TEMPERATURE (°C)

Output Swing vs Output Current

<
+

— —
= 1
g 02 Vour HIGH
T 04
=
w
(=}
=4
o
£
w10 out LOW
S 08 1
§ //
5 0.6 v
= 04 ,/
p=J
o
502
o

V-

0 2 4 6 8 10
OUTPUT CURRENT (mA)

0n-0ff Pin Current vs Voltage
10 /

CURRENT (4A)

0 /
-2 .
-4
-6
0 1 2 3 4 5
INPUT VOLTAGE (V)

Supply Current vs Supply
Voltage

2.0
18 ALL OUTPUTS HIGH
16
é 14
£ 12
&
g 10
o
> 08
&
7 06
04 ALL OUTPUTS LOW
02
0
5 75 10 125 15
SUPPLY VOLTAGE (V)
Output Leakage vs
Temperature
==

TEMPERATURE (°C)

Shutdown Pin Voltage vs

Temperature

20

18 A
16 “MIN ON VOLTAGE
= 14 N N
g 12 ~ S~
= J ~
g 1o \‘\ .
=
& 08
Z 06 AX OFF VOLTAGE S
= N

04

0.2

0

-5 -25 0 25 50 75 100 125 150

TEMPERATURE (°C)

1000

IsuppLy — SUPPLY CURRENT (nA)

0ff Supply Current vs
Temperature

—

VsuppLy= 12V

25 50 75 100 125

1000

100

RESPONSE PIN LEAKAGE (rA)

80
70
60
50
40

30

OUTPUT CURRENT (mA)

20

10

0
-50 -25 0 25 50 75

TEMPERATURE (°C)

Response Pin Leakage vs
Temperature (Device Off)

25 50 75 100
TEMPERATURE (°C)

Current Limit vs Temperature

SINKING
N

SOURCING

100 125 150
TEMPERATURE (°C)

AT IER

3-25



LT1032

TYPICAL PERFORMANCE CHARACTERISTICS

Output Swing vs Temperature Slew Rate vs Temperature
- v+ - — 20 T
= 200 ! lour=2mA " - @G
@ =
g 0 o= 16 o= FALLI s‘\\
> N
2 14 NI
= g 12 N
2 [T~ lour=—10mA z N
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w (==
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£ 40 4 R =3ke
z | CL=51pF
5 20 S
- 0 1 1
50 —25 0 25 50 75 100 125 150 —50 -25 0 25 5 75 100 125
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vord Y 10V
Ty oy Vour{ v > OUTPUT HIGH
0 0
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LT1032

APPLICATIONS INFORMATION
Application Hints

The LT1032 is exceptionally easy to use when compared
to older drivers. Operating supply voltage can be as low
as 3V oras 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 LT1032. 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 2k€2 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.

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 50uA to
1004A into the pin. The response pin is a low impedance
point operating at about 0.75V 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 LT1032 is
usually immune to ESD up to 2500V on the outputs with
no damage (limit of LTC tester).

PIn FUNCTION

COMMENT
Operates —2V to —15V
Operates properly on TTL or CMOS levels.

Output valid from (V= +2V) sV <15V.
Connect to ground when not used.

Line drive output.
Shuts down entire circuit. Cannot be left

open. For “‘normally on’’ operation, con-
necttoV+.

Ground must be more positive than V—
Allows limited change of slew rate. Leave

open when not used.

PIN FUNCTION

1 Minus Supply
2,5,9,12 Logic Input
3,6,8,11 Output

4 On-0ff

7 Ground

10 Response Control
13 Strobe

14 Positive Supply

Forces all outputs low. Drive with

Operates 5V to 15V

Ly HNER
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LT1032

TYPICAL APPLICATIONS

Protecting Against More than =+ 30V Output Overload

v+
1002 70
10000
INPUT TO LINE
V-
FET Driver
+15V
3 50k
INPUT 0—1‘—]
—15v

TTL/CMOS Compatible Strobe

+5V

TO LT1032

TTL INPUT STROBE

10k

INPUT TO LINE

30V ZENERS

Slew Rate Adjustment*

fovt
+5V

+15v

o3z [Jent0% or X on

DECREASES
SOKA - SLEW RATE

oy ~15v
1ovt

120k @ 120k

*ABOUT 4V/ps CHANGE
tZENERS PREVENT LEAKAGE
DURING SHUT DOWN

Strobing with CMOS

TOPIN 13

TTLINPUT OF LT1032
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LT1039/LT1039-16

) Rl

FERTURES

o QOperates from 5V to £ 15V Supplies

o Fully Protected Against Overload

o Outputs can be Driven + 30V without Damage
o Three-State Outputs; Outputs Open when Off
o Bipolar Circuit—No Latch Up

o + 30V Input Range

o Triple Driver/Receiver

o No Supply Current in Shutdown

o 30kQ Input Impedance

o Meets All RS232 Specifications

a 16 Pin Version—Pin Compatible with MC145406
o Available in SO Package

RS232 Driver/ Receivef
with Shutdown

TheLT1039isatriple RS232 driver/receiver whichincludes
SHUTDOWN. Each receiver will accept up to £30V input
and candrive either TTL or CMOS logic. The RS232 drivers
accept TTL 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.

APPLICATIONS _ . -
The LT1039 s also available in the 16 pin version, without
o RS232 Interface shutdown or bias pin functions.
o Terminals - . . .
o Modems For applications requiring operation from a single 5V sup-
ply, see LT1080/81, LT1180/81 and LT1130 data sheets.
TYPICAL APPLICATION
— s 1039 e s Driver Output Swing
BIAS"——Z- LON—W
RS232 IN—— >0 1 osic " \\\
30k POSITIVE| ——
i o<} S
€15
RS232 IN g B oaic g L
30k > :;;’ 10 // EGATIVE
o e .
RS232 IN— [\ 12 oaic = !
V 0 2 4 6 8 10

30k

rs2s2__ 8| 11
OUTPUT < LoGic
9 10

=12V =—— v GND

*BIAS PIN USED TO KEEP
THE RECEIVER ON WHILE
IN SHUTDOWN

OUTPUT CURRENT (mA)

L0 NS
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LT1039/LT1039-16

ABSOLUTE MAXIMUM RATINGS

PRCKAGE/ORDER INFORMATION

TOP VIEW TOP VIEW

Supply Voltage o %"“ V.E o OIT“[LE“I/R'BIE\RRT
1 REC1IN [ 2 15] REC1 OUT RECTIN |2 REC1 OUT
Dnver (V + ) V —) ................................ '_'.' 16V TR ouy% mial wu TR1OUT E 73] R1IN
Receiver (VGe) .« vvevvnveneviiiii e, AU =2 Bl = bl i
LOGICINPULS ... V=105V | conpz Filecson e [ o o | LT1039CN16
Receiver Inputs + 30V IRJDUTE ETRSIN TRSDUTE [10] TR3IN LT1 0396J16
CIVCTITIPULS v = v-[& ey v- ] 9] eno
ONOTFINPUL v, GND'to 12V o LT1039MJ16
X : ' 16 LEAD CERAMIC DIP 16 LEAD PLASTIC DIP 16-LEAD PLASTIC SOL LT1 039031 6
Driver O_utpyts R TTERPTPRTTIPPPRY V—+30VtoV+ -.3'0V T = 160°, 0y = 105G, ;= 30°CW ()
Short Circuit Duration....................oe e Indefinite ?mAxﬂggogv un= S0, g = SO0 Eg;
. JMAX = s OJA = 1=
Opg%g;g:w Temperature Range 5596 10125°C — —
............................. - 0 v+ [0 J %] veo v [ LT1 039CN
LT1039C . ...t 0°Cto 70°C B"SE %“" o eis 2] LT1039CJ
N . RECTIN[3 16§ REC1QUT
Guaranteed Functional by Design ..... ~40°Ct085°C | mans o mon ] LT1039MJ
Lead Temperature (Soldering, 10 sec.) 300°C | el M HEweeor wen
! rrrrrrrearan TRz 0uT &} [i5] ev TR2 0UT [E] LT1 03903
Reca v [7] [12] rec3out Recam [7] '
r3 0u [E] [ v TR3ouT [E]
v-[5] 10} eno v-[5]
18 lE:SAé;EﬁTh:lC o 18 L&;Amelc oP 1 8,LE§§’}FL',§‘§$EC soL
Tymax = 150°C, 6y, = 88°C/W, B¢ = 22°C/W (J)
Tymax = 125°C, 0yp = 79°C/W, 8¢ = 36°C/W (N)
Tymax = 125°C, 64 = 90°C/W, 8¢ = 26°C/W (S)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Driver V*=12V; V== -12V; Vgy.grr = 2.5V (Note 1)
Output Voltage Swing Load =3k Positive o V+-04 V+-0.1 v
to Ground Negative [} V- +15 V= +1 v
Logic Input Voltage Input Low Level (Voyr = High) ) 1.4 0.8 v
Levels Input High Level (Voyr = Low) (4] 20 14 \
Logic Input Current ViNz2.0V 1 20 uA
ViNs0.8V 5 20 pA
Output Short Circuit Sourcing Current, Voyr =0V 5 15 mA
Current Sinking Current, Voyr=0V -5 -15 mA
Output Leakage Current SHUTDOWN (Note 2 and 3); Voyr= £18V,Vjy=0| o 10(25°C) 200 pA
Supply Leakage Current SHUTDOWN (Note 2) ) 1(25°C) 100 pA
Slew Rate R, =3kQ; G, =51pF 4 15 30 Vips
Supply Current Vour=Low 4 8 mA
Receiver Vg = 5V; Von-Fe = 2.5V (Note 1)
Input Voltage Thresholds Input Low (Vgyr = High) o 05 1.3 \
Input High (Voyr = Low) ) 1.7 28 v
Hysteresis [+) 0.1 0.4 1.0 v
Input Resistance [ 30 k@
Output Voltage Output Low, loyr= - 1.6mA © 0.4 0.5 \
Output High, loyr = 160xA o 35 48 v
Output Short Circuit Sinking Current, Voyr= Vg [5) -10 mA
Current Sourcing Current, Voyr =0V (Note 4) © 0.5 1 mA
Output Leakage Current SHUTDOWN (Note 1); 0V <Voyr=<Vee, Vin=0 ] 10 pA
Supply Current [ 4 7 mA
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LT1039/LT1039-16

