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Introduction

Since its creation in 1973, National Semiconductor’s Inter-
face design and production teams have continuously pro-
duced technically advanced products unparalleled in the
* semiconductor industry.

Growing from a line of early drivers and receivers, which pio-
neered the introduction of the TRI-STATE® function, Nation-
al Semiconductor’s Interface product line today is the most
comprehensive available—with over 175 devices in a variety
of product categories. These Interface devices support both
cable and backplane applications.

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

® The industry’s first CMOS TIA/EIA-232 (RS-232) Drivers
and Receivers

‘e The industry’s first CMOS TIA/EIA-422 (RS-422) Drivers
and Receivers

® The industry’s first TIA/EIA-485 (RS-485) type Military
Qualified (883) Transceivers, Drivers and Receivers

© The industry’s first TIA/EIA-485 (RS-485) Quad Transceiver

® The industry’s first 3.3V powered RS-232 3 Driver X 5 Re-
ceiver Device for Laptop and Notebook Applications

® The industry’s first Trapezoidal™ Bus Transceiver

® The industry’s first BTL (Backplane Transcewer Logic)
Transceivers

® The industry’s first IEEE 1194 compliant BTL devices

® The industry’s first LVDS—Low Voltage Differential Signal-
ing Quad Drivers and Receivers for applications requiring
ultra low power dissipation and switching rates exceeding
155 Mbps

® The industry’s first FPD (Flat Panel Display) Link Chipsets
using LVDS

In addition to the detaiied product datasheets, this databook
includes the following documents to speed component se-
lection and for technical reference: Selection Guides, Cross
References, Package Drawings, Modeling Information, Sys-
tem Considerations, and over 50 application notes devoted
solely to the topic of Data Transmission over cables and
backplanes.

For applications support or product information on National
Semiconductor’s Interface Products, please contact the Na-
tional Support Center in your area (listed on the back cover
of this book). Product line applications may be reached di-
rectly at:

1-408-721-8500 (USA)
Interface Applications Hotline

iii http://www.national.com
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Product Status Definitions

&Nation'al Semiconductor

Product Statué Definitions

Definition of Terms
Data Sheet Identification Product Status Definition
Formative or This data sheet contains the design specifications for product
In Design development. Specifications may change in any manner without notice.
First This data sheet contains preliminary data, and supplementary data will
Production be published at a later date. National Semiconductor Corporation
reserves the right to make changes at any time without notice in order
to improve design and supply the best possible product.
Full This data sheet contains final specifications. National Semiconductor
Production Corporation reserves the right to make changes at any time without

notice in order to improve design and supply the best possible product.

Not In Production

This data sheet contains specifications on a product that has been
discontinued by National Semiconductor Corporation. The data sheet
is printed for reference information only.

National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others.

http://www.national.com
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The common purpose of transmission line drivers and re-
ceivers is to transmit data quickly and reliably through a
variety of environments over electrically long distances.
This task is complicated by the fact that externally intro-
duced noise and ground shifts can severely degrade the
data.

The connection between two elements in a system should
be considered a transmission line if the transmitted signal
takes longer than half its rise or fall time to travel from the
driver to the receiver.

The Electronics Industry Association (EIA) and the Tele-
communications Industry Association (TIA) have developed
several standards to simplify the interface in data communi-
cations systems. Previously, EIA labeled the standards with
the prefix “RS”, which stood for recommended standard.
This has been deleted and replaced with TIA/EIA, to help
identify the standardizing organizations. The letter suffix
represents the revision level of the standard. For example
TIA/EIA-232-E denotes the fifth revision of RS-232.

All new and revised standards (EIA, EIA/TIA, and TIA/EIA)
will adopt the new prefix nomenclature of TIA/EIA. Existing
standards utilize the prefix that was current at the time the
standard was balloted (approved). This includes the familiar
RS, EIA, and EIA/TIA prefix. Looking forward, this selection
guide adopts the TIA/EIA prefix for all TIA-EIA data trans-
mission standards.

Single-Ended Data Transmission

In data processing systems today there are two basic
means of communicating between components. One meth-
od is single-ended, which uses only one signal line for data
transmission, and the other is differential, which uses two
signal lines.

TIA/EIA-232-E Application
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TIA/EIA-232-E (RS-232)

The first of these, “RS-232", was introduced in 1962
and has been widely used throughout the industry. TIA/
EIA-232-E was developed for single-ended data transmis-
sion at relatively slow data rates (20 kbps) over short dis-
tances (typically up to ~ 50 ft.).

TIA/EIA-423-B (RS-423)

With the need to transmit data faster and over longer dis-
tances, TIA/EIA-423-B, a newer standard for single-ended
applications, was established. TIA/EIA-423-B extends the
maximum data rate to 100 kbps (up to 30 ft.) and the maxi-
mum distance to 4000 feet (up to 1 kbps). TIA/EIA-423-B
also requires high impedance driver outputs with power off
to not load the transmission line.

Differential Data Transmission

When transmitting at very high data rates, over long dis-
tances and through noisy environments, single-ended trans-
mission is often inadequate. In these applications, differen-
tial data transmission offers superior performance. Differen-
tial transmission nullifies the effects of ground shifts and
noise signals which appear as common mode voltages on
the transmission line.

TIA/EIA-422-B (RS-422)

TIA/EIA-422-B was defined by the EIA for this purpose and
allows data rates up to 10 Mbps (up to 40 ft.) and line
lengths up to 4000 feet (up to 100 kbps).

Drivers designed to meet this standard are well suited for
party-line type applications where only one driver is con-
nected to, and transmits on, a bus and up to 10 receivers
can receive the data. While a party-line type of application
has many uses, TIA/EIA-422-B devices cannot be used to
construct a truly multipoint bus. A multipoint bus consists of
multiple drivers and receivers connected to a single bus,
and any one of them can transmit or receive data.

TIA/EIA-423-B Application
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Line ’Drivers and Receivers Selection Guide

Differential Data Transmission (Continued)

TIA/EIA-485 (RS-485)

To meet the need for truly multipoint communications, the
EIA established TIA/EIA-485 in 1983. TIA/EIA-485 mests
all the requirements of TIA/EIA-422-B, but in addition, this
new standard allows up to 32 drivers and 32 receivers to be
connected to a single bus—thus allowing a truly multipoint
bus to be constructed.

" TIA/EIA-485 Application

The key features of TIA/EIA-485:

B Implements a truly multipoint bus consisting of up to 32
drivers and 32 receivers (32 unit loads).

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

B Drivers can withstand bus contention and bus faults.

D D
R R R
] - AN\ N\
RT ) K 77 7/ L RT
120 3 3120
OHMS N\ o N\ OHMS
; 77 ] 77
D—Driver ’ ) : R
R — Receiver D
' TL/XX/0094-4

TIA/EIA-644 (LVDS)

To meet the need for a very high speed interface, the TIA/
EIA.committee TR30.2 established TIA/EIA-644 in 1995.
This electrical standard generically known as LVDS (Low

TIA/EIA-644 Application

DATA
IN

Voltage Differential Signaling) provides all the benefits of
differential data transmission and is capable of operating at
data rates up to 655 Mb/s. )

>—
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ments.

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

of this databook.

Single-Ended Data Transmission Standards

Shown below are tables that highlight key aspects of the
TIA/EIA Standards. More detailed comparisons can be
found in the various application notes located in Section 14

Specification TIA/EIA-232-E TIA/EIA-423-B TIA/EIA-562
Number of Drivers and Receivers 1 Driver, 1 Driver, 1 Driver,
Allowed on One Line 1 Receiver 10 Receivers 1 Receiver
Maximum Cable Length ~ 50 feet 4000 feet _—
Maximum Data Rate 20 kb/s 100 kb/s 64 kb/s
Driver Output Maximum Voltage +25V 6V +13.2V
Driver Output Signal Level Loaded + 5Vto £ 15V +3.6V +3.7V
Unloaded +25V +6V +13.2v
Driver Load Impedance 3kQto.7 kQ >450Q 3kQto7kQ
Maximum Driver Output Current Power On —— —_— —_—
(High Impedance State) Power Off +6.6 MA (£ 2V) £100 pA +6.6MA (+ 2V)
Slew Rate 30 V/ps max Controls Provided _
Receiver Input Voltage Range +15V +12V +15V
Receiver Input Sensitivity 13V +200 mV + 3V
Receiver Input Resistance 3kQ to 7 kQ 4 kQ min 3kQto7 kO
Differential Data Transmission Standards
Specification TIA/ElIA-422-B TIA/EIA-485 TIA/EIA-644
Number of Drivers and Receivers 1 Driver, 32 Drivers, 1 Driver,
Allowed on One Line 10 Receivers 32 Receivers 1 Receiver
Maximum Cable Length 4000 feet 4000 feet _—
Maximum Data Rate 10 Mb/s 10 Mb/s 655 Mb/s
Driver Output Maximum Voltage —0.25V to +6V —7Vto +12V +450 mV
Driver Output Signal Level Loaded +2V +1.5V +250 mV
Unloaded +10V +6vV +450 mV
Driver Load Impedance 1009 540 1000
Maximum Driver Output Current Power On ——— + 100 pA —_——
(High Impedance State) Power Off +100 pA +100 pA R
Slew Rate _— _— —_—
Receiver Input Voltage Range —10Vto +10V —7Vto +12V GNDto +2.4V
Receiver Input Sensitivity +200 mV + 200 mV +100 mV
Receiver Input Resistance 4 kQ min ~ 212kQ High Z

EIA/TIA-232-E-1991
TIA/EIA-422-B-1995
TIA/EIA-423-B-1995
EIA RS-485-1983
EIA/TIA-562-1989
TIA/EIA-644-1996
TIA/EIA-644-1995

See TIA/EIA Standards for exact conditons. For reference, the “as published” nomenclature of the TIA/EIA Standards are listed below:

http://www.national.com
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Line Drivers and Receivers Selection Guide

TIA/EIA-232 UNBALANCED LINE DRIVERS

Device Number

Commercial Industrial Military Nm:fb - S:::)v:ers l:ﬂ:: T:: Ty::;ca' Min PrI:?II::ILy Slew Rate Packages Comments and Pa_ge

o — — — Drivers | Vee/Vee (V) | (mA) | mA) | (mA) Vo (V) (ns) Control Special Features | #

o +70°C | —40°C to +85°C 55°C to +125°C
DS1488 4 +9to +15 25 —-23 +6 +6/+9 230 External Cap.| N,J,M -2-71
DS14C88 DS14C88T 4 t5to £12 | 0.5 | —0.06| +10 | +£3/%9 1500 Internal N,J,M | Low Power CMOS | 2-67
DS75150 2 +12 22 —-20 +10 +5 60 External Cap. N, M 2-82
DS9616HM 3 +12 25 —25 — +5 — External Cap. J,E 2-91
TIA/EIA-232 UNBALANCED RECEIVERS

Device Number Number | Power Max Typical Response Page

Commercial Industrial Military of Supply lcc Prop. Delay Control Packages | Comments and Special Features #

0°Cto +70°C | —40°Cto +85°C | —55°C to +125°C | Receivers | Vec (V) | (mA) (ns) :
DS1489 : 4- -5 26 . 28 External Cap. N,J,M Noise Filter, Adjustable Thresholds 2-78
DS1489A 4 -5 26 28 External Cap. N, M Noise Filter, Adjustable Thresholds | 2-78
DS14C89A DS14C89AT 4 5 0.9/2.0 3500 Internal N,J,M Low Power CMOS Device 2-75
DS75154 4 5o0r12 35/40 22 -_ N, M 2-86
DS9627M 2 +12 18/—-16 _— J 2-95




TIA/EIA-232 UNBALANCED LINE DRIVERS AND RECEIVERS

L1

woo'feuoneu'Mmm//:diy

Device Number Number of | Nom. Rec. Power Max
Number of | Number of Shutdown Page
Commercial Industrial Military Drivers | Receivers | EXternal | Cap. | o Output Supply lcc Packages |
Caps (nF) TRI-STATE (\)] (mA)

0°Cto +70°C | —40°C to +85°C | —55°C to +125°C
DS14185 3 5 — — No No +5, £9-13.2 | 30/22/-28 WM 2-3
DS14196 5 3 — — No No +5, £9-13.2 WM 2-10
DS14C202 DS14C202T 2 2 4 0.1 No No +5 M,N,WM | 2-15
DS14C232C | DS14C232T DS14C232 2 2 4 1.0 No No +5 3.0 M, N,WM | 2-16
DS14C237 DS14C237T 5 3 4 1.0 No No +5 10 N,WM | 2-25
DS14C238 DS14C238T 4 4 4 1.0 No No +5 10 N,WM | 2-29
DS14C239 DS14C239T 3 5 2 1.0 No Yes +5, +7.5-+13.2 TBD N,WM | 2-34
DS14C241 DS14C241T 4 5 4 1.0 Yes Yes +5 10 WM 2-39
DS14C335 DS14C335T 3 5 5 0.47 Yes No +3.3 20 MSA 2-46
DS14C535 DS14C535T 3 5 4 0.1 Yes No +5 12 MSA 2-55
DS14C561* 4 5 4 1.0 Yes Yes +3.3 6 WM 2-62

Characteristics of an TIA/EIA-232-E Device:

DRIVER/GENERATOR: RECEIVERS:

Minimum driver high output voltage with 3 k2 load — +5V Receiver input voltage range — *+15V ol bo

Minimum driver low output voltage with 3 k2 load — —5V Receiver input sensitivity — +3V DRIVER/GENERATOR

Power off driver output resistance (Vo = +2V) — >300Q Receiver input resistance — >3 kQ and <7 kQ

‘Maximum data rate — 20 kb/s (Standard limit, many _ RO —O@— RI

devices operate at higher rates)

Maximum driver slew rate — <30 V/us RECEIVER TL/XX/0094-5

See TIA/EIA Standard TIA/EIA-232-E for exact conditions.

*Note: DS14C561 is 232 compatible only, and conforms to TIA/EIA-562.
See Datasheets for Complete Specifications.
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Line Drivers and Receivers Selection Guide

TIA/EIA-422 BALANCED LINE DRIVERS

Device Number Power | Min | Rated | Max | Rated | Max Typ
) — Number of Comments and | Page
Commercial Industrial Military . Supply | Von loH VoL loL Icc Prop. Packages .
Drivers Vee V) | V) (mA) ) (mA) | (mA) | Delay (n Special Features #
0°Cto +70°C | —40°Cto +85°C | —55°Cto +125°C cc y (ns)
DS26C31T DS26C31M 4 5 25 -20 0.5 20 0.5 6 N,J,M,E,W | Low Power 3-10
DS26F31C DS26F31M 4 5 25 —-20 0.5 20 50 10 JE,W 3-19
DS26LS31C DS26LS31M 4 5 25 -20 0.5 20 60 10 N, J, M, W 3-22
DS26LV31T 4 3.3 N, M 3-18
DS3487 : 4 25 —-20 0.5 48 80 10 N, M 3-65
DS34C87T - 4 25 —-20 0.5 48 0.5 6 N,J,M ‘Low Power 3-55
DS34F87 DS35F87 4 25 —-20 0.5 48 50 — N,J 3-61
S DS34LV87T 4 3.3 N, M ] 3-60
DS3691 DS1691A 2 S5or+5 | — — — — 30 120 N, J,M,V 422 or 423 33
DS9638C DS9638M 2 5 —40 0.5 40 65 10 N, J, M 3-181
DS89C387T 12 5 2 -20 0.5 48 1.5 6 MEA SSOP Package 3-163
Characteristics of an TIA/EIA-422-B Line Driver:
Minimum driver output voltage with 100} test termination load — . . .
Greater than |2V| DI DO
Driver output resistance — <1000 . 00
Driver output short circuit current (Vo = 0V) — <150 mA DRIVER/GENERATOR .
. B TL/XX/0094-6

Driver power off current (Vo = —250 mV to +6V) — <|100 uA|
Typical maximum data rate — 10 Mb/s

See TIA/EIA Standard TIA/EIA-422-B for exact conditions.

See Datasheets for Complete Specifications
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TIA/EIA-423 UNBALANCED LINE DRIVERS

Device Numb Number of Power Max Typical
evice Number . .
Drivers Supplies Supply Min | Typical Prop. Slew Rate Comments and Page
Current | Vo los Packages .
Commercial Military per Vee/VEe lec/lee ™ (mA) Delay Control Special Features #
Package ) mA) (ns)
0°Cto +70°C | —55°Cto +125°C (
DS3691 DS1691A 4 +5 30/—22 | %4 +80 180 ExternalCap. | N,J,M,V | 422o0r423 33
DS9636AC DS9636A/M 2 +12 18/—-18 +4 +60 — External Res. N, J One Resistor Sets Slew Rate | 3-172

Characteristics of an TIA/EIA-423-B line driver:

Minimum driver output voltage with 4509 load — >|3.6V|
Driver output resistance — <500

Driver output short circuit current (Vo = 0V) — <[150 mA|
Maximum driver output voltage — +10V

Driver power off current (Vo = +6V) — <|100 pA|
Typical maximum data rate — 100 kbps

See TIA/EIA Standard TIA/EIA-423-B for exact conditions.

See Datasheets for Complete Specifications

DI DO

>
Jo—s

DRIVER/GENERATOR

TL/XX/0094-7

apIny UO1}93]9S SI9AI999Y pUE SIAALIQ dul




woo'[euoneu MMM //:dny

o1

—

Line Drivers and Receivers Selection Guide

TIA/EIA-422/3 LINE DRIVER RECEIVER DEVICES

. Max Typical | Typical
Device Number Number | Power Driver | Receiver
Number of Power Comments and Page
Drivers of Supply Suppl Prop. Prop. | Packages | Standard Special Features P
Commercial Industrial Military Receivers (\)] Curr‘;r‘:t Delay Delay P
0°C to +70°C | —40°C to +85°C | —55°C to + 125°C may | (ns)
DS8921 1 1 35 10 14 N, M 422 3-87
DS8921A DS8921AT 1 1 35 10 14 N, J,M 422 Low Skew 3-87
DS89C21T 1 1 5 6 10 N, M 422 Low Power 3-92
DS89LV21T 1 1 3.3 ~422 3-97
DS8922 2 2 5 78 12 12 N,M 422 3-102
DS8922A 2 2 5 78 12 12 N, M 422 3-102
DS8923 2 2 5 78 12 12 N,M 422 3-102
DS8923A 2 2 5 78 12 12 N, M 422 3-102
DS8925* 2 3 +5 65/—15 150 33 M 422/3 Local Talk™ XCVR 3-112
DS8926* 2 3 +5 M 422/3 High Speed Rec. (8925) | 3-126
DS8933 2 1 +5 30/—-10 160 29 M ~423 V.FAST XCVR 3-127
DS8934 5 3 +5 65/—20 175 29 WM ~423 V.FAST XCVR 3-134
DS8935* 2 3 +5 65/—15 150 33 WM 422/3 Local Talk XCVR 3-141
DS8936* 2 3 5 WM 422/3 | High Speed Rec. (8935) | 3-153
*Note: 1 Differential Driver, 1 Single-ended Driver, 1 Differential Receiver, and 2 Single-ended Receivers. ~ )
DO RI
DI _ Dl DO —_ RO
> —>— -
DRIVER/GENERATOR : _ RECEIVER TL/XX/0094-8
DI DO
DRIVER/GENERATOR

TL/XX/0094-7




(9843

WOI'[BUORBU MMM/ d1Y

TIA/EIA-422 and TIA/EIA-423 BALANCED RECEIVERS

Device Number

Power

Max

Typ

Max

Commercial Industrial Military ::T::;:sf Supply | Icc | Prop.Delay | VCM | Output Stage | Packages Si(:::‘i:}?et:t?::s Pa#ge
0°Cto +70°C | —40°Cto +85°C | —55°C to +125°C Vec (V) | (mA) (ns) V)
DS26C32AT DS26C32AM 4 5 23/25 19 +14 | TRI-STATE | N,J,M,W, E | Low Power CMOS Device 3-26
DS26F32C DS26F32M 4 5 50 15 +25 | TRI-STATE W, J,E 3-34
DS26LS32C DS26LS32M 4 5 70 17 +25 | TRI-STATE N, J,M,W 3-38
DS26LS32AC 4 5 70 23 +25 TRI-STATE N, M Failsafe Feature 3-38
DS26LV32AT 4 3.3 +10 | TRI-STATE N, M 3-33
DS34C86T 4 5 23 19 +14 | TRI-STATE N,J,M Low Power CMOS Device 3-41
DS34F86 DS35F86 4 5 50 15 +15 | TRI-STATE J 3-47
DS34LVv86T 4 3.3 +10 | TRI-STATE N, M 3-46
DS3486 4 5 85 19 +25 | TRI-STATE N,J,M 3-51
DS88C20 DS78C20 2 5to15 | 15/30 100 +25 Strobe N, J Response Control 3-68
DS88C120 DS78C120 2 5to15 | 15/30 100 +25 Strobe N, J Response Control, Failsafe | 3-72
DS88LS120 DS78LS120 2 5 16 38 +25 Strobe N, J,W 3-80
DS9637AC DS9637AM 2 5 50 15 +15 — N,J,M 3-176
DS9639AC 2 5 50 55 +15 — N 3-185
DS89C386T 12 5 69 19 +14 | TRI-STATE MEA SSOP Package 3-154

Characteristics of an TIA/EIA-422-B / 423-B Receiver:

Receiver common mode voltage range — *+7V
Receiver sensitivity over +10V common mode — +200 mV
Maximum differential input voltage — +12V
Minimum receiver input impedance — 4 kQ

See TIA/EIA Standard TIA/EIA-422-B or TIA/EIA-423-B for exact conditions.

See Datasheets for Complete Specifications

X Ro
Rl

RECEIVER

TL/XX/0094-8
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TIA/EIA-485 BALANCED LINE DRIVERS, RECEIVERS AND TRANSCEIVERS

woofeuoneu MMM //:diy

cl-1

Device Number Number | Number | Max | Typ. Driver | Typ. Receiver Comments and Page

Commercial Industrial Military of of Icc Prop. Prop. Packages Special Features #
0°C to +70°C | —40°C to +85°C | —55°C to + 125°C Drivers | Receivers | (mA) | Delay (ns) Delay (ns)
DS36F95 DS16F95 1 1 28 12 19 W, J,E | Low Power 4-18
DS3695 DS3695T 1 1 60 15 25 N, J 4-3
DS3696 DS3696T 1 1 60 15 25 N, J Thermal Shutdown Reporting 4-3
DS3697 1 1 60 15 25 N Repeater 4-3
DS3698 1 1 60 15 25 N Repeater, Thermal Shutdown Reporting 4-3
DS3695A . | DS3695AT 1 1 60 15 25 M SOIC Package 4-12
DS3696A 1 1 60 15 25 M SOIC Package, Thermal Shutdown Reporting | 4-12
DS75176B DS75176BT 1 1 55 17 32 N, M 4-92
DS96F172C DS96F172M 4 0 50 12 —_ N, W, J, E | Low Power, Common Enable 4-102
DS96F174C DS96F174M 4 0 50 12 — W, J,E | Low Power, Enable Pair 4-102
DS96172C 4 0 70 12 — N, J Common Enable 4-102
DS96174C 4 0 70 12 — N, J Enable Pair 4-102
DS96F173C DS96F173M 0 4 50 — 15 W, J,E .| Low Power, Common Enable 4-115
DS96F175C DS96F175M 0 4 50 — 15 W, J,E | Low Power, Enable Pair k 4-115
DS96173C 0 4 75 — 15 N, J 4-110
DS96175C 0 4 75 — 15 N, J : 4-110
DS96176C 1 1 35 12 16 N, J ) | 4-123
DS96177C 1 1 35 12 16 N Repeater 4-133
DS36276 1 1 60 60 60 M, N Failsafe RS-485 Compatible 4-28

’ DS36277T 1 1 60 |° 60 90 M, N Dominant Mode RS-485 Compatible 4-40
DS36C278 DS36C278T 1 1 0.5 40 210 N, M Low Power 4-52
DS36C279 DS36C279T 1 1 0.5 40 210 N, M Auto Sleep Mode 4-59
DS36C280 DS36C280T 1 1 0.5 400 210 N, M Slew Rate Control 4-68
DS36950 4 4 90 15 14 \ QUAD Transceiver, IPI Applications 4-76
DS36954 4 4 90 15 14 \ QUAD Transceiver, SCSI Applications 4-85

Characteristics of an TIA/EIA-485 Device:

RECEIVERS: " DRIVERS: p— DO/RI
Receiver common mode voltage range — —7V to +12V Minimum driver output voltage with 549 load — >[1.5V| L Do/Ri
Receiver sensitivity over common mode range — +200 mV Driver output short circuit current (Vo = —7V to +12V) — <[250 mA|

Typical receiver input impedance — 12 kQ Maximum driver output offset voltage — 3V

See TIA/EIA Standard TIA/EIA-485 for exact conditions. Typical maximum data rate — 10 Mb/s.

TYPICAL TRANSCEIVER
See Datasheets for Complete Specifications TL/XX/0094-9
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LVDS TIA/EIA-644 LINE DRIVERS AND RECEIVERS
Device Number Number Number Power Max Typ. Driver Typ. Receiver Max Pulse Pade
Industrial of of Supply Icc Prop. Prop. Width Slew Packages #9
—40°C to +85°C Drivers Receivers (\)] (mA) Delay (ns) Delay (ns) (ns)
DS90C031T 4 0 5 4 2 — 0.4 M 5-4
DS90LVO31T 4 0 3.3 M 5-15
DS90C032T 0 4 5 10 — 3.5 0.6 M 5-16
DS90LV032T 0 4 3.3 M 5-24
CHANNEL LINK TRANSMITTERS AND RECEIVERS
Device Number #
Transmitter # TTL . Max Clock Power Strobe Page
Commercial ) Differential Package
or Receiver Inputs Pair Outout Frequency Supply Edge #
0°Cto +70°C alr Qulputs
DS90CR211MTD Transmitter 21 4 40 MHz 5V Rising MTD 5-25
DS90CR212MTD Receiver 21 4 40 MHz 5V Rising MTD 5-25
DS90CR281MTD Transmitter 28 5 40 MHz 5V Rising MTD 5-34
DS90CR282MTD Receiver 28 5 40 MHz 5V Rising MTD 5-34
Characteristics of an LVDS Device:
RECEIVERS: DRIVERS:
Receiver common mode voltage range — GND to +2.4 V Minimum driver output voltage with 1000 load — >{250 mV|
Receiver sensitivity over common mode range — +100 mV Driver output short circuit current (Vo = GND) — <| 24 mA|
See TIA/EIA Standard TIA/EIA-644 for exact conditions. Driver output offset voltage — +1.2V
See Datasheets for Complete Specifications
R w RO DI % %
Ri DO
RECEIVER TL/XX/0094-8 DRIVER/GENERATOR
TL/XX/0094-6
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Line Drivers and Receivers Selection Guide

FPD LINK TRANSMITTERS AND RECEIVERS

Device Number

#

commersal | [N | 102 | o |Gl | elhn | S | peese | T

0°C to +70°C
DS90CR561MTD Transmitter 18 4 3 40 MHz 5V Rising MTD 5-43
DS90CR562MTD Receiver 18 4 3 40 MHz 5V Rising MTD 5-43
DS90CR581MTD Transmitter 24 5 4 40 MHz 5V Rising MTD 5-65
DS90CR582MTD Receiver 24 5 4 40 MHz 5V Rising MTD 5-65
DS90CF561MTD Transmitter 18 4 3 40 MHz 5V Falling MTD 5-54
DS90CF562MTD Receiver 18 4 3 40 MHz 5V Falling MTD 5-54
DS90CF581MTD Transmitter 24 5 4 40 MHz 5V Falling MTD 5-76
DS90CF582MTD Receiver 24 5 4 40 MHz 5V Falling MTD 5-76
DS90CR563MTD - Transmitter 18 4 3 65 MHz 5V Rising MTD 5-87
DS90CR564MTD Receiver 18 4 3 65 MHz 5V Rising MTD 5-87
DS90CR583MTD Transmitter 24 5 4 65 MHz 5V . Rising MTD 5-109
DS90CR584MTD Receiver 24 5 4 65 MHz 5V Rising " MTD 5-109
DS90CF563MTD Transmitter 18 4 3 65 MHz 5V Ifalling MTD 5-98
DS90CF564MTD Receiver 18 4 3 65 MHz 5V Falling MTD 5-98
DS90CF583MTD Transmitter 24 5 4 65 MHz 5V Falling MTD 5-120
DS90CF584MTD Receiver 24 5 4 65 MHz 5V Falling MTD 5-120

See Datasheets for Complete Specifications
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SPECIAL INTERFACE

DS36C200  Dual High Speed Bi-Directional Differential Transceiver  Similar to IEEE P1394 Levels  Page # 6-3
DS36C250  Controller Area Network (CAN) Transceiver Meets CAN Standard Page # 6-12
GENERAL PURPOSE BALANCED AND UNBALANCED LINE DRIVERS
Device Number Type of Number | Power Max Output Output | Typical Page
Standard | Commercial Military Driver of Supply lcc Output Stage Yoltage Current Prop. Packages P
0°Cto +70°C | —55°C to + 125°C Drivers | Vgc (V) (mA) Min Vg (V) | lo (mA) | Delay (ns)

188-114 | DS3692 DS1692 Differential 2 50r £5 | 30/—-22 TRI-STATE +6 +20 190 N, J 7-3
— DS75110A Differential 2 +5 35/-50 TRI-STATE t12 9 N,J, M 7-7
— DS75113 DS55113 Differential 2 5 65 Note 2 3/0.2 +40 13 N,J, M 7-12
_ DS75114 Differential 2 5 50 Note 2 3/0.2 +40 15 N, J,W,E 7-19
— DS75121 Single Ended 2 5 60 — 24 —100 11 N 7-24

1BM 360 DS75123 Single Ended 2 5 60. — 3.1 —100 12 N 7-26
— DS8830 DS7830 Differential 2 5 18 — 1.8/0.5 +40 11 N, J,W 7-28
— DS8831 DS7831 Note 1 2/4 5 90 TRI-STATE 1.8/0.5 +40 13 N, J, W 7-38
— DS8832 DS7832 Note 1 2/4 5 90 TRI-STATE 1.8/0.5 +40 13 N,J, W 7-38
— MM88C29 MM78C29 Single Ended 4 3to 15 N,M,J,W | 7-32
— MM88C30 MM78C30 Differential 2 3t0 15 N, M, J,W [ 7-32

Note 1: Driver can be used in differential or single ended mode.
Note 2: Output features TRI-STATE, Choice of open collector or active pull-up.

See Datasheets for Complete Specifications
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Line Drivers and Receivers Selection Guide

GENERAL PURPOSE BALANCED AND UNBALANCED RECEIVERS

Device Number

t d .
Standard Commercial Military ':";:‘;3;2 Se:\ns‘i)tll’vlty ;:;:; l::? l);E R\Z;t; ;273 Packages %:;Z:t S(p:):::‘lil:ast:::s Pa#ge
[ 0°Cto +70°C | —55°C to +125°C (mvV) | Vec(V)| (mA) (V) | Delay (ns)

— DS26LS33C | DS26LS33M 4 +500 5 80 +25 17 N,J,W | TRI-STATE | 422/3 Type 3-38

— DS26LS33AC 4 +500 5 80 +25 23 N TRI-STATE | 422/3 Type 3-38

— DS3603 DS1603 2 +25 +5 40/-15 +3 17 N,J,W | TRI-STATE 8-3

— DS3650 4 +25 +5 60/—30 +3 21 N, M TRI-STATE 8-7

— DS3652 DS1652 4 +25 +5 60/—-30 +3 22 M TRI-STATE | Note 1 8-7

— DS75107/A DS55107A 2 +25 +5 30/-15 +3 17 N,J,M | Strobe 8-15
— DS75108/A 2 +25 +5 30/—-15 +3 19 N, M Strobe Note 1 8-15

— DS75208 2 +10 +5 30/-15 +3 N, J Strobe 8-15

—_ ‘ DS75115 DS9615M 2 +500 5 50 +15 20 N, J, W, E | Strobe Response Control | 8-22

— DS55122 3 — 5 72 6 20 W Strobe 8-27
IBM 360 DS75124 3 — 5 72 7 20 N Strobe 8-30
IBM 360/370 | DS75129 8 — 5 53 7 18 N Strobe 8-33
- DS8820 DS7820 2 1000 5 10.2 +15 150 N, J, W Strobe Response Control | 8-37

— DS8820A DS7820A 2 1000 5 10.2 +15 30 N, J,W Strobe Response Control | 8-41
DS9622M 2 —_ 5 22.9/-111 +15 50 JW,E Open Collector 8-46

Note 1: Open collector output stage.