ELECTRICAL CHARACTERISTICS

PARAMETER CONDITIONS MIN TYP MAX UNITS
Supply Leakage Current SHUTDOWN (Note 2) o 1(25°C) 100 pA
On-Off Pin Current 0V <VoygrEs5V o -15 80 wA

The O denotes the specifications which apply over the full operating
temperature range.
Note 1: Voy - oFf = 5.0V for LT1039M grade devices.

Note 2: Voy - o = 0.4V for —=55°C < Tp < 100°C, and Voy-gff = 0.2V for
100°C < Tp < 125°C. Does not apply to LT1039-16 part.
Note 3: For Ty > 100°C, leakage current is 350A max.
Note 4: For Ty <-25°C, output souce current is 0.4mA.

PIN F UnCTIOnS (Pin numbers listed are for 18 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 whenV + andV — =0QV.

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 Vg,

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—==0V) to allow data line sharing. Qutputs 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 0.4V of hysteresis to provide
noise immunity. Input impedance is nominally 30kQ.

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 Vgg 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

Driver Output Short
Circuit Current Receiver Input Thresholds On-Off Pin Thresholds
50 300 50
45 275 45
40 250 40
= w INPUT HIGH @
é 30 \ g 200 g 30
E 25 ISCSINKING 2175 S 25
=] = L =
5 2 5150 o 20
[ = INPUT LOW = \MINIMUM ON VOLTAGE
3 "™ SOURCING— =125 S g5
R 3 T— —
10 100 10 —
5 075 05 MAXIMUM OFF VOLTAGE —
0 050 0 i I |
—-55 =25 0 25 50 75 100 125 -55 =25 0 25 50 75 100 125 -5 =25 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
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LT1039/LT1039-16

TYPICAL PERFORMANCE CHARACTERISTICS

Driver Output Leakage Receiver Output Short
Supply Currentin SHUTDOWN in SHUTDOWN Circuit Current
1000 1000 — 100
F-SUPPLY CURRENT MEASURED = =
FINTO Voo AND V+ -/ OUTPUT SINKIN
7 g —
Z 100 £ 10 y R
= A = ;i =
z 7 5 / 2
g ya o | £
Vour= —30V OUTPUT SQURCING
g 10 » 3 10 o, / g
=2 v = L—H p=1
w ’l E ’l o
3 I’ I,
o
/- / Al 3ov
ouT=
1 ] 1 A7 0.1
-5 =25 0 25 50 75 100 125 —-55 =25 0 25 50 75 100 125 -5 =25 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
On-Oft Pin Current vs Voltage Driver Output Swing vs Current
40 +
s e -
3 y @ 02 OUTPUT HIGH
30 /, g -04
i5® )/ 3
et -
= 20 a 12 OUTPUT LO! =
g A 2 — |
E 15 4 & 10 =
o /| & P
5 10 4 L 08 7
R / g o5 4
74 o v
0 / s 0.4
. 74 _
-5 g 0.2
-10 e -
0 1 2 3 4 5 0 05 10 1520 2.5 3.0 3.5 4.0 45 5.0
INPUT VOLTAGE (V) QUTPUT CURRENT (mA)
Output Waveforms SHUTDOWN to Driver Output
F——M =
1ov i 10V
DRIVER DRIVER
oot OV 3 T
—10V - o
i
: o
RECEIVER [V i O%F‘T“,fﬁ? -5V
OUTPUT | ov : —-10v
1 -oFf [ 5V
|NPUT{§X L °|’:135${0v
L.
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LT1039/LT1039-16

TYPICAL PERFORMANCE CHARACTERISTICS

SHUTDOWN to Receiver Output Bias Pin Response Time
F ﬂ E—‘ ;‘
o l ‘ & i po—
v e 2 |
v L e R et N e Nt RECEIVER 1 J 4V |57, ™
Gt A N I L e SUTeUT zv'
o s IR W O O o
onOFF [OV BT T L K BiAs INpuT 5V [F <l
WUT gy & . T T (THRU 25k0) | gy L___m
L_,, T TR TS “M—.:JA‘ w‘
0 1ms 2ms  3ms  4ms 0 02s 04ps 06us 08ps

TYPICAL APPLICATION
LT1080 (Driver/Receiver with Power Supply) Driving an LT1039

SHUTDOWN —@

|_ 1 J
8 — T —
ON-OFF Veo P l L1 I > onaeE L
171080 £F1039
TTL INPUT >c RS232 OUT TTL INPUT D: RS232 0UT
TTL INPUT ——RS232 0UT TTL INPUT > RS232 0UT

TTL INPUT > RS232 OUT

TIL 0UT < . RS232 IN TTL OUT < . RS232 IN
-%SK iaek
TTL OUT < " RS232 IN TTL OUT < . RS232 IN
+| ¢ = OM_
TuF T4 TTL OUT RS232 IN
c1— \l Atk
5 =
r c2+ v+ 3 1 g -
1uF
T - -
2~ gw VY 1= 1 VT o
e T " Jo
o <L
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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

OUTPUT CAN -3V
BE FORCED

EXTERNALLY

Older RS232 Drivers and Other CMOS Drivers

v+
WITH SOME DRIVERS,
EXTERNALLY APPLIED
VOLTAGE CAN FORCE
THE SUPPLIES

V-

Sharing a Transmitter Line

LT1039 #1

DRIVER
LOGIC )
INPUT A
LT1039 #2
DRIVER
RS232
.N#{.’?'E TRANSMISSION
LINE
LOGIC
ON-OFF INVERTER
(CHANNEL
SELECT)

INPUT

impedance state. This allows data line sharing and
transceiver applications.

The SHUTDOWN mode also drops all supply currents
(Voo, 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 51k resistor can be placed from the
logic input to Vg to force a definite logic level when the
receiver output is in a high impedance state.

Sharing a Receiver Line
1T1039 #1
RECEIVER
RS232 TN
INPUT A K
171039 #2
RECEIVER
RS232 TN LOGIC
INPUT B e OUTPUT
LOGIC
ON-OFF INVERTER
(CHANNEL
SELECT)
INPUT
Transceiver
LT1039 #1
DRIVER
LOGIC RS232
TRANSMIT/RECEIVE p—— TRANSMIT/RECEIVE
LINE LINE

LT1039 #2
RECEIVER

LOGIC
INVERTER

ON-OFF
(TRANSMIT/
RECEIVE)
INPUT
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LT1039/LT1039-16

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
30kQ. For applications requiring a 5k@ input impedance, a
5.6kQ 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 Vg,

Vee

71039
RECEIVER

CM0S
LOGIC

>o—

“FORCES LOGIC INPUT STATE
WHEN V gy.oFF IS LOW

RS232
INPUT

LOGIC
OUTPUT

ON-OFF
INPUT

RECEIVER
RS232
INPUT

5 6kQ

RECEIVER

o LOGIC
5 6k OUTPUT

RS232 INPUT

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 24kQ
to 30kQ 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

LOGIC SHUTDOWN
INPUT
2540
2| Bias . [V
ON-OFF
RS232_3 16_L0GIC
INPUT ouTPUT

LT1039

RS232 Compatible SHUTDOWN Control Line

25kQ

AAA
A A A

2 | BIAS — |17
ON-OFF =4

RS232
SHUTDOWN
INPUT

111039

y4)

HS

§
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LTC1045

FERTURES

o Efficiently Translate Voltage Levels

o Internal Hysteresis for Noise Immunity

o Qutput Latches Included

o Three-State Outputs

Programmable Power/Speed

Power can be Completely Shut Off

+50V on Inputs with External 100k Limit Resistor
1.2us Response at 100xA Supply Current

RPPLICRTIONS

o TTL/CMOS to +5V Analog Switch Drive
o TTL to CMOS (3V to 15V V)

o ECL to CMOS (3V to 15V Vg)

o Ground Isolation Buffer

o Low Power RS232 Line Receiver

o

O oo

TECHNO'—OGY Programmable Micropower Hex

Translator / Receiver / Driver

DESCRIRTION

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 Vyrip1 and 5-6 are tied
to VrRipa.

The Isgt 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 Isgt to
V- through an external resistor.

LTCMOS™ is a trademark of Linear Technology Corp.

Flat Ribbon Cable Driver/Receiver

TILIN

2=1502

RCV OUT TTL ouT

XMIT IN (5v/0Iv) [
XMT OUT (1V/DIV)
RCV IN (1V/DIV)

RCV OUT (5V/DIV)

N
! Z " ADJACENT CONDUCTORS

100ns/DIV
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LTC1045
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION

(Notes 1and 2) o v ORDER PART
Total Supply Voltage (V*, VontoV=,VoU)............ 18V Yo E % v NUMBER
H + INPUT 1} 2 19] OUTPUT 1
BUVlage e e oy | ] [Home | IO
Operating Temperature Range weur 3 [} [77] output 3 LTC1045CJ
LTGIOEC ... veevrrererenees ~40°Ct085°C | "I o %“"’““ LTG1045CN
LTCI045M ..., 559G to 1250 | "MTOLE = OUTUTS
Storage Temperature Range............. -55°Ct0 150°C 'N::l: % % 3;;:115
Lead Temperature (Soldering, 10 sec) .............. 300°C Voo 5 ol
Output Short Circuit Duration [ e
(Vor=VoL=<10V)..eoeviii Continuous
ESD (MIL-STD-883, Method 3015.1).................. 2000V JeREnGOp  HASTIO O
Tymax = 150°C, 8,4 = 70°C/W (J)
Timax = 110°C, 8,4 = 90°G/W (N)

ELECTRICAL CHARACTERISTICS

(Note 3)V* =Vou =5V, V~ =VgL =0V, Ty =25°C unless otherwise specified.

LTC1045M LTC1045C
SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX MIN TYP  MAX UNITS
Is Input Bias Current V™ <VysVt +1 +1 nA
- | O 1.0 0.5 wA
Trip Voltage Range o v vt-2 V- vt-2 v
(Pin8and Pin 9)
I V*toV~ SupplyCurrent | DISABLE=V*, Rggr= 10k 25 35 25 35 mA
: ° 50 45 mA
lor V* toV~ Supply Current | DISABLE =lger=V* 10 10 nA
in Shutdown o 5 1 uA
VHEF Voltage on 'SET (Piﬂ 12) RSET =10k 0.9 09 v
o 0.5 1.4 0.6 1.25 v
Vou TTL Output High Voltage | loyr= —3604A,V* =45V | © 24 44 2.4 4.4 v
VoL TTL Output Low Voltage | loyr=1.6mA,V* =45V o 0.2 0.4 0.2 0.4 v
lsink Output Short Circuit Viy= VTRLP -100mV, 85 15 75 15 mA
Sink Current Vour=V o 5.5 5.5 mA
Isource | Output Short Circuit Viy=Vrgp +100mV, 45 8.0 4.0 8.0 mA
Source Current Vour=V~ o 32 32 mA
loz Three-State Leakage DISABLE=V* 0.005 0.005 uA
Current VoL=Vour<Voy o 1 1 pA
Ron Output Resistance to Voy | [loyt| <1004A 260 400 260 475 0
o 600 600 Q
Rot Output Resistance to Vg, | |loyr| <100zA 100 150 100 180 0
o 250 250 Q
Iger Voltage for Shutdown o| V*-05 Vt-05 v
DISABLE Input Logic
Vi Levels Vt=45V,V- =0V ol 20 20 v
Vi V*t=55V,V" =0V o 08 0.8 v
Input Supply Differential o 45 15 45 15 v
(Vt -V~)(Note 3)
Output Supply Differential o 3 15 3 15 v
(Vo = Vou (Note 3)
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LTC1045

AC ELECTRICAL CHRARACTERISTICS

V* =Vou =5V, V™ = VoL =0V, Tp =25°C unless otherwise specified.

LTC1045M LTC1045C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
14 Response Time Test Circuit Figure 1 200 250 ns
Rggr = 10k, +100mV Drive [« 350 350 ns
tsetup Time Before Rising Edge of Isgy that Test Circuit Figure 2 80 80 ns
Data Must be Present
thown Time After Rising Edge of Isr that Test Circuit Figure 2 0 0 ns
Data Must be Present
tace Falling Edge of DISABLE to Logic Test Circuit Figure 3 165 165 ns
Level (from Hi-Z State)
tiny ton Rising Edge of DISABLE to Hi-Z Test Circuit Figure 3 200 200 ns
State

The © denotes the specifications which apply over the full operating
temperature range.

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

Note 2: The maximum differential voltage between any two power pins
(V*,V~,Vou and Vo ) must not exceed 18V. The maximum recommended
operating differential is 15V.

Note 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.

TEST CIRCUITS

sV sV

Vin
QUTPUT
Virp=12V: SODF_]-_
tr 1t fe—
A 90% 90%
Vi d tov — A e N oo t,=t=10ns
11y A 10% 10% Yoo
tg r‘— tg je—
5V
QUTPUT { 2 5V
OV e

Figure 1. Response Time Test Circuit
Vin

Vimp=12V

5V ———-————7——
Iser 50%
T ———

Figure 2. Latch Test Circuit

DISABLE:

tr=<10ns

tiH

DISABLE

OUTPUT

10pF 10k v

= OUTPUTS
DISABLE

-5V

VoL

DISABLE

OUTPUTS
PV R——

tace

DISABLE

OUTPUT

50pF

QUTPUTS

I

Figure 3. Three-State Output Test Circuit,
Conditions: V*+ =5V, V= =0V, Vo =5V, Vo =0V
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TYPICAL PERFORMANCE CHARACTERISTICS

I* vs Temperature I* vsRser Delay Time vs Rggr
5 T 5 T 12 FTTTIm T T
V+=5V L || | Ty=25°C TA=25°C }
. _ NI | Y RAA
g g N yo s oL=0 _ Viy=Vygpe: 100mY
+ z \ 2 o8 '
g ° g " /
& ser=0 % Z 06
L2 — :°? N w 2 o4 l
2 ~S—Reer=10k = N
= ] = : 0.2 ;
il Il [ I
0 L 1 0 . 0
-50 —25 0 25 50 75 100 125 100 1k 10k 100k M 100 1k 10k 100k M
AMBIENT TEMPERATURE, Ty (°C) Rser (9) Rser (@)
VRer vs Temperature Hysteresis vs Rger
25 Vo5 2 N Vs
18 \
= 2.0 ’>E‘ 16
E Rger=1 % 14 \\
> 15 & 12 N
B £ N
g 10 P Rger=10k S s N
:gj ——— § 6
é 0.5 3 4
2
01 0
-50 =25 0 25 5 75 100 125 100 1k 10k 100k M
AMBIENT TEMPERATURE, T (°C) Rser (@)
PIN DESCRIPTION
Pin  Name  Description Pin  Name  Description
1 VoH High level to which the output 1 VoL Comparator negative supply
switches 12 Iger This pin has three functions
2-7 INPUT  Six comparator inputs; voltage 1) Rser from this pinto V- sets bias
range=V~toV~ +18V current
8 Vripz  Trip point for first four comparators 2)When forced to V+ power is shut
(inputs 1-4); voltage range = V- to off completely
vVt -2V 3)When forced to V* outputs are
9 Virpy  Trip point for last two comparators latched
(inputs 5-6); voltage range =V~ to 13 DISABLE When high outputs are Hi-Z
V-2V 14-19 OUTPUT  Six driver outputs
10 V- Low level to which the output switches 20 v+ Comparator positive supply
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BLOCK DIRGRAM
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LTC1045

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 Vrrips and
the negative inputs of the last two comparators are tied in
common to Vyripo. 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 Rsgr).

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 I'* vs Rggr). As the bias current
is decreased, the LTC1045 slows down (see typical curve
of Delay Time vs Rggt).

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 Iser 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

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 80ns from the rising
edge of Isgr. Going from the latched to flow through state
is much slower—typically 1.54s 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 2us to 5ys after the falling edge of Iser.

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, Vt =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-,
Vo and VoL. They can be connected almost arbitrarily,
but there are a few restrictions. A minimum differential
must exist between V* and V-~ and Vou and Vor. The V*
to V- differential must be at least 4.5V and the Vo 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 T0 15V) V+ (4.5V 70 5.5V)
Vor v+
DISABLE P1
>
3 100k v
LTC1045 LTC1045 1 DATA o OUTPUT
v+ PIN
N1
12 12]— DISABLE
10 F_I 10 j VoL
Vou

(A)CMOS = (B)TTL
Figure 4. Driving the Iggr Pin with Logic

Figure 5. Output Driver

SO/ HIEAR
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LTC1045

APPLICATIONS INFORMATION

Because of this diode, Vor 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 Vo should not be
more negative than —10V even if the Voy to Voo differen-
tial does not exceed the 15V maximum. In this case the V +
to Vo 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
100kQ, the input voltage can be driven to at least +50V
with no adverse effects for any combination of allowed

540 |

V0H~V0L=3V/l

30
//

5V AND (V+ ~Vgy)

20 r/
—

1
"\ SPECIFIED POINT

Voy—VoL=4V

Voy—VoL=
on—VoL=5%

0

Row/[Ron@(Von—Vou)

=1
Vox=VoL=10V

0 2 4 6 8 10 12 14 16
V+=Vou (V)

Figure 6. Relative Output Sourcing
Resistance (Ron) vs V* = Vou

power supply voltages. Output levels will be correct even
under these conditions (i.e., 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 LTG1045 will vary with
the power supply voltages that are chosen. Output
impedance is affected by V*, Vou and Vor. V- has no ef-
fect on output impedance. Guaranteed drive characteris-
tics are specified in the table of electrical characteristics
for V¥ =Voy=5V and V- =Vo_=0V. Figures 6 and 7
show relative output impedance for other supply combina-
tions. In general, output impedance is minimized if V* to
Vou is minimized and Vo to VoL is maximized.