See Datasheets for Complete Specifications
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o
3
The Line Driver and Receiver Cross Reference Guide is pro- Motorola to National o
vided as an aid in identifying replacement part numbers. olorofa o Matlona 3
Direct replacements feature identical pin-outs and very simi- Device Direct Similar 3
lar electrical specifications..Similar replacements also fea- -
ture the same pin-out, and similar electrical specifications. AM26L.530 DS3691 ‘?
Consult the data sheets for recommended operating condi- AM26LS31 DS26LS31 3‘
tions and package availability. Before replacing a specific ®
product, it is recommended to compare electrical, function- AM26L.832 DS26L.832A 3 1
al, and mechanical specifications. Interchangeability be- MC1488 DS1488 ' 8
tween devices is not guaranteed. Manufacturers’ most cur- [}
rent data sheets take precedence over this guide. . MC14C88 DS14C88 c,
MC1489 DS1489 3
AMD to National MC1489A DS1489A
Device Direct Similar MC14C89 DS14C89A
AM26LS30 DS3691 MC26C31 DS26C31
AM26LS31 DS26LS31 MC26C32 DS26C32A
AM26LS32 DS26LS32A MC34C86 DS34C86
AM26LS33 DS26LS33A MC34C87 DS34C87
AM26LS32B DS26F32 MC3450 DS3650
AM26L.S34 DS96173 MC3452 DS3652
MC3486 DS3486
MC3487 DS3487
MC3488 DS9636A
MC55107 DS55107
MC55S110 DS55110A
MC75107 DS75107
MC75108 DS75108
MC758110 DS75110A
MC75129 DS75129
MC8T13 DS55121
MC8T14 DS55122
MC8T24 DS75124
SN75172B DS96172C
SN75173 DS96173C
SN75174B DS96174C
SN75175 DS96175C
SN75176 DS75176B
SN75177 DS96177C

http://www.national.com 1-17



Line Driver and Receiver Cross Reference Guide

NNational Semiconductor

Line Driver and Receiver Cross Reference Guide

Signetics to National Tl to National
Device Direct Similar Device Direct Similar
AM26LS30 DS3691 AM26LS31 DS26LS31
AM26LS31 DS26LS31 AM26LS32A DS26LS32A
AM26LS32 DS26LS32A AM26LS33A DS26LS33A
AM26LS33 DS26LS33A MAX232 DS14C232
DS7820 DS7820 MC3486 DS3488
DS7830 DS7830 MC3487 DS3487
DSeazo DS8820 SN551078 DS55107
DS8830 DS8830 SN55108B DS55108
o1458 51200 SN55110A DS55110A
SN55113 DS55113
MC1489 DS1489
SN55114 DS9614
MC1489A DS1489A SNoST1E SSo615
8713 pS78121 SN55121 DS55121
8T14 DS85122 SN55122 DS55122
8723 DS75123 SN55173 DS96F173M
8T24 DS75124 SN55182 DS7820A
87128 DS75129 SN55183 DS7830
SN55ALS192 DS26C31M
SN55ALS194 DS35F87
SN55ALS195 DS35F86
SN651768 DS75176BT
SNB5ALS176 DS75176BT
SN65C188 DS14C88T
SNB5C189A DS14C89AT
SN75107B DS75107
SN75108B DS75108
SN75110A DS75110A
SN75113 DS75113
SN75114 DS75114
SN75115 DS75115
SN75121 DS75121
SN75123 DS75123
SN75124 DS75124
SN75129 DS75129
SN75146 DS9639A
SN75150 DS75150
SN75154 DS75154

1-18
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3
Texas Instruments to NSC Q
Device Direct Similar §
SN75172 DS96172C 2
SN75173 DS96173C o
SN75174 DS96174C §
SN75175 DS96175C e
SN75176 DS96176C g’
SN75176A DS751768B s
SN75176B DS751768
SN75LBC176 DS36C278
SN75177 DS96177C
SN75177B DS3697
SN75182 DSB820A
SN75183 DS8830
SN75188 DS1488
SN75189 DS1489
SN75189A DS1489A
SN75ALS176 DS36F95
SN75ALS191 DS9638
SN75ALS192 DS26C31C
SN75ALS193 DS26C32AC
SN75ALS194 DS34C87
SN75ALS195 DS34C86
SN75C188 DS14C88
SN75C189A DS14C89A
SN75276 DS36276
SN75LBC241 DS14C241T
SN75LV4737A DS14C335
SN951768 DS16F95
TL3695 DS3695
pA9B36A DS9636A
pA9B37A | Dsessza
1A9638 DS9638
1A9639 DS9639A

http://www.national.com ' 1-19
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Line Driver and Receiver Cross Reference Guide

Maxim to National LTC:to National
Device Direct Similar Device Direct Similar
MAX232 DS14C232 LTC485 DS36C278
MAX237 DS14C237 ) )
MAX238 DS14C238 _Analog Devices to National )
MAX239 DS14C239 Device Direct Similar
MAX241 DS14C241 ADM485 DS36C278
MAX481 DS36C279
MAX485 DS36C278
MAX561 DS14C561
SIPEX to National
Device Direct Similar
SP481 DS36C279
SP485 DS36C278

1-20
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Extended Temperature Range Devices

Line Drivers and Receivers

Commercial
—40°C to +85°C —55°C to +125°C 883 MLS

DS14C88T DS1691A DS14C232 DS16F95
DS14C89AT DS1692 DS1603 DS26C31M
DS14C232T DS16F95 DS1652 DS26C32AM
DS14C237T DS26F31M DS1691A DS26F31M
DS14C238T DS26LS31M DS16F95 DS26F32M
DS14C239T DS26F32M DS26C31M DS26F33M
DS14C241T DS26LS32M DS26F31M DS26LS31M
DS14C335T DS26L.S33M DS26LS31M DS26LS32AM
DS14C535T DS35F86 DS26C32AM DS26LS33M
DS26C31T DS35F87 DS26F32M DS78C120
DS26C32AT DS55113 DS26LS32M DS78LS120
DS34C86T DS7820 DS26LS33M DS7820A
DS34C87T DS7820A DS55107A DS7820
DS3695T DS78C20 DS55113 DS7830
DS3695AT DS9636AM DS55122 DS9615M
DS3696T DS9637AM DS7820 DS9638M
DS36277T DS9638M DS7820A DS96F174M
DS36C278T DS96F172M DS78C20 DS96F175M
DS36C279T DS96F173M DS7830
DS36C280T DS96F174M DS7831
DS75176BT DS96F175M DS7832
DS8921AT DS78C120
DS89C21T DS78LS120
DS89C386T DS9615M
DS89C387T DS9616HM
DS90C031T DS9622M
DS90C032T DS9627M
MM88C29 DS9636A
MM88C30 DS9637AM

DS9638M

DS96F172M

DS96F173M

DS96F174M

DS96F175M

MM78C29

MM78C30

Note 1: Package suffix is not shown, see Datasheet.

http://www.national.com
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jon Circuits

Data Transmi

New Additions to this Databook

&National Semiconductor

New Additions to this Databook
Data Transmission Circuits

Datasheets:
DS14196
'DS14C202
DS26LV31
DS26LV32A
DS34LV86
DS34Lv87
DS89oLv21
DS8926
DS8933
DS8934
DS8935
DS8936
DS89C386
DS89C387
DS36C200
DS36C250
DS36C278
DS36C279
DS36C280
DS90LV031
DS90LV032
DS90CR211/2
DS90CR281/2
DS90CR561/2
DS90CF561/2
DS90CR581/2
DS90CF581/2
DS90CR563/4
DS90CF563/4
DS90CR583/4
DS90CF583/4

Application Notes:
AN-967 '
AN-971

AN-972

AN-977

AN-979

AN-1031

AN-1032

AN-1034 /
AN-1035

Description:

5 Driver X 3 Receiver

2 Driver X 2 Receiver (+5V, 0.1 uF)
Quad Differential Driver (3V)
Quad Differential Receiver (3V)
Quad Differential Receiver (3V)
Quad Differential Driver (3V)
Driver/Receiver Pair (3V)

Local Talk Transceiver

V.34 2 Driver X 1 Receiver
V.34 5 Driver X 3 Receiver.
Local Talk Transceiver

. Local Talk Transceiver

12 Channel Differential Receiver

12 Channel Differential Driver

Dual Differential Transceiver

CAN Transceiver

Low Power Transceiver

Low Power Transceiver w/Sleep Mode
Low Power Transceiver w/Slew Control
LVDS Quad Differential Driver (3V)
LVDS Quad Differential Receiver (3V)
21-Bit (TTL) Channel Link

28-Bit (TTL) Channel Link

FPD-Link -

FPD-Link

FPD-Link

FPD-Link

FPD-Link (65 MHz)

FPD-Link (65 MHz)

FPD-Link (65 MHz)

" FPD-Link (65 MHz)

TOPIC:

Local Talk Application

LVDS Overview
Inter-Operation of Interfaces
LVDS Signal Quality

RS-485 Overview

RS-422 Overview

FPD Link Overview

V.34 Interface

LVDS PCB Guidelines

Standards:
RS-232
RS-232
~RS-422
~RS-422/3
~RS-422/3
~RS-422
~RS-422
RS-422/3
~RS-423
~RS-423
RS-422/3
RS-422/3 .
RS-422/3
RS-422 . |
LSD

CAN
RS-485
RS-485
RS-485
RS-644
RS-644
RS-644
RS-644
RS-644
RS-644 ,
RS-644
RS-644
RS-644
RS-644
RS-644
RS-644

http://www.national.com
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Application Note—Selection Guide i
Line Drivers and Receivers ¢
®
1]
=
o
3
Application i TIA/EIA ITU-T (CCITT) [2}
Note Number Title R ;::;‘?e d Standards Related g_
AN-XXXX | Referenced | Recommendations T
AN-22 Integrated Circuits for Digital Data Transmission DS7830/DS8830, [
DS7820/DS8820 ¢=|>
AN-108 Transmission Line Characteristics DS7820/DS8820 _?
AN-214 Transmission Line Drivers and Receivers DS3691, 422 V.11 g
for EIA Standards, RS-422 and RS-423 DS88LS120 423 V.10 @
AN-216 Summary of Well Known Interface Standards ALL 3
Q.
AN-336 Understanding Integrated Circuit Package ]
Power Capabilities g
AN-409 Transceivers and Repeaters Meeting the EIA RS-485 | DS3695/DS3696, 485 g
Interface Standard DS3697/DS3698 1]
- »n
AN-438 Low Power RS-232C Driver and Receiver in CMOS DS14C88, 232 V.28
DS14C89A i
AN-450 Small Outline (SO) Package -
Surface Mounting Methods—Parameters and
Their Effect on Product Reliability
AN-454 Automotive Multiplex Wiring DS75176B 485
DS3695
AN-457 High Speed, Low Skew RS-422 Drivers and DS8921/A,
Receivers Solve Critical System Timing Programs DS8922/A, 422 AR
DS8923/A
AN-643 EMI/RFI Board Design
AN-702 Build a Directional-Sensing Bidirectional Repeater DS75176B, 485
DS96175C
AN-759 Comparing EIA-485 and EIA-422-A Line Drivers 422 V.11
and Receivers in Multipoint Applications 485
AN-805 Calculating Power Dissipation for Differential DS26LS31, 422 V.11
Line Drivers DS96F172 485
AN-806 Data Transmission Lines and Their Characteristics
AN-807 Reflections: Computations and Waveforms
AN-808 Long Transmission Lines and Data Signal Quality
AN-847 FAILSAFE Biasing of Differential Buses DS3695, DS96172, 422 V.11
DS96F172 485
AN-876 Inter-Operation of the DS14C335 with + 5V UARTs DS14C335 232 V.28
AN-878 Increasing System ESD Tolerance for Line Drivers DS1488, 232 V.28
and Receivers used in RS-232 Interfaces DS1489A ’

http://www.national.com 1-23



Application Note—Selection Guide—Line Drivers and Receivers

Application Note—Selection Guide—Line Drivers and Receivers (continued)

Application Devi TIA/EIA ITU-T (CCITT)
evices
Note Number Title Referenced Standards Related
AN-XXXX ) Referenced | Recommendations
AN-903 A Comparison of Differential Termination Techniques 422 V.11
' ' ) ’ 485
AN-904 An Introduction to the Differential DS36954 485
SCSil Interface
AN-905 Transmission Line Rapidesigner Operation
- . All
and Applications Guide
AN-912 Common Data Transmission Parameters and
. _ All
their Definitions
AN-914 Understanding Power Requirements in DS14C335 232
RS-232 Applications : 562
AN-915 Automotive Physical Layer SAE J1708 DS36277 485
and the DS36277 DS75176B
AN-916 A Practical Guide to Cable Selection All
AN-917 Popular Connector Pin Assignmenis for Al
Data Communication
AN-967 Local Talk™ Physical Layer Alternatives DS8925/26 422 AR
, DS8935/36 423 V.10
AN-971 An Overview of LVDS Technology DS90C031 644
) DS90C032
AN-972 Inter-operation of Interface Standards All
AN-977 LVDS Signal Quality: Jitter Measurements DS90C031 644
using Eye Patterns Test Report # 1 DS90C032
AN-979 The Practical Limits of RS-485 DS75176B 485
DS3695
AN-1031 TIA/EIA-422-B Overview 422 V.11
AN-1032 An Introduction to FPD-Link DS90CR561/2
DS90CF561/2 644
DS90CR581/2
DS90CF581/2
AN-1034 An Optimized DCE Interface for V.34 Modems DS8933
using the DS8933 and DS8934 423 V.10
MR X DS8934
Line Driver and Receivers
AN-1035 PCB Design Guidelines for LVDS Technology 644

1-24
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Data Transmission Standards Cross Reference

TIA/EIA ITU-T* 1S0*

Electrical (CCITT) Standards Other*
Interface Standards Recommendations
EIA/TIA-232-E V.24 - Functional 1SO 2110

V.28 - Electrical

TIA/EIA-422-B V.11
TIA/EIA-423-B V.10
EIA RS-485 1SO 8482
EIA/TIA-562
TIA/EIA-612 V.12
TIA/EIA-644 |EEE 1596.3

*Cross reference is to similar standards. Differences in parameters, test conditions, and or limits may exist.

http://www.national.com
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Section 2 /
RS-232 Serial
Port Devices
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DS14185
EIA/TIA-232 3 Driver x 5 Receiver

General Description Features
The DS14185 is a three driver, five receiver device which M Replaces one 1488 and two 1489s
conforms to the EIA/TIA-232-E standard. m Conforms to EIA/TIA-232-E

The flow-through pinout facilitates simple non-crossover W 3 drivers and 5 receivers
board layout. The DS14185 provides a one-chip solution for ~ ® Flow through pinout
the common 9-pin serial RS-232 interface between datater-  m Failsafe receiver outputs
minal and data communications equipment. m 20-pin SOIC package
W LapLink® compatible —200 kbps data rate

Connection Diagram Functional Diagram
SoIC
-/ 1 20
v+—{1 20 —Vee v — — Ve

Rnvi=12 19 1Ryt 2 i 3
RNz =13 18 =Royt2 Fint Four ;

—4 17 =R 3 18

DRINIS : " out3 R D¢ Routa
outt Ding 4 17
Doyr2 =] € 15 =Dz Rins Routs

Rine =7 14 ~Royta N 5 16 |
Dours—] 8 13 DNz outt Bne ‘
6 15 ‘
9 12}~R \
Fins 7] ouTS Dour2 Oq Dinz |
v-=—410 11f=GND |
7 14 li
Ring Routs i
TL/F/11938-1 s . |
Order Number DS14185WM Douts ——04—— Dins ]
See NS Package M20B 9 12 ‘
Ris Dc Rous f
_ 10 1 b
VT ——] —— GND X
i

TL/F/11938-2
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DS14185

Absolute Maximum Ratings (ote 1)

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

Storage Temperature Range

—65°Cto +150°C

Lead Temperature Range (Soldering, 4 seconds) +260°C

Office/Distributors for availability and specifications. ESD Ratings (HBM, 1.5 k®, 100 pF) >15kV
Supply Voltage (Vo) +7V
Supply Voltage (V+) +15V Recommended Operating
Supply Vottage (V=) -1%V  Conditions ‘
Driver Input Voltage OVtoVeo Min Typ Max  Units
Driver Output Voltage (Power Off) 15V Supply Voltage (Vcc) +4.75 . +50 +525 'V
Receiver Input Voltage ‘ . %25V Supply Voltage (V+) ~ +9.0 +120 +132 V
Receiver Output Voltage (Rour) OVio Vee Supply Voltage (V=) —132. —120 -—9.0 v
Maximum Package Power Dissipation @ +25°C - Operating Free Air

M Package 1488 mW Temperature (Tp) - 0 25 70 °C

Derate M Package 11.9 mW/°C above +25°C B ) . )

Electrical Characteristics
Over recommended supply voltage and operating temperature ranges, unless otherwise specified (Note 2).

Symbol I Parameter . l Conditions I Min l Typ l Max,J Units
DEVICE CHARACTERISTICS
Icc Ve Supply Current No Load, All Inputs at + 5V 24 30 mA
I+ V+ Supply Current No Load, All Driver V+ =9V,V- = -9V . ) 11.8 15 mA
(Note 2). Inputs at 0.8V or +2V | .+ — 43y, v- = —13.2v 177 | 22 | mA
- Ali Receiver Inputs
- V= Supply Current at 0.8V or 2.4V. V+ =g9V,V- = -9V -185 | —22 | mA
(Note 2) V+ = 13.2V,V- = —13.2V —24 | —28 | mA
DRIVER CHARACTERISTICS .
ViH High Level Input Voltage 2.0 v
ViL Low Level Input Voltage 0.8 v
I High Level Input Current ViN = 8V
(Note 2) 10 RA
i Low Level Input Current ViN = 0V 124 | 15| ma
(Note 2) ’ ’
VoH High Level Output Voltage | R = 3kQ, VN = 0.8V, 6 7 v
(Note 2) V+ =9V,V- = -9V
' RL = 3k, V|y = 0.8V,
V+ = +12V,V— = —12V 85 10 v
RL = 7kQ, Viy = 0.8V,
v+ = +18.2V,V— = —13.2V 10 15 v
VoL Low Level Output Voltage | R = 3k, V|y = 2V, 7 _6 v
(Note 2) V+ =9V,V- = -9V
R =3k, VN =2V, _ _
VH = £12V,V- = —12V 8 |78V
RL =7k, V|y = 0.8V, _ _
v+ = +13.2V,V— = —13.2V " 10 v
los* Output High Short Vo = 0V, Vjy = 0.8V ol B
Circuit Current (Note 2) 6 3 8 mA
los™ Output Low Short Vo = 0V, Vjy = 2.0V
Circuit Current (Note 2) 6 18 18 mA
Ro Output Resistance -2V < Vg < +2V, 300 Q
V+ = V- = Vg = 0V
—2V < Vg < +2V,
V+ =V~ = Vgc = Open Ckt 800 a

http://www.national.com 2-4



Electrical Characteristics
Over recommended supply voltage and operating temperature ranges, unless otherwise specified (Note 2). (Continued)

Symboﬂ Parameter ] Conditions ] Min l Typ ] Max I Units
RECEIVER CHARACTERISTICS
VTH Input High Threshold Vo £0.4V,ip = 3.2mA 20 24 v
(Recognized as a High Signal)
VL Input LO\{v Threshold . Vo =2 25V,lp = —0.5mA 08 1.0 v
(Recognized as a Low Signal)
Rin Input Resistance ViN = £3Vito £15V 3.0 4.1 7.0 kQ
] Input Current (Note 2) VN = +15V 21 4.1 5.0 mA
ViN = +3V 0.43 0.7 1 mA
ViN= —15V -5.0 —-4.1 —2.1 mA
ViN = —3V -1 —0.65 | —0.43 mA
VoH High Level Output Voltage (Note 7) loH = —0.5mA,V)y = -3V 2.6 4 \
loH = —10pA,Viy = —3V 4.0 4.9 v
loH = —0.5 mA, V| = Open Circuit 2.6 4 \"
lon = —10 pA, V|n = Open Circuit 4.0 4.9 "
VoL Low Level Output Voltage loL =3.2mA, V)N = +3V 0.2 0.4 v
losr Short Circuit Current (Note 2) Vo = 0V,V|y = 0V —4 —-27 -1.7 mA

Switching Characteristics
Over recommended supply voltage and operating temperature ranges, unless otherwise specified (Note 2).

Symbol I Parameter —[ Conditions j Min I Typ I Max | Units
DRIVER CHARACTERISTICS
tPHL Propagation Delay High to Low F(L. = 3kQ,C_ = 50 pF 90 350 ns
(Figures 1and 2)
tpLH Propagation Delay Low to High ' 220 350 ns
tr, 4 Output Slew Rate (Note 8) 50 ns
RECEIVER CHARACTERISTICS
tPHL Propagation Delay High to Low RL = 1.5kQ,C_ = 15pF 60 100 ns
toLy Propagation Delay Low to High (includes fixture plus probe), 100 | 160 | ns
(Figures 3 and 4)
t Rise Time 87 175 ns
t Fall Time 15 50 ns

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

Note 2: Current into device pins is defined as positive. Current out of device pins is defined as negative. All voltages are referenced to ground unless otherwise
specified. For current, minimum and maximum values are specified as an absolute value and the sign is used to indicate direction. For voltage logic levels, the more
positive value is designated as maximum. For example, if —6V is a maximum, the typical value (—6.8V) is more negative.

Note 3: All typicals are given for: Vog = +5.0V, V+ = +12.0V,V— = —12V, Tp = +25°C.

Note 4: Only one driver output shorted at a time.

Note 5: Generator characteristics for driver input: f = 64 kHz (128 kbits/sec), t; = t < 10 ns, Vjy = 3V, V) = 0V, duty cycle = 50%.
Note 6: Generator characteristics for receiver input: f = 64 kHz (128 kbits/sec), tr = t = 200 ns, V| = 3V, Vy_ = —3V, duty cycle = 50%.
Note 7: If receiver inputs are unconnected, receiver output is a logic high.

Note 8: Refer to typical curves. Driver output slew rate is measured from the +3.0V to the —3.0V level on the output waveform. Inputs not under test are
connected to Vg or GND. Slew rate is determined by load capacitance. To comply with a 30 V/us i slew rate, a mini load itance of 390 pF is
recommended.

2-5 http://www.national.com
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DS14185

Parameter Measurement Information

Generator Vout
TL/F/11938-3
FIGURE 1. Driver Propagation Delay and Transition
Time Test Circuit (Note 5)
—————————— 3v
vy 15V 1.5V

Your

TL/F/11938-4
FIGURE 2. Driver Propagation Delay and Transition

Generator |

TL/F/11938-5

" FIGURE 3. Receiver Propagation Delay and Transition

Time Test Circuit (Note 6)

v 5 1.5V

Vour

TL/F/11938-6
FIGURE 4. Receiver Propagation Delay and ;

Time Waveforms Slew Rate (SR) = 6V/(t; or t;) Transition Time Waveform
Pin Descriptions
Pin # Name Description
13,15, 16 Din TTL Level Driver Inputs
5,6,8 Dout Driver Output Pins, RS-232 Levels
2,3,4,7,9 Rin Receiver Ihput Pins, RS-232 Levels
12,14,17,18,19 Rout Receiver Output Pins, TTL Levels
11 GND Ground
1 v+ Positive Power Supply Pin (+9.0 < V+ < +13.2)
10 \%Ae Negative Power Supply Pin (—9.0 < V— < —13.2)
20 Vece Positive Power Supply Pin (+5V £5%)

http://www.national.com




Applications Information

In a typical Data Terminal Equipment (DTE) to Data Circuit-
Terminating Equipment (DCE) 9-pin de-facto interface im-
plementation, 2 data lines and 6 control lines are required.
The data lines are TXD and RXD. The control lines are RTS,
DTR, DSR, DCD, CTS, and RI.

The DS14185 is a 3 x 5 Driver/Receiver and offers a single
chip solutuion for this DTE interface. As shown in Figure 5,
this interface allows for direct flow-thru interconnect. For a
more conservative design, the user may wish to insert
ground traces between the signal lines to minimize cross
talk.

LapLink COMPATIBILITY
The DS14185 can easily provide 128 kbps data rate under

maximum driver load conditions of C| = 2500 pF and
RL = 3 kQ, while power supplies are:
Voo = 4.75V,V+ = 10.8V,V— = —10.8V

MOUSE DRIVING
A typical mouse can be powered from the drivers. Two driv-
er outputs connected in parallel and set to Vo can be used
to supply power to the V+ pin of the mouse. The third driver
output is set to Vo to sink the current from the V— terminal.
Refer to typical curves of Voyt/loyT. Typical mouse specifi-
cations are:

10mAat +6V

5mAat —6V

=12v

+5V

0" 1o (———T
GND v -0
Ri 12 9 RI
O
DR 13 8 DTR
O
National CIs 14 7 cTs
Semiconductor 0
TXD 15 6 TXD
Superl /0™ T0 DTE Dc —0
Controllers s 16 5 RTS q
typically Dc
PC87310/311/31 O TO RS-232
/an/si CABLE and DCE
RXD 17 4 RXD
O
DSR 18 3 DSR
O
DChD 19 2 DCD
O
20 1
Vee vt \ J
DS14185 RS-232
CONNECTOR
(9-PIN)

+12V
TL/F/11938-7

FIGURE 5. Typical DTE Application
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Typical Performance Characteristics

Sns 200ns 200ns

DS14185

‘ 3v - +10V
Driver ) T Recaiver v
Input Input
ov 10% -1ov -3V

TL/F/11938-8

TL/F/11938-9
The above input waveforms were used to generate all Typical AC Characteristics.

Driver Propagation Delay vs C_ Receiver Propagation Delay vs C

5ns - [<-5ns 200 ns - 200ns
‘ - -3y T
90% +3V
IIZJriv:r -— J Fece{ver -~
npu npu =3V +2v 0.8V I\ -3V
105 =AY 0% [ ov A TN Tov
i YL | tLu L |
1
B I l —n o — = v —t— | pe———— v,
Driver oH Receiver oH
Output ov ov Output \ 0.8v 2v
VoL VoL
TL/F/11938-10 TL/F/11938-11
3000 T T T | I
VE =12V, V7 = =12V, Voo = 5V, T, = 25°C VE =12V, V7 = =12V, Vgg = 5V, Ty = 25°C

One Driver switching, RL=5kQ
2500 | - Other Driver inputs=GND

3 Receiver inputs=-12V
2 Receiver inputs=+12V
Other Dr loads=5kQ to GND

2 Driver inputs = +5V

1 Driver input=GND

3 Receiver inputs = +12V
150 [—1 Receiver inputs=-12V
Dr loads =5k to GND

2000 Receiver Load =C_ to GND
2 touL '—:/ z
o 1500 100
: | t
= YLk )
y.
1000

~ b
50
,/

0 500 1000 1500 2000 2500 ’ B 50
¢ (pF)
¢, (pF) TL/F/11938-14
TL/F/11938-12

Driver Output Slew Rate between +3V and —3V Driver Output Voltage vs Frequency and C

vs Load Capacitance Conditions: Voc = 5V, R = 5k, Tp = 25°C
Conditions: Vgg = 5V, R = 5kQ, Tp = 25°C, e
fin = 64 kHz Square Wave /—55; oy
1500 T T 10
One Dri itchi / _ =
one i oy / T e
Other Dr/Rec inputs = 0V / Vi=12v T Vvt =10.8v
1250 = Other Dr loads =5k to GND y t—One Driver switchin
. | 5 8{1: ReDce}\ﬁer s.wilthmgov L__ICI; =2500pF
= r nputs = -
@ 12V = Other Dr” loads =5 kO to GND Vi=to.8v
1000 < |
/ 59 =2500pF
—_ ) G = P
£ / V= -1o.sv_\
2 750 / CE= 2500 pF
= v

/ -s =m12v0\ | = = 3800

s00 /A OV/V = 21y " — //'E"V‘=-1o.av

/ VCL=330pF

250 V7. [V =12y
/ 0 100 200 300

0 Frequency (kBits/Sec)
500 1000 1500 2000 2500

Load Capacitance (pF)

TL/F/11938-16

TL/F/11938-15
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(=}
. . ar »n
Typical Performance Characteristics (Continued) =
-
. ®
Supply Current vs Frequency and Driver C Supply Current vs Frequency and Driver C_ [
*e e
20 lec 2500 pF s e 2500 pF
N e == 1500¢F = X P4
e s 500 pF L] 1500 pF
500 pF
10 10 -
z 4 VF =12V, V7 = =12V, Vo = 5V, T, = 25°C =z 4 VF =12V, V7 = =12V, Ve =5V, T, = 25°C
E g Privelrs dswitcshlir;)g( oND E One Driver switching, RL =5k
b river loads = J ki) to < - Other Driver inputs = 0V
s ° 5 Receivers Switching, C =15 pF s ° Other Driver loads = 5k to GND
5 5 2 Receiver inputs = +12V
ST S T 3 Receiver inputs=-12V
-10 -10 !
"e
-20 re— -15 500 pF ]
5‘\ 500 pF 15005F
1500 pF. p!
g %3005F
50 100 150 200 250 50 100 150 200
Frequency (kBits/sec) Frequency (kBits/Sec)
TL/F/11938-13 TL/F/11938-17
Supply Current vs Frequency Driver Output Current vs Output Voltage
| T
ez
, lec ' Voo = +5V T ]
20 A\ J — lor/ VoL
A AUPRR W PR - i
g |
| No Load
10 — T / Voltage = +11.5V
= 4 V¥ =12V, V" = =12V, Ve =5V, T, = 25°C
E T One Receiver switching, C_ = 15 pF 'g 0 /‘\No Load ~a
< 0 2 Driver inputs =5V - Voltage = - 11.2V
s 1 Driver input=GND =
E L Driver loads =5k to GND 3 /
3 3 Receiver inputs =+12V
1 Receiver input=-12V /
-10
low/Vor| _}”
[
-20 1
. ///
! -12
50 100 150 200 -12 0 12
. Frequency (kBits/Sec) Vour (V)
TL/F/11938-18 TL/F/11938-19
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DS14196

NNational Semicondu

DS14196

General Description

The DS14196 is a five driver, three receiver device which
conforms to the EIA/TIA-232-E standard.

The flow-through pinout facilitates simple non-crossover
board layout. The DS14196 provides a peripheral side one-
chip solution for the common 9-pin serial RS-232 interface
between data terminals and data communications equip-
ment.

The DS14196 offers optimum performance when used with
the DS14185 3 x 5 Driver/Receiver, a host side one-chip
solution for the common 9-pin serial RS-232 interface be-
tween data terminals and data communications equipment.

ctor

EIA/TIA-232 5 Driver x 3 Receiver

Features

m Replaces two 1488s and one 1489
m Conforms to EIA/TIA-232-E

W 5 drivers and 3 receivers

m Flow-through pinout

m Failsafe receiver outputs

B 20-pin wide SOIC package

ADVANCE INFORMATION |

B Laplink® compatible—300 kbps data rate

® Pin compatible with: SN75196
GD7532

Connection Diagram

SOP
-/
vee {1 20— V4
DNt =] 2 19 | Doyt
Dinz =13 18 = Doyr2
DNz =14 17 1= Douyrs
Rour1 =13 16— Ryt . °
Rourz =1 € 15 1= Rz
Dina =77 14 1= Doyts
Rours =8 . 13— Rins
Dns =18 12 = Doyrs
GND —4 10 11 = v-
TL/F/12613-1
Order Number DS14196WM

See NS Package Number M20B

Functional Diagram

1 20
Voo — —v+
2 19
Dint M y Dour1
3 18
Dinz bc Doutz2
4 17
Ding M Dours
5 16
Rout1 '_‘—o@_—ﬁlm
6 15
Rour2 "’@ Rinz
7 14
Ding —_Do__ Doyt
8 13
Rours ——oﬁ'—r— Rins
9 12
Dins ——bo—_ Douts
10 11
GND —— — v-

TL/F/12613-2
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, Lead Temperature Range (Soldering, 4 sec.) +260°C
please contact the National Semiconductor Sales ESD Ratings (HBM. 1.5 k2, 100 pF) >1.5kV
Office/Distributors for availability and specifications.
Supply Voltage (Vcc) +7v Recommended Operating
Supply Voltage (V1) +15V Conditons
Su.pply Voltage (V=) -5V Min Nom  Max Units
Driver Input Voltage OVioVee Supply Voltage (Veo)  +4.75  +50  +525  V
Driver Output Voltage (Power Off) 15V Supply Voltage (V+)  +9.0 +120 +13.2 v
Receiver Input Voltage 25V Supply Voltage (V=) —132 —120 -9.0 v
Receiver Output Voltage (RouyT) OVtoVce Operating Free Air
Maximum Power Package Dissipation @ +25°C Temperature (Ta) 0 +25 +70 °C
M Package TBD
Derate M Package TBD
Storage Temperature Range —65°Cto +150°C
Electrical Characteristics
Over recommended operating supply and temperature ranges unless otherwise specified (Note 2)
Symbol | Parameter l Conditions | Min I Typ l Max | Units
DEVICE CHARACTERISTICS
lcc Vcc Supply Current No Load, All Inputs at + 5V TBD mA
I+ V+ Supply Current No Load, All Driver V+ = +9V,V- = —9V TBD mA
(Note 2) Inputs at 0.8V or +2V. V+ = 4132V, V- = —13.2V TBD mA
All Receiver Inputs -
- V-~ Supply Current at 0.8V or 2.4V. V+ = +9V,V- = -9V TBD mA
(Note 2) V+ = +132V,V- = —13.2V 8D | mA
DRIVER CHARACTERISTICS
ViH High Level Input Voltage 2.0 v
ViL Low Level Input Voltage 0.8 v
IIH High Level Input Current ViN = 5V
(Note 2) 10 pA
i Low Level Input Current VIN = OV TBD mA
(Note 2)
VoH High Level Output Voltage | R = 3k, Vjy = 0.8V,V+ = +9V,V— = —9V 6 7 \
(Note 2) RL = 3kQ, Viy = 0.8V, V+ = +12V,V— = —12V 85 | 10 v
RL =7k, V)N =0.8V,Vt = +13.2V,V— = —13.2V 10 | 11.5 \"
VoL Low Level Output Voltage | R = 3kQ,V|y = 2V,Vt = +9V,V— = —9V -7 -6 \'
(Note 2) RL =3k, Vjy = 2V,Vt = +12V,V— = —12V -8 | -75[ V
RL=7kQ,V|y=2V,V+ = +13.2V,V— = —13.2V -1 | —10 \"
lost Output High Short Vout = 0V, ViN = 0.8V _ _ _
Circuit Current (Note 2) 6 s 14 mA
los™ Output Low Short Vout = OV, V|y = 2.0V
Circuit Current (Note 2) 6 ° 4 mA
Ro Output Resistance —2V < Voyt £ +2V,V+ =V~ = Vgc = 0V 300 Q
—2V < Voyt < +2V,V+ =V~ = Vg = Open Circuit | 300 Q

2-11
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DS14196

Electrical Characteristics
Over recommended operating supply voltage and temperature ranges, unless otherwise specmed (Note 3) (Contlnued)

Symbol ! Parameter I noo Conditions =~ ' | Min | Typ | Max I Units
RECEIVER CHARACTERISTICS . :
Vi . | InputHigh Threshold | Vour £0.4V,1p =3.2mA 20 04 v
(Recognized as a High Signal) : . .
VL Input Low Threshold Vour = 25V.lo = ~05mA 0s | 10 v
(Recognized as a Low Signal)
RiN Input Resistance ' | VIN= +8Vto £15V 3.0 41 70 | ko
N Input Current (Note 2) ‘ ViN = +15V 241 41 5.0 mA
’ VN = +3V 0.43 0.7 1.0 mA
ViN = —15V —21 | —41 | -850 | mA
ViN = —3V —-0.43 —0.65 -1.0 mA
VoH High Level Output Voltage (Note 7) lon = —0.5mA, Vjy = —3V ' 2.6 4.0 ‘ \
loH = —10 pA, Viy = —3V 40 49 v
loH =" —0.5mA, V| = Open Circuit 26 4.0 : \
, loH = —10 pA, Vi = Open Circuit 4.0 49 | Y
- VoL Low Level Output Voltage lo=32mA V= +3V 0.2 0.4 \"
losr - Shon Circuit Gurrent (Note 2) Vout = 0V, V|N = 0V (Note 4) -1.7 -27 -4 mA

Smtchmg Characterlstlcs

Over recommended operating supply and temperature ranges, unless otherwise specnfled (Note 3)

Symbol I ’ Parameter Conditions | Min I Typ I Max I Units
DRIVER CHARACTERISTICS ) ) ) o
tPHL Propagation Delay High to Low R|_. = 3kQ, C_ = 50 pF %0 350 ns
. (Figures 1 and 2)
tPLH Propagation Delay Low to High ' 220 350 ns
tr, t Output Slew Rate (Note 8) 50 ns
RECEIVER CHARACTERISTICS
tPHL Propagation Delay High to Low R =15k, C_ = 15pF o 60 100 ns
tpLH Propagation Delay Low to High . (ln'cludes 1|xjure Plus probe), 100 160 ns
= (Figures 3 and 4)
tr Rise Time . - : . : . 87 175 ns
t; Fall Time ) ) 1 16 50 ns

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

Note 2:‘Current into device pins is deﬁned as positive. Current out of the device pins is defined as negative. All voltages are referenced to ground unless otherwise
specified. For current, minimum and maximum values are specified as an absolute value and the sign is used to indicate direction. For voltage logic levels, the more
positive value is desig d as d For ple, if —6V is a maximum, the typical value —6.8V is more negative.