20

\
\

5]

SPECIFIED POINT

0

Rou/[RoL@(Von—Vo

e —~—t—

]

0
0 2 456 8 10 12 14 16
Von-Vo (V)

Figure 7. Relative Output Sinking
Resistance (Ror) vs Vor - VoL

TYPICAL APPLICATIONS

ECL to CMOS/TLL Logic

sV

CMOS/TTL
(Vee=5)

TTLICMOS (Ve =5V) to High Voltage CMOS (Vg = 15V)

15V

TTL/CMOS
(Vee=5v)




LTC1045

TYPICAL APPLICATIONS

High Voltage CMOS (Vcc = 15V) to TTLICMOS (Veg =5V)

5V

oMos +\ THREE-STATE
Voo — BUFFER
COMPARATOR LATCH 3252”43)3
ot

TTLICMOS (Ve =5V) to Low Voltage CMOS (Ve =3V)

5V 3V
S IS
- 1
¢ |
|
TIL/CMOS THREE-STATE
(Vee=5V) BUFFER

V—

—30V—

*INPUTS HAVE NO INTERNAL
PULL DOWN IF INPUTS FLOAT
EXTERNAL PULL DOWN MUST
BE ADDED

L7 TELHEQ(’;% 3‘43



_LT1080/LT1081

LILTOAR

TECHNOLOGY

FERTURES

o Absolutely No Latchup
o GMOS 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 1xF Capacitors
o Gan Power Additional RS232 Drivers — 10mA
o 1,A Supply Current in Shutdown
D Available in SO Package
o Available With or Without Shutdown

APPLICATIONS

o Portable Computers
o Battery Powered RS232 Systems
a Power Supply Generator

Advonced Low Power
5V RS232 Dual Driver/Receiver

PRESCRIRTION

The LT1080 and LT1081 are the only dual RS232 driver/
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 0.1xF capacitors is also available.
All of Linear Technology’s RS232 IC’s are available in

o Terminals standard surface mount packages
o Modems u unt packages.
Supply Generator Outputs
. 2 ~ it 5V INPUT
1uF
—DJ 171080 _ar; 9v ouT 10 v+ OUTPUT
u 8 e
2 T.7 T _ovouT 6 RLTOVZ RLTO GND_]|
1F'tL_ 1uF s 4
i il T 8 o
= =
g o Ve =5V
12 > 13 RS232 OUTPUT 5
Loae e -4 RLTO GND
> . _6 RLTOV+
1 : RS232 OUTPUT ) | —
- V- OUTPUT
" L1

RS232 INPUT

RS232 INPUT

5k

LOGIC < .%.SK
OUTPUTS h
10 < .

0 2 4 6 8 10 12 14 16 18 20
OUTPUT CURRENT (mA)
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LT1130 Series

57 LIEAR

TECHNOLOGY

FERTURES

a Absolutely No Latchup
o GMOS 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 1uF Capacitors
- Output Overvoltage Does Not Force Current Back Into
Supplies
o 1uA Supply Current in Shutdown
@ Available in SO Package

- Advanced Low Power

5V RS232 Drivers/Receivers

with Charge Pump
DESCRIPTION

The LT1130 Series are the only RS232 driversireceivers
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 RS232 IC’s are avail-
able in standard surface mount packages.

Basic Operation
v+

+ 1 ]

Tk
1uF

4

[ bRIVER 0UT 3

RXIN [B

DRIVER OUT [7]

RXIN [E]

10 | DRIVER 0UT [T]

LINE RXIN [T

DRIVER 0UT 1]

RXIN [12]

DRIVER OUT [13]

| Axin[ig]

£T1130

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 wlo Charge Pump

Output Waveform

DRIVER
OuTPUT

RECEIVER
OUTPUT

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 wiShutdown
LT1139 4-Driver/4-Receiver RS232 Transceiver w/Shutdown
LT1140 5-Driver/3-Receiver RS232 Transceiver wio Charge Pump
LT1141 3-Driver/5-Receiver RS232 Transceiver wio Charge Pump

Ly HneR
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LITTOAR

LT1180/LT1181

Je

FERTURGES

o (.14F Capacitors
o Absolutely No Latchup
o CMOS Comparable Low Power — 70mW
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
- Smaller Board Area Required
o 1A Supply Current in Shutdown
o Available in SO Package
o Available With or Without Shutdown

TECHNOLOGY

APPLICATIONS

o Portable Computers .
a Battery Powered RS232 Systems
o Power Supply Generator-.

Advanced Low Power
5V RS232 Dual Driver/Receiver
with Small Capacitors

PRESCRIPTION

The LT1180 and LT1181 are the only dual RS232 driver/
receiver with charge pump to guarantee absolutely no
latchup. Requiring only 0.1xF 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
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

o Terminals - from the charge pump to power other circuitry. All of
o Modems Linear Technology’s RS232 IC’s are available in standard
surface mount packages.
TYPICAL APPLICATION
2 NS 17
O‘M::E-: -—3 5V INPUT
T Lres Ryl Output Waveforms
T uF
5 7 = _
0 w% __L_f 0.14F o

8 RS232 QUTPUT

2 >:»—‘5—n3232 outpuT
LoGIC
INPUTS \

13

LOGIC : iﬁk
QUTPUTS : 2

14

RS232 INPUT

10

isx
18

ovarr—— e

g RS232 INPUT

]
DRIVER
outruT | W

RECEVER [ SV ey s g
outeuT | ov Blialile

INPUT

—_—
o u
< <
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LT1280/LT1281

TECHNOLOGY

FERATURGES

@ 10mA Max Supply Current
o Absolutely No Latchup
o CMOS Comparable Low Power — 35mW Typ
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
- Smaller Board Area Required
o 1A Supply Current in Shutdown
o Available in SO Package
o Available With or Without Shutdown

APRLICATIONS

o Portable Computers

o Battery Powered RS232 Systems
o Power Supply Generator

o Terminals

o Modems

Advanced Low Power
5V RS232 Dual Driver/Receiver

DESCRIPTION

The LT1280 and LT1281 are the only dual RS232 driver/
receiver with charge pump to guarantee absolutely no
latchup. Requiring only 1uF 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 0.1uF capacitors,
the LT1280A/LT1281A will be released by June 1993.
In addition to meeting all LT1280/LT1281 specifications,
including 10mA max. supply current, the LT1280A/
LT1281A provides +10kV ESD protection for the RS232
line pins.

TYRICAL APCPUICATION

2 N7 17
p———5V INPUT
111280 -TMFP 9vout
5 7 =
T>—9V out
1,¢F:'E— 1uF
T T

12 15

[—————RS232 OUTPUT

LOGIC
INPUTS

11 8

RS232 QUTPUT

%

13 1 RS232 INPUT

LOGIC (
OUTPUTS

b |||.Mg~.a

10 9

RS232 INPUT

JAN

18

ON-OFF

16
L

Output Waveforms

v
DRIVER
outrur |

RECEIVER { sV

OuTPUT ov

Ly NER
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LT1280/LT1281

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Veg) .o vvvvvvveveieciiiiieieeen, 6V Short Gircuit Duration
............................................... 13.2V Vi .30 Seconds
V- ............................................. -13.2v Vo 30 Seconds
Input Voltage Driver Output. . ......ooveviiee Indefinite
Driver. ... V-toV+ Receiver Qutput............ooeiiiiiii, Indefinite
Receiver. ....o.ovvvvi i -30Vto30V  Operating Temperature Range
On-Off Pin....ooovieeii GNDto 12V LT1280MILT128IM ... -55°Ct0 125°C
Output Voltage LT1280ILT12811 . ..o -40°Cto 85°C
Driver. oo V- 430V to V+-30V LT1280C/LT1281C. ... 0°Ct070°C
Receiver........covvvevvnnnn, -0.3VtoVec+0.3V  Lead Temperature (Soldering, 10 sec)............ 300°C
PACKAGE/ORDER INFORMATION
TOP VIEW ORDER PART TOP VIEW ORDER PART
v < oo NUMBER v 5] onore NUMBER
ci+[Z] (7] Voo LT1280MJ o+ 2} 7] Veo LT1280IS
B ] o LT12801J e ] o LT1280CS
o[ ] i our LT1280IN o- [ ] e our
ce+[5] im0 [Tl RectiN LT1280CJ c+[E]] Lreso [72] Rect v
c2~ 5] [13] REC1 OUT LT1280CN ce- 5] [13] ReC1 ouT
v-[] [12] TRt N v-[T} [77] Th1 N
TR2 0UT [E] [17] TRe TR2 0UT [ [T7] TR2 1N
Rec2 IN 9] 10] ReC2 oUT recz v [ 70] REC2 OUT
{BLEAD CERAMIC P 18-LEAD PLASTIC DI LS TAKAGE
Toax = 150°C, 654 = 100°C/W, 6, = 40°C/W (J)
Timax = 125°C, 054 = 120°C/W, 6y = 50°CAW (N) Tymax = 125°C, 0,3 = 90°C/W, 8¢ = 26°CAW (S)
TOP VIEW LT1281MJ TOP VIEW LT12811S
o : - S P Il_-'-||'-1122§‘:lll{l o [0 z 2] veo LT1281CS
v+ 2] [15] oo v+ 2]« [15] eno
- LT1281CJ ;
ci-[3 [12] TR1 OUT - 3 [72] TRt ouT
c2+ [z [13] RECT IN LT1281CN :
(T1281 ce+ 2] [13] Rect N
c2- [E] [72] Rec1 out ce-E- et [12] Rect out
v-[E] Mg v [11] R1 N
TR2 0UT [7] 70] TR2 IN TR ouT [7] 7] TR I
rec2 N [B] 9] REC2 OUT rec2 N [E] - 1 Rec2 oUT
J PACKAGE N PACKAGE ‘
16-LEAD CERAMIC DIP  16-LEAD PLASTIC DIP S PACKAGE
16-LEAD PLASTIC SOL
%m; . 11222 Zjl,: }Zgg’,a ?,jz Z gggl,‘v,\v, iJN)) Ty = 125°C, 04 = 95°C/W, 8¢ = 27°C/W (S)
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LT1280/LT1281

ELECTRICAL CHARACTERISTICS (Note )

|

PARAMETER CONDITIONS MIN TYP MAX UNITS
Driver
Output Voltage Swing Load =23k to GND Positive o 5.0 73 )
Both Qutputs. Negative o -50 -6.5 v
Logic Input Voltage Input Low Level (Vour = High) o 1.4 0.8 v
Level Input High Level (Voy7 = Low) o 2.0 1.4 v
Logic Input Current Viy=2.0V o 5 20 pA
Viy=0.8V o 5 20 wA
Output Short Circuit Sourcing Current, Voyr =0V 7 12 mA
Current Sinking Current, Voyr=0V -7 -12 mA
Output Leakage Current SHUTDOWN (Note 2), Voyr= + 30V (Note 4) (o} 10 25 wA
Slew Rate Ry =3kQ, C_=51pF 4 15 30 Vius
Receiver
Input Voltage Thresholds Input Low Threshold, LT1280C/LT1281C o 0.8 1.3 \
LT12801, M/LT12811,M o 0.2 1.3 v
Input High Threshold, LT1280C/LT1281C o 1.7 24 v
LT12801, MILT1281I, M o 1.7 30 \
Hysteresis o 0.1 0.4 1.0 v
Input Resistance 3 5 7 k@
Output Voltage Output Low, lgyr = - 1.6mA o 0.2 0.4 \
Output High, lgyt = 1604A (Voo =5V) o 35 48 \
Output Short Circuit Sinking Current, Voyr = Veg -10 -20 mA
Current Sourcing Current, Voyr =0V 0.3 0.6 mA
Output Leakage Current SHUTDOWN (Note 2), 0V <Voyr<Vec o 1 10 wA
Supply Current (Note 3) 7 10 mA
o 14 mA
Supply Leakage Current (Vg) SHUTDOWN (Note 2) (LT1280 Only) (Note 4) o 1 25 .
On-Off Pin Current 0V <Von.oFF <5V (LT1280 Only) [} -15 80 pA

The o denotes specifications which apply over the operating temperature
range (0°C <T, <70°C for commercial grade, — 40°C<T,<85°C for indus-
trial grade or — 55°C < Ty <125°C for military grade devices).

Note 1: These parameters apply for Voy.grF = 3V, Vg =5V and C=1.04F un-

less otherwise specified.

Note 2: Voy.orF = 0.4V for —55°C <T,<100°C, and Voy.orF = 0.2V for

100°C<T, 125°C (LT1280 only).

Note 3: Unless otherwise specified, Vog =5V, external loading of V+ and
V= equals zero and the driver outputs are low (inputs high).

Note 4: Leakage current at 125°C = 100A max.

TG
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LT1280/LT128]1

P'ﬂ FUIICTIOI‘IS (Pin numbers refer to LT1280)

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+ =
2Vec - 1.5V. Requires an external capacitor (=0.14F) for
charge storage. Capacitor may be tied to ground or +5V
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— =~
—(2Vgo—2.5V). Requires an external capacitor (>0.1xF)
for charge storage. With multiple transceivers, the V+
and V — pins may be paralleled into common capacitors.

TR1IN; TR2IN (Pins 12, 11): RS232 driver input pins. Inputs
are TTL/CMOS compatible. Inputs should not be allowed
to float. Tie unused inputs to V.

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=0V) 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. 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 0.4V of hysteresis to
provide noise immunity. Input impedance is nominally
5kQ.

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 Vg with-power on, off, or in the SHUTDOWN
mode.

C1+;C1—;C2+; C2— (Pins 2, 4, 5, 6): Requires an ex-
ternal capacitor (=0.1xF) from G1 + to C1 — and another
from G2+ to G2—. Pin 2 can be used for connecting a
second positive supply. When a separate positive supply
is used, G1 can be deleted.

TYPICAL PERFORMANCE CHARACTERISTICS

Supply Generation from V¢ Receiver Output Short
or Shutdown Receiver Input Thresholds Circuit Current
10 T 3.00 100 ——
sy | [ ——
8 e T 275 OUTPUT SINKING
Veo=5V | —
8 e C?C—C4=1yF 250 .
= 4 RL=47k V+TOV~ S22 £
2 ' S weuHgh 4~ | E 10
w2 a3 2.00 s =
£ Z Pl g
g o 2 1.75 = T =
> = — 2
= -2 = 150 = = 5 OUTPUT SQURCING
3 z P // E 1
3 -4 N S 125 b~ INPUT LO! 1=
// e
-6 ~ 1.00
-8 0.75
Y- SIUPPLIY

0 050
0 02040608 1012141618 20 =55 =25 0

TIME (ms)

TEMPERATURE (°C)

01
-5 -25 0 25 50 75 100 125
TEMPERATURE (°C)

50 75 100 125
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LT1280/LT1281

TYPICAL PERFORMANCE CHARACTERISTICS

On-Off Pin Current vs Voltage On-Off Pin Thresholds
40 5.0
35 45
30 ,Z 40
g5 ,/ 235
= 2 /,/ £ 30
& =3 N
g1 /, %2'5 AN
= 10 7 £ 20 MINIMUM ON VOLTAGE|—|
z s / = 15 T
// R I I
0 \// 10 MAXIMUM OFF VOLTAGE —
-5 05 {
—-10 0
0 1 2 3 4 5 —55 —-25 0 25 50 75 100 125
INPUT VOLTAGE (V) TEMPERATURE (°C)
Driver Output Leakage
Supply Current in Shutdown in Shutdown
1000 — 100
:\}cc=5§l —
3
£ 100 E 10 4
E ya 3 7
£ + 4 A
© 3 Vour=30V:
£ 10 / 3, 4
> ya = h—7
wn l' E l' I’
7 § ,// ‘/
// /I //VOUT=—30V'
1 0.1 -
—55 —25 0 25 50 75 100 125 —55 —25 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C)
Shutdown to Receiver
Shutdown to Driver Output Output
10V v
DRIVER
oUTPUT B4 RECEIVER J 4V
o OUTPUT v
[ ov ov
DRIVER s
ouwurl -
~1ov onorr |
ON-OFF 5V INPUT | OV
INPUT o

ims 2ms  3ms 4ms

0 ims 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

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
(Vec; Pin 17) to zero for power-conscious systems.

supply voltage to develop.
LT1280/LT1281 Driver Transceiver
LT1280 #1
0v DRIVER
LOGIC RS232
OUTPUT CAN —~30v TRANSMIT/RECEIVE TRANSMIT/RECEIVE
BE FORCED LINE LINE
EXTERNALLY
LT1280 #2
. . RECEIVER
Older RS232 Drivers and CMOS Drivers
v+
WITH SOME DRIVERS,
EXTERNALLY APPLIED
VOLTAGE CAN FORCE LOGIC
THE SUPPLIES ON-OFF INVERTER
(TRANSMIT/
V= RECEIVE)
INPUT
Sharing a Receiver Line Sharing a Transmitter Line
LT1280 #1 LT1280 #1
RECEIVER DRIVER
RS232 0 ) LOGIC
INPUT A INPUT A
LT1280 #2 LT1280 #2
RECEIVER DRIVER
RS232 LOGIC LOGIC
INPUT B QUTPUT INPUT B TRANSMISSION
LINE
LOGIC LogIC
ON-OFF INVERTER ON-OFF INVERTER
(CHANNEL (CHANNEL

SELECT)
INPUT

SELECT)
INPUT
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LT1280/LT1281

APPLICATION HINTS

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 51k resistor can be placed from the
logic input to Vg to force a definite logic level when the
receiver output is in a high impedance state.