Note 3: All typicals are given for: Vgc = +5V, V¥ = +12V,V~ = —12V, Ty = +25°C.

Note 4: Only one driver output shorted at a time. . )

Note 5: Generator characteristics for driver input: f = 64 kHz (128 kbps), t; = t; < 10 ns, Vi = 3V, V) = 0V, duty cycle = 50%.
Note 6: Generator characteristics for receiver input: f = 64 kHz (128 kbps), t, = t = 200 ns, Vi = 3V, V| = —3V, duty cycle = 50%.
Note 7: If receiver inputs are unconnected, receiver output is a logic high. '

Note 8: Refer to typical curves. Driver output slew rate is measured from the +3V to the —3V level on the output waveform. Inputs not under test are connected to
Ve or GND. Slew rate is di ined by load i . To comply with a 30 V/us maximum slew rate, a minimum load capacitance of 390 pF is recommended.
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Parameter Measurement Information

Vin
Generator Vout

ICL R

50Q

TL/F/12613-3
FIGURE 1. Driver Propagation Delay and
Transition Time Test Circuit (Note 5)

TL/F/12613-4
FIGURE 2. Driver Propagation Delay and Transition
Time Waveforms Slew Rate (SR) = 6V/(t; or t;)

Pin Descriptions

Generator

TL/F/12613-5
FIGURE 3. Receiver Propagation Delay and Transition
Time Test Circuit (Note 6)
—————————— +3V
1.5V 1.5V

Vour

TL/F/12613-6
FIGURE 4. Receiver Propagation Delay
and Transition Time Waveform

Pin # No. Description
2,3,4,7,9 Din Driver Input Pins, RS-232 Levels
12,14,17,18,19 Dout TTL Level Driver Outputs
13, 15,16 RiN TTL Level Receiver Inputs

56,8 Rout Receiver Output Pins, RS-232 Levels

GND GND Ground
20 v+ Positive Power Supply Pin (+9.0 < V+ < +13.2)
1 ' Negative Power Supply Pin (—9.0 <V~ < —13.2)

1 Vece Positive Power Supply Pin (+5V +5%)

http://www.national.com
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DS14196

Applications Information

In a typical Data Terminal Equipment (DTE) to Data Circuit-
Terminating Equipment (DCE) 9-pin de-facto interface im-
plementation, 2 data lines and 6 control lines are required.
The data lines are TXD and RXD. The control lines are RTS,
DTR, DSR, DCD, CTS and RI.

The DS14196 is a 5 x 3 Driver/Receiver and offers a single
chip solutuion for this DTE interface. As shown in Figure 5,
this interface allows for direct flow-thru interconnect. For a
more conservative design, the user may wish to insert
ground traces between the signal lines to minimize cross
talk.

LapLink COMPATIBILITY
The DS14196 can easily provide 128 kbps data rate under

maximum driver load conditions of C, = 2500 pF and
RL = 3 kQ, while power supplies are:
Vec = +4.75V,V+ = 10.8V,V~ = —10.8V

MOUSE DRIVING

A typical mouse can be powered from the drivers. Two driv-
er outputs connected in parallel and set to Von can be used
to supply power to the V+ pin of the mouse. The third driver
output is set to Vo_ to sink the current from the V— terminal.
Refer to typical curves of Voyt/loyT.Typical mouse specifi-
cations are:

10mAat +6V 5mAat —6V

N L
11 10
(e, V- GND
R 12 9
o o@
DTR 13 8-
o R
TS 14 7
o o<}
XD 15 6
(o, R DCE
— Modem
h RIS 16 5 —}
TO RS-232 o ] 5 TO DCE
CABLE and DTE RXD 17 04 4
D
DSR 18 3
(e - D
DCD 19 2
o 9@
20 1
v+ Vee
RS-232 i
CONNECTOR :
(9-PIN)
+5V +12V

TL/F/12613-7

FIGURE 5. Typical DCE Application
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&National Semiconductor

DS14C202

Low Power + 5V Powered EIA/TIA-232

Dual Driver/Receiver

General Description

The DS14C202 is a low power dual driver/receiver featuring
an onboard DC to DC convertor. This eliminates the need
for £12V power supplies and requires only a +5V power
supply. Only four 0.1 uF capacitors are needed for the DC
to DC convertor. The drivers maintain greater than *5V
output signal levels at data rates in excess of 120 kbits/sec
when loaded in accordance with the EIA/TIA-232-E specifi-
cation. Icc is specified at TBD mA maximum, making the
device ideal for battery and power conscious applications.
The drivers’ slew rate is set internally, eliminating the need
for external slew rate capacitors. The device is designed to
interface data terminal equipment (DTE) with data circuit-
terminating equipment (DCE). The driver inputs and receiver
outputs are TTL and CMOS compatible. DS14C202 driver
outputs and receiver inputs meet EIA/TIA-232-E and ITU-T
V.28 standards. This device is an enhanced version of the
DS14C232 that reguires smaller external capacitors
(0.1 uF) and has a higher data rate of 120 kbit/sec.

ADVANCE INFORMATION

Features

m Used only four small 0.1 uF capacitors for DC to DC

convertor

Operates over 120 kbit/sec

Pin compatible with MAX202, MAX232A and others

Single +5V power supply

Low power

DS14C202 meets EIA/TIA-232-E and ITU-T V.28 stan-

dards

CMOS technology

® Package efficiency—2 drivers and 2 receivers

= Available in Plastic DIP and Narrow and Wide SOIC
packages

m Extended temperature range: —40°C to +85°C

Connection Diagram

Cl+—1 u 16 | Ve
V+—2 15 | GND
c1-—3 14 | Dout1
C2+— 4 13— Rin1
DS14C202
c2-—5 12 |~ Rout1
V-=—16 11— Dint
Dout2 — 7 10— Din2
Rin2—] 8 9 [ Rout2
TL/F/12622-1

Order Number DS14C202CN, DS14C202CM,
DS14C202TN, DS14C202TM,
DS14C202CWM or DS14C202TWM
See NS Package Number M16A, M16B or N16A

Functional Diagram

Vee
o1 F:_l_—C“ Vee 404
Am 0.1 uf
T - v <7
+ c2+ V-
c2- —l—,, 0.1 uF
GND
Vee
S5MQ
Dint b > Dout 1
Rout1 o ﬂ Rint
5kQ
— GND
Vee
5MQ
Din2 b 0 Dout2
Rout2 0 da Rin2
5k

TL/F/12622-2
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DS14C232

DS14C232

Driver/Receiver

General Description

The DS14C232 is a low power dual driver/recsiver featuring
an onboard DC to DC converter, eliminating the need for
+12V power supplies. The device only requires a +5V
power supply. Icc is specified at 3.0 mA maximum, making
the device ideal for battery and power conscious applica-
tions. The drivers’ slew rate is set internally and the receiv-
ers feature internal noise filtering, eliminating the need for
external slew rate and filter capacitors. The device is de-
signed to interface data terminal equipment (DTE) with data
circuit-terminating equipment (DCE). The driver inputs and
receiver outputs are TTL and CMOS compatible.
DS14C232C driver outputs and receiver inputs meet
TIA/EIA-232-E (RS-232) and CCITT V.28 standards.

&Na'ti‘onal Semiconductor

Low Power + 5V Powered TIA/EIA-232 Dual

Features

B Pin compatible with industry standard MAX232, LT1081,
ICL232 and TSC232

m Single +5V power supply

B Low power—Icc 3.0 mA maximum

m DS14C232C meets TIA/EIA-232-E (RS-232) and CCITT
V.28 standards .

B CMOS technology

m Receiver Noise Filter

m Package efficiency—2 drivers and 2 receivers

m Available in Plastic DIP, Narrow and Wide SOIC

packages

m TIA/EIA-232 compatible extended temperature range
options:
DS14C232T —40°C to +85°C
DS14C232 —55°C to +125°C

Connection Diagrams

Cl+—11 u 16 = Ve

V+=— 2 15 == GND
Cl-—3 14 = Dout1
C2+=—1 4 13 |—Rin1

DS14C232 .

C2-—5 2 —Rout1

V-—6 11p=Din1
Dout2— 7 10 [—Din2
Rin2=—1 8 9 I Rout2

) TL/F/10744-1
Order Number DS14C232CN, DS14C232TN,
DS14C232CM, DS14C232TM,
DS14C232CWM or DS14C232TWM
See NS Package Number N16A, M16A or M16B

Functional Diagram

10“F"_I__°1+ Vee “
’ ’D—m_ vq.J; e

T C2+ V- n
1.0 uF c3
/D- c2..

Rout 1 0 Qﬂ Rin1
5k
—= GND
Vee
5MO
Din2 b > Dout2
Rout2 O Q Rin2
5kQ
— GND

TL/F/10744-2
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COMMERCIAL

Absolute Maximum Ratings (ote 1)

Specifications for the 883 version of this product are
listed separately on the following pages.

Supply Voltage, Vcc

V+ Pi

n

V-~ Pin

Driver
Driver

Input Voltage
Output Voltage

Recsiver Input Voltage
Receiver Output Voltage
Junction Temperature

Maximum Package Power Dissipation ‘@ 25°C (Note 6)
N Package
M Package

WM

Package

(Vec — 0.3)Vio +14V

—0.3V to (Vg + 0.3V)
(V+ + 0.3V) to (V= — 0.3V)

—0.3Vto (Vg + 0.3V)

—0.3Vto 6V

+0.3Vto —14V

+25V

+150°C

1698 mW
1156 mW
1376 mW

Short Circuit Duration, Doyt
Storage Temp. Range

Lead Temp. (Soldering, 4 sec.)
ESD Rating (HBM, 1.5 k€, 100 pF)

Recommended Operating
Conditions

Supply Voltage, Vo
Operating Free Air Temp. (Ta)
DS14C232C
DS14C232T

Min
4.5

0
—40

Continuous

Max
5.5

+70
+85

—65°Cto +150°C

+260°C
> 25kV

Units

°C
°C

Electrical Characteristics overrecommended operating conditions, unless otherwise specified (Note 2)

Symbol| Parameter | Conditions | Min | Typ | Max [Units
DC TO DC CONVERTER CHARACTERISTICS
v+ Positive Power Supply RL = 3k, C1-C4 = 1.0 uF, D)y = 0.8V 9.0 \"
\A Negative Power Supply RL = 3k, C1-C4 = 1.0 uF, D)y = 2.0V —8.5 \
lcc Supply (Vcg) Current No Load 1.0 30 | mA
DRIVER CHARACTERISTICS
ViH High Level Input Voltage 2 Vec | V
ViL Low Level Input Voltage GND 0.8 \"
IH High Level Input Current VN 2 2.0V -10 +10 | pA
IiL Low Level Input Current VIN < 0.8V -10 +10 | pA
VoH High Level Output Voltage RL =3k 50 | 8.0 \"
VoL Low Level Output Voltage RL = 3kQ —-7.0| =50 V
los+ |Output High Short Circuit Current|Vg = 0V, V|y = 0.8V (Note 3) —30| —15| —5.0| mA
los— |Output Low Short Circuit Current |Vg = 0V, V| = 2V 5.0 11 30 | mA
Ro Output Resistance —2V<Vp < +2V, 300 Q
Vce = 0V = GND
RECEIVER CHARACTERISTICS )
VTH Input High Threshold Voltage Vce = 5.0V 1.9 24 \
Vce = 5.0V £10% 1.9 2.6 \
VTL Input Low Threshold Voltage 0.8 1.5 \"
Vhy Hysteresis Ta = 0°Cto +85°C 0.2 0.4 1.0 Vv
Ta = —40°Cto 0°C 0.1 04 | 1.0 | V
RiN Input Resistance Ta = 0°Cto +85°C —15V < V)N < +15V| 3.0 | 4.7 7.0 | kQ
Ta = —40°C to 0°C (Note 8) 3.0 4.7 10 kQ
IN Input Current ViN = +15V 0°Cto +85°C +2.14/+3.75| +5.0| mA
ViN = +3V +0.43|+0.64| +1.0| mA
VN = —3V —1.0 | —0.64| —0.43| mA
ViN= —15V —5.0|—3.75|—2.14| mA
VoH High Level Output Voltage VIN= —8V,lp = —3.2mA 35 | 45 Vv
VIN = —38V,lp = —20 pA 40 | 49 \"
VoL Low Level Output Voltage ViIN= +3V,lp = +3.2mA 0.15 | 04 \'

2-17
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DS14C232

COMMERCIAL

SWItChII’Ig Characteristics over recommended operating conditions, unless othermse specmed.

Symbol I , Parameter Conditions l Min I Typ | Max I Units
DRIVER CHARACTERISTICS '
tPLH Propagation Delyay' Low to High R 3K Figure 1 1.0 | 4.0 us
tpHL Propagation Delay High to Low Ct=_ 5 va and 1.0 | 40 | ps
tsk Skew [tpLH — tpH Figure 2 01 | 1.0 ps
SR1 Output Slew Rate RL = 3kQ to 7k, C = 50 pF (Note 7) 4.0 30 | v/ pLs
SR2 Output Slew Rate R = 3k, CL = 2500 pF 4.5 V/us
RECEIVER CHARACTERISTICS ‘
tPLH Propagation Delay Low to High | Input Pulse Width > 10 us 29 | 65 s
tPHL Propagation Delay High to Low %y:resg.::md 9 25 | 65 us
tsk Skew |tpLH — tpHLI ‘ 04 | 20 | ps
thw Noise Pulse Width Rejected (Figures 3and 4) Ta = 0°Cto +85°C 0.7 | 05 ps
Ta = —40°Cto 0°C 0.7 | 03 us

specified.

Note 3: |Os+ and Ios_ values are for one output at a time. |f more than one output is shorted snmuhaneously, the device power d
Note 4: Receiver AC input waveform for test purposes: t, = t = 200 ns, Vjy = 3V, V. = -3V, f =
Note 5: All typicals are given for Voo = 5.0V.

Note 6: Ratings apply to ambient temperature at +25°C. Above this temperature derate: N Package 15.6 mW/°C, M Package 10 6 mW/°C and WM Package
12.7 mW/°C.

Note 7: Slew rate is defined as AV/At, measured between 3V level.
Note 8: TIA/EIA-232-E receiver input impedance maximum limit is 7 kQ.

30 kHz.

may be

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

Note 2: Current into device pins is defined as positive. Current out of device pins is defined as negatlve All voltages are referenced to ground unless otherwise

http://www.national.com
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O
MIL-STD 883C 2
Absolute Maximum Ratings (ote 1) Q
The 883 specifications are written to reflect the Rel Short Circuit Duration, Doyt Continuous R,"
Electrical Test Specifications (RETS) established by Na- Storage Temp. Range —65°C to +150°C
tional Semiconductor for this produc?. Fora co?y of the Lead Temp. (Soldering, 4 sec.) +260°C
RETS please contact your local National Semiconduc-
tor sales office or distributor. ESD Rating (HMB, 1.5 k2, 100 pF) 2 2.5kV
SuppY Voltage: Voo Veo 03')\‘/) A Recommended Operating
V- Pin roavo—1av  Conditions wn Mac Units
v Ouputvatage  (V* - om0 oay S Volage Voo 45 85V
X perating Free Air Temp. (Ta)
Receiver Input Voltage +25V DS14C232 —_55 +125 °c
Receiver Output Voltage —0.3Vto (Ve + 0.3V)
Maximum Package Power Dissipation @ 25°C (Note 8)
J Package 1520 mW
E Package 2000 mW
Electrical Characteristics overrecommended operating conditions, unless otherwise specified (Note 2)
Symbol I Parameter | Conditions | Min | Max | Units
DEVICE CHARACTERISTICS (C1-C4 = 1.0 uF)
lcc | Supply (Vcg) Current | No Load | | 8.0 | mA
DRIVER CHARACTERISTICS
ViH High Level Input Voltage 2 \"
ViL Low Level input Voltage 0.8 \
i1 High Level Input Current VIN = 2.0V 100 HA
L Low Level Input Current VIN = 0V 100 RA
VoH High Level Output Voltage RL = 3k 5.0 \"
VoL Low Level Output Voltage RL = 3kQ -5.0 \"
los+ Output High Short Circuit Current Vo = 0V (Note 3) —25 mA
los— Output Low Short Circuit Current Vo =0V 25 mA
Ro Output Resistance —2V < Vo £ +2V,Tp = 25°C, 300 Q
Vcc = 0V = GND
RECEIVER CHARACTERISTICS (C1-C4 = 1.0 uF)
VTH Input High Threshold Voltage 3.0 \"
V1L Input Low Threshold Voltage 0.2 \
Vhy Hysteresis Ta = 25°C, +125°C 0.1 1.0 \
Ta = —55°C 0.05 1.0 \
RiN Input Resistance ViN = £38Vand £15V, Tp = 25°C 3.0 7.0 kQ
VoH High Level Output Voltage lo=—-32mA 3.5 \
lo = —20 pA 4.0 %
VoL Low Level Output Voltage lo= +3.2mA 0.4 \
2-19 http://www.national.com



DS14C232

MIL-STD-883C
Switching Characteristics over recommended operating conditions, unless otherwise specified.

Symbol I Parameter | » Conditions ‘ | Min I Max | _Units
DRIVER CHARACTERISTICS (C1-C4 = 1.0 uF) .

tpLH Propagation Delay Low to High | R = 3kQ, C = 50 pF ‘ Figures 1 and 2 40°| us

tPHL Propagation Delay High to Low 4.0 us

tgk Skew |tpL1 — tpwl L : 10 | ps

SR1 Output Slew Rate R = 3kQto7kQ,C = 2500 pF | (Note7) 1.5 30 V/ps
RECEIVER CHARACTERISTICS (C1-C4 = 1.0 uF) ‘

tPLH Propagation Delay Low to High | Input Pulse Width > 10 us 8.0 us

tPHL Propagation Delay High to Low %y:r::;:nd 9 8.0 us

tsk Skew [tprH — tpHL| 20 | ps

Connection Diagrams (continued)

Note 8: Ratings apply to ambient temperature at +25°C. Above this temperature derate: J Package 12.2 mW/°C and E Package 13.3 mW/°C.

TL/F/10744-1

For Complete Military 883 Specifications
See RETS Data Sheet.
Order Number DS14C232J/883 or DS14C232E/883
See NS Package Number E20A or J16A

« TL/F/10744-10

E Package
J Package 20-Lead Ceramic Leadless Chip Carrier
16-Lead Dual-In-line Package ' . a
t 5283
/ L1111
Cl+—11 16 = Voo 3 2 1 2019
Ve 2 15 GND Ci-=—44 18 = Dout 1
c2+ =5 17 |=Rin 1
Ci-—3 14 = Dout1 NC—16 16 =NC
c2+—] 4 13 }—Rint e’ 15 Rout
DS14C232 V-=—18 14 p=Din 1
C2-—5 12 —Rout1 9 101112 13
T 1T T
V-—6 11p—Din1 SN g oo
3 & g a
Dout2 —1 7 10 f—Din2
Rin2— 8 9 I Rout2
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Parameter Measurement Information

TL/F/10744-3
FIGURE 1. Driver Load Circuit

2v

Viy (Din) 1.5V

teLn

0.8v

+3V

Vo (Dout)
-3V

ov

st |

FIGURE 2. Driver Switching Waveform

VoL

TL/F/10744-4

2-21

http://www.national.com

¢eeovisa




DS14C232

Parameter Measurement Information (continued)

Vin (Rin) Vo (Rout)

¢, = 50pF
T

CND TL/F/10744-5

FIGURE 3. Receiver Load Circuit

0 +3V
Vi (Rin) 1.5V 1.5V 1.5V 1.5V
7 -3v
tPHL - *] o
2.0V Vou
Vo (Rout) N 0.4y /2 Vo,

TL/F/10744-6

FIGURE 4. Receiver Propagation Delays and Noise Reiei:tion (Note 4)

Pin Descriptions

Vee (Pin 16)

Power supply pin for the device, +5V (£10%).

V+ (Pin 2)

Positive supply for TIA/EIA-232-E drivers. Recommended
external capacitor: C4-1.0 uF (6.3V). Capacitor value should
be larger than 1 wF. This supply is not intended to be loaded
externally.

V— (Pin 6)

Negative supply for TIA/EIA-232-E drivers. Recommended
external capacitor: C3-1.0 uF (16V). Capacitor value should
be larger than 1 wF. This supply is not intended to be loaded
externally.

C1+,C1— (Pins 1, 3)

External capacitor connection pins. Recommended capaci-
tor: 1.0 uF (6.3V). Capacitor value should be larger than
1 pF.

C2+,C2— (Pins 4, 5)

External capacitor connection pins. Recommended capaci-
tor: 1.0 uF (16V). Capacitor value should be greater than
1 uwF.

Din1, DiN2 (Pins 11, 10)

Driver input pins are TTL/CMOS compatible. Inputs of un-
used drivers may be left open, an internal active pull-up re-
sistor (500 k2 minimum, typically 5 MQ) pulls input HIGH.
Output will be LOW for open inputs.

Dout1, Dout2 (Pins 14, 7)

Driver output pins conform to TIA/EIA-232-E levels.

Rin1, RIN2 (Pins 13, 8)

Receiver input pins accept TIA/EIA-232-E input voltages
(£25V). Receivers feature a noise filter and guaranteed
hysteresis of 100 mV. Unused receiver input pins may be
left open. Internal input resistor 4.7 kQ pulls input low, pro-
viding a failsafe high output.

RouTt1, Rout?2 (Pins 12, 9)

Recsiver output pins are TTL/CMOS compatible. Receiver
output HIGH voltage is specified for both CMOS and TTL
load conditions.

GND (Pin 15)

Ground Pin.

http://www.national.com
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Typical Application Information
Application of DS14C232 and INS8250

INS8250 Dst4cz3z  TA/EIA-232-E
(UART) Connector

DTR >c 20
RTS >O— 4
o Y

DSR 4)< 6

Sout —Do— 2

s o< s
SIN o< 3
OPEN —Do— 7
DS14C232 1
GND TL/F/10744-7
Typical Connection Diagram
VV+5v c4
1 1.0 uF
1 uF 6.3V
T VI
= /1
16
1
v,
¢t topF SO ce 2
6.3v T3], v
] poo) DC to DC
€2 1.0 ufF l CONVERTER V-
BT e
* 1'st

Vee
11| Din1 Dout1 |14

»— 0 —

Vee TIA/EIA-232-E
TTL‘«?&?: (Rs-232)

OUTPUTS
Din2 Dout2 |7
P — O —»

Rout1 °< Rin1 |13
R1 i <
9] Rout2 °< -
R i

N

o

N

-~

TIA/EIA-232-E
(Rs-232)
INPUTS

TIL/CMOS
OUTPUTS

Rin2 |s

A

“»
[X)

(2]
o

o

TL/F/10744-9
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DS14C232

Typical Performance Characteristics

DRIVER Vou & VoL Vs
POWER SUPPLY VOLTAGE

10
Voy~ 1 CHLOADED

T >
Voy=2 CH LOADED
; oH % ?

1 /V;Lﬂ CH LOADED
Voo -2 CH LOADED

N\

Vo—OUTPUT VOLTAGE- |V|

—_

5
4.50 4.75 5.00 5.25 5.50

Vec~POWER SUPPLY VOLTAGE-V :
TL/F/10744-11

]
2.0V
—0 si
0.8V C
R G
V cNog
TL/F/10744-12
Vge = 5.0V, R = 3 kQ, C_ = 15 pF (includes jig and probe capacitance), S1 Vo
Cp = 1uF 20V | voL
0.8V | Vou
DRIVER SLEW RATE vs POWER SUPPLY
VOLTAGE & LOAD CAPACITANCE
12
10 \
NN
z 8 \ &
= N ‘%isv
= J
Z 6 AN ~
-
& 4 Veepsov §
“ 4 Voo = 4.5V
500 1000 1500 2000 2500
C ~LOAD CAPACITANCE-pF
TL/F/10744-14
D - Vo 43V +3V
|'| |‘| R G
Guog -3V - Y
500
b O . Vo 1 t2
TL/F/10744-16
GND R c
\V cNog
TL/F/10744-15
Ta = 25°C,R. = 5kQ, Cp = 1 pF, f = 30 KHz SR'= 6V/t1 or 6V/t2, whichever is greater.
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NNational Semiconductor

DS14C237

Single Supply TIA/EIA-232 5 x 3 Driver/Receiver

General Description

The DS14C237 is a five driver, three receiver device which
conforms to the TIA/EIA-232-E standard and CCITT V.28
recommendations. This device eliminates + 12V supplies by
employing an internal DC-DC converter to generate the nec-
essary output levels from a single + 5V supply. Driver siew
rate control and receiver noise filtering have also been inter-
nalized to eliminate the need for external slew rate control
and noise filtering capacitors.

One device is capable of implementing a complete nine pin
interface. The combination of its extended operating tem-
perature range and low power requirement makes this de-
vice an ideal choice for a wide variety of commercial, indus-

Features

m Conforms to TIA/EIA-232-E and CCITT V.28
m Internal DC-DC converter

m Operates with single +5V supply

m Low power requirement—Icc 10 mA max

m Internal driver slew rate control

® Receiver Noise Filtering

m Operates above 120 kbits/sec

m Direct replacement for MAX237

| Industrial temperature range option-DS14C237T
(—40°C to +85°C)

trial, and battery powered applications.

Connection Diagram

Functional Diagram

L€207v1sa

\/
Ci+ cc
N ol | ‘
Dours =1 24 1= Doyry rouf T Lo «© c4
1.0 uF
Dour1 =12 23[=Rn2 e v | e
Dourz =3 22 =Rz ook -
Rt — 4 21| Dys C e — L cs
Rour1 =5 o 201 Dours Voo :E 10 4F
Dinz =16 § 19Dy sun =
DNy =17 - 18|~ D3
oo—s B 17|Roys By © - o1 O Doyt
Vec —1° 18— Ry3
c1+ =10 15f=v- sMa
ve =11 14f=c2- Onz © m >¢ 0 Dourz
c1-—12 13}=c2+ £
5MO
TL/F/11284-1 Diys 0—— » A L0 0ours
Order Number Veo
DS14C237N, DS14C237WM,
DS14C237TN or DS14C237TWM Sua )
See NS Package Number M24B or NA24G Be © o 04 O Dours
5M0
D5 © }C O Dours
Rout1 © O< . 0 Rint
is ko
Rour2 © O< * o Rinz
_%_5 ko
Rours © 0< * o Ris
is ko

TL/F/11284-2
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DS14C237

Absolute Maximum Ratings (Note 1) ;

If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to +150°C

please contact the National Semiconductor Sales Lead Temperature (Soldering, 4 sec.) +260°C

Office/Distributors for availability and specifications. Short Circuit Duration (DoyT) continuous

Supply Voltage (Vcc) —0.3Vto +6V ESD Rating (HBM, 1.5 k@2, 100 pF) - > 20KV

V+ Pin (Vcc — 0.3V) to +15V S

V= Pin  +03Vito —15V Recommended Operating

Driver Input Voltage —0.3Vto (Vcc + 0.3V) Conditions

Driver Output Voltage (V+ + 0.3V)to (V- ~ 0.3V) Min Max Units

Receiver Input Voltage . ‘ +30V Supply Voltage, Voo 45 ) 5.5 \Y

Receiver Output Voltage —0.3V to (Vgc +.0.3V) Operating Free Air

Junction Temperature +150°C Temperature (Ta)

Maximum Package Power Dissipation @ + 25°C (Note 6) Ds14C237 Y +70 °C
N Package . 2400 mW DS14C237T —40 +85 °C
WM Package 1400 mW

Electrical Characteristics

Over recommended operating conditions, unless otherwise specified (Note 2)

Symbol I Parameter I Conditions i Min | Tyﬁ | Max | Units
DEVICE CHARACTERISTICS
v+ Positive Power Supply RL = 3k, C1-C4 = 1.0 pF, D)y = 0.8V 9.0 \
A Negative Power Supply, R = 3k, C1-C4 = 1.0 uF, D)y = 2.0V —8.5 . Vv
Icc Supply Current (Vo) " No Load 6.5 10 mA
DRIVER CHARACTERISTICS
ViH High Level Input Voltage 2.0 Vee Vv
ViL Low Level Input Voltage GND 0.8 \"
IiH High Level Input Current VIN = 2.0V —-10 10 nA
he Low Level Input Current ViN < 0.8V —-10 10 pA
VoH High Level Output Voltage RL = 3kQ 5.0 7.4 Vv
VoL Low Level Output Voltage ) , —6.3 | —5.0 v
lost Output High Short Circuit Current | Vo = 0V, V| = 0.8V (Note 3) —-30 | —15 -5.0 mA
los™ Output Low Short Circuit Current | Vg = 0V, V|y = 2.0V 5.0 12 30 mA
Ro Output Resistance —2V<Vp < +2V, 300 Q
Vce = GND = 0V
RECEIVER CHARACTERISTICS
V1H lnpuf High Threshold Voi’tage 1.9 24 Y
VL Input Low Threshold Voltage 0.8 15 \
Vhy Hysteresis 0.2 0.4 1.0 \
RiN Input Resistance 3.0 4.5 7.0 kQ
N Input Current ViN = +15V 2.14 3.8 5.0 mA
ViN = +3V 0.43 0.6 1.0 mA
ViN= —3V —-10| —06 | —043 | mA
ViN = —15V -50| —38 | —214 | mA
VoH High Level Output Voltage ViIN= —3V,lp = —3.2mA 3.5 4.5 \
‘ VIN= —3V,lp = —20 pA 4.0 4.9 \'
VoL Low Level Outﬁut NVoltage ViN= +3V,lp = +3.2mA 0.25 0.4 \
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Switching Characteristics
Over recommended operating conditions, unless otherwise specified (Note 4)

L£eJv1sa

Symbol | Parameter I Conditions | Min l Typ I Max r Units
DRIVER CHARACTERISTICS
tpLH Propagation Delay LOW to HIGH RL = 3ka 0.7 4.0 ns
tpHL Propagation Delay HIGH to LOW C'; = 50 pF 0.6 4.0 us
Figures 1and 2
tsk Skew [tpH — tpHL| 0.1 1.0 us
SR1 Output Slew Rate RL = 3kQ to 7k, C = 50 pF 4.0 15 30 V/us
SR2 Output Slew Rate R = 3kQ, C| = 2500 pF 3.0 5.0 V/us
RECEIVER CHARACTERISTICS
tPLH Propagation Delay LOW to HIGH Input Pulse Width > 10 us 2.0 6.5 s
torL Propagation Delay HIGHto LOow | CL = 50PF 2.8 65 ps
Figures 3 and 4
tsk Skew [tpH — tpHL 0.8 2.0 us
thw Noise Pulse Width Rejected 25 1.0 us

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

Note 2: Current into device pins is defined as positive. Current out of device pins is defined as negative. All voitages are referenced to ground unless otherwise
specified.
Note 3: iog+ and lpg ™ values are for one output at a time. If more than one output is shorted simultaneously, the device power dissipation may be exceeded.

Note 4: Receiver AC input waveform for test purposes: t; = t; = 200 ns, V| = 3V, V| = —3V, f = 64 kHz (128 kbits/sec). Drive AC Input Waveform for test
purposes: ty = t; < 10 ns, Viy = 3V, V)L = 0V, f = 64 kHz (128 kbits/sec).

Note 5: All typicals are given for Voc = 5.0V and Tp = +25°C.
Note 6: Ratings apply to ambient temperature at +25°C. Above this temperature derate: N package 20 mW/°C and WM package 13.5 mW/°C.

Parameter Measurement Information

TL/F/11284-4 !

3 |

Vin (B) 1.5V |
ov |

teLy |

_j Vou |

+3V 3y i

Vour (Pour) ov :
-3V — -3v !

Vou |

- SR j— |

TL/F/11284-5 3
FIGURE 2. Driver Switching Waveform
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Parameter Measurement Information (continueq)

W Vour

¢, = 50pF
Taw

FIGURE 3. Receiver Load Circuit

TL/F/11284-6

tow
) /—_—\ 1+ +3V
Vin (Ry) A 1.5V st 1.5V \1.5v

v -3V

— ‘ . Vo

2 3.0v .

Vour (Royr) 0.4V / ‘

oL

toue

FIGURE 4. Receiver Propagation Delays and Noise Rejection

Pin Description

Vee (Pin 9)—Power supply pin for the device, +5V
(£10%).

V+ (Pin 11)—Positive supply for TIA/EIA-232-E drivers.
Recommended external capacitor: C4 = 1.0 uF (6.3V). This
supply is not intended to be loaded externally.

V- (Pin 15)—Negative supply for TIA/EIA-232-E drivers.
Recommended external capacitor: C3 = 1.0 uF (16V). This
supply is not intended to be loaded externally.

C1+, C1— (Pins 10, 12)—External capacitor connection
pins. Recommended capacitor—1.0 uF (6.3V).

C2+, C2— (Pins 13, 14)—External capacitor connection

pins. Recommended capacitor—1.0 uF (16V).

tow

TL/F/11284-7

Din 1-5 (Pins 7, 6, 18, 19, 21)—Driver input pins are TTL/
CMOS compatible. Inputs of unused drivers may be left
open, an internal pull-up resistor (500 k2 minimum, typically
5 MQ) pulls input to Vgg. Output will be LOW for open in-
puts. ) } ‘ .
Dout 1-5 (Pins 2, 3, 1, 24, 20)—Driver output pins conform
to TIA/EIA-232-E levels.

RiN1 1-3 (Pins 4, 23, 16)—Receiver input pins accept TIA/
EIA-232-E input voltages (+ 15V). Receivers feature a noise
filter and guaranteed hysteresis of 200 mV. Unused receiver
input pins may be left open. Internal input resistor (5 k)
pulls input LOW, providing a failsafe HIGH output.

Rour 1-3 (Pins 5, 22, 17)—Receiver output pins are TTL/
CMOS compatible. Receiver output HIGH voltage is speci-
fied for both CMOS and TTL load conditions.

GND (Pin 8)—Ground Pin.

http://www.national.com
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NNational Semiconductor

DS14C238

Single Supply TIA/EIA-232 4 x 4 Driver/Receiver

General Description

The DS14C238 is a four driver, four receiver device which
conforms to the TIA/EIA-232-E standard and CCITT V.28
recommendations. This device eliminates + 12V supplies by
employing an internal DC-DC converter to generate the nec-
essary output levels from a single +5V supply. Driver slew
rate control and receiver noise filtering have also been inter-
nalized to eliminate the need for external slew rate control
and noise filtering capacitors.

The combination of its extended operating .temperature
range and low power requirement makes this device an
ideal choice for a wide variety of commercial, industrial, and
battery powered applications.

Features

m Conforms to TIA/EIA-232-E and CCITT V.28

® Internal DC-DC converter

W Operates with single +5V supply

m Low power requirement—Icc 10 mA max

m Internal driver slew rate control

® Receiver noise filtering

m Operates above 120 kbits/sec

8 Direct replacement for MAX238

m Industrial temperature range option—DS14C238T
(—40°C to +85°C)

Connection Diagram

./

Doyr2 =11 24 [~ Dours
Dour1 =12 23RN
Rz =13 22 r—"oum
Rour2 =14 21— Ding
LT o 201 Doyry
Roury —16 S 19 Diy3
Ryni =17 s 18— Dy,
oND—{8 2T ] S -,
A 16— Ry
c1+=—110 15f=v-

Ve =11 14 r-CZ-
Cl-=—112 13 = C24

TL/F/11282-1
Order Number DS14C238N, DS14C238WM,
DS14C238TN or DS14C238TWM
See NS Package Numbers M24B or NA24G

Functional Diagram

v,
C1+ cc
1.0 uF “ l : c1- cc ot
1.0 uF
ez T
1.0 uF V-
L c2- j 3
Voo :E 1.0 uF
T3 -
Dng © ¢ >C O Doyry
Vee
5MQ
Dz © é >¢ O Doury
Vee
5 Mng
D3 O- é % —O Dours
Vee
Ons © ’ >¢ O Dours
Rout1 ©- O< ? O Rt
is kO
Rour2 © 04 > 0 Rz
is. ko
Routs © o@ > O Rz
is ko
Routs O=——rt —o0 Fine

TL/F/11282-2
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DS14C238

Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

Storage Temp. Range

—65°Cto +150°C

please contact the National Semiconductor Sales Lead Temp. (Soldering, 4 Seconds) +260°C

Office/Distributors for availability and specifications. Short Gircuit Duration (Doy) Continuous

Supply Voltage (Voc) —0:3Vio +6V ESD Rating (HBM, 1.5 k€2, 100 pF) > 20kV

V+ Pin (Vgc —0.3V) to +15V

V—Pin 5 +03vto-15v - Recommended Operating

Driver Input Voltage —0.3Vto (Vg +0.3V) Conditions )

Driver Output Voltage (V+ +0.3V) to (V— —0.3V) Min Max Units

Receiver Input Voltage +30V Supply Voltage, Voo 45 5.5 Vv

Receiver Output Voltage —0.3Vto (Vcc +0.3V) Operating Free Air Temp. (Tp) \

Junction Temperature +150°C DS14C238 0 +70 .°C

Maximum Package Power Dissipation @ +25°C (Note 6) DS14C238T —40 +85 °C

N Package 2400 mW
WM Package 1400 mW

Electrical Characteristics

Over recommended operating conditions, unless otherwise specified. (Note 2)
Symbol | Parameter | Conditions | Min | Typ l Max l Units

DEVICE CHARACTERISTICS
V+ Positive Power Supply RL = 3kQ,C1-C4 = 1.0 uF, D)y = 0.8V 9.0 \"
V- Negative Power Supply RL = 3kQ, C1-C4 = 1.0 uF, D)y = 2.0V —-8.0 \"
lcc Supply Current (Vcc) No Load 7.0 10 mA
DRIVER CHARACTERISTICS
ViH High Level Input Voltage 20 Vee \"
ViL Low Level input Voltage GND 08 | Vv
liH High Level Input Current ViN = 2.0V -10 +10 | pA
IR Low Level Input Current ViN < 0.8V -10 +10 | pA
VoH High Level Output Voltage | R = 3 kQ 5.0 7.4 \"
VoL Low Level Output Voltage -63| —50| V
los+ O.utplljt High Short Vo = 0V, VN = 0.8V | (Note 3) 30| —15 | =50 | mA
Circuit Current
los— O.utpl.lt Low Short Vo = 0V, V|y = 2.0V 5.0 12 30 mA
Circuit Current

Ro Output Resistance —2V <Vp £ +2V,Vgc = GND = 0V 300 Q
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Electrical Characteristics (continued)
Over recommended operating conditions, unless otherwise specified. (Note 2)

8€eovisda

Symbol | Parameter T Conditions l Min [ Typ ] Max T Units
RECEIVER CHARACTERISTICS
VTH Input High Threshold Voltage 1.9 2.4 Vv
VL Input Low Threshold Voltage 0.8 1.5 "
Vhy Hysteresis 0.2 0.4 1.0 \
Rin Input Resistance 3.0 4.5 7.0 kQ
N Input Current Vin = +15V 214 3.8 5.0 mA
ViN = +3V 0.43 0.6 +1.0 mA
ViN= —3V -1.0 -0.6 —0.43 mA
ViN = —15V —-5.0 -38 —2.14 mA
VoH High Level Output Voltage ViN= —3V,lp = —3.2mA 3.5 4.5 Vv
VIN= —8V,lg = —20 nA 4.0 49 v
VoL Low Level Output Voltage VIN = +3V,lp = +3.2mA 0.25 0.4 \

Switching Characteristics

Over recommended operating conditions, unless otherwise specified. (Note 4)

Symbel | Parameter | Conditions I Min | Typ I Max | Units
DRIVER CHARACTERISTICS
tPILH Propagation Delay LOW to HIGH R =3k 0.7 4.0 us
terL Propagation Delay HIGH to LOW %g;:: ;’znd 2 0.6 4.0 ps
tek Skew [tpH~tpHL | 0.1 1.0 us
SR1 Output Slew Rate RL = 3kQ to 7 kQ, C = 50 pF 4.0 15 30 V/ps
SR2 Output Slew Rate RL = 3k, C_ = 2500 pF 3.0 5.0 V/ps
RECEIVER CHARACTERISTICS
tpLH Propagation Delay LOW to HIGH Input Pulse Width > 10 us 2.0 6.5 us
toHL Propagation Delay HIGHtoLOW | CL = 50PF 2.8 6.5 ps
tsk Skew | tpLH-tpHL | (Figures 3 and 4) 0.8 2.0 us
thw Noise Pulse Width Rejected (Figures 3 and 4) 25 1.0 us

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

Note 2: Current into device pins is defined as positive. Current out of device pins is defined as negative. All voltages are referenced to ground unless otherwise
specified.

Note 3: lpg+ and lps— values are for one output at a time. If more than one output is shorted simultaneously, the device power dissipation may be exceeded.
Note 4: Receiver AC input waveform for test purposes: t; = t; = 200 ns, Viy = 3V, V| = —3V, f = 64 kHz (128 kbits/sec). Driver AC input waveform for test
purposes: t, = tt < 10 ns, Vi = 3V, Vi = 0V, f = 64 kHz (128 kbits/sec).

Note 5: All typicals are given for Vo = 5.0V and Ty = +25°C.

Note 6: Ratings apply to ambient temperature at +25°C. Above this temperature derate: N package 20 mW/°C and WM package 13.5 mW/°C.
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Parameter Measurement Information

O Vour
G

TGND

FIGURE 1. Driver Load Circuit

TL/F/11282-4

Viv (D) 1.5v
ton
+3V 3 +3V
Vour (Dour) ov
-3V —— -3v

—! SR f—

—
FIGURE 2. Driver Switching Waveform

ViN Vour
¢, = 50pF
TGND

FIGURE 3. Receiver Load Circuit

TL/F/11282-6

3v:

ov

Vou

v
Vin (Riy) H 1.5v NG 15V I.SVE‘I.SV

(2.0V

Vour (Rour) 0.4V /

L tLn
_ FIGURE 4. Receiver Propagation Delays and Noise Rejection

TL/F/11282-5

TL/F/11282-7
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Pin Descriptions

Vcc (pin 9)—Power supply pin for the device,

+5V (£10%).

V+ (pin 11)—Positive supply for TIA/EIA-232-E drivers.
Recommended external capacitor: C4 = 1.0 uF (6.3V). This
supply is not intended to be loaded externally.

V— (pin 15)—Negative supply for TIA/EIA-232-E drivers.
Recommended external capacitor: C3 = 1.0 uF (16V). This
supply is not intended to be loaded externally.

C1+, C1— (pins 10 and 12)—External capacitor connec-
tion pins. Recommended capacitor - 1.0 uF (6.3V).

C2+, C2— (pins 13 and 14)—External Capacitor connec-
tion pins. Recommended capacitor — 1.0 uF (16V).

Dy 1-5 (pins 7, 6, 8, 18, 19, and 21)—Driver input pins are
TTL/CMOS compatible. Inputs of unused drivers may be

left open, an internal pull-up resistor (500 kQ minimum, typi-
cally 5 MQ) pulls input to V. Output will be LOW for open
inputs.

Doyt 1-5 (pins 2, 3, 1, 24, and 20)—Driver output pins
conform to TIA/EIA-232-E levels.

Rin1 1-3 (pins 4, 23, and 16)—Receiver input pins accept
TIA/EIA-232-E input voltages (+ 15V). Receivers feature a
noise filter and guaranteed hysteresis of 200 mV. Unused
receiver input pins may be left open. Internal input resistor
(5 k) pulls input LOW, providing a failsafe HIGH output.
Rouyt 1-3 (pins 5, 22, and 17)—Receiver output pins are
TTL/CMOS compatible. Receiver output HIGH voltage is
specified for both CMOS and TTL load conditions.

GND (pin 8)—Ground Pin.
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DS14C239

&National Semiconductor

DS14C239

Dual Supply TIA/EIA-232 3 x 5 Driver/Receiver

General Description

The DS14C239 is a three driver, five receiver device which

conforms to the TIA/EIA-232-E standard and CCITT V.28 -

recommendations. This device eliminates —12V supply by
employing an internal DC-DC converter to generate the nec-
essary output levels from a single + 5V supply and a posi-
tive voltage power supply (+7.5V to +13.2V). Driver slew
rate control and receiver noise filtering have also been inter-
nalized to eliminate the need for external slew rate control
and noise filtering capacitors. With the addition of
TRI-STATE® receiver outputs, device power consumption is
kept to a minimum.

The combination of its low power requirement and extended
operating temperature range makes this device an ideal
choice for a wide variety of commercial, industrial, and bat-
tery powered applications.

Features

® Conforms to TIA/EIA-232-E.and CCITT V.28

| Internal DC-DC converter

® Low power requirement: It = 10 mA max
lcc = 1 mA max

B Internal driver siew rate control

B Receiver Noise Filtering

W Operates above 120 kbits/sec

m TRI-STATE Receiver Outputs

m Direct replacement for MAX239

| Industrial temperature range option—DS14C239T

(—40°C to +85°C)

Connection Diagram

-/

Rours =71 24 =Dy
Rine =12 231Dz
6ND—13 22 | Royr,
Vcc] 4 211 Rz
v+ =5 @ 20f=Doyr,
c+ =16 S 19 = Doyr1
c-—7 N
v-=18 8 17l-Run
Rins —1° 16— Dins

Rours =] 10 15 r—NC

Routs =11 14=N
Ring =112 131 Dours

TL/F/11283-1

Order Number DS14C239N, DS14C239WM,
DS14C239TN or DS14C239TWM

See NS Package Number M24B or NA24G

Functional Diagram

Vee —15v £10%
r Cl+ cc
¢ Vi |——7.5V 10 13.2V
1.0 uF * l : ci- .
c2
Vee :E 1.0 uF
5 un% =
Ding © : >¢ O Doyry
Vee
sun%
Dinz ©: ¢ >C O Dotz
Vee
sung
Dz © ‘ >C O Doyrs
Rout1 © ?5 R1|—¢ -0 Rint
% 5kQ
Rour2 © f R2 g -0 Rinz
[ 5kQ
Routs © _Of RSI ¢ O Fins
[ 5kQ
Rours © <_>___< R4 | —0 Rine
[ % 5k0
Routs © f RS |9 -0 Rins
- 5kQ
N — TL/F/11283-2
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Absolute Maximum Ratings (ote 1)

6€2avisda

If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to +150°C

please contact the National Semiconductor Sales Lead Temperature (Soldering, 4 sec.) +260°C

Office/Distributors for availability and specifications. Short Circuit Duration (Doyt) continuous

Supply Voltage (Vcc) —0:3Vito +6v ESD Rating (HBM, 1.5 ke, 100 pF) > 2.0kV

V+ Pin (Voc — 0.3V) to +15V

Vv~ Pin +0.3Vto —15V Recommended Operating

Driver Input Voltage — 0.3Vto (Vgc + 0.3V) Conditions

Driver Output Voltage (V*+ +0.3V)to (V= — 0.3V) Min Max Units

Receiver Input Voltage +30V Supply Voltage (Vo) 45 5.5 Y]

Receiver Output Voltage —0.3Vto (Vgc + 0.3V) Supply Pin (V+) 7.5 13.2 v

Junction Temperature +150°C Operating Free Air Temp. (Ta)

Maximum Package Power Dissipation @ +25°C (Note 6) DS14C239 0 +70 °C
N Package 2400 mW DS14C239T —40 +85 °C
WM Package 1400 mW

Electrical Characteristics

Over recommended operating conditions, unless otherwise specified (Note 2)

Symbol | Parameter l Conditions | Min l Typ l Max l Units
DEVICE CHARACTERISTICS
V- Negative Power Supply RL =3kQ,C1,02 = 1.0 uF, D)y = 2.0V -95 \"
I+ Supply Current (V+) No Load 4 10 mA
lcc Supply Current (Vcc) No Load 0.1 1.0 mA |
DRIVER CHARACTERISTICS ?
ViH High Level Input Voltage 2.0 Ve \ :
ViL Low Level Input Voltage GND 0.8 \" ‘
IIH High Level Input Current ViN = 2.0V -10 +10 RA j
I Low Level Input Current V|N < 0.8V -10 +10 pA |
VoH High Level Output Voltage RL =3kQ 5.0 8.7 \ ‘
VoL Low Level Output Voltage —8.0 | —5.0 \
los* Output High Short Circuit Current | Vo = 0V, V| = 0.8V —40 | —20 [ —5.0 mA ‘
los™ Output Low Short Circuit Current | Vo = 0V, VN = 2.0V 5.0 16 40 mA ‘
Ro Output Resistance —2V < Vp £ +2V, 300 Q
Voc = VT = GND = 0V
RECEIVER CHARACTERISTICS !
VTH Input High Threshold Voltage Ta = 25°C 2 24 \" )
Tp = —40°Cto +85°C 2 | 28 | v w
VL Input Low Threshold Voltage 0.8 1.5 Vv ‘
Vhy Hysteresis Ta = 25°C 0.2 0.5 1.0 Vv }j
Ta = —40°Cto +85°C 0.1 0.5 1.0 \Y i
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Electrical Characteristics (continued)
Over recommended operating conditions, unless otherwise specified (Note 2)

Symbol J Parameter l Conditions C J Min l Typ I Max l Units
RECEIVER CHARACTERISTICS (Continued) ' v )
Rin Input Resistance - .30 45 7.0 kQ
N Input Current - VN = +15V 2.14 3.8 5.0 mA
Vin = +3V 0.43 0.6 1.0 “| ‘mA
ViN= —3V ) -10 | -06 —-043 | mA
ViN = —15V -50 | —38 | -214 mA
VoH High Level Output Voltage VIN= —3V,lp = —3.2mA 3.5 4.5 \Y
ViN= —3V,lp = —20 pA 40 4.9 v
VoL Low Level Output Voltage | Viy= +3V,lg = +3.2mA 0.25 04 | V
Vi High Level Input Voltage EN 24 Vee '
Vi Low Level Input Voltage GND ) 08 \"
hH High Level Input Current ViN = 2.4V ) —-10 +10 " RA
i Low Level Input Current VN < 0.8V -10 +10 MA
loz Output Leakage Current EN = Vg, OV < Rout £ Voo -10 0.1 +10 | pA

Switching Characteristics

Over recommended operating conditions, unless otherwise specified (Note 4)

Symbol J Parameter ] Conditions | Min I Typ I Max l Units
DRIVER CHARACTERISTICS . .
toH Propagation Delay LOWto HIGH | R = 3kQ 0.7 4.0 us
N CL = 50 pF
t Propagation Delay HIGH to LOW L 0.7 4.0
PHL —1opagaton Lo ay 0 (Figures 1and 2) i
tsk Skew [tpLH-tPHL| - ' 0 - 10 | pus
SR1 Output Slew Rate RL = 3kQ to 7 k2, C| = 50 pF,
_ v+ < 1035V 4.0 17 % V/ps
SR2 Output Slew Rate RL = 3kQ, C_ = 2500 pF, |
V+ <1035V 30 | 64 V/ps
RECEIVER CHARACTERISTICS )
tPLH Propagation Delay LOW to HIGH Input Pulse Width > 10 ps 241 6.5 ps
— CL = 50 pF
t Propagation Delay HIGH to LOW L 2.9 6.5 s
PHL pag y (Figures 3 and 4) Lt
tek Skew | tpLH-tpHL | 0.8 2.0 us
tpLz ) (Figures 5 and 7) 0.25 2.0 us
tpzL 0.70 2.0 us
tpHz (Figures 5 and 6) ' 025 | 20 us
tpzH 070 | 20 us
thw Noise Pulse Width Rejected (Figures 3 and 4) 2.0 1.0 us

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

Note 2: Current into device pins is defined as positive. Current out of device pins is defined as negative. All voltages are referenced to ground unless otherwise
specified.

Note 3: Ipgt and Ipg™ values are for one output at a time. |f more than one output is shorted simultaneously, the device power dissipation may be exceeded.

Note 4: Receiver AC input waveform for test purposes: t, = t = 200 ns, Vi = 3V, V)L = —3V, f = 64 kHz (128 kbits/sec). Driver AC input waveform for test
purposes: t; = t < 10 ns, Vi = 3V, V= OV, f = 64 kHz (128 kbits/sec).

Note 5: All typicals are given for Voc = 5.0V and Tp = +25°C, V+ = 10.35V.
Note 6: Ratings apply to ambient temperature at +25°C. Above this temperature derate: N package 20 mW/°C and WM package 13.5 mW/°C.

http://www.national.com 2-36




Parameter Measurement Information
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TL/F/11283-4

FIGURE 1. Driver Load Circuit

3v
Viy (O) 1.5V 1.5V
ov
touL teLn
Vou
+3V +3V
Vour (DOUT) ’ ov ov
-3v —— -3y
Vou
—>{ SR —»| SR

TL/F/11283-5
FIGURE 2. Driver Switching Waveform

Vin Vour
€, = 50pF
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FIGURE 3. Receiver Load Circuit
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FIGURE 4. Receiver Propagation Delays and Noise Rejection
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Parameter Measurement Information (continued) °

O Vour
2.5V

R=1ko

€ = 50pF
TGND

TL/F/11283-8

FIGURE 5. Receiver Disable Load Circuit

Pin Descriptions

Vee (pin 4)—Power supply pin for the device, +5V
(£10%).

V+ (pin 5)—Positive supply for TIA/EIA-232-E drivers.
Specified at 7.5V minimum and 13.2V maximum.

V— (pin 8)—Negative supply for TIA/EIA-232-E drivers.
Recommended external capacitor: C2 = 1.0 uF (16V). This
supply is not intended to be loaded externally.

C1+, C1~ (pins 6, 7)—External capacitor connection pins.
Recommended capacitor—1.0 uF (16V).

EN (pin 14)—Controls the Receiver output TRI-STATE Cir-
cuit. A High level on this pin will disable the Receiver Out-
put.

3v
1.5V 1.5V
tphz ov
f NOTE: S1=-3.0V " |
——-—!\ [ Vo
Vo ~ 0.1V 3.5V
~— /2 2.5V
TL/F/11283-9
FIGURE 6. Receiver TRI-STATE Timing (tpuz, tpzH)
3V
1.5V 1.5V
Lz ov
tezt
N 2.5V
Vg, +0.1V
oL
NOTE: S1=+3,0V ) S— VoL

TL/F/11283-10

FIGURE 7. Receiver TRI-STATE Timing (tpLz, tpz1)

Din 1-3 (pins 24, 23, 16)—Driver input pins are TTL/CMOS
compatible. Inputs of unused drivers may be left open, an
internal pull-up resistor (500 kQ minimum, typically 5 MQ)
pulls input to Vgg. Output will be LOW for open inputs.
Dout 1-3 (pins 19, 20, 13)—Driver output pins conform to
TIA/EIA-232-E levels.

Rin 1-5 (pins 2, 21, 18, 12, 9)—Receiver input pins accept
TIA/EIA-232-E input voltages (*15V). Receivers feature a
noise filter and guaranteed hysteresis of 100 mV. Unused
receiver input pins may be left open. Internal input resistor
(5 kQ) pulls input LOW, providing a failsafe HIGH output.
Rout 1-5 (pins 1, 22, 17, 11, 10)}—Receiver output pins
are TTL/CMOS compatible. Receiver output HIGH voltage
is specified for both CMOS and TTL load conditions.

GND (pin 3)—Ground pin.
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ﬂNational Semiconductor

DS14C241
Single Supply TIA/EIA-232 4 x 5 Driver/Receiver

General Description Features

The DS14C241 is four driver, five receiver device which B Conforms to TIA/EIA-232-E and CCITT V.28
conforms to the TIA/EIA-232-E standard and CCITT V.28  ® Internal DC-DC converter
recommendations. This device eliminates =12V suppliesby ~ m Operates with single + 5V supply

employing an internal DC~-DC converter to generate the  m | ow power requirement—Igg 10 mA max
necessary output levels from a §mg!e -!—5V supply. Driver g ghutdown mode—I ox 10 pA max

§Iew rat.e control‘ apd receiver noise filtering have also been ® Internal driver slew rate control

internalized to eliminate the need for external slew rate con- X R

trol and noise filtering capacitors. With the addition of TRI- W Receiver noise filtering .

STATE® receiver outputs and a shutdown mode, device W Operates above 120 kbits/sec

power consumption is kept to a minimum. ® TRI-STATE receiver outputs

The combination of its low power requirement and extended ~ ® Direct replacement for MAX241

operating temperature range makes this device an ideal ™ Industrial temperature range option—DS14C241T
choice for a wide variety of commercial, industrial, and bat- (—40°C to +85°C)

tery powered applications

Connection Diagram Functional Diagram
Voo
/ v Tl
Douts —1 28— Doyry our L | o “
Doyt =] 2 27 b= Riys e v T o
[ R o P
Doyr2 =13 26 = Royrs 1OuF S ] - T ow
Rne =14 25 = SHUTDOWN (SD) Voo =
Rour2 =13 24—EN 5 M0
Dinz =16 by 23— Ring Dy O—— b O f———00our
L' 3 22~ Routs i
Rour1 =18 3 211Dy 5"“.%
Rini @ 2 20 = D3 Oz O V<;c % O Dourz
GND =110 19 b= Rours SW%
Ve =1 18f—=Ris O3 © ’ bc 0 Doy
cle =412 17 f=v- e
vi =13 16 |- c2- sung
C1- =114 15 = c2+ s © ‘ % O Pours

TL/F/11281-1 Rout10- S,"I . —0R
5ka

Order Number DS14C241WM or DS14C241TWM
See NS Package Number M28B =
Rour2 ©: f R2 I ? O Rinz

Rours © f R3 ll ? -0 Ring
< 5k0

Rout4 © 1< R4 I ? O Ring
4 5k0

Rours O=— 1< RS I ¢ O Ris
1 5k0

TL/F/11281-2
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Absolute Maximum Ratings

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

Supply Voltage (Vcc) —0.3Vto +6V
V+ Pin (Voo — 0.3V) to +15V
V= Pin +0.3Vto =15V
Driver Input Voltage —0.3Vto (Vgc + 0.3V)
Driver Output Voltage (V+ + 0.3V)to(V— — 0.3V)
Receiver Input Voltage +30V
Receiver Output Voltage —0.3Vto (Vcc + 0.3V)
Junction Temperature +150°C
Maximum Package Power Dissipation

@ +25°C (Note 6)

WM Package 1520 mW

Electrical Characteristics

Storage Temperature Range —65°C to +150°C

Lead Temperature (Soldering, 4 sec.) +260°C
Short Circuit Duration (DoyT) continuous
ESD Rating (HBM, 1.5 kQ, 100 pF) > 2.0kV
Recommended Operating
Conditions
Min Max Units

Supply Voltage (Vco) 4.5 55 \%
Operating Free Air Temp. (Ta)

DS14C241 0 . +70 °C

DS14C241T : —40 +85 °C

Over recommended operating conditions, unless otherwise specified (Note 2)

SymboLr Parameter ’ Conditions | Min I TypT Max ﬁlnlts
DEVICE CHARACTERISTICS »

v+ Positive Power Supply RL = 3k, C1-C4 = 1.0 uF, D)y = 0.8V 9.0 \
A Negative Power Supply RL = 3k2,C1-C4 = 1.0 uF, D)y = 2.0V —8.0 \'
Ice Supply Current (Vog) No Load - 8.5 10 | mA
lex Supply Current Shutdown RL = 3kQ, SD = V¢ 1.0 10 RA
VIH High Level Enable Voltage SD 2.4 Vee v
Vi Low Level Enable Voltage GND 0.8 \
WH High Level Enable Current —-10 +10 | pA
i Low Level Enable Current —-10 +10 | pA
DRIVER CHARACTERISTICS

ViH High Level Input Voltage Din 2.0 Vee Vv
ViL Low Level Input Voltage GND 0.8 \
IH High Level Input Current Vin = 2.0V -10 +10 | pA
i Low Level Input Current Vin < 0.8V —10 +10 | pA
VoH High Level Output Voltage RL = 3kQ 5.0 7.5 Vv
VoL Low Level Output Voltage —65| —50| V
lost Output High Short Circuit Current Vo = 0V, V)N = 0.8V -30| —15 | —5.0| mA
los™ Output Low Short Circuit Current | Vo = 0V, V|y = 2.0V 5.0 12 30 mA
Ro Output Resistance —2V < Vg £ +2V,Voc = GND = 0V 300 O
RECEIVER CHARACTERISTICS

VTH Input High Threshold Voltage 1.9 2.4 Vv
V1L Input Low Threshold Voltage 0.8 1.5 \
Vhy Hysteresis 0.2 0.4 1.0 \
RN Input Resistance 3.0 45 7.0 kQ
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Electrical Characteristics (continued)
Over recommended operating conditions, unless otherwise specified (Note 2)

Lp2ovisa

Symbol | Parameter I Conditions | Min | Typ I Max I Units
RECEIVER CHARACTERISTICS (Continued)
] Input Current ViN = +15V 2.14 3.8 5.0 mA
ViN = +3V 0.43 | 0.6 1.0 mA
ViN = —8V -1.0| —0.6 | —0.43 | mA
ViN = —15V -50| —-38 | —214| mA
VoH High Level Output Voltage | Viy = —3V,lp = —3.2mA 3.5 4.6 \"
ViN= —3V,lp = —20 pA 4.0 4.9 \
VoL Low Level Output Voltage | Viy = +3V,lg = +3.2mA 0.25 0.4 \
ViH High Level input Voltage EN 2.0 Voo v
ViL Low Level Input Voltage GND 0.8 \
IIH High Level input Current ViN = 2.0V —10 +10 nA
L Low Level Input Current ViN < 0.8V -10 +10 HA
loz Output Leakage Current EN = Vg, OV < Rout < Voo -10 +10 A

Switching Characteristics

Over recommended operating conditions, unless otherwise specified (Note 4)

Symbol | Parameter l Conditions ( Min I Typ ] Max l Units i
DRIVER CHARACTERISTICS :
tpLH Propagation Delay LOW to HIGH RL = 3kQ 0.7 4.0 us !
tpHL Propagation Delay HIGH to LOW :‘;__';y;:: ;)Fand 2) 06 4.0 us :
tsk Skew |tp H-tpHL| 0.1 1.0 s :
SR1 Output Slew Rate RL = 3k to7kQ, C_ = 50 pF 4.0 15 30 V/us f
SR2 Output Slew Rate RL = 3k, C_ = 2500 pF 3.0 5.0 V/us
RECEIVER CHARACTERISTICS ‘ ‘
tpLH Propagation Delay LOW to HIGH | jnout Puise Width > 10 s 20 | 65 | s ‘
tpHL Propagation Delay HIGH to LOW CL = 50pF 28 6.5 us
tsk Skew |tp|_H—tpH|_|’. (Figures 3and 4) 0.8 2.0 us i
tpLz (Figures 5 and 7) ) 0.1 2.0 us }
tpzL 0.6 2.0 us ‘
tpHZ (Figures 5 and 6) 0.2 2.0 us
tpzH 0.6 20 us
thw Noise Pulse Width Rejected (Figures 3 and 4) 25 1.0 s

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

Note 2: Current into device pins is defined as positive. Current out of device pins is defined as negative. All voltages are referenced to ground unless otherwise
specified.
Note 3: Iog* and lpg— values are for one output at a time. If more than one output is shorted simultaneously, the device power dissipation may be exceeded.

Note 4: Receiver AC input waveform for test purposes: t, = t = 200 ns, V| = 3V, V| = —3V, f = 64 kHz (128 kbits/sec). Driver AC input waveform for test
purposes: t = tf < 10 ns, Viy = 3V, V| = 0V, f = 64 kHz (128 kbits/sec).

Note 5: All typicals are given for Voc = 5.0V and Tp = +25°C.
Note 6: Ratings apply to ambient temperature at + 25°C. Above this temperature derate: WM package 14.3 mW/°C.
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Parameter Measurement Information

O Vour

CL
TGND

TL/F/11281-4

3v
1.5V
OV
toLn
Vou
+3V
ov
-3y
v
oL
—»{ SR |« )

TL/F/11281-5
FIGURE 2. Driver Switching Waveform

. ¢, = 50pF
TGND

. " TL/F/11281-6
FIGURE 3. Receiver Load Circuit '

taw

/—'——-\ S 1Y
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FIGURE 4. Receiver Propagation Delays and Noise Rejection
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FIGURE 5. Receiver Disable Load Circuit
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Parameter Measurement Information (continued)

3v
1.5V 1.5V
tonz ov
NOTE: S1=-3.0V [
v,
OH
Vo = 0.1V 3.5V
2.5V
TL/F/11281-9
FIGURE 6. Receiver TRI-STATE Timing (tpHz, tpzH)
3v
1.5V 1.5V
toLz ov
tezL
2.5V
VoL + 0.1V N
NOTE: S1=+3.0V

FIGURE 7. Receiver TRI-STATE Timing (tp 2, tpzL)

Pin Descriptions

Vcc (pin 11)—Power supply pin for the device,

+5V (£10%).

V+ (pin 13)—Positive supply for TIA/EIA-232-E drivers.
Recommended external capacitor: C4 = 1.0 uF (6.3V). This
supply is not intended to be loaded externally.

V— (pin 17)—Negative supply for TIA/EIA-232-E drivers.
Recommended external capacitor: C3 = 1.0 uF (16V). This
supply is not intended to be loaded externally.

C1t, C1— (pins 12 and 14)—External capacitor connec-
tion pins. Recommended capacitor—1.0 uF (6.3V).

C2+, C2— (pins 15 and 16)—External capacitor connec-
tion pins. Recommended capacitor—1.0 uF (16V).

EN (pin 24)—Controls the Receiver output TRI-STATE Cir-
cuit. A HIGH level on this pin will disable the Receiver Out-
put.

SHUTDOWN (SD) (pin 25)—A High on the SHUTDOWN
pin will lower the total Icc current to less than 10 pA. Pro-
viding a low power state.

[

V,
o TL/F/11281-10

D|n 1-4 (pins 7, 6, 20 and 21)—Driver input pins are TTL/
CMOS compatible. Inputs of unused drivers may be left
open, an internal pull-up resistor (500 k2 minimum, typically
5 MQ) pulls input to Vgg. Output will be LOW for open in-
puts. .

Dout 1-4 (pins 2, 3, 1 and 28)—Driver output pins con-
form to TIA/EIA-232-E levels.

RN 1-5 (pins 9, 4, 27, 23 and 18)—Receiver input pins
accept TIA/EIA-232-E input voltages (+15V). Receivers
feature a noise filter and guaranteed hysteresis of 200 mV.
Unused receiver input pins may be left open. Internal input
resistor (5 k) pulls input LOW, providing a failsafe HIGH
output.

Rourt 1-5 (pins 8, 5, 26, 22 and 19)—Receiver output pins
are TTL/CMOS compatible. Receiver output HIGH voltage
is specified for both CMOS and TTL load conditions.

GND (pin 10)—Ground pin.
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DS14C241

Typical Performance Characteristics
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Typical Performance Characteristics (continued)

Vour

Typical data only.

Generator

TL/F/11281-16

FIGURE 8. Driver Shutdown (SD) Delay Test Circuit

FIGURE 9. Driver Shutqown (SD) Delay Timing Waveforms

/ 3.0V
1.5v \\1.5v
ov
™ tous < tosy
Vou
5.0v 5.0v
ov
5.0V 5.0V
VoL
= toLs = tesL

TL/F/11281-17

Symbol Parameter Conditions Typ Units
tPHS Propagation Delay High to SD Vcc = 5V(Notes 7 and 8) 124 us
tpLs Propagation Delay Low to SD Ta = 25°C 110 us
tpsH Propagation Delay SD to High 114 us
tpsL Propagation Delay SD to Low 97 us

Note 7: Sample size = 10 parts; 3 different datecodes.
Note 8: All drivers are loaded as shown in Figure 8.

245
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DS14C335

DS14C335

General Description

The DS14C335 is three driver, five receiver device which
conforms to TIA/EIA-232-E and CCITT V.28 standard speci-
fications. This device employs an internal DC-DC converter
to generate the necessary output levels from a + 3.3V pow-
er supply. A SHUTDOWN (SD) mode reduces the supply
current to 10 A maximum. In the SD mode, one receiver is
active, allowing ring indicator (Rl) to be monitored. PC
Board space consumption is minimized by the availability of
Shrink Small Outline Packaging (SSOP).

This device’s low power requirement and small footprint
makes it an ideal choice for Laptop and Notebook applica-
tions.