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 kg
INPUT W
*A PTC THERMISTOR WILL

ALLOW CONTINUOUS OVERLOAD

RECEIVER

OF GREATER THAN 100V

LOGIC
5kQ
30V ouTPUT
30V

LT1280 EXTERNAL
HPOWER
Bl F s 0P AMP
ul
11280 ' I_ VT
RECEIVER : Dml\ﬂ > vt
RS232 >c
INPUT l/
161 6no - _Av-
ONTFF *FORCES LOGIC INPUT STATE 1 v-
- WHEN Voy g7 1S LOW =
INPUT ON-OFF 7
p—
=
Operating with 12V and 5V Supplies*
12V 2| A\~ 17
INPUT 5V INPUT
— 171280 —
3 I _12v
L] T
1uF 1uF
) I
= > B Rs232 QUTPUT
LOGIC
INPUTS
B! > 8 RS232 QUTPUT
13 N —- RS232 INPUT
LOGIC Sk
OUTPUTS 1
10 —o< 2 RS232 INPUT
5k
18 1 |16
ON-OFF i e *SUPPLY CURRENT IS SHUTDOWN

FROM BOTH SUPPLIES.
1g TYP=4mA.

SO ISR
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INTERFACE REFERENCE TABLES

INTERFACE STRNDARDS
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 Min Loaded +5V +3.6V +2V +.5V +3.7V
Max Unloaded 15V 6V 5V +5V +13.2V
Driver Load 3kQ to 7kQ 450Q (Min) 100Q 54Q 3kQ to 7kQ
Maximum Driver Output Current Power ON - - - - 60mA
(High Impedance State) Power OFF Vpmax/300Q +100pA +100pA +100pA Vimax/300Q
Output Slew Rate 30V/ps (Max) Controls Provided - - 30V/ps (Max)
Receiver Input Voltage Range +15V (+25V Max) Hav 7V -Vto 12V +15V (£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 232D for data rates less than 20k baud. For data rates greater than 20k baud, Cy 59 = 1000pF.

Complete standards can be obtamned from Global Engineering Documents, 2805 McGraw Avenue, Irvine, CA 92714

INTERFACE GLOSSARY
ASCIl - American Standard Code for Information Inter-  full-duplex - Simultaneous two-way independent transmis-
change—a 7-bit code for sending data. See page 8. sion in both directions.

asynchronous — Transmission in which character synchro- hglf-d_uplex —Acir Clt']it quiQ"Ed fpr t:ansmisslion in either
nization is established by use of start and stop bits. Also  diréction but not both directions simultaneously.

called start/stop transmission. modem - Stands for MODulator-DEModulator, a device that
auxiliary channel - A secondary channel whose transmis-  Converts digital signals to analog signals and vice versa.
sion direction is independent of the primary channel. Analog signals can be transmitted over communications

o links such as telephone lines.
backward channel - A secondary channel whose direction . | - Th hannel having the hiah
of transmission is the opposite of the primary channel. primary channel — The data channel having the higher

baud - The number of discrete signal elements transmitted signaling line. ) )

per second. Many encoding methods allow transmission  Protocol — Rules that define how two or more communica-

rates (bits per second) which are a multiple of baud rate. tions devices will “talk” to each other.

BPS - Bits per second transmitted or received. secondary channel — The data channel having the lower
signaling rate of the interface. There are two classes of

DCE - Data communications equipment. For example, a secondary channels: auxiliary and backward.
modem.

, ) simplex—Acircuit capable of operating in only one direction.

DTE - Data terminal equipment. For example, a computer or o . : .
terminal synchronous - Transmission method in which the data is
' transmitted at a fixed rate with the transmitter and receiver

frame — A group of bits transmitted as a unit. In asynchro- synchronized.

nous transmission a frame consists of a start bit, data bits,
an optional parity bit, and one or more stop bits.

LIRS 4-3




INTERFACE REFERENCE TABLES

CONNECTOR INFORMATION
SIGNAL PINOUT
PIN  NAME ABBR. DTE/DCE AT
1 Frame Ground FG
2 Transmit Data L) = 3
3 Receive Data RD = 2
4 Request to Send RTS = 7
5 Clear to Send CTS = 8
6 Data Set Ready DSR = 6
7 Signal Ground SG 5
8 Data Carrier Detect DCD = 1
9 (Reserved)
10 (Reserved)
1 Unassigned
12 Sec. Carrier Detect (S)CD =
13 Sec. Clear to Send (S)CTS =
14 Sec. Transmit Data (S)TD =
15 Transmitter Clock TC &=
16 Sec. Receive Data (S)RD =
17 Receiver Clock RC =
18 Local Loopback =
19 Sec. Requestto Send  (S)RTS =
20 Data Terminal Ready DTR = 4
21 Remote Loopback =

Signal Quality Detect SQ =
22 Ring Indicator RI = 9
23 Data Rate Select
24 Transmitter Clock (E)TC =
25 Test Mode =

* The DTE/DCE 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

PEOOOOOEECOOOO)
OOROOOO®@O®®®

[000e0)
OO
VIEWS ARE FROM THE PIN SIDE OF THE FEMALE (DCE) CONNECTOR OR THE

WIRE SIDE OF THE MALE (DTE) CONNECTOR.

[e]

RS232401

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 off.

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 Element Timing) — Used
to supply signal timing. Note that there are two of these signals:
one supplied by the DCE and one by the DTE. Used for
synchronous transmission.

Receiver Clock (Receiver Signal Element Timing) — 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 off 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
ringing 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 of the same name but apply to the secondary channel. The secondary
channel is not available in many systems.

4-4
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INTERFACE REFERENCE TABLES

STRAIGHT THROUGH CABLE MINIMUM STRAIGHT CABLE
DTE DCE  DTE DCE
FG ™
1 12 2
D RD
2 2 3 3
AD
3 3 7 s 7
AT R AT
4 S PR 54
c1S ots | I cTS
5 5 5 5
DSR DSR DSR
6 6 6 6
S6 0CD DCD
7 78 8
DCD DTR DTR
8 8 2 2
15 — 1 (SYNCHRONQUSONLY)__ /o 1 iNIMUM NULL MODEM CABLE IS THE
RC (SYNCHRONOUS ONLY! SAME AS A MINIMUM STRAIGHT CABLE
17 — G SYNCHRONOUS ONLY L 17 EXCEPTTHAT RDAND TD (PINS 2 AND 3)
DTR ARE CROSS-CONNEGTED AS IN THE NULL
20 20 MODEM CABLE.
NULL MODEM CABLE ATTO 25-PIN ADPTER
DTE DCE  25-PIN 9-PIN
FG iy
1 12 3
SG RD
7 7 3 2
, 0 o, RTS ;
L >< R, CTS s
4 F1S >< RIS, ¢ DSR 6
5 018 oas_ ., SG 5
5 DSR DR 4 DCD ;
g DD 2 DTR .
DSR
20 2R » 6 22 il 9

DCcD

8 RS232+04

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.

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.

0dd - 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

&———— DATA BITS —>1

b CHARACTER FRAME ———————————
|

MARK

START

BIT 18 |...| mss

SPACE /

OTHER DATA BITS /

OPTIONAL PARITY BIT

STOP
PAR BIT(S)
MSB = MOST SIGNIFICANT DATA BIT

LSB = LEAST SIGNIFICANT DATA BIT RS232+02

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 1S TO SIGNAL A TURNAROUND OF THE CIRCUIT

Rate Shielded Unshielded

110 5000 1000 otR___|

300 4000 1000 DSR I

1200 3000 500 RTS I 1

2400 2000 500 cTS I L

4800 500 250 .  —

9600 250 100 .
SO/ HIRAR 4-5



NOLOGY 8

J Package
8-Lead Cerdip
0.405
CORNER LEADS OPTION 0.005 (10.287)
(4 PLCS) @27 MAX
( MV | 8] 7] [e] [5]
i 0.023 - 0.045
X\
0584 -1.143
; ( HALF LEAD ) 0.025 0.220-0.310
OPTION (0.635) (5.588—7.874)
0045 - 0.068 RAD TYP
I
(1143-1727) L
FULL LEAD
OPTION L 2] B3] [ 0200
0.290 - 0.320 e
(7.366-8.128) | (6050)
| | 0.015 - 0.060
I I ] (0.381—-1.524)
v
>/ ¢_0008-0018 . &
(0.203-0.457)
[ A
0.045 - 0.068
0.385 £ 0.025 | (18-175) - 0125
(077920635 143-1. 7%
0.014-0.026 01000010 MN
(0.360-0.660) (2,540 £0.250)
NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS. -
J Package
14-Lead Cerdip
- 0.785 >
0005 (19.939)
0121 MAX
MN-| 4] 18] [r2] [n] [ie] [e] [®]
s )
0.025 0.220-0.310
(0.635) D (5.568-7.874)
RAD TYP
\ J
L [2] [s] [ [s] [ef [7]
0.290-0.320 0200
(7.366-8.128) | (5,080
[ 1 )
- 0.015 - 0.060
I I \ (0.381-1.524)
r
/¢ 0008-0018 0 —15° —F %
(0:203-0.457)
Y
|l 038520055 ] 00450068 0.100£ 0010 0125
(9.779.+0.635) {1143-1727) (250:0258)  (3175)
0.014-0.0% MIN
NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS. (0:350-0.60) e
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PACKAGE DIMENSIONS