ﬂNational Semiconductor

+ 3.3V Supply TIA/EIA-232 3 x 5 Driver/Receiver

Features

m Conforms to TIA/EIA-232-E and CCITT V.28
specifications

m Operates with single + 3.3V power supply

B Low power requirement—Icc 20 mA maximum

m SHUTDOWN mode—Icyx 10 pA maximum

m One Receiver (R5) active during SHUTDOWN

m Operates up to 128 kbps—Lap-Link® Compatible

| Flow through pinout

W 4V/ps minimum Slew Rate guaranteed

W Inter-operates with +5V UARTSs

= Available in 28-lead SSOP EIAJ Type Il package

Connection Diagram

Functional Diagram

DS14C335 047 KF
ruly
/
ve =1 28 —c3+
c2+ =42 27 = GND 0.47 uF 0.47 uF
Ve 13 26 |- C3- 4=
C2-—44 25 b= v- J: C2+ GND
GND—{5 24—c1- 0.47 uf —] Vee . L=
cl+=—46 23 }— SHUTDOWN (SD) Vee T 2 l 5
. - v- 0.47 uF
Oyy =17 22 1= Doyrq j —
GND
D2 =18 21 = Dgy1o . . . L o (s:;)mown
-_— 1+ 1-
Dins =@ 20 f=Doyt3
Rours =10 19 =Ry
Rourz |1 18|~ Ry; Oi © o1 -0 Doyr
Rours =112 17— Rn3
Rours =13 16— Ring Dz © >C O Doyt
Rours =14 15— Rins
TL/F/11734-1 Dz © >C O Doyt
Order Number DS14C335MSA or
DS14C335TMSA
See NS Package Number MSA28 Routt © 9< _%_ O Ry
5kQ
Rour2 © °< O Rinz
is ka
Rours © R3¢ O Rys
is ka
Rours © °< O Ring
is ka
Routs © °< O Rys
}_5 K
TL/F/11734-2
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Absolute Maximum Ratings (Note 1) Recommended Operating

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

Office/Distributors for availability and specifications. Min ~ Max  Units

SEEDVISA

Supply Voltage (Vo) 30 36 \"

Supply Voltage (Vcc) —0.3Vto +6v DC-DC Converter Capacitors (C1-C5) 0.47 uF
vt Pin (Vog — 0.3V) to +14V

_ cc ) Operating Free Air Temperature (Ta)
V™ Pin +0.3Vto —14V DS14C335 0 +70 °C
Input Voltage (DIN, SD) —0.3Vto +5.5V DS14C335T —40 +85 °C
Driver Output Voltage (VT +0.3V)to (V™ — 0.3V)
Receiver Input Voltage +25V
Receiver Output Voltage —0.3Vto (Vcc + 0.3V)
Junction Temperature +-150°C
Storage Temperature Range —65°Cto +150°C
Lead Temperature (Soldering 4 sec.) +260°C
Short Circuit Duration (DoyT) continuous
Maximum Package Power Dissipation @ + 25°C

SSOP MSA Package 1286 mW

Derate MSA Package 10.3 mW/°C above +25C
ESD Rating (HBM, 1.5 k€, 100 pF) > 2.0kV

Electrical Characteristics

QOver recommended operating conditions, SD = 0.8V, unless otherwise specified. (Notes 2, 3)

Symbol l Parameter I Conditions | Min I Typ | Max | Units
DEVICE CHARACTERISTICS
vt Positive Power Supply No Load Dy = 0.8V +9.3 v
v Negative Power Supply C1-C5=047pF | b —oov -9.0 v
Icc Supply Current No Load 115 20 mA
lox SHUTDOWN Supply Current | Rp = 3k, SD = Vg, 5.5V 1.0 10 pA
ViH High Level Enable Voltage SD 2.0 Vv
ViL Low Level Enable Voltage GND 0.8 \"
IIH High Level Enable Current 2.0V < V| <55V 0°Cto +85°C +2.0 pA
—40°Cto 0°C +4.0 HA
e Low Level Enable Current GND < V| £ 0.8V -2.0 RA
DRIVER CHARACTERISTICS
ViH High Level Input Voltage Din 2.0 \
ViL Low Level Input Voltage GND 0.8 \
1 High Level Input Current 2.0V < V| < 5.5V +1.0 pA
I Low Level Input Current GND < V|y < 0.8V —-1.0 MA
VoH High Level Output Voltage RL = 3k +5.0 +741 \"
VoL Low Level Output Voltage —6.3 —5.0 v
los+ Output High Short Vo = 0V, V|y = 0.8V (Note 7) —40 -16.5 -8 mA
Circuit Current
los— Output Low Short Vo = 0V, Viy = 2.0V (Note 7) 6 12.3 40 mA
Circuit Current
Ro Output Resistance —2V < Vg £ +2V,Vgc = GND = 0V 300 Q
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DS14C335

Electrical Characteristics (continued) . .
Over recommended operating conditions, SD = 0.8V, unless otherwise specified. (Notes 2, 3)

Tyo |

Symbol | Parameter | Conditions | Min " Max | Units
RECEIVER CHARACTERISTICS (Note 4) ‘
VTH Input High Threshold Voltage R1-R5, SD = 0.8V 1.4 24 \
R5,2.0V < SD < 5.5V 2.0 2.8 v
V1L Input Low Threshold Voltage R1-R5,SD = 0.8V 0.4 1.1 \"
R5, 2.0V < SD < 5.5V 0.1 0.5 \%
Vhy Hysteresis 50 300 mV
RiNn Input Resistance VIN = £38Vito £15V 3.0 3.8 7.0 kQ
N Input Current ViN = +15V 2.14 5.0 mA
ViN = +3V 0.43 1.0 mA
ViN= -3V -1.0 —0.43 mA
ViN = —158V -5.0 —-2.14 mA
VoH High Level Output Voltage VIN= —3V,lopy = —1mA 2.4 3.1 \"
ViN = =3V, loy = —100 pA 28 | 3.28 v
VoL Low Level Output Voltage ViN= +3V,lpp = +2mA 0.23 0.4 \

http://www.national.com
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Switching Characteristics
Over recommended operating conditions, SD = 0.8V, unless otherwise specified. (Note 2)

Symbol | Parameter l Conditions | Min | Typ | Max | Units
DRIVER CHARACTERISTICS
tPLH Propagation Delay LOW to HIGH RL = 3kQ 0.1 0.6 1.0 s
tpHL Propagation Delay HIGH to LOW (C,‘-'L/:g:r:: ;’an 2) 0.1 0.6 1.0 us
tsk Skew |tp H-tpHL| 0 0.2 us
SR1 Output Slew Rate R = 3kQ to 7 k2, C = 50 pF (Figure 2) 4 13 30 V/us
SR2 Output Slew Rate RL = 3kQ, C_ = 2500 pF (Figure 2) 4 10 30 V/us
tpLs Propagation Delay LOW to SD (Figures 5 and 6) 0.48 ms
tpsL Propagation Delay SD to LOW gt __=_ :(;(gF 1.88 ms
tPHS Propagation Delay HIGH to SD 0.62 ms
tpsH Propagation Delay SD to HIGH 1.03 ms
RECEIVER CHARACTERISTICS
tPLH Propagation Delay LOW to HIGH CL = 50 pF 0.1 0.4 1.0 ns
tPHL Propagation Delay HIGH to LOW (Figures 3and 4) 0.1 0.6 1.0 s
tsk Skew [tp H—tpHL 0.2 0.8 us
tpLs Propagation Delay LOW to SD (Figures 7 and 8) 0.13 us
tpgL Propagation Delay SD to LOW g:: : ;(;(gF 1.0 us
tpHs Propagation Delay HIGH to SD R1-R4 Only 0.19 s
tPsH Propagation Delay SD to HIGH '0.58 us

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

Note 2: Typical values are given for Vcc = 3.3V and Tp = +25°C.

Note 3: Current into device pins is defined as positive. Current out of device pins is defined as negative. All voltages are referenced to ground unless otherwise
specified.

Note 4: Receiver characteristics are guaranteed for SD = 0.8V. When SD = 2.0V, receiver five (R5) is active and meets receiver parameters in SHUTDOWN (SD)
mode, unless otherwise specified.

Note 5: Generator characteristics for driver input: f = 64 kHz (128 kbits/sec), t = t < 10 ns, Vjy = 3V, V|_ = 0V, duty cycle = 50%.
Note 6: Generator characteristics for receiver input: f = 64 kHz (128 kbits/sec), t = ty = 200 ns, Vi = 3V, V) = —3V, duty cycle = 50%.
Note 7: Only one driver output shorted at a time.
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DS14C335

Parameter Measurement Information
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(NOTE 5) g 500

FIGURE 1. Driver Propagation Delay and Slew Rate Test Circuit

FIGURE 2. Driver Propagation Delay and Slew Rate Timing
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FIGURE 3. Receiver Propagation Delay Test Circuit
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FIGURE 6. Driver SHUTDOWN (SD) Delay Timing
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FIGURE 4. Receiver Propagation Delay Timing
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Parameter Measurement Information (continued)

1.5V

= 1k0
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sD I
GENERATOR :; 500

<

TL/F/11734-9

SD

teus

(Viy = 0.4V)

(Vi = 2.4V)

FIGURE 8. Receiver SHUTDOWN (SD) Delay Timing

Pin Descriptions

Vce (Pin 3). Power supply pin for the device, +3.3V
(£0.3V).

vt (Pin 1). Positive supply for TIA/EIA-232-E drivers. Rec-
ommended external capacitor—0.47 uF (16V). This supply
is not intended to be loaded externally.

V™ (Pin 25). Negative supply for TIA/EIA-232-E drivers.
Recommended external capacitor—0.47 pF (16V). This
supply is not intended to be loaded externally.

C1+, C1— (Pins 6, 24). External capacitor connection pins.
Recommended capacitor—0.47 uF (6.3V).

C2+, C2— (Pins 2, 4). External capacitor connection pins.
Recommended capacitor—0.47 uF (16V).

C3+, C3— (Pins 28, 26). External capacitor connection
pins. Recommended capacitor—0.47 uF (6.3V).

TL/F/11734-10

SHUTDOWN (SD) (Pin 23). A High on the SHUTDOWN pin
will lower the total Icc current to less than 10 pA, providing
a low power state. In this mode receiver R5 remains active.
The SD pin should be driven or tied low (GND) to disable
the shutdown mode.

DNy 1-3 (Pins 7, 8, 9). Driver input pins are JEDEC 3.3V
standard compatible.

Dout 1-3 (Pins 22, 21, 20). Driver output pins conform to
TIA/EIA-232 -E levels.

RN 1-5 (Pins 19, 18, 17, 16, 15). Receiver input pins ac-
cept TIA/EIA-232-E input voltages (+25V). Receivers guar-
antees hysteresis of TBD mV. Unused receiver input pins
may be left open. Internal input resistor (5 k) pulls input
LOW, providing a failsafe HIGH output.

Rout 1-5 (Pins 10, 11, 12, 13, 14). Receiver output pins
are JEDEC 3.3V standard compatible.

GND (Pin 27). Ground Pin.
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DS14C335

Application Information
9-Pin SERIAL PORT APPLICATION

In a typical Data Terminal Equipment (DTE) to Data Circuit-
Terminating Equipment (DCE) 9-pin de-facto -interface im-
plementation, 2 data lines and 6 control lines are required.
The data lines are TXD and RXD and the control lines are
RTS, DTR, DSR, DCD, CTS and RI. The DS14C335 is a
3 x 5 Driver/Receiver and offers a single chip solution for
the DTE interface as shown in Figure 9.

Ring Indicator (RlI) is used to inform the DTE that an incom-
ing call is coming from a remote DCE. When the DS14C335
is in SHUTDOWN (SD) mode, receiver five (R5) remains
active and monitors Rl circuit. This active receiver (R5)
alerts the DTE to switch the DS14C335 from SHUTDOWN
to active mode.

RS-232
CONNECTOR
DS14C335
pmmmm—mmmy (9 PIN)
XD —'-—bo—:—
1 1 3
] 1
RXD ——:-—O@-—{— 2
H :
RTS ——r—bo—|— 7
] 1
7R —L—-bo—l—
T0 DTE : H 4
J— H !
h DSR —{—O@——{— 6
1 1
%o —'r—o@—.'.— 1
1 1
1 ! 8
R —-—{—O@-—}— 9
1 1
POWER H : 5
MANAGEMENT —-——b: SD 1
CONTROLLER el
GND

FIGURE 9. Typical DTE Application

—

TO RS-232 CABLE
& DCE

TL/F/11734=11 |

http://www.national.com

2-52




Application Information (continued)
MOUSE DRIVING

The DS14C335 was tested for drive current under the fol-
lowing mouse driving conditions:

e Two driver outputs set at Vo and their outputs were tied
together (paralleled), sourcing current to supply the V+
terminal of the mouse electronics

e One driver output set at Vg to sink the current from the
V— terminal of the mouse electronics

® One receiver was used to accept data from the mouse
e Power Supply Voltage (Vcc): 3.0V to 3.6V

Completion of the testing (performed by National's Data
Transmission Applications Group and a major PC manufac-
turer) concluded that the DS14C335 and it's DC-DC Conver-
tor supplied adequate drive capability to power a typical PC
mouse. The mouse tested was specified with the following
conditions:

10 mA at +6V

5.0 mA at —6V

Since driver current is limited, it is recommended that newer
lower power mice be specified for battery powered applica-
tions. Using older high power mice is wasteful of precious
battery charge.

EXTERNAL DC-DC CONVERTOR COMPONENTS

The DS14C335 with it's unique DC-DC Convertor triples the
power supply voltage (3.0V) to +9.3V and then inverts it to
a —9V potential. This unique convertor ONLY requires 5
external surface mount 0.47 pF capacitors. The five identi-
cal components were chosen to simplify PCB layout and the
procurement of components. The DS14C335’s DC-DC Con-
vertor also provides a larger signal swing (higher at RS-232
standard data rates) which translates to more noise margin
for the rejection of ground potential differences, induced

noise, and crosstalk compared to other DC-DC convertor
schemes which only provide limited signal swing and limited
noise margin.

DC-DC CONVERTOR CAPACITORS

The use of polarized capacitors is not required. However, if
they are used, the polarity indicated in the DS14C335 Func-
tional Diagram must be honored for proper operation. Sur-
face mount capacitors or ceramic capacitors may be used,
however, for optimal efficiency, capacitors with a low effec-
tive series resistance (ESR) should be used. Values in the
low Ohms(Q2) is normally acceptable.

INTEROPERATION WITH +5V UARTs

The DS14C335 provides full RS-232 driver output levels
and a single chip solution for the popular 9-pin defacto serial
port. This device may be used in either pure + 3V applica-
tions or mixed power supplied +3V/+ 5V applications. The
Driver Input (DIN) and ShutDown (SD) input pins can directly
accept full +5V levels without the need for any external
components. The Receiver Output (ROUT) is specified at
2.4V minimum while sourcing 1 mA. This level is compatible
with standard TTL thresholds. For a complete discussion on
“Interoperation of the DS14C335 with + 5V UARTS” please
see National Application Note AN-876.

POWER DISSIPATION IN REAL RS-232 APPLICATIONS

The DS14C335 DC-DC Convertor uses special circuitry that
helps limit the increase in power supply current as frequen-
cy increases. A complete description of power dissipation
and calculations for RS-232 applications can be found in
National Application Note AN-914 titled *“Understanding
Power Requirements in RS-232 Applications”. Typical per-
formance curves are also located in this datasheet for quick
reference.
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DS14C335

Typical Performance Characteristics
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&National Semiconductor

DS14C535

+ 5V Supply EIA/TIA-232 3 x 5 Driver/Receiver

General Description

The DS14C535 is three driver, five receiver device which
conforms to EIA/TIA-232-E and CCITT (ITU-T) V.28 stan-
dard specifications. This device employs an internal DC-DC
converter to generate the necessary output levels from a
+ 5V power supply. A SHUTDOWN (SD) mode reduces the
supply current to 10 A maximum. In the SD mode, one
receiver is active, allowing ring indicator (RI) to be moni-
tored. PC Board space consumption is minimized by the
availability of Shrink Small Outline Packaging (SSOP).

The DS14C535 provides a one-chip solution for the com-
mon 9-pin serial RS-232 interface between data terminal
and data circuit-terminating equipment.

This device allows an easy migration path to the 3.3V
DS14C335. The packages are the same. The N/C pins on
the DS14C535 are not physically connected to the chip.
Board layout for the DS14C335 will accommodate both de-
vices.

This device’s low power requirement and small footprint
makes it an ideal choice for Laptop and Notebook applica-
tions.

Features

® Pin compatible with DS14C335

m Conforms to EIA/TIA-232-E and CCITT (ITU-T) V.28
specifications

m Failsafe receiver outputs high when inputs open

m Operates with single +5V power supply

m Low power requirement—Icc 12 mA maximum

SHUTDOWN mode—Icx 10 pA maximum

One Receiver (R5) active during SHUTDOWN

Operates up to 128 kbps—Lap-Link® Compatible

4V/ps minimum Slew Rate guaranteed

ESD rating of 3 kV on all pins (H, B, M)

Available in 28-lead SSOP EIAJ Type Il package

Only four 0.1 uF capacitors required for the DC-DC

converter

Connection Diagram

DS14C535
ve—{1 ~ 284=c2+
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Order Number DS14C535MSA or
DS14C535TMSA

See NS Package Number MSA28

Functional Diagram
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DS14C535

Absolute Maximum Ratings (Note 1)

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

Electrical Characteristics

Over recommended operating conditions, SD = 0.8V, unless otherwise specified. (Notes 2,93)

Supply Voltage (Vco) —0.3Vto +6V
v* Pin (Voo — 0.3V) to +14V
V™ Pin " 40.3Vto —14V
Input Voltage (Dyn, SD) —0.3Vto +5.5V

Driver Output Voltage vt +03V)to (V™ —0.3V)
Receiver Input Voltage +25V
Receiver Output Voltage —0.3Vto (Vgc + 0.3V)
Junction Temperature +150°C
Storage Temperature Range —65°C to +150°C
Lead Temperature (Soldering 4 sec.) +260°C
Short Circuit Duration (Dour) Continuous
Maximum Package Power Dissipation @ +25°C .
SSOP MSA Package 1286 mW

Derate MSA Package 10.3 mW/°C above +25°C -
ESD Rating (HBM, 1.5 k2, 100 pF)

= 3.0kV

Recommended Operating

Conditions
Min Max " Units
Supply Voltage (Vcc) 4.5 55 v
Operating Free Air Temperature (Ta)
DS14C535 0 +70 . °C

DC-DC Converter Capacitors (C1-C4)

Recommended range of values is 0.1 ‘uF to 0.68 uF,
+20%. For more detail refer to application information sec-
tion of this data sheet.

Symbol 1 Parameter 1 Conditions T Min T Typ | Max I Units
DEVICE CHARACTERISTICS
vt Positive Power Supply No Load Din = 0.8V +8.5 \
v~ Negative Power Supply C1-C4 = 0.1pF Diy = 2.0V -7.0 v
lcc Supply Current No Load 12 mA
lcx SHUTDOWN Supply Current RL = 3k, SD = Vo 1.0 10 LA
ViH High Level Enable Voltage SD 2.0 \
ViL Low Level Enable Voltage GND 0.8 Vv
IH High Level Enable Current 2.0V < Vjy < 5.5V +2.0 nA
L Low Level Enable Current GND < Vi < 0.8V —-2.0 nA
DRIVER CHARACTERISTICS
ViH High Level Input Voltage DN 2.0 Vv
ViL Low Level Input Voltage GND 0.8 \"
i High Level Inpui Current 2.0V < V|y <55V +1.0 MA
i Low Level Input Current GND < V|y £ 0.8V -1.0 pA
VoH High Level Output Voltage RL.=3 k‘n +5.0 8 Vv
VoL Low Level Output Voltage —6.7 —5.0 \"
los+ Output High Short Vo = 0V, Vi = 0.8V (Note 7) —40 —20 -8 mA
Circuit Current
los- Output.Low Short Vo = 0V, Vjy = 2.0V (Note 7) .6 15 40 mA
Circuit Current
Ro Output Resistance —2V < Vp < +2V,Vge = GND = 0V 300 1200 1)
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Electrical Characteristics (continued)
Over recommended operating conditions, SD = 0.8V, unless otherwise specified. (Notes 2, 3)

6€50v1Sd

Symbol | Parameter | Conditions | Min | Typ | Max I Units
RECEIVER CHARACTERISTICS (Note 4)
VTH Input High Threshold Voltage | R1-R5, SD = 0.8V (Active Mode) 1.4 24 \"
R5, 2.0V < SD < 5.5V (Shutdown Mode) 2.0 2.8 \
V1L Input Low Threshold Voltage R1-R5, SD = 0.8V (Active Mode) 0.8 1.1 \"

) R5, 2.0V < SD < 5.5V (Shutdown Mode) 0.8 1.1 Vv
VhHy Hysteresis (Note 4) 0.15 1.0 \
RiNn Input Resistance VN = £3Vio £15V 3.0 5.4 7.0 kQ
IIN Input Current VIN = +15V 2.14 5.0 mA

ViN = +3V 0.43 1.0 mA
ViN = —3V -1.0 —0.43 mA
ViN = —15V -5.0 —214 | mA
VoH High Level Output Voltage ViIN= —3V,lpy = —2.0mA 38 \"
VIN= —3V,lpq = —20 pA 4.0 \"
VoL Low Level Output Voltage ViN= +3V,lpL = +2.0mA 0.23 0.4 \
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DS14C535

Switching Characteristics
Over recommended operating conditions, SD = 0.8V, unless otherwise specified. (Note 4)

Symbol | k Parameter —l Conditions | Min | Typ | Max l Units
DRIVER CHARACTERISTICS

tPLH Propagation Delay LOW to HIGH RL =3kQ 0.1 0.6 1.0 us

tPHL Propagation Delay HIGH to LOW | CL = 50PF 01 | o8 | 10 s
(Figures 1 and 2)

tsk Skew |tpH-tpHL| 0 0.2 us

SR1 Output Slew Rate R = 3kQ to 7 kQ, C = 50 pF (Figure 2) 4 13 30 V/us

SR2 Output Slew Rate RL = 3kQ, C = 2500 pF (Figure 2) 4 10 30 V/ps

tpLs Propagation Delay LOW to SD (Figures 5 and 6) 0.48 ms

tpsL Propagation Delay SD to LOW RL=3ka 1.88 ms
C_ = 50pF

tPHS Propagation Delay HIGH to SD 0.62 ms

tpsH Propagation Delay SD to HIGH 1.03 ms

RECEIVER CHARACTERISTICS

tPLH Propagation Delay LOW to HIGH C_ = 50 pF 0.1 0.4 1.0 us

tPHL Propagation Delay HIGH to LOW (Figures 3and 4) 0.1 0.6 1.0 us

tsk Skew [tp H—tPHL| 0.1 0.5 us

tpLs Propagation Delay LOW to SD (Figures 7 and 8) 0.13 us

tpsL Propagation Delay SD to LOW RL=1k0 1.0 us
CL = 50pF

tpHS Propagation Delay HIGH to SD R1-R4 Only 0.19 us

tpsH Propagation Delay SD to HIGH 0.58 us

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

Note 2: Typical values are given for Voo = 5V and Tp = +25°C.
Note 3: Current into device pins is defined as positive. Current out of device pins is defined as negative. All voltages are referenced to ground unless otherwise

specified. For voltage logic levels, the more positive value is desig d as For if —5V is a maximum, the typical value (—6.7V) is more
negative.

Note 4: Receiver characteristics are guaranteed for SD = 0.8V. When SD = 2.0V, receiver five (R5) is active and meets receiver parameters in SHUTDOWN (SD)
mode, unless otherwise specified.

Note 5: Generator characteristics for driver input: f = 64 kHz (128 kbits/sec), t; = tf < 10 ns, Vi = 3V, V) = 0V, duty cycle = 50%.

Note 6: Generator characteristics for receiver input: f = 64 kHz (128 kbits/sec), tr = tt < 10 ns, Vi = 3V, V| = —3V, duty cycle = 50%.

Note 7: Only one driver output shorted at a time.
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Parameter Measurement Information
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FIGURE 1. Driver Propagation Delay and Slew Rate Test Circuit
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FIGURE 2. Driver Propagation Delay and Slew Rate Timing
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FIGURE 3. Receiver Propagation Delay Test Circuit FIGURE 4. Receiver Propagation Delay Timing
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FIGURE 5. Driver SHUTDOWN (SD) Delay Test Circuit FIGURE 6. Driver SHUTDOWN (SD) Delay Timing
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TL/F/11910-9
FIGURE 7. Receiver SHUTDOWN (SD) Delay Test Circuit
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DS14C535

Parameter Measurement Information (continued)

% Wiy = 2.4V)

TL/F/11910-10

FIGURE 8. Receiver SHUTDOWN (SD) Delay Timing

Pin Descriptions

Ve (Pin 3). Power supply pin for the device, + 5V (£0.5V).
vt (Pin 1). Positive supply for EIA/TIA-232-E drivers. Rec-
ommended external capacitor—0.1 pF (16V). This supply is
not intended to be loaded externally.

V™ (Pin 25). Negative supply for EIA/TIA-232-E drivers.
Recommended external capacitor—0.1 uF (16V). This sup-
ply is not intended to be loaded externally. ‘

C1+, C1— (Pins 2, 4). External capacitor connection pins.
C2+, C2— (Pins 28, 26). External capacitor connection
pins.

SHUTDOWN (SD) (Pin 23). A High on the SHUTDOWN pin
will lower the total Icc current to less than 10 uA,
providing a low power state. In this mode receiver R5 re-

Application Information

In a typical Data Terminal Equipment (DTE) to Data Circuit-
Terminating Equipment (DCE) 9-pin de-facto interface im-
plementation, 2 data lines and 6 control lines are required.
The data lines are TXD and RXD and the control lines are
RTS, DTR, DSR, DCD, CTS and Rl. The DS14C535 is a
3 x 5 Driver/Receiver and offers a single chip solution for
the DTE interface as shown in Figure 9.

DS14C535

. 1
@0 D

mains active. The SD pin should be driven or tied low (GND)
to disable the shutdown mode.

D\ 1-3 (Pins 7, 8, 9). Driver input pins.

Dout 1-3 (Pins 22, 21, 20). Driver output pins conform to
EIA/TIA-232 -E levels.

Rin 1-5 (Pins 19, 18, 17, 16, 15). Receiver input pins ac-
cept EIA/TIA-232-E input voltages (+25V). Receivers guar-
antees hysteresis of TBD mV. Unused receiver input pins
may be left open. Internal input resistor (5 k€2) pulls input
LOW, providing a failsafe HIGH output.

Rout 1-5 (Pins 10, 11, 12, 13, 14). Receiver output pins.
GND (Pins 5, 27). Ground Pins. Both pins must be connect-

ed to external ground. These pins are not connected togeth-
er on the chip.

Ring Indicator (RI) is used to inform the DTE that an incom-
ing call is coming from a remote DCE. When the DS14C535
is in SHUTDOWN (SD) mode, receiver five (R5) remains
active and monitors Rl circuit. This active receiver (R5)
alerts the DTE to switch the DS14C535 from SHUTDOWN
to active mode.

To achieve minimum power consumption, the DS14C535
can be in SHUTDOWN mode and only activated when com-
munications are needed.

RS-232
CONNECTOR
(9 PIN)

3

2

T0 DTE

%;;y

7

[~]
@
El
-%- -

© .

TO RS-232 CABLE

1 & DCE

o
-
7]

|

POWER
MANAGEMENT
CONTROLLER

[———>1 D

4‘; |

GND

FIGURE 9. Typical DTE Application

TL/F/11910-11
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Application Information (continued)

Capacitors:

Capacitors can be ceramic or tantalum. Standard surface
mount in the range of 0.1 uF to 0.68 pF are readily available
from several manufacturers. A minimum 20V rating is rec-
ommended. Contact manufacturers for specific detail on
surface mounting and dielectrics. A partial list of manufac-

turers include:

Manufacturer Phone Number
KEMET 803-963-6300
AVX 803-448-9411
MURATA-ERIE 800-831-9172
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DS14C561

DS14C561

General Description

The DS14C561 is a +3.3V-powered device that conforms
to the new TIA/EIA-562 standard. This standard provides a
faster, lower-power alternative to TIA/EIA-232-E (RS-232)
Interfaces, while guaranteeing interoperation with TIA/EIA-
232-E Interfaces. The DS14C561 is guaranteed to operate
with a minimum supply voltage of + 3V, while maintaining
the TIA/EIA-562 output signal levels £3.7V.

The DS14C561 features an internal DC-DC converter, with
four external 1.0 uF capacitors to double and invert +3.3V
to +£6.6V. The device also offers a shutdown mode that
reduces supply current to 100 pA, making the part ideal for
use in battery-powered or power-conscious applications.

&National Semiconductor

+ 3.3V-Powered 4 x 5 Driver/Receiver

Features

m Conforms to TIA/EIA-562

® Full AC Specifications
m Internal DC-DC converter

m Operates with' a single + 3.3V supply
W Low power requirement Icc 6 mA max

B Shutdown mode Icx 100 pA max

m Operates over

64 kbits/sec

B Receiver noise filtering
m TRI-STATE® receiver outputs

m Pin compatible

with MAX561

Connection Diagram

/
Dours =1 28 1= Dours
Doyt =] 2 271 Rins
Doutz =13 26 = Rours
Rz = 4 25 = SHUTDOWN (SD)
Rourz =15 24BN
Dz =16 © 231—Ring
I
DNy =7 3 22 = Royta
Rout1 =18 P 211 Ding
Rine =19 o 20 1= Dins
GND =410 19 = Royrs
Vee =11 18 ’—Rms
Cl+ =412 17 = V-
v+ =13 16 =2~
Cl1-=414 15 = C2+

TL/F/11363-1
Order Number DS14C561WM
See NS Package Number M28B

Functional Diagram
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TL/F/11363-2
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required, Storage Temperature Range —65°Cto +150°C
please contact the National Semiconductor Sales Lead Temperature (Soldering, 4 sec.) +260°C
Office/Distributors for availability and specifications. Short Circuit Duration (Doy) continuous
Supply Voltage (Vcg) ~0.3Vto +6V
v+ Pin (Vcc — 0.3V) to +14V Recommended Operating
V~— Pin +0.3Vto —14V COnditions
Driver Input Voltage —0.3Vto (Vgc + 0.3V) Min Max Units
Driver Output Voltage (V¥ +0.3V)to (V- —0.3V) Supply Voltage (Vcc) 3.0 3.6 Vv
Receiver Input Voltage +30V Operating Free Air Temp. (Ta)
Receiver Output Voltage —0.3Vto (Vgc + 0.3V) DS14C561 +70 °C
Junction Temperature +150°C
Maximum Package Power Dissipation
@ +25°C (Note 6)
Wide SOIC (WM) Package 1520 mW
Electrical Characteristics
Vog = +3.3V £0.3V,C1-C4 = 1 uF, Tp = 0°C to +70°C, unless otherwise specified (Note 2)
Symbol ] Parameter | Conditions | Min | Typ I Max | Units
DEVICE CHARACTERISTICS
v+ Positive Power Supply DN = 0.4V 6.0 '
RL = 3kQ,C1-C4 = 1.0 uF
A Negative Power Supply DNy = 2.4V —5.0 "
lcc Supply Current (Vo) No Load 3.5 6.0 mA
lox Supply Current Shutdown RL = 3kQ,8D = V¢ 20 100 pA
VIH High Level Enable Voltage SD 2.0 Vee \
ViL Low Level Enable Voltage GND 0.4 \
i1 High Level Enable Current -10 +10 rA
i Low Level Enable Current -10 +10 pA
DRIVER CHARACTERISTICS
ViH High Level Input Voltage Din 2.0 Vee
ViL Low Level Input Voltage GND 0.4
M High Level Input Current ViN 2 2.0V -10 +10 nA
i Low Level Input Current ViN < 0.4V -10 +10 pA
ViN = 0V -10 +10 nA
VoH High Level Output Voltage RL = 3k 3.7 5.0 13.2 \
VoL Low Level Output Voltage 3 Drivers Loaded —132 | —40 | —3.7 Vv
VoH High Level Output Voltage R = 3ka 3.7 4.8 13.2 \
VoL Low Level Output Voltage 4 Drivers Loaded, Vcc = +3.3V —-132 | —42 | —37 \
lost Output High Short Circuit Current | Vo = 0V, VN = 0.4V —20 -10 -2 mA
los™ Output Low Short Circuit Current | Vg = 0V, Vjy = 2.0V 2.0 8.0 20 mA
Ro Output Resistance —2V < Vg £ +2V,Vge = GND = 0V 300 Q
RECEIVER CHARACTERISTICS
VTH Input High Threshold Voltage 1.3 2.0 \"
VL Input Low Threshold Voltage 0.4 1.0 \
Vhy Hysteresis 0.05 0.3 \
RN Input Resistance 3.0 4.5 7.0 ko

2-63
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DS14C561

Electrical Characteristics (continued) «
Vec = +8.3V £0.3V, C1-C4 = 1 uF, Tao = 0°C to +70°C, unless otherwise specmed (Note 2)

Symbol I Parameter J Conditions L Min l Typ [ Max I Units
RECEIVER CHARACTERISTICS (Continued)
N Input Current ViN = +15V 2.14 5.0 mA
VIN = +3V 0.43 1.0 mA
ViN = —38V -1.0 —0.43 mA
VN = —15V —-5.0 —214 | mA
VoH High Level Output Voltage | ViN = —8V,lp = —200 pA 2.6 3.0 v
VoL Low Level Output Voltage Vin= +8V,lp= +16mA . 0.2 0.4 \
ViH High Level Input Voltage EN 2.0 Ve %
ViL Low Level Input Voltage GND 0.4 \"
IH High Level Input Current Vin = 2.0V -10 +10 nA
i Low Level Input Current VN < 0.4V —-10 . +10 pA
loz Output Leakage Current EN = Vg, 0V < Rout < Vee —-10 +10 pA

Switching Characteristics

Voo = +3.3V +£0.3V, C1-C4 = 1 pF, Tp = 0°C to +70°C, unless otherwise specified (Note 4)
Symbol | Parameter Conditions | Min | Typ I Max l Units
DRIVER CHARACTERISTICS
tPLH Propagation Delay LOW to HIGH RL = 3kQ 1.0 4.0 us
tPHL Propagation Delay HIGH to LOW (C/__';y:r:: ;’an 2) 0.8 4.0 ps
tsk Skew |tpH-tpHL] 02 | 1.0 us
SR1 Output Slew Rate R = 3kQto 7kQ, C = 50 pF 30 V/us
SR2 Output Slew Rate R = 3kQ, C_ = 2500 pF, f = 10 kHz 30 V/ps
ty, t Output Rise, Fall Time | Vogc = 3.3V | RL = 3kQ, CL = 2500 pF, f = 10 kHz 0.2 27 3.1 us
(Note 7) RL = 3kQ, C_ = 1000 pF, f = 32 kHz 02 | 17 | 21 | us
RECEIVER CHARACTERISTICS
tPLH Propagation Delay LOW to HIGH Input Pulse Width > 10 us 3.7 9.0 ns
tpHL Propagation Delay HIGH to LOW CL = 150 pF 4.7 9.0 ps
tek Skew [toL H-tppL| (Figures 3and 4) 1.0 | 30 | ps
tpLz (Figures 5 and 7) 0.2 us
tpzL 1.2 ns
tPHz (Figures 5 and 6) 0.4 us
tpzH 1.2 us
tnw Noise Pulse Width Rejected (Figures 3 and 4) 4.0 1.0 us

specified.

-

Note 3: ios* and Igg~ values are for one output at a time. If more than one output is shorted simultaneously, the device power dissi
Note 4: Receiver AC input waveform for test purposes: t, = t = 200 ns, V|y = 3V, V) = —3V, f = 32 kHz (64 kbits/sec). Driver AC input waveform for test
purposes: t, = t; = < 10 ns, V)y = 3V, V) = 0V, f = 32 kHz (64 kbits/sec).
Note 5: All typicals are given for Voc = 3.3V and To = +25°C.

Note 6: Ratings apply to -ambient temperature at +25°C. Above this temperature derate: WM package 14.3 mW/°C..
Note 7: Rise and Fall Times (t, t;) are measured between the +3.3V levels on the driver output. One output switching.

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

Note 2: Current into device pins is defined as positive. Current out of device pins is defined as negative. All voltages are referenced to ground unless otherwise

ded

ion may be
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Parameter Measurement Information

TL/F/11363-3

3v
Vi (o) 1.5V 1.5V
ov
toL YLn
Vou
+3V +3V
Vour (Doyy) ov ov
-3V —— -3v
VoL
—{SR —>| SR f=—

FIGURE 2. Driver Switching Waveform

Vin Vour
C = 50pF
TGND

FIGURE 3. Receiver Load Circuit

Vin (Ry) A 1.5v SK{‘W

TL/F/11363-4

TL/F/11363-5

Vour (Rour)

tonL toy

FIGURE 4. Receiver Propagation Delays and Noise Rejection

O Vour

1.

R=1

€ = 150pF
T

FIGURE 5. Receiver Disable Load Circuit

tw
& +3V
1.5V \1.5v
-3v
VoH
/{ 2.6V
VoL

TL/F/11363-6

v

kQ

TL/F/11363-7
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DS14C561

Parameter Measurement Information (continued)

Pin Descriptions

Vce (pin 11)—Power supply pin for the device, +3.3V
+0.3V.

V+ (pin 13)—Positive supply for drivers. Recommended
external capacitor: C4 = 1 uF. This supply is not intended
to be loaded externally.

V— (pin 17)—Negative supply for drivers. Recommended
external capacitor: C3 = 1 uF. This supply is not intended
to be loaded externally.

C1t, C1— (pins 12 and 14)—External capacitor connec-
tion pins. Recommended capacitor: 1pF.

C2+, C2— (pins 15 and 16)—External capacitor connec-
tion pins. Recommended capacitor: 1 uF.

EN (pin 24)—Controls the Receiver output TRI-STATE®
Circuit. A HIGH level on this pin will disable the Receiver
Output.

3v
1.5V 1.5V
tonz ov
NOTE: S1=-3.0V tozn
Vo
Voy = 0.1V 2.6V
1.7V
TL/F/11363-8
FIGURE 6. Receiver TRI-STATE® Delay Timing (tpHz, tpzH)
3y
1.5V 1.5V
Y1z ov
oz
NN 1.7V
VoL + 0.1V 0.4v
NOTE: S$1=+3.0V N VoL
TL/F/11363-9

FIGURE 7. Receiver TRI-STATE® Delay Timing (tpyz, tpz1)

SHUTDOWN (SD) (pin 25)—A High on the SHUTDOWN

pin will lower the total Igc current to less than 100 pA. Pro-

viding a low power state.

Din 1-4 (pins 7, 6, 20 and 21)—Inputs of unused drivers
may be left open, an internal pull-up resistor pulls input to
Vce. Output will be LOW for open inputs. (300 k2 minimum,
typically 3.3 MQ)

Dout 1-4 (pins 2, 3, 1 and 28)—Driver output pins con-
form to TIA/EIA-562 levels.

RN 1-5 (pins 9, 4, 27, 23 and 18)—Receiver input pins
accept TIA/EIA-562 input voltages (* 15V). Receivers fea-
ture a noise filter and guaranteed hysteresis of 50 mV. Un-
used receiver input pins may be left open. Internal input
resistor (5 k) pulls input LOW, providing a failsafe HIGH
output.

Rout1-5 (pins 8, 5, 26, 22 and 19)—Receiver output pins
generate a maximum Vo of 0.4V given an Ip of 1.6 mA and
a minimum Vo of 2.6V given an Ig of —200 pA.

GND (pin 10)—Ground pin.
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NNational Semiconductor

DS14C88/DS14C88T
QUAD CMOS Line Driver

General Description

The DS14C88 and DS14C88T, pin-for-pin compatible to the
DS1488/MC1488, are line drivers designed to interface
data terminal equipment (DTE) with data circuit-terminating
equipment (DCE). These devices translate standard TTL/
CMOS logic levels to levels conforming to EIA-232-D and
CCITT V.28 standards.

The device is fabricated in low threshold CMOS metal gate
technology. The device provides very low power consump-
tion compared to its bipolar equivalents: 500 nA (DS14C88)
versus 25 mA (DS1488).

The DS14C88/DS14C88T simplifies designs by eliminating
the need for external slew rate control capacitors. Slew rate
control in accordance with EIA-232D is provided on-chip,
eliminating the output capacitors.

Features

B Meets EIA-232D and CCITT V.28 standards

B Industrial temperature range
—40°C to +85°C—DS14C88T

u LOW power consumption

m Wide power supply range
+5Vto £12V

| Available in SOIC package

Connection Diagram

S
-0 v

INPUT A [Z] [13] INPUT D2
E ;

outpuT A [3] 3 12] INPUT D1
a

INPUT B1[ 4] S 11] OUTPUT D
(-]
(&)

INpuT B2 5] : [T0] neuT C2
o

outpuT B [6 | (9] input c1

ono [7] 8] output ¢

Order Number DS14C88N, DS14C88M, DS14C88TJ, DS14C88TN or DS14C88TM

TL/F/11105-1

See NS Package Number J14A, N14A or M14A
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DS14C88/DS14C88T

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, Lead Temperature o
please contact the National Semiconductor Sales (Soldering 4 seconds) +260°C
Office/Distributors for availability and specifications. Storage Temperature Range —65°C to +150°C
Supply Voltage This Product does not meet 2000V ESD rating. (Note 9)

V+ Pin +13V Lo : B )
DV‘ FI"" Vo V) +08V 0 GND —0‘;‘:/’ Recommended Operating

river Input Voltage +0.3Vto —0. sax
Driver Output Voltage [(v+) = Vo| < 30V Conditions ~ Min  Max Units

, l(v=) - Vol = 30v V+ Supply (GND = 0V) +45 +126 V

Continuous Power Dissipation @ +25°C (Note 2) V- Supply (GND = 0V) " —45 —126 Y]

N Package ‘ 1513 mW Operating Free Air Temp. (Ta) ‘

J Package ‘ 1936 mW DS14C88 0 +75 °C

M Package 1063 mW DS14C88T ¢ —40 +85 °C

Junction Temperature +150°C

Electrical Characteristics over Recommended Operating Conditions, unless otherwise specified

Symbol Parameter Conditions Min | Typ Max | Units
IiL Maximum Low Input Current | V;y = GND . | -+10 pA
i1 Maximum High Input Current | Vjy = V+ —-10 pA
ViL Low Level Input Voltage V+ > +7V,V- < -7V~ GND " 0.8 \Y
V+ < +7V,V=> =7V GND 0.6 v
ViH High Level Input Voltage : 2.0 v+ \'
VoL Low Level Output Level VIN = ViH V+ =45V,V- = —45V —4.0 | —3.0 \
RL=3kQ Ty+=9gyvv-=09v —80 | -65| V
or 7 kQ
V+ =12V,V— = —12V —105 | —9.0 Vv
VoH High Level Output Level Vin = ViL V+ = 45V,V- = —45V 3.0 4.0 -V
RL=3kQ [y+=9gyv- = —gv 65 | 8.0 v
or 7 kQ -
] V+ =12V,V— = —12V 9.0 10.5 \
los+ High !.evel Output Short Vin = 0.8V, Vo = GND V+ = +12v, | _ 45 mA
Circuit Current (Note 3) V- = —12Vv
los— L9w ITeveI Output Short ViN = 2.0V, Vo = GND +45 | mA
Circuit Current (Note 3) :
Rout Output Resistance V+ =V- = GND = 0V ] 300 Q
—2V < Vg < +2V (Note 4) (Figure 1)
lcc+ Positive Supply Current VIN = Vilmax | VT = 45V,V— = —4.5V 10 pA
RL=OPEN v+ =9v,v— = —ov 30 | pA
V+ =12V,V— = —12V 60 nA
VIN = ViHmin | VT = 45V,V— = —45V 50 pA
RL=OPEN ['y+ =9y, T ps14css 300 | pA
VT = -9V DS14C88T 400 | pA
V+ =12y, DS14C88 500 pA
V™=V DS14C88T 700 | pA
lcc— Negative Supply Current VIN = ViLmax | VT = 4.5V, DS14C88 -10 | pA
RU=OPEN | y- = _48v DS14C88T -15 | pA
v+ =9V, DS14C88 —-10 pA
V- = -9V DS14C88T —15 MA
v+ =12y, DS14C88 —-10 MA
V- = —12V DS14C88T —15 pA
VIN = ViHmin | VT = 4.5V, DS14C88 —-30 nA
RL=OPEN | y- - _45v DS14C88T —45 | pA
v+ =9V, DS14C88 —-30 pA
V= = -9V DS14C88T —45 | pA
v+ =12V, DS14C88 —60 pA
V- = —12V DS14C88T —80 pA
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Switching Characteristics
Over Recommended Operating Conditions, unless otheriwse specified (Figures 2 and 3) (Notes 5 and 6)

Symbol Parameter Conditions Min Typ Max Units
trH Propagation Delay V+ = +45V,V- = —45V 1.5 6.0 us
Low to High V+ = +9.0V,V- = —9.0V 1.2 5.0 us
vVt = +12V,V- = —12V 1.2 4.0 us
tPHL Propagation Delay V+ = +45V,V- = —4.5V 1.5 6.0 us
High to Low V+ = +90V,V- = —9.0V | 1.35 5.0 ps
V+ = +12V,V- = —12V 1.3 4.0 us
t Rise Time (Note 7) 0.2 1.0 us
t Fall Time (Note 7) 0.2 1.0 us
tsk Typical Propagation V+ = +45V,V- = —4.5V 250 ns
Delay Skew V+ = +9.0V,V- = —9.0V 200 ns
V+ = +12V,V— = —12v 150 ns

* 8\:;?: t7)Slew rate gt = :13; tht):z';go pF s V/us

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

Note 2: Derate N Package 12.1 mW/°C, J Package 12.9 mW/°C, and M Package 8.5 mW/°C above +25°C.

Note 3: los+ and lpg— values are for one output at a time. If more than one output is shorted simuitaneously, the device dissipation may be exceeded.
Note 4: Power supply (V*, V) and GND pins are connected to ground for the Output Resistance Test (Rg).

Note 5: AC input test waveforms for test purposes: t, = t < 20 ns, Vi = 2V, V) = 0.8V (0.6V at Vt = 45V, V— = —4.,5V)

Note 6: Input rise and rall times must not exceed 5 us.

Note 7: The output slew rate, rise time, and fall time are measured from the +3.0V to the —3.0V level on the output waveform.

Note 8: C|_ include jig and probe capacitances.

Note 9: ESD Rating (HBM, 1.5 k2, 100 pF) > 1.0 kV.
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DS14C88/DS14C88T

Parameter Measure Information

= ©o U

13

V_

[na| o—

INPUTS CAN BE m g; o_o
EITHER TIED TO

GROUND (GND) INC1| O—

OR FLOAT. INC2| O—

IND1| O—

IND2| O—

GND

¥ GND

Vin Vo

¢ = 50pF
T

FIGURE 2. Driver Load Circuit (Note 8)

Typical Application Information

TL/F/11105-3

m
—

1/4 DS14C88/DSIACEET

FIGURE 1. Output Resistance Test Circuit (Power-Off)

VoL

SR

SR .
" TL/F/11105-4
FIGURE 3. Driver Switching Waveform

1/4 DS14C83A/DSIACBIAT L

== St

TTL  1/4 DS14CB9A/DSIACBIAT
T e -

INTERCONNECTING
CABLE

1/4 DS14C88/DS14CBET

DATA TERMINAL

.
EQUIPMENT (DTE) =

SIGNAL GROUND

L. DATACIRCUIT TERMINATING
= EQUIPMENT (DCE)

TL/F/11105-5

FIGURE 4. EIA-232D Data Transmission
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&National Semiconductor

DS 1488 Quad Line Driver

General Description Features

The DS1488 is a quad line driver which converts standard W Current limited output +10 mA typ
TTL input logic levels through one stage of inversion to out-  m Power-off source impedance 30002 min
put levels which meet EIA Standard RS-232D and CCITT  m Simple slew rate control with external capacitor
Recommendation V.24. m Flexible operating supply range

m Inputs are TTL/LS compatible

Schematic and Connection Diagrams

1/4 Circuit Dual-In-Line Package
o+ v+
n 3N 3R [+ 13 P w s ls
INPUT o—fg—4
02 02 09
INPUT o—f—4 |
o3 $h3 a8
o4 AA—O QUTPUT )
h 05 ADs }[m
>=
Sh4 y
“‘j t Y10
31w A8
L, 04 |1 I 2 I 3 4 I 5 I 6 |7
s - V- GND
3RS She 3R TL/F/5776-2
] ] ] oy~ Top View
TL/F/5776-1 Order Number DS1488J, DS1488M or DS1488N

See NS Package Number J14A, M14A or N14A

Typical Applications

RS-232C Data Transmission

TIL/DTL 1/4 051488 ! '4,,2?133: oR TIL/OTL
—— N -
- | S0 - |
-t —-———_

-
INTERCONNECTING j_—
1/4 081489 OR CABLE =
TTL/DTL DS1489A T’TLHJTL

PV ghmie Sy S
I

INTERFACE DATA
TERMINAL EQUIPMENT

il
i

SIGNAL GROUND MODEM

TL/F/5776-3
*Optional for noise filtering
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DS1488

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required, Storage Temperature Range —65°Cto +150°C
please contact the National Semiconductor Sales Maximum Power Dissipation* at 25°C
Office/Distributors for availability and specifications. Cavity Package 1364 mW
Supply Voltage Molded DIP Package 1280 mW
v+ +15V SO Package 974 mW
V- —15V Lead Temperature (Soldering, 4 sec.) 260°C
Input Voltage (V|N) =15V < VN £ 7.0V *Derate cavity package 9.1 mW/°C above 25°C; derate molded DIP pack-
Output Voltage +15V age 10.2 mW/°C above 25°C; derate SO package 7.8 mW/°C above 25°C.
Operating Temperature Range 0°Cto +75°C '

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

Symbol Parameter Conditions Min Typ Max Units
i Logical “0” Input Current ViN = 0V —1.0 —1.3 mA
IiH Logical “1” Input Current ViN = +5.0V 0.005 10.0 pA
VoH High Level Output Voltage | R = 3.0k, | V* =9.0V,V— = —9.0V 6.0 7.0 Vv
ViN=08V | y+ = q32v,v- = —132v | 90 10.5 v
VoL Low Level Output Voltage | R = 3.0k}, | V+ =9.0V,V— = —9.0V —6.0 —6.8 \%
ViN=19V |yt = q32v,v- = —132V | —90 | —105 v
+ i = =
| Sherreutumen | TN 60 | 100 | 120 | mA
RouTt Output Resistance V+ =V~ =0V,Voyr = 2V 300 Q
lcc™t Positive Supply Current ViN = 1.9V V+ =9.0V,V- = —9.0V 15.0 20.0 mA
(Output Open) V+ = 12V,V- = —12V 19.0 25.0 mA
V+ =15V,V— = —15V 25.0 34.0 mA
Vin = 0.8V V+ =9.0V,V—- = —9.0V 4.5 6.0 mA
V+ =12V,V- = —12V 5.5 7.0 mA
V+ =15V,V— = —15V 8.0 12.0 mA
lcc™ Negative Supply Current Vin = 1.9V V+ =9.0V,V- = —9.0V —13.0 —17.0 mA
(Output Open) VH = 12V,V- = —12V —~180 | —230 | mA
V+ =15V,V— = —15V -25.0 ~34.0 mA
ViN = 0.8V V+ =9.0V,V- = —9.0V —0.001 | —0.015 mA
V+ =12V,V- = —12V —0.001 | —0.015 mA
) V+ =15V,V— = —15V —0.01 —25 mA
Py Power Dissipation V+ =9.0V,V- = —9.0V 252 333 mwW
V+ =12V,V- = —12V 444 576 mwW
Switching Characteristics (vcc = 9v, veg = ~9v, T4 = 25°C)
Symbol Parameter Conditions Min Typ Max Units
tpd1 Propagation Delay to a Logical ‘1" RL = 3.0k, C_ = 15pF, TA>= 25°C 230 350 ns
tpdo Propagation Delay to a Logical “0” R = 3.0k, CL = 15pF, Tp = 25°C 70 175 ns
tr Rise Time RL = 3.0kQ,C = 15pF, T = 25°C 75 100 ns
t Fall Time RL = 3.0k, C_ = 15pF, Tp = 25°C 40 75 ns

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

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +75°C temperature range for the DS1488.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voitages ref ed to ground unless otherwise noted. All values shown
as max or min on absolute value basis.
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Applications
By connecting a capacitor to each driver output the slew
rate can be controlled utilizing the output current limiting
characteristics of the DS1488. For a set slew rate the ap-
propriate capacitor value may be calculated using the fol-
lowing relationship

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

Typical Applications (continued)

DTL/TTL-to-MOS Translator
+12V

1/4 DS1488

MOS OUTPUT
-10V 70 -0.4V

DTL/TTL
INPUT

-12v

-12v

TL/F/5776-4

DTL/TTL-to-RTL Translator

+12V

DTL/TTL

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

See Typical Performance Characteristics.

DTL/TTL-to-HTL Translator
+2v

1/4 DS1488

HTL OUTPUT
-0.7VT0 10V

DTL/TTL
INPUT

-12v
TL/F/5776-5

RTL OUTPUT

INPUT

-12v

AC Load Circuit and Switching Time Waveforms

Vin Vour

15 pF*

I

TL/F/5776-7

*Cy includes probe and jig capacitance.

T

+3.0v
TL/F/5776-6
20V
% 1.5V S&
Vi 08V
o tpat
Vour
50%
tf  f— t
t- and t; are measured between 10%

-0.7VT0+3.7V

and 90% of the output waveform. TL/F/5776-8
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DS1488

Typical Performance Characteristics 7, = +25°C unless otherwise noted

120

Voc=Vee=1 12V :5, 12 'S\
g i s ¥ Tt
g S0 ('10- |EE-| | 5 60
w30 LVocs Veem 26V - L
g I ’ g 30 B} 1"3V vcc=+9v 5
- 0 =% v, 4
e | 3 0 e'f{xI)—j
v, v ° 1
B 0 3 -30 —oav—Vee=V 5
E 3k0 2 ‘
5 =60 S 60
- = = 8
2 0 S -90 " Tlos
g _/
=120 3 =12 =55
0 0204060810 12 14 16 18 20 < <75 =50 =25 0 25 50 75 100 125
Vin» INPUT VOLTAGE (VOLTS) T, TEMPERATURE (°C)
TL/F/5776-9 N TL/F/5776-10
FIGURE 1. Transfer Characteristics FIGURE 2. Short-Circuit Output
vs Power Supply Voltage Current vs Temperature
1K = 18 T
: 5 s V¥ =12y [ T
N —~ 12 V- ==12v v =ov
B T 9 R =9V
PRy S i = s PN NN
s N g S\
2 t &
< 8 0 \
ALE )o—rVo - N\ \
§ ¢ S 3 \ \ \
@ I L 5 1.9V lo
=1 N < -1 D
I I =15 | o Yo =
1 T 11
1 10 100 1K 10K -16 =12 -8 =4 0 4 8 12 16
C,, CAPACITANCE (pF) g © Vg, OUTPUT VOLTAGE (V)
TL/F/5776-11 TL/F/5776-12
FIGURE 3. Output Slew Rate vs " FIGURE 4. Output Voltage and
Load Capacitance Current-Limiting Characteristics
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&National Semicondu

DS14C89A/DS14C89AT
Quad CMOS Receiver

General Description

The DS14C89A/DS14C89AT, pin-for-pin compatible to the
DS1489A/MC1489A, are receivers designed to interface
data terminal equipment (DTE) with data circuit-terminating
equipment (DCE). These devices translate levels conform-
ing to EIA-232E and CCITT V.28 standards to TTL/CMOS
logic levels.

The device is fabricated in low threshold CMOS metal gate
technology. The device provides very low power consump-
tion compared to their bipolar equivalents: 900 upA
(DS14C89A) versus 26 mA (DS1489A).

The DS14C89A/DS14C89AT provide on chip noise filtering
which eliminates the need for external response control fil-
ter capacitors. When replacing the DS1489A with the
DS14C89A/DS14C89AT, the response control filter pins
can be tied high, low, or not connected.

ctor

Features
m Meets EIA/TIA-232-E and CCITT V.28 Standards
m Industrial Temperature Range
—40°C to +85°C-DS14C89AT
= LOW Power consumption
| On chip noise filter
m Available in SOIC Package

Connection Diagram

1 -/ 14
Input A= — —Vee
2 B 13
NC = o —input D
3 (]
Output A== b ENC
4 a2 11
Input B=— < —Output D
5 > 10
NC = © —1input C
6 < 9
Output B=—— - —NC
7 8 8
GND = —Output C

TL/F/11106-1

1v680v1SA/v68I¥1SA

Order Number DS14C89AN, DS14C89AM,
DS14C89ATJ, DS14C89ATN, DS14C89ATM
See NS Package Number J14A, M14A, N14A
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DS14C89A/DS14C89AT

Absolute Maximum Ratings (ote 1) \ o
If Military/Aerospace specified devices are required, Lead Temp. (Soldering 4 seconds) . - +260°C

please contact the National Semiconductor Sales Storage Temp. Range —65°Cto +150°C
Office/Distributors for availability and specifications. ESD Rating > 1.8 KV, Typically = 2 kV
Vce +6v (HMB, 1.5 k2, 100 pF)
Input Voltage —30Vto +30V
Receiver Output Voltage (Vo) +0.3V to GND—0.3V Recommended Operatmg
Junction Temperature +150°C Conditions
Continuous Power Dissipation @ +25°C (Note 2) - Min Max Units
Sl:ac’:(age . }g; g mx Vcc (GND = 0V) +45 +55 Vv
ackage o o m ) . .
oamy  OREUSTEATOT
DS14C89AT ‘ —40 +85 °C

Electrical Characteristics over recommended operating conditions, unless otherwise specified

Symbol Parameter Conditions Min | Typ | Max | Units
Vi Input High Threshold ' ' 13 27 | v
VL Input Low Threshold 0.5 119 | v
Vhy Typical Input Hysteresis 1.0 | \
N Input Current VN = +25V Ve = +4.5Vto +5.5V 3.6 1 83 mA
ViN = —25V -36 -83| mA
ViN = +3V 0.43 1.0 | mA
ViN = —3V —0.43 | —1.0]| mA
ViN = +15V Ve = OV (Power-Off) 2.14 50 | mA
Vi = —15v . | (Noted). —2.14 —50| mA
ViN= +3V ~ . 0.43 1.0 | mA
ViN= —38V -0.43 —10| mA
VoH Output High Voltage ViN = Vru(min) | loyT = —3.2mA 28 | 40 v
lout = —20pA 3.5 4.7 \"
VoL Output Low Voltage VIN = VTH (max) 015 | 04 v
louT = +3.2mA
lcc Supply Current Noload - DS14C89A 0.5 | 900 HA
ViN = 27V or 0.5V DS14C89AT 05| 20 | mA

AC Electrical Characteristics

Over recommended operating conditions, unless otherwise specified, C; = 50 pF (Note 3)

Symbol Parameter Conditions Min Typ Max Units
tPLH Propagation Delay Low to High Input Pulse Width > 10 us 3.5 6.5 us
tPHL Propagation Delay High to Low Input Pulse Width > 10 us 3.2 6.5 us
tsk Typical Propagation Delay Skew 400 ns
t Output Rise Time 40 300 ns
t Output Fall Time 40 300 ns
thw Pulse Width assumed to be Noise 1.0 us

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

Note 2: Derate N Package 12.1 mW/°C, J Package 12.9 mW/°C, and M Package 8.5 mW/°C above +25°C.
Note 3: AC input waveforms for test purposes: t; = ty = 200 ns, Vjy = +3V, V| = -3V, f = 20 KHz.

Note 4: Under the power-off supply conditions it is assumed that the power supply potential drops to zero (0V) and is replaced by a low impedance or short circuit
to ground.
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Parameter Measurement Information
Vin© b O O Vo
G =50pF
I?ND

FIGURE 1. Receiver Load Circuit

TL/F/11106-2

1v68dv1SA/v68d¥iSa

thw
VIN 7Z Viu N Vi VTH ViL
Vout
< teuL
TL/F/11106-3
FIGURE 2. Receiver Switching Waveform (Note 3)
Typical Application Information
Vin Vo
Input Comparator Noise Output
Resistors Filter Driver TUF/11106-4
FIGURE 3. Receiver Block Diagram

TTL  y/apsuces/psucsst 1/4DSMCISA/DSUCESAT _TTL
== I e
=3 _J-- =3

N INTERCONNECTING

CABLE
TTL  1/4 DSMCSSA/DSUCISAT T
Kbt TN T - -
- FEE —(_ -~ _F:=
1/4 DSKCES/DSIACEST
EOUPAENT (OTE) = SIGNAL GROUND = ko

TL/F/11106-5
FIGURE 4. EIA-232D Data Transmission
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DS1489/DS1489A

General Description

- The DS1489/DS1489A are quad line receivers designed to

interface data terminal equipment with data communica-
tions equipment. They are constructed on a single monolith-
ic silicon chip. These devices satisfy the specifications of
EIA Standard RS-232D. The DS1489/DS1489A meet and
exceed the specifications of MC1489/MC1489A and are

| pin-for-pin replacements.

NNational Semiconductor

DS1489/DS1489A Quad Line Receiver

Features

m Four separate receivers per package

m Programmable threshold

W Built-in input threshold hysteresis

m “Fail safe” operating mode: high output for open inputs
W Inputs withstand +30V

Schematic and Connection Diagrams

Dual-In-Line Package '

RESPONSE
INPUT CONTRGL OUTPI.IT ml::UT CONTROL W'lg’l"l'
4

(V4 of unit shown)

RESPONSE fo AAA
CONTROL

H ouTPUT

r%

RN
11

DS1489: RF = 10k
DS1489A: RE = 2k

RESPONSE CONTROL.
= OPEN

TL/F/5777-1

AC Test Circuit and Voltage Waveforms

O GND

INPUT  RESPONSE OUPUT
B COMTNOL

RESPIINSE ouTPUT Glln
CON A

INPUT
A
TL/F/5777-2
) Top View
Order Number DS1489J, DS1489M,
DS1489AM, DS1489N or DS1489AN
See NS Package Number J14A, M14A or N14A

QUTPUT

PULSE
GENERATOR

il

>
SR

o]
1: F"_Hl

TL/F/5777-3

TL/F/5777-4

FIGURE 1
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Absolute Maximum Ratings (Note 1)
If Military/Aerospace specified devices are required,

Maximum Power Dissipation* at 25°C

please contact the National Semiconductor Sales Cavity Package 1308 mW
Office/Distributors for availability and specifications. Molded DIP Package 1207 mW
Power Supply Voltage 10V SO Package 1042 mwW
Input Voltage Range +30V Lead Temperature (Soldering, 4 sec.) 260°C

*Derate cavity package 8.7 mW/°C above 25°C; derate molded DIP package
Output Load Current 20mA 9.7 mW/°C above 25°C; derate SO package 8.33 mW/°C above 25°C.
Power Dissipation (Note 2) 1w

Operating Temperature Range
Storage Temperature Range

0°Cto +75°C

—65°C to +150°C

v68v150/68¥1SA

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

Symbol Parameter Conditions Min Typ Max | Units
VTH Input High Threshold Voltage | Voyt < 0.45V, DS1489 Ta = 25°C 1.0 1.25 1.5 \'%
loyt = 10 mA 0.9 16 v
DS1489A Tao=25C | 1.75 2.00 2.25 \%
1.55 2.40 \'
V1L Input Low Threshold Voltage | Vouyt = 2.5V, Tao=25°C | 0.75 1.00 1.25 \"
lour = —0.5mA 0.65 135 | v
N Input Current VN = +25V +3.6 +56 | +83 mA
' ViN = —25V -36 | -56 | -83 | mA
ViN = +3V +0.43 | +053 mA
VN = —8V —0.43 | —053 mA
VoH Output High Voltage lout = —0.5mA | V|y = 0.75V 2.6 38 5.0 \'
Input = Open 2.6 38 5.0 \
VoL Output Low Voltage ViN = 3.0V, loyT = 10mA 0.33 0.45 \'%
Isc Output Short Circuit Current ViN = 0.75V -3.0 mA
lcc Supply Current ViN = 5.0V 14 26 mA
Py Power Dissipation ViN = 5.0V 70 130 mw
Switching Characteristics vec = 5v, T4 = 25°C
Symbol Parameter Conditions Min Typ Max Units
tpd1 Input to Qutput “High” R = 3.9k, (Figure 1) (AC Test Circuit) 28 85 ns
Propagation Delay
todo Input to Qutput “Low” Ry = 3909, (Figure 1) (AC Test Circuit) 20 50 ns
Propagation Delay
tr Output Rise Time RL = 3.9k, (Figure 1) (AC Test Circuit) 110 175 ns
t Output Fall Time Ry = 3909, (Figure 1) (AC Test Circuit) 9 20 ns

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

Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 75°C temperature range for the DS1489 and DS1489A.

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

Note 4: These specifications apply for response control pin = open.
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DS1489/DS1489A

Typical Characteristics v = 5.0V, T = +25°C unless otherwise noted

10 60 {4
80 , 5o
R d g
= = vV,
3 ot ) g 0 ReHE RrHRAERT T oo
g 2 7 = 30| 5klklet11k —
g o 2 VinH Vi Vin v
5 =20 W I 5 20 [+5vH+sv 5V T Vin]
g -0 = 4 S I T
- VI"L_f)’"VO s 10 |
= -60 .
" >° 0 ~ 3 e A |\ L
-80 IR = B ST R
-10 210 | I [ T Tl ]
-25-20-15-10-5 0 5 10 15 20 25 -30-20-10 0 10 20 30
ViN» INPUT VOLTAGE (VOLTS) Vj, INPUT VOLTAGE (Vdc)
TL/F/5777-7 TL/F/5777-8
FIGURE 2. Input Current FIGURE 3. DS1489 Input Threshold Voltage Adjustment
: « —~ 24
8T s T 5~ 1]
| | z N 11
< 50 - 20 ™ DS1489A Vi |—
s 2 18 S
= 40 vV, 5 Iy
g —Iw L Y 8 18 Dst4se ViL ™~ ~
= 30 5k el Mk ] o 14 ~
] v LY Vi Ry 2 12
= 20| b Y Fovf— TV 2 1o} -
E - ™ § w DS1489A Vi Tt
3 10} = 5 08 DS1483 Vi y
g 0 == b 'y = 04
= L1l = L 02
-30-20-10 0 1.0 20 30 40 ~60-40-20 0 20 40 60 80 100 120
V), INPUT VOLTAGE (Vdc) T, TEMPERATURE (°C)
TLIF/STTT=9 FIGURE 5. Input Threshold Voltage vs Temperature
FIGURE 4. DS1489A Input Threshold Voltage -inp ge v peratur
Adjustment
o g [T 6 DST4CB9A
g INTERNAL
= & 5 : NOISE —]
& 2 FILTERING
= °
8 DS1489 Vigr A
= DS1489 V, ] G \D
g 1ol = 15 pF 2\a
= . ,
& DS1489A VT g 3 WLLA il
7 H
I 5 \ \
= = . N
= = 2 N
2
=
0 40 80 120 ‘ 001 0.1 1 10
Vec POWER SUPPLY VOLTAGE (Vdc) INPUT PULSE WIDTH (uS).
TU/F/5777-11 ) TL/F/5777-12
FIGURE 6. Input Threshold vs Power Supply Voltage FIGURE 7. Noise Rejection vs Capacitance for DS1489A
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Typical Application Information

1/4 DS1489
T 1/4 DS1488 DS1at 9A/ m
- N ———a
ndl R
R S
INTERCONNECTING
1/4 DS1489/ CABLE j___
m DS1489A = T
Pty TN Pl T
Sad == ~_ -
1/4 DS1488
INTERFACE DATA I X
TERMINAL EQUIPMENT - SIGNAL GROUND = MODEM

*Optional for noise filtering.

Applications Using the Response Control Pin

Noise Filter
(See Figure 7)

1/4 DS1489/A

Response
Control

TL/F/5777-13

Threshold Shift
(See Figures 3 and 4)

1/4 DS1489/A

Response
Control

Vin

TL/F/5777-14

Application of DS148, DS1489A and INS8250

INS8250 RS-232
(UART) DS1488 Connector
DTR bc 20
RTS bc 4
sout »c 2
¢ o@ 8
CTS o@ 5
SIN o@ 3
DS1489A 7
1

TL/F/5777-5

Noise Filter and Threshold Shift
(See Figures 3, 4and 7)

1/4 DS1489/A

TL/F/5777-15

TL/F/5777-16
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DS75150

DS75150 Dual Line Driver

General Description

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

NNational Semiconductor

Features

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

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

m Inputs compatible with most TTL and LS families

@ Common strobe input

| Inverting output

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

m Standard supply voltages 12V
Schematic and Connection Diagrams
+Vec O
T0 OTHER
LINE DRIVER Dual-In-Line Package
INPUT A Wee 1Y 2 Ve
| P X PO
STROBE §
T0 OTHER
LINE DRIVER
ouTPUT
GN
° 1 lz 3 la
TO OTHER
LINE DRIVER STROBE  INPUT IWPUT GO
TL/F/5794-2
Top View
Positive Logic C = AS
Order Number
DS75150M or DS75150N
See NS Package Number
MO8A or NOBE
T0 OTHER
LINE DRIVER
Ve O-

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

TL/F/5794-1
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Absolute Maximum Ratings (ote 1) Operating Conditions 3
If Military/Aerospace specified devices are required, Min Max  Units o
please contact the National Semiconductor Sales Supply Voltage (+Vcg) 10.8 13.2 \ o
Office/Distributors for availability and specifications. Supply Voltage (—Vcg) —-10.8 —132 Vv
Supply Voltage +Vcc 15V Input Voltage (V}) 0 +55 v
Supply Voltage —Vcc 15V Output Voltage (Vo) +15 Y
Input Voltage 15V Operating Ambient Temperature
Applied Output Voltage +25V Range (Ta) 0 +70 °C
Storage Temperature Range —65°Cto +150°C
Maximum Power Dissipation* at 25°C

Molded DIP Package 1022 mW

SO Package 655 mW
Lead Temperature (Soldering, 4 sec.) 260°C

*Derate molded DIP package 8.2 mW/°C above 25°C. Derate SO package
8.01 mW/°C above 25°C.