J Package
16-Lead Cerdip
0.840 =
- 21 336) i
0.005 (
i MAX
o™ €
MIN [l [1s] [1a] [1a] [12] [n] [t0] [o]
T
0.025 0.220-0.310
(0.635) ) (5588 -7.874)
RAD TYP l
4
U 2] (3] (o [s] Lef L2 18l
0.200
0.290-0.320 (5.080)
(7.366-8.128) | (©080
A
L1 0015-0060 |+ '
(0.380-1520) | !
]
y
0.008-0.018 . g LS — Y
(0.203 - 0.457) 0°-18
—y v
0.385 +0.025 | L— 0.045-0.068
0.125 0.100 £ 0.010
(8.779 £ 0.635) (3475) {25402 0.254)'> (1-143-1.727)
MiN 0014-0.026

NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS.

(0.360 - 0.660)

J16 0492

J Package
18-Lead Cerdip
L 0.960 =
= (24.384) g
0.005 MAX
(0.127)
MIN fil [17] [16] [15] [1a] [13] [12] [11] [rd]
N
0.025 0220 -0.310
(0.6_35—) (5.590 - 7.870)
RAD TYP
O L2 [3] [af [s] Le] [0 L&) [of
0.200
0.290-0320 (5.080)
(7.366-8.128) MAX
J‘ | 0.015-0.060
| | ‘ (0.380 - 1.520)
>/ 0.008-0018 . e 7Y S
(0203- 0457) 015
y
0.385 £ 0.025 0.100 £ 0.010 0.045 -0.068
—> 0.125 — Al im Ll
(9.779 £ 0.635) I @175) (2540 £ 0.254) _’| (1.143-1.727)
MIN 0.014-0.026
(0.360— 0.660)

NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS

J18.0392

V@)
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PACKAGE DIMENSIONS

J Package
20-Lead Cerdip
1,060
- (26.924) g
MAX

il o] [l [7] o] [%] (] [&] o]

0220-0310  0.025
(5.588-7.874) (0.635) >
RAD TYP

Ul L2l sl L] sl (o] [2] e (o] bl

0.005
> |‘” 0127)
MIN
< 0290-0320 (gg__gg_)
’ (7.366-8.128) MAX
| 0.015 - 0.060

1 (0.381-1.524)

>l 0.008-0018 0°-15° F

(0.203 - 0.457) V'd
—>|

0.125
038550005 (3.175) 0.045 - 0.068 0.100 £ 0.010
(9.779 + 0.635) MIN (1143-1727) (2.540 £ 0.254)

NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS. (3 3;‘; 32?,2, o
J Package
24-Lead Cerdip
< 1.290 >
- (32.77) ”
MAX

[24] [23] [e2] [o1] [20] [1o] [18] [17] [16] [1s] [14] [1a]
0.220-0.310 0025 {
(5.588 - 7.874) (0.635) )

-

RAD TYP
1) L2 Laf [af Ls] (o] [7] Lef Lef [of ] [r2f
0.290 - 0.320 B
2oy T Paed 5.715,
I“asse 81 28)_>‘ pis
0.015-0.060 |- :
| (0.381-1.524)
/< 00080018 0°—15° X
(0.203 - 0.457) «
0.310-0410 0125 0.045-0.068 01000010
(7874-10.41) @175) (1:143-1.721) {2540+ 0.254)
0.014-0026
NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS. {0360 0560) .

4-8 O UNEAR



PACKAGE DIMENSIONS

J Package
28 Lead Cerdip

1.490
(37.85)

@WW@W\@]WWWWWW\WL

0.025
(0635)
RAD TYP
0500 - 0610
(12.700— 15.434)
MAX
l J
T H B W & & W
0.225
0590 -0.620 5715
(14.986 - 15.748) MAX
0015-0.075
| (0381 -1.904)
0.008-0018 o AR
(0203-0.457)
Y
+0025
0685 9,060 R 0425 0045-0.068 0.100.£ 0.010
174070635 @175) (1143 -1.727) (2.540 + 0.254)
1524 MIN
> 0.060-0.100 0.014-0.026
NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS. (1524 -2540) (0360-05660) o
N Package
8-Lead Molded DIP
0400
(10.160)
MAX
[s] [7] [6] [d]
(63502 0254)
ol L2f [ef 4
0.300-0.320 0045-0.065 0130 0.005
(7.620-8.128) (1143-1.651) "[ <« (3.302+0.127)
0oss 4
(1 651) .
0009-0015 || € vP
(0229-0.381) 0425
0.025 @i d
+ MIN' (0508
0325 15 015 0.045 £ 0.015 > (MIN)
053 (1143 0.381)
8.255%
( 0. 381) 0.100.£ 0,010 0.018 0,003
(25402 0.254) (0457 £0076)  waose




PACKAGE DIMENSIONS

N Package
14-Lead Molded DIP
. 0.770 o
- (19.558) ”
MAX

[1] [rs] [re] [w] [1o] [e] [e]

0.260 £ 0010
(6.604 + 0.254)

'

Ll L] Lol Laf [s] Le] L7}

0.300- 0325 0.130 £ 0.005 0.045 - 0.065
(7620~ 8.255) {33022 0.127) (1.143-1651) —’i ’* K
\ |
0015
©380) y v *
MIN 0065
0009-0015 .\l - (1:651)
(0229-0.381) vP
'
0325 10 08
0.125 l<_ 0.075:0015 ’H« 0018 10003
(3-255:8'22?) (3175) (1905 + 0.381) (0457 = 0.076)
- MIN 0100:0010 _ |
(254020254) -
N Package
16-Lead Molded DIP
B 0.770 o
< (19.558) -
MaX
e [11] 9]
0.260 + 0.010 )
(6604 £ 0.254)
O L2 (3] [a] [5] Lel lg]
0.300-0.325 0.130 £ 0.005 0.045 - 0.065
(7.620=8.255) (3302£0127) (11431 651) —" ~ ¥
\ l
0.015 y K
0381) y ¥
¢ MIN ) ) 0065
0009-0015 || < " (1.651)
(0.229-0381) P
0325 10025 Y
| -0.015 0125 0,045 + 0015
8,055 10635 (3.175) (1.143 £ 0.381) 1018 20003
-0.381 N : - (0457 £ 0.076)
01000010 <
(2.540 + 0.254) 16 0492
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PACKAGE DIMENSIONS

N Package
18-Lead Molded DIP

0.905
(22.860) g
MAX

18] [17] [16] [15] [14] [1s] [12] [11] [1o]

<
<

f

0.260 + 0010 >
(6604 £ 0254)

Ll l2l sl (] [s] [e] [7] L] [o]

0.300- 0325 0.130 £ 0005 0045-0065
(7.620- 8 255 (33020.127) (1.143=1651) ‘ "' v
T N
0.015 T
0.381 ¥
( MIN Yy 0.065
0009-0015 || ¢ r (1.651)
(0.229-0.381) vP
L omsd% | '
e D e e L oosom
(84255_0 381) At G ) 1010 5 0:0 (0.457 = 0.076)
% Ul
(25400 254)._-> e 180392
N Package
20-Lead Molded DIP
‘ 1.040 o
< (26 416) g

MAX

[20] [19] [18] [17] [16] [15] [1a] [1a] [r2] [i1]
0260 £ 0.010 D
(6604 £ 0.254)

Lflef (sl [al [s] 6] [7] 8] [o] [1o]

03000325 01300005 0.045 - 0.065
(7620~ 255) (3302£0127) aams-1esn) | [© v
A o
0015 -
(0.381) i Y
MIN 0065
0009-0015 ||« 1 (1651)
(0229-0381) VP
Y
+0025
0325
770015 0125 L_ 0065+ 0015
T 125 0835 > a9 >~ feaam 00180003
~0.381 i : (0457 0076)
01002 0,010 -
(2.540 + 0 254) N20 0552

ECHNOLOGY 4_ 1 1



PACKAGE DIMENSIONS

—

0.300 - 0 325
(7.620 - 8 255)

—

0.009-0015
(0.229-0.381)
+0025

0325 9015

+0 635
(8 2557 381)

0600-0.625

(15 240 - 15.875)

[\

0.009-0.015
(0.229-0.381)

+0.025
0625 9015

+0.635
(1 5.87 —0.381)

N Package

24-Lead Molded DIP

1.265

<

[ [7) [ [7] [=] [5] &) [7] ] [l (] [] |

(32.131)

»

0.260 + 0.010 )
(6604 = 0.254)