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

Symbol Parameter Conditions Min | Typ | Max | Units

ViH High-Level Input Voltage (Figure 1) 2 \

ViL Low-Level Input Voltage (Figure 2) 0.8 \

VoH High-Level Output Voltage +Vce = 10.8V,—Vge = —13.2V, V)L = 0.8V, 5 8 v
RL = 3kQ to 7 kQ (Figure 2)

VoL Low-Level Output Voltage +Vec = 10.8V,—Vge = —10.8V, Vi = 2V, _s _5 v
RL = 3kQ to 7 kQ (Figure 1)

i High-Level Input Current +Vee = 13.2V,—Vge = —13.2V, | Data Input

V| = 2.4V, (Figure 3)

+Veg = 13.2V, —Vgo = —13.2V, | Strobe Input
V| = 2.4V, (Figure 3)

2 20 pA

liL Low-Level Input Current +Vge = 13.2V,—Vge = —13.2V, | Data Input
V| = 0.4V, (Figure 3)

+Vce = 13.2V, —Vgc = —13.2V, | Strobe Input
V| = 0.4V, (Figure 3)

-1 —-1.6 mA

-2 | -32| mA

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

(Figure 4), (Note 4) Vo = —25V _3 -6 mA

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

Vo =0V, V| =0V -15 | —30 mA

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

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

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

—lccL | Supply Current From —Vgg, | +Vec = 13.2V, —Vgo = —13.2V,V, =3V, 9 | —20 mA
Low-Level Output RL = 3kQ, Tp = 25°C, (Figure 5)

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

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75150. All typical values are Ty = 25°C and +Vgc = 12V,
—Vgg = —12V.

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

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

Note 5: The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels only, e.g., when
—5V is the maximum, the typical value is more-negative voltage.
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AC Electrical Characteristics (+vcc = 12v, —vee = —12v, Ta = 25°0)

DS75150

Symbol ‘Parameter Conditions Min’ “Typ “Max |- Units
tTLH Transition Time, Low-to-ngh CL = 2500 pF, R = 3kQ to 7 k2, 02 ‘ 14 P s
‘ Level Output (Figure 6) - | P
trHL Transition Time, High-to-Low CL.= 2500 pF, R = 3kQ to 7 kQ, 0.2 15 P S s
Level Output (Figure 6) ’ ’ L
tTLH Transition Time, Low-to-High CL = 15pF, R. = 7k, (Figure 6) ' ’
40 ns
Level Output o ‘ ' . :
tTHL Transition Time, High-to-Low CL = 15pF, RL = 7 kQ, (Figure 6)
) 20 ns
Level Output i .
tPLH Propagation Delay Time CL = 15 pF, R = 7 kQ, (Figure 6) 60 ns |
Low-to-High Level Output
tPHL Propagation Delay Time CL = 15pF, R = 7 kQ, (Figure 6) 45 ' ' ns
High-to-Low Level Output )
DC Test Circuits
+Vee Ve
Vi
i Y
TL/F/5794-3 )
FIGURE 1. Vi, VoL Each input is tested separately. TLIF/5794-4
N FIGURE 2. V), Vo
+Vee —Vee v +Vee ~Vee
- ,I___j1, rt___j1
PRy ‘ -—
-—
m -L_I_J. I L_I_Jw
TL/F/5794-5 : TL/F/5794-6

Note: When testing I|y, the other input is at 3V; when testing |, the other
input is open.
FIGURE 3. iy, Ij.

+Vee

*leew, teel

los is tested for both input conditions at each of the specified output condi-
tions.

FIGURE 4. log
-Vee

_ICCN . _ICCL

TL/F/5794-7

FIGURE 5. IccH +5 lccH-s lcoL+s lecL—
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AC Test Circuit and Switching Waveforms

v +Vee ~Vee

f-_j

PULSE
GENERATOR ouTPUT
(SEE NOTE 1)

CL

(SEE NOTE 2)

TL/F/5794-8

<10 ns —=|
INP:I: 0%
10% 1.5V 1.5V 10%
o v 50u: ,
—’I teHL —’l toLu

Vou 13V

. +3V
-3V -3V

Voo
OUTPUT —>| L—l'mn. trLm

Note 1: The pulse generator has the following characterstics:
duty cycle < 50%, Zoyt = 509Q.

Note 2: C,_includes probe and jig capacitance.

TL/F/5794-9

FIGURE 6

Typical Performance Characteristics

Output Current vs
Applied Output Voltage
20
+Vec =12V | v, =24V
z 15 [Vec= :12v i
£ Ta =25°C
= 10
=
I ]
£ I~ Lt
e ! 1 Ry =7k
[ fusmmet NI =
> 1 L
E -5 ™R, = 3|
3
T -10
o
= 15
Vv, =04V
-20

=25 -15 -5 0 5 15 25
Vo — APPLIED OUTPUT VOLTAGE (V)

FIGURE 7

TL/F/5794-10
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DS75154

NNational Semiconductor

DS75154 Quad Line Receiver

General Description

The DS75154 is a quad monolithic line receiver designed to
satisfy the requirements of the standard interface between
data terminal equipment and data communication equip-
ment as defined by EIA Standard RS-232C. Other applica-
tions are in relatively short, single-line, point-to-point data
transmission systems and for level translators. Operation is
normally from a single 5V supply; however, a built-in option
allows operation from a 12V supply without the use of addi-
tional components. The output is compatible with most TTL
and LS circuits when either supply voltage is used.

In normal operation, the threshold-control terminals are
connected to the Vggq terminal, pin 15, even if power is
being supplied via the alternate Vgco terminal, pin 16. This
provides a wide hysteresis loop which is the difference be-
tween the positive-going and negative-going threshold volt-
ages. In this mode, if the input voltage goes to zero, the
output voltage will remain at the low or high level as deter-
mined by the previous input.

For fail-safe operation, the threshold-control terminals are
open. This reduces the hysteresis loop by causing the nega-

tive-going threshold voltage to be above zero. The positive-
going threshold voltage remains above zero as it is unaffect-
ed by the disposition of the threshold terminals. In the fail-
safe mode, if the input voltage goes to zero or an open-cir-
cuit condition, the output will go to the high level regardless
of the previous input condition.

Features

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

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

| Inverting output compatible with TTL or LS

B Built-in hysteresis for increased noise immunity

® Output with active pull-up for symmetrical switching
speeds :

m Standard supply voltage—5V or 12V

Schematic Diagram

COMMON T0 4 CIRCUITS

oS © ) g
|
I
|

r
I
I
|
|
1
L]
I||

10F 4 RECEIVERS
-

THRESHOLD 48k

CONTROL

!
!
|
|
! 4.2k

INPUT O—1—A WV

QuTPUT

TL/F/5795-1

Note: When using Vcc1 (pin 15), Vogz (pin 16) may be left open or shorted to Voc1. When using Veea, Vog1 must be left open or connected to the threshold

control pins.
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Absolute Maximum Ratings ote 1) Operating Conditions
If Military/Aerospace specified devices are required, Min Max Units
please contact the National Semiconductor Sales Supply Voltage (Pin 15), (Vcc1) 4.5 5.5 \
Office/Distributors for availability and specifications. Alternate Supply Voltage
Normal Supply Voltage (Pin 15), (Vcc1) v (Pin 16), (Vco2) 10.8 13.2 \
Alternate Supply Voltage (Pin 16), (Vcc2) 14V Input Voltage +15 Y]
Input Voltage 25V Temperature, (Ta) 0 +70 °C
Storage Temperature Range —65°C to +150°C
Maximum Power Dissipation* at 25°C

Molded DIP Package 1362 mW
Lead Temperature (Soldering, 4 seconds) 260°C

*Derate molded DIP package 10.9 mW/°C above 25°C; derate SO package
8.01 mW/°C above 25°C.

Electrical Characteristics (Notes2,3and 4)

Symbol Parameter Conditions Min Typ Max Units
ViH High-Level Input Voltage (Figure 1) 3 \
ViL Low-Level Input Voltage (Figure 1) -3 Vv
V14 Positive-Going Threshold Voltage (Figure 1) Normal Operation 0.8 2.2 3 Vv

Fail-Safe Operation 0.8 2.2 3 Vv
V- Negative-Going Threshold Voltage (Figure 1) Normal Operation -3 11 0 \'/
Fail-Safe Operation 0.8 1.4 3 \
Vr4+-Vr— Hysteresis (Figure 1) Normal Operation 0.8 3.3 6 \)
Fail-Safe Operation 0 0.8 2.2 \'
VoH High-Level Output Voltage lon=—400 uA, (Figure 1) 2.4 3.5 \')
VoL Low-Level Output Voltage ) loL=16 mA, (Figure 1) 0.23 0.4 \'4
n Input Resistance (Figure 2) AV)= —25Vto —14V 3 5 7 kQ
AV|=—14Vto —3V 3 5 7 kQ
AV)=—3Vto +3V 3 6 kQ
AV|=3Vto 14V 3 5 7 kQ
AV|=14V to 25V 3 5 kQ
VI(OPEN) Open-Circuit Input Voltage =0, (Figure 3) 0 0.2 \
los Short-Circuit Output Current Vec1=5.5V, V= —5V, (Figure 4) _10 _20 _40 mA
(Note 5)
lcct Supply Current From Vg1 Vco1=5.5V, Ta=25°C, (Figure 5) 20 35 mA
lccz Supply Current From Vgca Vcce=13.2V, Tpo=25°C, (Figure 5) 23 40 mA
Switching Characteristics (v =5v, Ta=25°0)
Symbol Parameter Conditions Min Typ Max Units
tpLH Propagation Delay Time, Low-to-High CL =50 pF, R =390Q, (Figure 6) 22 ns
. Level Output
tPHL Propagation Delay Time, High-to-Low CL=50 pF, R =390Q, (Figure 6) 20 ns
Level Output
tTLH Transition Time, Low-to-High Level C=50 pF, R_.=3909, (Figure 6) 9 ns
Output
trHL ‘Io'ratnsi:ion Time, High-to-Low Level CL =50 pF, R =3900, (Figure 6) 6 ns
utpu

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

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75154. All typical values are for Tp=25°C and Vgg1=5V.

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

Note 4: The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic and threshold levels
only, e.g., when —3V is the maximum, the minimum limit is a more-negative voltage.

Note 5: Only one output at a time should be shorted.
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DS75154

Typical Performance Characteristics = Connection Diagram

Dual-In-Line Package

Output Voltage vs
: THRESHOLD OUTPUTS
N Input Voltage ALT  NORM  CONT
Ve, Veor ar 1v 2y 3y ay Rl
" 1 15 1 13 12 1 10 ]
s 3 FAIL-SAFE 1
w OPERATION
<
<
' 5
g 2
- (NOTE3) 4 Vr-| -Vr & |WVr*
5 N
g [_NoRmAL | 1
g 1 OPERATION v
<
0
3 2 -1 0 1 2 3
INPUT VOLTAGE (V)
1 2 3 4 5 6 7 8
TL/F/5795-10
3T 2T 1T 1A 28 3A 4A  GND
« RN
THRESHOLD _INPUTS
CONTROLS Y=R

TL/F/5795-2
Top View

Order Number DS75154M or DS75154N
See NS Package Number M16A or N16A

DC Test Circuits and Truth Tables

55V O

OPEN O

45v

Vi, Vr

A Dc Y}D *

s _\_iL/m

1 T LI

- T T T TL/F/5795-3

Test Measure A T Y Veed ' Veez
(Pin 15) (Pin 16)

" Open-Circuit Input VoH Open Open loH 4.5V Open
(Fail-Safe) VoH Open Open loH Open : 10.8V
VT4 min, VoH 0.8V Open loH 5.5V Open
V71— (Fail-Safe) VoH ' 0.8V Open loH Open 13.2v
V1 4+ min (Normal) VoH (Note 1) Pin 15 loH 55Vand T Open
VoH (Note 1) Pin 15 loH T 13.2V
V| max, VoH -3V Pin 15 loH 55Vand T Open
V1 — min (Normal) VoH -3V Pin 15 loH T 13.2V
Viy min, V1 4+ max, VoL 3V Open loL 4.5V Open
V1 _ max (Fail-Safe) VoL 3V Open loL Open 10.8V
V|4 min, V14 max, VoL 3v Pin 15 loL 45Vand T Open
(Normal) VoL 3V Pin 156 loL T 10.8V
V1 max (Normal) VoL (Note 2) Pin 15 loL 55VandT Open
VoL (Note 2) Pin 15 loL T 13.2v

Note 1: Momentarily apply —5V, then 0.8V.
Note 2: Momentarily apply 5V, then ground.
FIGURE 1. Vjy, ViL, V1+, VT—, Vou, VoL
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DC Test Circuits and Truth Tables (continued)

[1%e]
OPENO O OPEN T Veet Vcez
(Pin 15) (Pin 16)
Open 5V Open
Open Gnd Open
. °"" Open Open Open
—_— Pin 15 T and 5V Open
V“‘ V°°’ m B Gnd Gnd Open
o open Open Open 12v
Open Open Gnd
L ___.._.l Pin 15 T 12v
]_: Pin 15 T Gnd
Pin 15 T Open
_Avy TLIF/5795-4
o
FIGURE 2.1
O—0 13.2V
T Vect Vecz
OPEN (Pin 15) (Pin 16)
— s Open 5.5V Open
Veez  R1 Pin 15 5.5V Open
Yy Open Open 13.2v
7 T—Ooren Pin 15 T 13.2V
b
TL/F/5795-5
FIGURE 3. Vi(oPEN)
5.5V o OO 13.2V
5.5V leca lccz
OPEN OPEN OPEN
— _T_ — 16__ OPEN OPEN
|_ "cc' R ET I T B
™~ A [ Veor Vees Rl

T e

TL/F/5795-6
Each output is tested separately.

FIGURE 4. lgg All four line receivers are tested si

TL/F/5795-7

FIGURE 5. Icc

eously.
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DS75154

AC Test Circuit and Switching Time Waveforms

INPUT BV OUTPUT

PULSE
GENERATOR
(NOTE 1)

HF

3V 4 90%
INPUT ov
5y 0%
teHL
Vou
2v
QUTPUT 1.5V
0.8V 0.8V
Voo

—"l "— trie

Note 2: C_includes probe and jig capacitance.

FIGURE 6

ALL DIODES ARE 1N3064

C_ =50 pF
(NOTE 2)

» ——l |-ty

TL/F/5795-9

Note 1: The pulse generator has the following characteristics: Zoyt =509, tw=200 ns, duty cycle < 20%.

TL/F/5795-8
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&National Semiconductor

DS9616H
Triple Line Driver

General Description Features

The DS9616H is a triple line driver which meets the electri- W Internal slew rate limiting

cal interface specifications of EIA RS-232-C and CCITT m Meets EIA RS-232-C and CCITT V.24 and/or
V.24 and/or MIL-STD-188C. Each driver converts TTL/DTL MIL-STD-188C

logic levels to EIA/CCIT and/or MIL-STD-188C logic levels & Logic true inhibit function

for transmission between data terminal equipment and data @ Qutput short circuit current-limiting
communications equipment. The output slew rate is inter- g Output voltage levels independent of supply voltages
nally limited and can be lowered by an external capacitor; all

output currents are short circuit limited. The outputs are pro-

tected against RS-232-C fault conditions. A logic HIGH on

the inhibit terminal interrupts signal transfer and forces the

output to a VoL (EIA/CCITT MARK) state.

For the complementary function, see the DS9627MJ Dual
EIA RS-232-C and MIL-STD-188C Line Receiver.

Connection Diagrams

14-Lead DIP 20-Terminal LCC

INA1—1- MV+

INAz-2 IENT

INHIBIT A-—S- EIN B2

OUTA-i ﬁINH|BITB

ne= 04
INHIBIT =] 9—ouT c
oD 8 v-

<<Kt+F
<@

@

TL/F/10815-1
Top View TL/F/10815-2

Top View |

Order Number DS9616HMJ/883 Order Number DS96 16HME /883 i
See NS Package Number J14A See NS Package Nurnber E20A |

For Complete Military 883 Specifications,
see RETS Data Sheet.
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DS9616H

Absolute Maximum Ratings

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

Storage Temperature Range —65°Cto +175°C
Operating Temperature Range —55°Cto +125°C

Supply Voltage 15V
Input or Inhibit Voltage —1.5Vto +6.0V
Output Signal Voltage +15V

Note 1: V|, and V,_are guaranteed by the Vgy and Vg tests.
Note 2: All input and supply leads are grounded.

Lead Temperature (Soldering, 60 seconds) 300°C Note 3: An external capacitor may be needed to meet signal wave shaping
Lo requirements of MIL-STD-188C at the applicable modulation rate. No exter-
Internal Power Dlssmatlon (NOte 4) nal capacitor is needed to meet RS-232-C.
DIP and CCP 400 mw Note 4: Rating applies to ambient temperatures up to 125°C. Above 125°C
ambient, derate linearly at 120°C/W.
DS9616HM ,
i isti +10.8V < < +13.2V, R = 3.0 kQ, unless otherwise specifie
Electrical Characteristics =10.8v < v < £13.2v, R, = 3.0 kD, unless oth fied
Symbol Characteristic Condition Min Max Unit
VoH Output Voltage HIGH V|1 and/or
5.0 7.0 \"
Viz = VinHigiT = 0.8V ‘
VoL Output Voltage LOW Vi1 = Vij2 = ViNHIBIT = 2.0V —-7.0 —=5.0 \%
VoH to Output Voltage HIGH to
VoL Output Voltage LOW +10 %
Magnitude Matching Error
los+ Positive Output Short R = 09, V|4 and/or _45 12 mA
Circuit Current Vi2 = V|NHIBIT = 0.8V :
los— Negative Output Short Ry = 09,
Circuit Current Vi1 = Vj2 = V|NHIBIT = 2.0V 12 60 mA
VIH Input Voltage HIGH (Note 1) 2.0 \"
ViL Input Voltage LOW (Note 1) 0.8 \"
m Input Current HIGH Vi = V) = 2.4V 40 A
Vit = V2 = 5.5V 1.0 mA
liL Input Current LOW Vi1 = V42 = 04V -1.6 mA
I+ Positive Supply Current Vi1 = Vi2 = V|NHiBIT = 0.8V 25 mA
Vi1 = Vi2 = ViNHigIT = 2.0V 15 mA
1= Negative Supply Current Vi1 = Vj2 = VinHiBIT = 0.8V -1.0 mA
Vi1 = Vi2 = VinHiBIT = 2.0V —25 mA
Ro Output Resistance, Power Off —2.0V < Vo <05V
300 Q
(Note 2) . . v
SR+ Positive Slew Rate CL = 2500 pF, R = 3.0k 4.0 30 V/ps
(Note 3) (See Figure 1) 40 30 V/ps
SR— Negative Slew Rate CL = 2500 pF, R = 3.0k —30 —-4.0 V/us
(Note 3) (See Figure 1) —30 —40 V/ps

http://www.national.com

2-92




Vin

IN1 or 2
out (INHIBIT = LOW)
1/3 uh9616

R
You 10%3\ ﬁ%
— ot ov 5oy 3.0V~
TL/F/10815-3 VoL : 90% 10% )
Omit V|3 for channel “C". ¢ .

Input: FR = 50 kHz
Pulse Width = 10 us
t =t = 10 £5.0 ns

Primary Burn-In Circuit

FIGURE 1. Switching Time Test Circuit and Waveforms

TL/F/10815-4

12v
INA1 v+ |
IN A2 INB1
INHIBIT A INB2
—{outa INHIBIT B
INC ot =
INHIBITC ~ OUTC |~
GND V-
= -12v

TL/F/10815-5
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DS9616H

Equivalent Circuit (i of circuiy

R9
D15 10.70

INHIBIT —} A
‘ R10
4000
w |
oDt -
<
N1 —ie | $a3n0
02
w2 —ieg | wois 03
R2
M"Y 574k

a1
GND l
TO OTHER Q2
CIRCUITS

R3 __I SR
4000 $100ka ,
*014

V=

v

TL/F/10815-6
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NNational Semiconductor

DS9627 Dual Line Receiver

General Description ‘

The DS9627 is a dual-line receiver which meets the electri-
cal interface specifications of EIA RS-232C and MIL-STD-
188C. The input circuitry accommodates +25V input sig-
nals and the differential inputs allow user selection of either
inverting or non-inverting logic for the receiver operation.
The DS9627 provides both a selectable hysteresis range
and selectable receiver input resistance. When pin 1 is tied
to V—, the typical switching points are at 2.6V and —2.6V,
thus meeting RS-232-C requirements. When pin 1 is open,
the typical switching points are at 50 pA and —50 pA, thus
satisfying the requirements of MIL-STD-188C LOW level in-
terface. Connecting the RA and/or RB pins to the (—) input
yields an input impedance in the range of 3 kQ to 7 k2 and
satisfies RS-232-C requirements; leaving RA and/or RB
pins unconnected, the input resistance will be greater than
6 kQ to satisfy MIL-STD-188C.

The output circuitry is TTL/DTL compatible and will allow
“collector-dotting” to generate the wired-OR function. A
TTL/DTL strobe is also provided for each receiver.

Features

| EIA RS-232-C input standards

B MIL-STD-188C input standards

B Variable hysteresis control

m High common mode rejection

m R control (5 kQ or 10 kQ)

| Wired-OR capability

m Choice of inverting and non-inverting inputs
m Outputs and strobe TTL compatible

Connection Diagram

1296Sd

16-Lead DIP
1 \_/ 16
HYSTERESIS —— TW
OUT A 3 ouT B
STROBE A—4 TSTROBE B
NC —— A B e NC
50 =m+ +f- 12
=IN A v -IN B
RA ——RB
7 10
+IN A +IN B
8 9
GND =i e /=
TL/F/9761-1
Top View

Order Number DS9627MJ/883
See NS Package Number J16A

For Complete Military 883 Specifications, see RETS Data Sheet.
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DS9627

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required, Input Voltage Referred to GND +25V

please contact the National Semiconductor Sales Strobe to GND —0.5Vto +5.5V

Office/Distributors for availability and specifications. Applied Output Voltage —0.5Vto +15V

Storage Temperature Range —65°Cto +175°C

Operating Temperature Range —55°Cto +125°C Operating Conditions

Lead Temperature (Soldering, 60 sec.) 300°C Min Max Units

Internal Power Dissipation (Note 5) 400 mW Supply Voltage (Vco) 45 55 \Y;

V+ to GND OVto +15V Temperature (Ta) —55 +125 °C

V- to GND OV.to —15V

Electrical Characteristics

Hysteresis, —IN A, —IN B, RA and RB Opéen for MIL-STD-188C, unless otherwise specified (Notes 2 and 3)

Symbol Characteristics Conditions Min Max Units

VoL Output Voltage LOW V+ =108V,V- = —13.2V, 04 v
Vit =08V, loL = 6.4 mA ’

VoH Output Voltage HIGH V+ = 108V,V—- = —13.2V, 2.4 v
Vit =08V, loy = —0.5mA i}

los Output Short Circuit vt =132v,v- = —1048vV, ~30 mA

Current (Note 4) Vit =06V,Vp = 0V :
I|1(ST) Input Current HIGH v+ =108V, Vgt = 2.4V 40 pA
(Strobe) V- = —13.2V,V|+ = 0.6V Vs = 5.5V 1.0 mA

R Input Resistance V+ =13.2V,V- = —13.2V, 6.0 Q.

’ —-3.0V <Vt <3.0V )

ITH + Positive Threshold Current +10.8V < Voo £ £13.2V, 100 A
Vo = 2.4V ®

ITH Negative Threshold Current +10.8V < Vg < £13.2V, —100 A
Vo = 0.4V »

ViL(ST) Input Voltage LOW (Strobe) v+ = —0.6V 0.8 Y

VIH(ST) Input Voltage HIGH (Strobe) V+ =13.2V,V- = —10.8V, 2.0 v
Vit = —0.6V :

I+ Positive Supply Current +10.8V < Vg < £13.2V 18 mA
Vit = —0.6V

1= Negative Supply Current +10.8V < Voo < +£13.2V _16 mA
Vit = 0.6V

Electrical Characteristics +iN A and —IN B connected to ground, RA and RB connected to —IN Aand —IN B
and Hysteresis connected to V— for RS-232C, unless otherwise specified

Symbol Characteristics Conditions Min Max Units
Ry Input Resistance 3.0V < V) < 25V 3.0 7.0 kQ
—-3.0V<V, < —-25V 3.0 7.0 kQ
\ Input Voltage —20 2.0 Vv
VTH+ Positive Threshold Voltage 3.0 Vv
VTH- Negative Threshold Voltage -3.0 \Y

ges are

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

Note 2: Unless otherwise specified Min/Max limits apply across the —55°C to +125°C temperature range.
Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voll
Note 4: Only one output at a time should be shorted.
Note 5: Rating applies to ambient temperatures up to +125°C. Above 125°C ambient, derate linearity at 120°C/W.

ed to ground unless otherwise specified.
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Electrical Characteristics vgc = +12V for MIL-STD-188C and RS-232C, Ta = 25°C

1296Sd

Symbol Characteristics Conditions Min Max Units
tPLH Propagation Delay to High Level (See Figure 1) 250 ns
tPHL Propagation Delay to Low Level (See Figure 1) 250 ns
Vo -5.0v
Ll
ke +5.0V
+IN 1% 90% 90%
R \/ ov ov
J O
. 10% J 10%
-IN =5.0V
F
—— V+=12V  STROBE 3.92kQ :: 15p
— e 1% T
— Vm=-12V ‘ Vo
HYS OPEN : =

TL/F/9761-2
15 pF includes jig capacitance. All diodes are FD777 or equivalent. TL/F/9761-3
PRR = 10 kHz
PW = 50 ps
tt=%t=5ns

FIGURE 1. Switching Time Test Circuit and Waveforms
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with TRI-STATE® Outputs

General Description

The DS1691A/DS3691 are low power Schottky TTL line
drivers designed to meet the requirements of EIA standards
RS-422 and RS-423. They feature 4 buffered outputs with
high source and sink current capability with internal short
circuit protection. A mode control input provides a choice of
operation either as 4 single-ended line drivers or 2 differen-
tial line drivers. A rise time control pin allows the use of an
external capacitor to slow the rise time for suppression of
near end crosstalk to other receivers in the cable. Rise time
capacitors are primarily intended for waveshaping output
signals in the single-ended driver mode. Multipoint applica-
tions in differential mode with waveshaping capacitors is not
allowed.

With the mode select pin low, the DS1691A/DS3691 are
dual-differential line drivers with TRI-STATE outputs. They
feature +10V output common-mode range in TRI-STATE
mode and OV output unbalance when operated with =5V
supply.

&National Semiconductor

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

Features

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

® TRI-STATE outputs in RS-422 mode

m Short circuit protection for both source and sink outputs

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

m 1000 transmission line drive capability
B Low Igc and Igg power consumption

RS-422 lcc = 9 mA/driver typ
RS-423 lcc = 4.5 mA/driver typ
leg = 2.5 mA/driver typ

m Low current PNP inputs compatible with TTL, MOS and
CMOS
B Pin compatible with AM26L.S30

Connection Diagrams

With Mode Select LOW
(RS-422 Connection)
1 U 16
Vg = === RISE TIME CONTROL A
INPUT A -2-‘ 2 OUTPUT A
INPUT B/DISABLE —3‘ l OUTPUTB

13

MODE SELECT A p==RISE TIME CONTROL B

GND i i RISE TIME CONTROL C
INPUT C/DISABLE L ‘—' OUTPUTC
INPUT D L 10 OUTPUT D
Vee ﬂ [ RISE TIME CONTROL D
Top View TL/F/5783-1
Truth Table
Operation Inputs Outputs
Mode | A (D) | B (C) A (D) B (C)
RS-422 0 0 0 0 1
0 0 1 | TRI-STATE | TRI-STATE
0 1 0 1 0
0 1 1 | TRI-STATE | TRI-STATE
RS-423 1 o] 0 0 0
1 0 1 0 1
1 1 0 1 o]
1 1 1 1 1

Order Number DS1691AJ, DS3691J,
DS3691M, DS3691N or DS3691V
See NS Package Number J16A, M16A, N16A or V20A
For Complete Military 883 Specifications,
see RETS Data Sheet
Order Number DS1691AJ/883
See NS Package Number J16A

With Mode Select HIGH
(RS-423 Connection)

1

3
Ve == b= RISE TIME CONTROL A

INPUT A A i OUTPUTA

5

1.
GND i RISE TIME CONTROL C

INPUT C/DISABLE £ un ouTPUTC

| 4
INPUT B/DISABLE = —t L oureurs
MoDE SELECT - L. pise Tive conTRoL B
weut o = —k % oureuto
vee = L~ qise rime contRoL 0

Top View TL/F/5783-2
-
W <
5 . EEE
g 89233
3 2 1 2019
INPUT B/DISABLE — 4 18 L—OUTPUTB
RISE TIME
~ MODE SELECT —{5 17 = CoNTROL B
NC—16 DS3691V 16 = NC
RISE TIME
GND =7 15 = CONTROL C
INPUT C/DISABLE —{ 8 14 = OUTPUTC
9 10 11 12 13
o Quwoaoa
s H2E52
g SEE
= = =2
x8 3

TL/F/5783-18
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DS1691A/DS3691

Absolute Maximum Ratings (ote 1) Operating Conditions
If Military/Aerospace specified devices are required, ' ‘ Min Max Units
please contact the National Semiconductor Sales Supply Voltage
Office/Distributors for availability and specifications. DS1691A
Supply Voltage ‘ : xcc - 45 55 v
Voo ~ 7v EE —45 —5.5 \
v —7v DS3691
EE - . " Vee 4.75 5.25 v
Maximum Power Dissipation* at 25°C Veg —4.75 —5.25 v
Cavity Package 1509 mW Temperature (T»)
. Molded DIP Package 1476 mW Dsp1 pha 1”A A &5 4125 c
SO Package 1051 mW ) o
DS3691 0 +70 C
Input Voltage 15V
Output Voltage (Power OFF) +15V
Storage Temperature —65°Cto + 150°C
Lead Temperature (Soldering, 4 seconds) ) 260°C
*Derate cavity package 10.1 mW/°C above 25°C; derate molded DIP pack-
age 11.9 mW/°C above 25°C. Derate SO package 8.41 mW/°C above 25°C.
DC Electrical Characteristics (Notes 2,3, 4and5)
Symbol ' Parameter Conditions I Min I Typ | Max l Units
RS-422 CONNECTION, Vgg CONNECTION TO GROUND, MODE SELECT < 0.3V .
ViH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.8 \
liH High Level Input Current ViN = 2.4V 1 40 BA
ViN £ 15V 10 100 pA
i Low Level Input Current VinN = 0.4V —30 —200 MA
\/] Input Clamp Voltage In= —12mA -1.5 \"
Vo Differential Output Voltage R, = o VIN = 2V 3.6 6.0 \
Vo VaB Vin = 0.8V -36 | -60 v
Vr Differential Output Voltage RL = 1000 ViN =2V 2 2.4 \"
Vr VasB Vec = 475V ViN = 0.8V -2 | -24 v
Vos. Vos Common-Mode Offset R_ = 100Q
2.5 3 \"
Voltage
vyl = VA Difference in Differential R = 1009 0.05 04 v
Output Voltage :
Vosl — [Vos| | Difference in Common- RL = 1000 0.05 04 v
Mode Offset Voltage
Vss |V — V7] R = 1009, Vgg = 4.75V 4.0 48 %
VeMR Output Voltage Common- VDISABLE = 2.4V
: ) +10 \"
Mode Range
IXA Output Leakage Current Voo = 0V Voumr = 10V 100 nA
ixB Power OFF Vomm = —10V —100 | pA
lox TRI-STATE Output Current Vee = Max VeMmR < 10V 100 pA
Veg = 0Vand -5V | Vomg =2 —10V —100 rA
Isa Output Short Circuit Current | V)y = 0.4V Voa = 6V 80 150 ‘mA
i Vog = OV -80 [ —150 | mA
IsB Output Short Circuit Current | Viy = 2.4V Voa = 0V —80 —150 mA
Vo = 6V 80 150 mA
lcc Supply Current 18 30 mA
3-4 http://www.national.com



=
AC Electrical Characteristics 1, = 25:C (Note 5) g
Symbol | Parameter | - Conditions l Min l Typ r Max ] Units ‘-;"
RS-422 CONNECTION, Ve = 5V, MODE SELECT = 0.8V B
tr Output Rise Time RL = 100Q,C = 500 pF (Figure 1) 120 200 ns 8
t Output Fall Time RL = 100Q, C_ = 500 pF (Figure 1) 120 200 ns §
tPDH Output Propagation Delay RL = 100Q, C = 500 pF (Figure 1) 120 200 ns
tppL Output Propagation Delay RL = 1000, C| = 500 pF (F/bure 1) 120 200 ns
tpzL TRI-STATE Delay RL = 4500, C|_ = 500 pF, Cc = 0 pF (Figure 4) 250 350 ns
tpzH TRI-STATE Delay R_ = 4500, C,_ = 500 pF, Cg = 0 pF (Figure 4) 180 300 ns
tpLz TRI-STATE Delay Ry = 450Q, C_ = 500 pF, Cc = 0 pF (Figure 4) 180 300 ns
tPHZ TRI-STATE Delay RL = 450Q, C|_ = 500 pF, Cc = 0 pF (Figure 4) 250 350 ns
DC Electrical Characteristics (Notes 2,3, 4 and 5)
Symbol [ Parameter | a Conditions | Min | Typ | Max I Units
RS-423 CONNECTION, [Vec| = [VEgl, MODE SELECT > 2V
ViH High Level input Voltage. 2 \"
ViL Low Level Input Voltage - 0.8 \"
i1 High Level Input Current ViN = 2.4V : 1 40 RA
ViN < 18V 10 100 rA
{ITHN Low Level Input Current ' ViN = 0.4V —30 —200 nA
\ Input Clamp Voltage INn= —12mA -1.5 Vv
Vo Output Voltage RL = o, (Note6) | VN =2V 4.0 4.4 6.0 Vv
o Vee = 475V ViN = 0.4V 40 | —44 | —60 v
VT Output Voltage RL = 4500 VN =24V 36 4.1 v
T Ve = 4.75V ViN = 0.4V -36 | —41 v
[Vr| = V7] | Output Unbalance IVecl = [Veg| = 4.75V, R = 4500 0.02 0.4 v
Ix+ | Output Leakage Power OFF | Voo = VEg = OV Vo = 6V, 2 100 RA
Ix— Output Leakage Power OFF | Voo = Vg = OV Vo= —6V ' -2 —100 nA
Ist Output Short Circuit Current Vo = 0V VIN = 2.4V —80 —150 mA
Is— Output Short Circuit Current Vo = 0V ViN = 0.4V 80 . 150 mA
IsLew Slew Control Current +140 rA
Icc Positive Supply Current VIN = 0.4V,R| = o 18 30 mA
leg Negative Supply Current - ViN = 04V,R_ = oo —10 —-22 mA
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation.
Note 2: Unless otherwise specified, min/max limits apply across the —55°C to + 125°C temperature range for the DS1691A and across the 0°C to +70°C range
for the DS3691. All typicals are given for Vcc = 5V and T = 25°('3._' Ve and Vg as listed in operating conditions.
Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified.
Note 4: Only one output at a time should be shorted.
Note 5: Symbols and definitions correspond to EIA RS-422 and/or RS-423 where applicable.
Note 6: At —55°C, the output voltage is + 3.9V minimum and —3.9V minimum.
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AC Electrical Characteristics 1, = 25:c (Note 5)

DS1691A/DS3691

Symbol | Parameter | . Conditions ! Min I Typ J Max L Units
RS-423 CONNECTION, Ve = 5V, VEg —5V, MODE SELECT = 2.4V

t Rise Time RL = 450Q, C, = 500 pF, Cg = 0 (Figure 2) 120 300 ns
t Fall Time RL = 4509, C| = 500 pF, Cc = 0 (Figure 2) 120 | 300 ns
t Rise Time ) RL = 450Q, C, = 500 pF Cc = 50 pF (Figure 3) 3.0 'p,s
t | Fall Time RL = 4509, C_ = 500 pF Cg = 50 pF (Figure 3) 3.0 us
tre ‘Rise Time Coefficient RL = 45090, C = 500 pF, Cc = 50 pF (Figure 3) 0.06 pns/pF
tPDH Output Propagation Delay R = 4500, C = 500 pF, Cg = 0 (Figure 2) 180 300 ns
tppL Output Propagation Delay R = 4500, C_ = 500 pF, Cc = 0 (Figure 2) 180 300 ns

AC Test Circuits and Switching Time Waveforms

.
v

1
——

Vee . ; INPUT 4, <10ns
o— - 9
INPUT D | o ]
™ scoee
D !
_ ouTPUT
OUTPUT

0 Vgg/RL
0.1 Vgg/Ry.

*TEK CT2 CURRENT
TRANSF, OR
EQUIVALENT

our . TL/F/5783-4

1. M.

Vee TL/F/5783-3
FIGURE 1. Differential Connection

1 v

<
Vee INPUT  4,<10ms
INPUT A o
oUTPUT
[ Ry PDH
' _Ef. = = ‘ 09vgg
out
\ , OUTPUT 05 Vg/RL
VEE
TL/F/5783-5 0.1 Vgg
Iy

TL/F/5783-6
FIGURE 2. RS-423 Connection
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16
L.
-

Vee ,

o—
INPUT

2.5V

AC Test Circuits and Switching Time Waveforms (continueq)

INPUT t<10ns

-=£-5-‘ out
Pl

VEE

—O0
15 OUTPUT

ouTPUT

TL/F/5783-7

t<10ns

20 { 2008 i

FIGURE 3. Rise Time Control for RS-423

TL/F/5783-8

v /
INPUT B

€
Vee
2 A
D
INPUT A
o
INPUT B o

but

I

Vee

Switching Waveforms

<
>
ov
| scoee - PHZ =1 tpZH
ouTPUT —
*TEK CT2 CURRENT 08 Vsy/Ry 0.5 Vgg/Ry,
TRANSF. OR (INPUT A HIGH)
EQUIVALENT
— Lz uUTPUT —=l tpz)
(INPUT A LOW) y
01 Vgl 0.5 Vgg/Ry.