Ll L] ] Lal [s] Lef L2 [8] Lo Do [11] [2]

0.130 £ 0.005 0.045-0065 _,
(3.302:0.127) (1.143-1.651) | “‘ J_
A T
0015
0.381) ¥y K
MIN - 0.065
* A (1.651)
P
y
0.125
@175) | 0050-0085 AN
MIN > (127-2.159) 0,018 2 0.008
(0.457 £ 0.076)
0.100 £ 0.010 N24 0592
(2540 + 0.254)
N Package
28-Lead Molded DIP
_ 1.455 |
- (36.957) >
28] [o7] [26] [25] [24] [23] [22] [21] [20] [1s] [18] [77] [16] [15]
0.505 - 0.560 >

(12 827-14.224)

0.130 £ 0 005
(3.302£0.127)

NEEnEaajooinnioyagn

0.045 - 0.065
(1.143 - 1.651)

i

|<_ 0.035-0 080
(0.889—2.032)

0.100£ 0010 0

(2540 + 0 254) 254)

(0.457 £ 0 076)

L +IL_ 0.018 + 0 003

0.070
(1.778)
TYP

N28 0592

4-12
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PACKAGE DIMENSIONS

v Li

0.406 - 1.270

S0 Package
8-Lead Small Outline
0.189-0197
(4.801-5.004)
HAAA
0.228 - 0.244 0.150-0 157
(5.791-6.197) (3.810-3.988)

0.010-0.020

g "‘(um 0.508)

0.008 -0.010

(0.203 - 0.254)

5 ddH

1 2 3 4

0053 -0.069
(1346 -1.752)

=

0.004-0.010
(0.101-0.254)

v o —
1 0.016-0.050 L)
0°-8° TYP 0.406-1.270 0.014-0019 _ | 0050
(0.355-0.483) ([1210)
BSC 0 02
S0 Package
14-Lead Small Outline
P 0.337-0.344
{8560-8.738)
AAAAAARSA
0.228-0244 0.150 - 0.157
(5.791-6.197) (3.810-3.988)
- 1 2 3 4 5 6 7
—] %g)xw 0.053-0.069
- : (1346-1.752)

 0.008-0.010
(0.203-0.254)

0.004-0.010

(0101-0.254)

0.050

(1.270)
P

L O

0.014-0019 J L_

(0.355 - 0.483)

— 1

5014 0392
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PACKAGE DIMENSIONS

S0 Package
16-Lead Small Outline

0.386 - 0.394*
(9.804-10.008)

16 15 14 13 12 1 10

THAAARE ol

0.228-0.244 2100 =519/
(5.791-6.197) (3810-3988)

L e

- m%)x 45° 0.053- 0,069
254-0. (1:346-1.752)

[T

~[
w1

0.008-0.010 0.004-0.010
(0.101-0.254)

(0:203-0.254)
%ﬁ;;; | e
0°-8 TYP 0.014-0.019 _,‘ ,__ | 0050
0.016-0.050 (0.355 - 0.483) (1270)

0,406 -1.270 TYP s016 0392

*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)
0.398 -0 413
(10.109 — 10.490)
(NOTE 2)

16 15 14 13 12 11 10

ilsfilsilslals

NOTE 1 4 0.394 - 0419
(10.007 - 10.643)
N-
0.291 -0.299 1 23 25087 8
(7.391-7.505)
(NOTE 2) 0.037 -0.045
0.005 0010-0.029 _ 450 0.093-0.104 TR
(0.127) (0254 0737)><45—-‘ F— (2.362-2.642) ( )
RADMIN |
EU" = O,G.WP ________“

0.050 _, .
0.009-0.013 (1.270) (g?gg : ggag)

(0229-0330) NOTE 1 P
0.016-0.050 %%%) —
(0.406-1.270) (
NOTE: TYP
1. PIN 1 IDENT, NOTGH ON TOP AND CAVITIES ON THE BOTTOM OF PACKAGES ARE THE MANUFACTURING OPTIONS. sous sz

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

SOL Package
18-Lead Small Outline (Wide)

0.447-0463
(11.354 - 11.760)
(NOTE 2)

18 17 16 15 14 13 12 11

HOAAAAAAA

SEE NOTE Y 0394-0.419
(10.007 - 10.643)
N-
02910288 ooooooooo___+
“ [7.391-7.5%) 1 2 3 4 5 6 7 8 9
(NOTE 2) 0037-0.045
0005 0010-0029 4o 00930104 08101143
©12) | (0254-0737) <% —” (2:362-2642) ( )
RAD MIN
\
— — L 0°-8°TYP T
% 0,050 1
0.009-0.013 (1.270)_>I I“ 0.004-0.012
(0229-0.330) NOTE 1 P (0.102-01305)
0,016~ 0050 0014-0019
y (0380~ o 482) >

(0406 - 1.270)

NOTE:
1. PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BOTTOM 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. M

S0L18 0332

OLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0.15mm).

SOL Package
20-Lead Small Outline (Wide)

0496-0512
(12598 - 13.005)
(NOTE 2)

20 19 18 17 16 15 14 13 12 11

HHOHAOAAA00

NOTE 1 R 0.304- 0419
(10.007 - 10.643)
N
02510299 oooodoooa 2
(7.391~7.595) 12 3 4 5 6 7 8 9 10
(NOTE2) 0037 -0.045
0093-0.104 -0
(8?33, (———8 2;2 3333, ><45°—>| (2362 -2.642) (0.940-1.143)
RAD MIN
f — a= TP f |
0050 | |, - -
0.009-0013 (1 zm) “’l I‘_ 0.004-0012
(0.229 - 0.330) NOTE 1 (0102 -0.305)
0016-0 050 0014-0019
(0:406—-1.270) (0356-0482) 1 = sozomsz
TYP

NOTE:

1. PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BOTTOM 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

SOL Package
24-Lead Small Qutline (Wide)
0598-0.614
(15.190 - 15.600)
(NOTE 2)
24 23 22 2

20 19 18 17 16 15 14 13

DOOOORBAAAH0

NOTE 1 R 0394-0419
(10007 =10 643)
\«
02910299 ilililililafalalilila
(7.391 - 7.595) 1 2 3 4 5 6 7 8 9 10 11 12
(o2 00370045
0093-0.104 Y
(gﬁg;) (82},2 = 8 333, x 45°—>| (2362-2.642) (0.940-1.143)
RAD MIN
P | " il
T— \ — + | g s gy e gy e =] = i s
A 0050 _,[ I<_
0.009-0013 (1 270)
(0.229 - 0.330) NOTE 1
0016-0.050
(0.406-1.270)

P oo14-0019

(0356-0482)

1. PIN 1 IDENT, NOTCGH ON TOP AND GAVITIES ON THE BOTTOM 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
28-Lead Small Outline (Wide)
0.697 -0712
(17.70 - 18.08)
(NOTE 2)

0004-0012
(0102-01305)

50124 0392

28 27 26 256 24 23 22 21

OO0O0A0A0AR0AAR

NOTE 1

0.394-0419
(10007 - 10.643)
N-.
22010250 ilililililililalilidilila ]
T 3T=759) 1 2 3 4 5 6 7 8 9 10 1 1213 14
(NOTE2) 0.037-0045
0.005 0010-0029 _ 4, 9033-0.104 0.940-1143
o120 | (@254-0787) %] (2362-2642) ( )
RAD MIN
mw— — 0°- a° v _ﬁ
‘L‘ = > [ = | e | | e
0050
(g.ggg—g.g;g) (1.270) "‘ I‘_ 0004-0012
12290, NOTE 1 (0102-0305)
0016-0050 g g;‘é - 8%2 Ny
(0406 -1.270) ( )
1. PIN 1 IDENT, NOTGH ON TOP AND CAVITIES ON THE BOTTOM OF PACKAGES ARE THE MANUFAGTURING OPTIONS
THE PART MAY BE SUPPLIED WITH OR WITHOUT ANY OF THE OPTIONS. soumse
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

0205-0.212

(5.20-5.38)
PARTING .
LINE™, 7/ \
0.005 - 0009 0022-0037 _,I
(0.13-022) (055-095)

—>

G Package

28-Lead Shink Small Outline

0.397 -0 407

(10.07 -10.33)

28 27 26 25 24 23 22 21 20 19 18 17 16 15
0301-0311
% (765-790)
1‘13 4 7 10 1112 13 14 B
0045
(114~
0066 - 0070 00680078
(1.68-1.78) (A 73-199)
|
J i
0.0256
(065)—’] I
BSC 00020008
0.010-0015 005-021
©025-038) .~ (005-021)

28SSOP 1192
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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

D-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

TECHNOLOGY

TOUGH PRODUCTS
FOR TOUGH APPLICATIONS

SOUTHWEST REGION

Linear Technology Corporation
22141 Ventura Blvd.

Suite 206

Woodland Hills, CA 91364
Phone: (818) 703-0835

FAX: (818) 703-0517

NORTHWEST REGION

Linear Technology Corporation
782 Sycamore Dr.

Milpitas, CA 95035

Phone: (408) 428-2050

FAX: (408) 432-6331

TAIWAN

Linear Technology Corporation
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
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