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

TL/F/5783-10

INPUT / \

MODE=1 UNBALANCED

RS-423 oUTPUT / ov N\ Vecsesv
7 N Ver=-5Y

MODE=0  BALANCED o Vee=+5V

RS-422 OUTPUT Ve==5V

Vos < 0.4V

MODE=0  BALANCED X VotV

RS-422 OUTPUT X Veg=0V

Vos <3V o

FIGURE 5. Typical Output Voltage

TL/F/5783-11
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DS1691A/DS3691

Typical Application Information

Fully Loaded RS-422 Interface

|

1/4 DS26LS32A

1/2 DS3691

RS-422 Point to Point Application

OPTIONAL TERMINATION
» RESISTANCE, RT =20, (Zo=
D RT = CHARACTERISTIC IMPEDANCE
T OF THE CABLE). RT IS HIGHLY

RECOMMENDED.
1/2 DS3691 1/4 DS26LS32A

1/2 DS3691

Fully Loaded RS-423 Interface

1/2 DS3691

TL/F/5783-13

TL/F/5783-14

!

Differential Application with Rise Time Control

/N\ /[

>

1/4 DS26LS32A

TL/F/5783-15

JIL

AA

1/2 DS3691

-\
e

*Note: Controlled edge allows long-

[>T

/4 DS26LS32A

TL/F/5783-16

er stub lengths. Multiple Driv-
ers are NOT allowed.

3-8
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Typical Application Information (continued)

Dual RS-423 Inverting Driver
+5V

169€SA/V1691SA

DS3691
L b - ~_/
INPUT A 2 —
A -~ OUTPUT B
5 LT Ris TiME
CONTROL B
GND L
INPUT D —7—‘ 11l
o, < OUTPUT ¢
3 124 7T Rise TME
CONTROL €
-5V

TL/F/5783-17
Typical Rise Time Control Characteristics (rs-423 Mode)

Rise Time vs External Capacitor
1k

100

RISE TIME (us)

10

N wziil

10 100 1k 10k

CAPACITANCE (pF)
TL/F/5783-12
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DS26C31T/DS26C31M

ﬂNational Semiconductor

DS26C31T/DS26C31M

CMOS Quad TRI-STATE® leferentlal Line Drlver

General Description

The DS26C31 is a quad differential line driver designed for
digital data transmission over balanced lines. The
DS26C31T meets all the requirements of EIA standard
RS-422 while retaining the low power characteristics of
CMOS. The DS26C31M is compatible with EIA standard
RS-422; however, one exception in test methodology is tak-
en (see Note 8). This enables the construction of serial and
terminal interfaces while maintaining minimal power con-
sumption.

The DS26C31 accepts TTL or CMOS input levels and trans-
lates these to RS-422 output levels. This part uses special
output circuitry that enables the drivers to power down with-
out loading down the bus. This device has enable and dis-
able circuitry common to all four drivers. The DS26C31 is
pin compatible to the AM26LS31 and the DS26L.S31.

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

Features

® TTL input compatible

m Typical propagation delays: 6 ns

B Typical output skew: 0.5 ns

| Outputs will not load line when Vgg = 0V

m DS26C31T meets the requirements of EIA standard
RS-422

m Operation from single 5V supply

B TRI-STATE outputs for connection to system buses

B Low quiescent current

m Available in surface mount

| Mil-Std-883C compliant

Connection Diagrams

Dual-In-Line Package

1 u 16

INPUT A e

CHANNELA ||
outeuts| 3 14

CHANNEL D
13 | outputs

ENABLE
— _2_ ENABLE
CHANNEL B
OUTPUTS _6_ _11_
CHANNEL C
7 10 { OUTPUTS

INPUT B ey P

GND —’— '-g-— INPUTC

TL/F/8574-1
Top View
Order Number DS26C31TJ, DS26C31TM or DS26C31TN
See NS Package Number J16A, M16A or N16E

For Complete Military 883 Specifications,
See RETS Data Sheet

Order Number DS26C31ME /883, DS26C31MJ/883
or DS26C31MW/883
See NS Package Number E20A, J16A or W16A

- 20-Lead Ceramic Leadless Chip Carrier (E)

CHANNEL A
OUTPUT
INPUT A
INPUT D

CHANNEL A .
ouTPUT CHANNEL D

u
~
[ =l
=] v
s

OUTPUTS
ENABLE

NC

7
CHANNEL B
OUTPUTS .

NC

Lo-J o

e

ENABLE

CHANNEL C
OUTPUT

>

9 WI m 12| |13
- (=} Q o O =
5 & = 5 g&
3 g 23
- -
© TL/F/8574-12
Truth Table
Non-Inverting | Inverting
ENABLE | ENABLE | Input Output Output
L H X 4 Y4
All other L L H
combinations of
enable inputs H H L
L = Low logic state X = Irrelevant
H = High logic state Z = TRI-STATE (high impedance)

3-10
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o
- . i ; i n
Absolute MaX|mum Ratlngs (Notes 1 &2) This device does not meet 2000V ESD Rating. (Note 13) 8
If Military/Aerospace specified devices are required, H HH (9]
please contact the National Semiconductor Sales Operatlng Condltlons . 2
Office/Distributors for availability and specifications. Suooly Voltags (v 2“;'(‘) g'gg U'\'/'ts d
Supply Voltage (Vo) —0.5Vt0 7.0V upply Voltage (Vcc) . : o
DC Input or Output Voltage n
DC Input Voltage (Vin) —1.5Vto Vce +1.5V N
DC Output Voltage (V. —05V1t0 7V tin. Vour) 0 Voo V. I&
u p!.l oltage (Vour) oVio Operating Temperature Range (Ta) LAY
Clamp Diode Current (lik, lok) +20 mA DS26C31T —40 +85 °c —gt
DC Output Current, per pin (IloyT) +150 mA DS26C31M -55 +125 °C
DC V¢ or GND Current, per pin (Icc) +150 mA Input Rise or Fall Times (t, ty) 500 ns
Storage Temperature Range (TsTg) —65°C to +150°C
Max. Power Dissipation (Pp) @25°C (Note 3)
Ceramic “J"” Pkg. 2419 mW
Plastic “N” Pkg. 1736 mW
SOIC “M” Pkg. 1226 mW
Ceramic “W” Pkg. 1182 mW
Ceramic “E” Pkg. 2134 mW
Lead Temperature (T|) (Soldering, 4 sec.) 260°C

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

Symbol Parameter Conditions Min Typ Max Units
ViH High Level Input Voltage 2.0 v
ViL Low Level Input Voltage 0.8 v
VoH High Level Output Voltage VIN = VI or Vy, 25 34 v

lout = —20mA
VoL Low Level Output VIN = VigorVy,
Voltage lout = 20 mA 03 05 v
V1 Differential Output RL = 100Q
Voltage (Note 5) 20 3.1 v
vl — [Vl Difference In RL = 100Q 04 v
Differential Output (Note 5) :
Vos Common Mode RL = 100Q 18 3.0 v
Output Voltage (Note 5)
[Vos — Vos! Difference In RL = 1000 04 v
Common Mode Output (Note 5) :
™ Input Current VIN = Vce, GND, Vi, or V| +1.0 pA
lcc Quiescent Supply DS26C31T VIN = Vgc or GND 200 500 pA
Current (Note 6) lour = O pA ViN = 2.4V or 0.5V 05 20 A
(Note 6) ’ :
DS26C31M VIN = Vo or GND 200 500 pA
louT=0pA [\ —»o
IN = 2.4V or 0.5V
(Note 6) 0.8 2.1 mA
loz TRI-STATE Output Vout = Vgg or GND
Leakage Current ENABLE = V| +0.5 +5.0 nA
ENABLE = V4

http://www.national.com 3-11



DC Electrical Characteristics vic = 5v +10% (unless otherwise specified) (Note 4) (Continued)

DS26C31T/DS26C31M

Symbol Parameter- . . Conditions Min Typ Max Units
e gil:tt:zli{ttgt:'(:gnt ' zll\'l%tes\;?%o‘r one —%0 —150 . mA
loFr Output Leakage Current DS26C31T Vout = 6V 100 pA
Power Off (Note 5) Vgc = 0V Vour = —0.25V —~100 A
DS26C31M Vout = 6V 100 pA
Voo = OV Vour =0V —100 A
(Note 8) . H

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

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

Note 3: Ratings apply to ambient temperature at 25°C. Above this temp derate N pack at 13.89 mW/°C, J package 16.13 mW/°C, M package

9.80 mW/°C, E package 12.20 mW/°C, and W package 6.75 mW/°C. '

Note 4: Unless otherwise specified, min/max limits apply across the recc ied operating p range. Al typicals are given for Voo = 5V and
Ta = 25°C. '

Note 5: See EIA Specification RS-422 for exact test conditions.

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

Note 7: This is the current sourced when a high output is shorted to ground. Only one output at a time should be shorted.

Note 8: The DS26C31M (—55°C to +125°C) is tested with VoyT between +6V and OV while RS-422A condition is +6V and —0.25V.

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

Max
Symbol Parameter Conditions Min Typ Units
DS26C31T CS26C31M

tPLHs tPHL Propagatlon‘Delays S1Open 2 6 1 14 ns

Input to Output : .
Skew (Note 9) : S1 Open 0.5 2.0 3.0 ns
trLHs tTHL Differential Output Rise S1 Open

And Fall Times 6 10 14 ns
tpzH Output Enable Time S1 Closed 11 19 ) 22 ns
tpzL Output Enable Time S1 Closed 13 21 28 ns
tpHz Output Disable Time S1 Closed

(Note 10) 5 ’ 9 12 ns
tpLz Output Disable Time S1 Closed

(Note 10) 7 1 14 ns
Cpp Power Dissipation .

Capacitance (Note 11) 50 PF
CiN Input Capacitance : 6 pF

Note 9: Skew is defined as the difference in propagation delays between complementary outputs at the 50% point.

Note 10: Output disable time is the delay from ENABLE or ENABLE being switched to the output transistors turning off. The actual disable times are less than
indicated due to the delay added by the RC time constant of the load.

Note 11: Cpp determines the no load dynamic power consumption, Pp = Cpp Vgc2 f + Igc Ve, and the no load dynamic current consumption,

Is = Cpp Ve f + Icc- . .

3-12 http://www.national.com



(=
. . . . a2 . (7]
Comparison Table of Switching Characteristics into “LS-Type” Load N
Vee = 5V, Ta = 25°C, t, < 6 ns, t; < 6 ns (Figures 2, 4, 5 and 6) (Note 12) (o)
w
-t
Symbol Parameter Conditions DS26C31T DS26LS31C Units {'
Typ Max Typ Max 8
tPLH tPHL Propagation Delays C_ = 30pF 8
Input to Output S1 Closed 6 8 10 15 ns 8
S2 Closed 'g"
Skew (Note 9) CL = 30pF
S1 Closed 0.5 1.0 20 6.0 ns
S2 Closed
tTHL tTLH Differential Output Rise CL = 30pF
and Fall Times S1 Closed 4 6 ns
S2 Closed
tpLz Output Disable Time CL = 10pF
(Note 10) S1 Closed 6 9 15 35 ns
S2 Open
tPHZ Output Disable Time CL = 10pF
(Note 10) S1 Open 4 7 15 25 ns
S2 Closed
tpzL Output Enable Time C_ = 30pF
S1 Closed 14 20 20 30 ns
S2 Open
tpzH Output Enable Time CL = 30pF
S1 Open 11 17 20 30 ns
S2 Closed
Note 12: This table is provided for comparison purposes only. The values in this table for the DS26C31 reflect the performance of the device but are not tested or
guaranteed.
Note 13: ESD Rating: HBM (1.5 k€, 100 pF)
Inputs > 1500V
Outputs > 1000V
EIAJ (O£, 200 pF) > 350V
Logic Diagram
ENABLE  ENABLE INPUT D INPUT C INPUT B INPUT A

e

OUTPUT  OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT  OUTPUT
D2 D1 c2 c1 B2 B1 A2 Al

GND
TL/F/8574-2
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DS26C31T/DS26C31M

AC Test Circuit and Switching Time Waveforms

1.5V

=t

INPUT b=
S1

b2
LL]

al
‘,ﬂ—)
|||— :
AA ‘o AA
vy v
B =

4

TL/F/8574-3
Note: C1 = C2 = C3 = 40 pF (Including Probe and Jig Capacitance), R1 = R2 = 50, R3 = 50012.
FIGURE 1. AC Test Circuit

3.0V —

INPUT
f=1MHz,t, < 6ns,
{=<6ns ’_
: 0.0v

—

OUTPUT

OUTPUT

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

|

. 3.0v
. ENABLE INPUT 5 .
f=1 MHz, t,,s 6ns, 1.3v
{=<6ns R 7
o.0v
ENABLE input High
1.5v
VoL *+0.3V 0.8v
V| —
o L oL
Vou _—X
R Vou=0.3V 2,0V
1.5V
TpHZ TpZH

TL/F/8574-5
FIGURE 3. Enable and Disable Times

3.0v Test
) Point V,
INPUT / \ . ‘ -3
00V From Output ) g 1800
Under Test
g S1
( g 750
Cp (Includes
OUTPUT
Probe and Ji
(DIFFERENTIAL) Capacltance)g e °)
S2

TL/F/8574-6
TL/F/8574-7 FIGURE 5. Load AC Test Circuit for “LS-Type” Load
Input pulse; f = 1 MHz, 50%;t, < 6ns,tt < 6ns
FIGURE 4. Differential Rise and Fall Times
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AC Test Circuit and Switching Time Waveforms (continued)

3.0v
ENABLE INPUT 5 !
=1 MHz, t, <6ns, 1.3v
ty=<6bns R 7
0.0v
ENABLE Input High
Vee
VoL +0.3V 1.3v
Vo emmmm—
o Tz TpzL
Vou _—-x
R Voy=0.3V 1.3v
0.0v
TpHZ 1. TpzH

TL/F/8574-8
FIGURE 6. Enable and Disable Times for “LS-Type” Load

Typical Applications
Two-Wire Balanced System, RS-422

ENABLE ENABLE
> DATA
DATA Ssh_ OUTPUT
1/4 DS26C31 1/4 DS26C32A

TL/F/8574-9
*Ry is optional although highly recommended to reduce reflection.
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DS26C31T/DS26C31M

Typical Performance Characteristics.

tSK-COMPLEMENTARY SKEW-ns tSKD-DIFFERENTIAL SKEW-ns tPLHD, tPHLD-DIFFERENTIAL PROPAGATION DELAY-ns

Vop~DIFFERENTIAL OUTPUT VOLTAGE-V

Differential Propagation Delay

vs Temperature
9 T
Voo = 5V

8

tPHLD
7 //

L #

¢ L1 tPLHD
5
-40 =15 10 35 60 85

1.50

1.25

1.00

0.75

0.50

0.25

4.50

0.5

5.0
45
4.0
35
3.0
25
20

T,~-TEMPERATURE-C

Differential Skew vs Power
Supply Voltage '

T, = 25°C

N

N
N

~N

4.75 5.00 5.25 5.50

Vec~POWER SUPPLY VOLTAGE-V

Complementary Skew vs
Temperature

Ve = 5V

=15 10 35 60 85
To-TEMPERATURE-C

Differential Output Voltage
vs Output Current

Ty = 25°C

0 20 40 60 80

lg=OUTPUT CURRENT-mA

tPLHD, tPHLD-DIFFERENTIAL PROPRAGATION DELAY-ns

tSK-COMPLEMENTARY SKEW-ns TLH, tTHL-TRANSITION TIME-ns

Vou=OUTPUT HIGH VOLTAGE-V

Differential Propagation Delay
vs Power Supply Voltage

T
sre |71, = 250C

\w

~

tPLHD

5
4.50 475 5.00 5.25 5.50

Vec-POWER SUPPLY VOLTAGE-V

_ Differential Transition Time
vs Temperature
6.0 :

Ve = 8V

5.5 / -

4

5.0

7
]

40,

-5 10 35 60 8
Tp-TEMPERATURE-C

Complementary Skew vs
Power Supply Voltage

T, = 25°C

N

1.0 \

0.5

0
4.50 4.75 5.00 5.25 5.50

Vcc~POWER SUPPLY VOLTAGE-V

Output High Voltage vs
Output High Current

Vee = 5V
40

T=-40°C

115
T=85°C
AN

3.0

20

0 20 40 60 80

loy=OUTPUT HIGH CURRENT-mA

TLH, tTHL-TRANSITION TIME-ns tSKD-DIFFERENTIAL SKEW-ns -

Vop—DIFFERENTIAL OUTPUT VOLTAGE-V

Voy~OUTPUT HIGH VOLTAGE-V

Differential Skew vs
Temperature
1.50 T
Ve = 5V
1.25
1.00
075
0.50
0.25
-40 =15 10 35 60 85
Tp~TEMPERATURE-C
Differential Transition Time
vs Power Supply Voltage
6.0 T
o | .1y = 250¢
5.5
tTHL
5.0
tTLH
45
T 450 475 5.00 5.25 5.50
Vec~POWER SUPPLY VOLTAGE-V
Differential Output Voltage
vs Output Current
5.0
Vee = 5V
4.5
4.0
& T=-40°C
3.0
! \\\ T=259€C
2.5 } \\
v T=85°C X\
W INN
0 20 40 60 80
lg-OUTPUT CURRENT-mA
Output High Voltage vs
Output High Current
\ Ty = 25°C
4.0 :
Vee = 5.5V
vcé =5.0V
N
[ Vec=4.5V \\\
20 \\
AN
1.0
0 20 40 60 80

loy=OUTPUT HIGH CURRENT-mA
TL/F/8574-10
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VoL ~OUTPUT LOW VOLTAGE-V

Icc~SUPPLY CURRENT=mA

Output Low Voltage vs
Output Low Current

e ny

Voo = 5V

T= asoc/

2
oc_>< V4
p

r//
L~
]

L1
T=-400¢]

Q 20 40 60 80
I ~OUTPUT LOW CURRENT-mA

Supply Current vs
Power Supply Voltage
T
T, = 25°C

//

0.5

0
4.50 475 5.00 5.25 5.50

Vee—POWER SUPPLY VOLTAGE-V

3

>

T

&

=}

=

ot

= 2

S

=

o

E]

=

5

= 1

=

5

(=}

T

3

=
0
20

<

E

0

L

&

g 15

=

E

o

-

a

T 10

o2

a

(=}

3

= 5

o

=

0

9

sy

1 10

Typical Performance Characteristics (continued)

Output Low Voltage vs
Output Low Current

T
Tp = 25°C

vcc=4,5v/

vcc|= 5iov-

L

0 20 40 60 80

loL~CUTPUT LOW CURRENT-mA

No Load Supply Current

/
I
)

T
Ve = 5V
T, = 25°C

I

100 1k

10k 100k

DATA RATE-kBaud

lgc~SUPPLY CURRENT-mA

locy~LOADED SUPPLY CURRENT-mA

Supply Current
vs Temperature
1.5 T

Voo = SV

T Viy = 2.4V
i —

0.5

Vi =0V

-15 10 35 80 85
Tp=TEMPERATURE-C

Loaded Supply Current
vs Data Rate
160 T
1000 LOADS
Vee = 5V
T, = 25°C

150

1
|
|

130
/
120 /

7

100 1k

110

1 10 10k 100k

DATA RATE-kBaud

Output Short Circuit Current

Output Short Circuit Current

Tp~TEMPERATURE-C

vs Temperature vs Power Supply Voitage

T 130 : T 130
= Voo = 5V = T, = 25°C
z z
& S
g g
] 5
3 \‘ 3
g 120 \ g 7
e N g /
3 AN S 7
£ NG E /|
5 110 P 110 /
z \ 5 /
£ £ Vv
by ?
8 100 2 100

-40 -15 10 35 60 85 4.50 4.75 5.00 5.25 5.50

Vee ~POWER SUPPLY VOLTAGE-V

TL/F/8574-11
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DS26LV31

&National Semiconductor

DS26LV31

General Description

The DS26LV31 is a high-speed quad differential CMOS dnv-
er that is compatible with both TIA/EIA-422-B and CCITT
V.11. The CMOS DS26LV31 features low Icc of XX mA
MAX which makes it ideal for battery powered and power
conscious applications.

ADVANCE INFORMATION

' 3V Enhanced CMOS Quad leferentlal Line Drlver

Features
| Low power design
— lgc < 500 pA max
m Compatible with TIA/EIA-422-B (RS -422) and CCITT
V.11 recommendation
m Guaranteed AC parameter:

The TRI-STATE® enables, EN and EN, allow the devicé to — Maximum driver skew TBD
be active High or active Low. The enables are common to — Transition time TBD
all four drivers. Protection diodes protect all the driver inputs . ® Pin compatible with DS26C31
against electrostatic discharge. The driver inputs (DI) are  m Available in SOIC packaging
compatible with TTL and CMOS levels.
Connection Diagram Truth Table
Enabl Input tput:
Dual-In-Line Package es_ pu Outpy s__
DS26LV31 EN EN DI DO [o]
L H X p4 Y4
Dl 1 (1) — (16) Voo H L H L
D0 1 (2) - (15) DI 4 H H
kY L L L L H
Do* 1 (3) = —(14) DO 4
- b -2 L = Low logic state X = Irrelevant
EN (4) _@* (13) po* 4 H = High logic state Z = TRI-STATE (high impedance)
DO* 2 (5) = (12) EN*
D0 2 (6) — d;l I =~ (11) Do* 3
DI 2 (7) = b~ (10) DO 3
GND (8) = (9) oI 3
TL/F/12642-1

Order Number DS26LV31M or DS26LV31N
See NS Package Number M16A or N16A
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DS26F31C/DS26F31M

General Description

The DS26F31 is a quad differential line driver designed for
digital data transmission over balanced lines. The DS26F31
meets all the requirements of EIA Standard RS-422 and
Federal Standard 1020. it is designed to provide unipolar
differential drive to twisted-pair or parallel-wire transmission
lines.

The DS26F31 offers improved performance due to the use
of state-of-the-art L-FAST bipolar technology. The L-FAST
technology allows for higher speeds and lower currents by
utilizing extremely short gate delay times. Thus, the
DS26F31 features lower power, extended temperature
range, and improved specifications.

The circuit provides an enable and disable function common
to all four drivers. The DS26F31C/DS26F31M features TRI-
STATE® outputs and logical OR-ed complementary enable
inputs. The inputs are all LS compatible and are all one unit
load.

The DS26F31C/DS26F31M offers optimum performance
when used with the DS26F32 Quad Differential Line
Receiver.

NNational Semiconductor

Quad High Speed Differential Line Driver

Features

® Military temperature range

| Output skew—2.0 ns typical

W Input to output delay—10 ns

m Operation from single + 5.0V supply

m 16-lead ceramic DIP Package

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

m Output short circuit protection

W Meets the requirements of EIA standard RS-422

m High output drive capability for 100 terminated
transmission lines

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

1 16
IN A — Vec
15
0UT Al —— —— IN D
14
0UT A2 — —— oUT DI
13
ENABLE —— — ouT D2
ouT B2 ENABLE
6 11
0UT Bt —— —— ouT C2
7 10
IN B —— — our c1
8 9
GND —— — N C

TL/F/9614-1
Top View
Order Number DS26F31CJ or DS26F31MJ
See NS Package Number J16A

For Complete Military 883 Specifications,
see RETS Data Sheet.
Order Number DS26F31ME/883, DS26F31MJ/883, or
DS26F31MW/883
See NS Package Numbers E20A, J16A, or W16A

INPUT INPUT INPUT INPUT
ENABLE ENABLE D c 8 A

GND Ve D1D2 c1c2 B1B2 A1 A2

OUTPUTS

TL/F/9614-2
FIGURE 1. Logic Symbol

20-Lead Ceramic Leadless Chip Carrier (E)

<

— < a

3 z 2 £ =z

3 2 |_1| w 19
out A2 |4 18] out D1
ENABLE | 5 17} out b2
out B2 |7 I—|15 ENABLE
ouT B1 |8 14} out c2

Nefe
e 3]
ne [=]
wels

ourct|a

TL/F/9614-7
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DS26F31C/DS26F31M

Absolute Maximum Ratings (Note 1) Operating Range
If Military/Aerospace specified devices are required, DS26F31C o o
please contact the National Semiconductor Sales Temperature 0°Cto +70°C
Office/Distributors for availability and specifications. Supply Voltage 4.75V to 5.25V
Storage Temperature Range DS26F31M ’ . o
Ceramic DIP —65°Cto +175°C Temperature - —55°Cto +125°C
Lead Temperature ] Supply Voltage 4.5V 10 5.5V
Ceramic DIP (Soldering, 60 sec.) 300°C
Maximum Power Dissipation* at 25°C
Cavity Package 1500 mW
Supply Voltage 7.0V
Input Voltage 7.0V
Output Voltage 5.5V

*Derate cavity package 10 mW/°C above 25°C.

Electrical CharacteristiCs over operating range, unless otherwise specified (Notes 2 & 3)

Symbol Parameter Conditions Min Typ Max .| Units
VoH Output Voltage HIGH Vee = Min, log = —20 mA 2.5 3.2 \
VoL Output Voltage LOW Voe = Min, lg. = 20mA 0.32 0.5 .V
ViH Input Voltage HIGH Ve = Min 2.0 ) \
ViL Input Voltage LOW Voc = Max 0.8 \
i Input Current LOW Voc = Max, V) = 0.4V -0.10 —0.20 mA
I Input Current HIGH Voe = Max, V) = 2.7V 0.5 20 pA
IR Input Reverse Current Voc = Max, V) = 7.0V 0.001 0.1 - mA
oz Off State (High Impedance) Vee = Max Vo = 2.5V 0.5 20 A
Output Current Vo = 0.5V 0.5 —20
Vic Input Clamp Voltage Voc = Min, lj = —18 mA -0.8 -1.5 Vv
los Output Short Circuit Vce = Max (Note 4) ' -30 —60 —150 mA
lcox Supply Current Vcc = Max, All Outputs Disabled . 50 mA
lcc ) Voo = Max, All Outputs Enabled 40 mA
tpLH Input to Output Voo = 5.0V, Ty = 25°C,
, ) Load = Note 5, Note 6 10 15 ns
tPHL Input to Output Vee = 5.0V, Tp = 25°C,
Load = Note 5 10 15 ns
SKEW Output to Output Ve = 5.0V, Tp = 25°C,
’ Load = Note 5, Note 6 20 45 ns
tz Enable to Output Voe = 5.0V, Tp = 25°C,
} CL = 10pF 23 32 ns
tHz Enable to Output Vo = 5.0V, Tp = 25°C, y
; CL = 10 pF 15 25 ns
tzL Enable to Output Vee = 5.0V, Ta = 25°C,
Load = Note 5 20 30 ns
tzH Enable to Output Vee = 5.0V, Tp = 25°C,
Load = Note 5 23 82 ns

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

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

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

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

Note 6: Skew is defined as the difference in propagation delays between complementary outputs at the 50% point..
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Test Circuit and Timing Waveforms

TEST
POINT Vee
s1_ 1800 I
FROM OUTPUT o
UNDER TEST
CL :: R1
(NOTE 4) I > 750 5
L oo l

TL/F/9614-3
FIGURE 2. AC Load Test Circuit for TRI-STATE Outputs

ENABLE DISABLE
ENABLE v
INPUT o
OUTPUT ’
NORMALLY —— ~1
Low B VoL
e
OUTPUT vy
NORMALLY
HIGH — oV :T—o I ~1.5v
TL/F/9614-5

FIGURE 4. Enabie and Disable Times (Notes 2 and 3)

Typical Application

1/4 DS26F31

+ O

v
INPUT / \
IRANSITION a EAREE | o
—=tpLH —=toL
Vou
out v
e Vou
out o
oL
. ton

TL/F/9614-4
FIGURE 3. Propagation Delay (Notes 1 and 3)

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

Note 3: Pulse Generator for all Pulses: Rate < 1.0 MHz, Zo = 50Q, t, <
6.0 ns, tf < 6.0 ns.

Note 4: C| includes probe and jig capacitance.

1/4 DS26F32

DATA
IN

(o]

DATA
out

>
A
L A4

1/4 DS26F32

DATA
outT

1/4 DS26F32

DATA
ouT

TL/F/9614-6

FIGURE 5. Typical Application
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DS26LS31C/DS26LS31M

&National Semiconductor

DS26LS31C/DS26LS31M Quad High
Speed Differential Line Driver

General Description

The DS26L.S31 is a quad differential line driver designed for
digital data transmission over balanced lines. The
DS26LS31 meets all the requirements of EIA Standard
RS-422 and Federal Standard 1020. It is designed to pro-
vide unipolar differential drive to twisted-pair or parallel-wire
transmission lines.

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

Features

® Output skew—2.0 ns typical

B Input to output delay—10 ns typical

B Operation from single 5V supply

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

m Four line drivers in one package for maximum package
density

m Output short-circuit protection

m Complementary outputs

B Meets the requirements of EIA Standard RS-422

B Pin compatible with AM26LS31

® Available in military and commercial temperature range

Logic and Connection Diagrams

ENABLE ENABLE INPUT D

I

INPUT C

INPUT B

I

INPUT A

Loyl

GND Vge  OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT  OUTPUT
D2 D €2 c B2 B1 A2 a1
TL/F/5778-1
Duai-In-Line Package
1 () |1s
INPUT A =] 1 5v
2 LI
CHANNEL A = INPUT D
ouTPUTS| 3| 1
"'] CHANNEL D
ENABLE =+ 13 ] oureuts
5 12
CHANNEL B ENATLE
UTPUTS | _6 | 1
] CHANNEL ¢
INPUT B = 10 | OUTPUTS
N = L weut

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

For Complete Military 883 Specifications, see RETS Data Sheet.
Order Number DS26LS31MJ/883 or DS26LS31MW/883
See NS Package J16A or W16A

TL/F/5778-2
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[
. . . aan »n
Absolute Maximum Ratings oote 1) Operating Conditions N
If Military/Aerospace specified devices are required, Min Max Units 5
please contact the National Semiconductor Sales Supply Voltage, Vo @
Office/Distributors for availability and specifications. DS26LS31M 4.5 5.5 v °
Supply Voltage v : DszsLtsm . 4.75 5.25 \" B
emperature, Ta
Input Voltage v DS26LS31M 55 +125 c |8
Output Voltage 5.5V DS261L.531 0 +70 °C ?_’
Output Voltage (Power OFF) —0.25to0 6V 8
Maximum Power Dissipation* at 25°C =
Cavity Package 1509 mW =
Molded DIP Package 1476 mW
SO Package 1051 mW
*Derate cavity package 10.1 mW/°C above 25°C; derate molded DIP pack-
age 11.9 mW/°C above 25°C; derate SO package 8.41 mW/°C above
25°C.
Electrical Characteristics (Notes 2, 3and 4)
Symbol Parameter Conditions Min Typ Max Units
VOH Output High Voltage loH = —20mA 25 \"
VoL Output Low Voltage loL = 20 mA 0.5 \
ViH Input High Voltage 2.0 \
ViL Input Low Voltage 0.8 \
L Input Low Current ViN = 0.4V —40 —200 RA
i1 Input High Current ViN = 2.7V 20 RA
I Input Reverse Current ViN =7V 0.1 - mA
o TRI-STATE Output Current Vo = 2.5V 20 pA
Vo = 0.5V —-20 HA
VgL Input Clamp Voltage In = —18 mA —-1.5 \Y
Isc Output Short-Circuit Current —30 —150 mA
Icc Power Supply Current All Ou‘tputs Disabled 35 60 mA
or Active
Switching Characteristics v = 5v, 74 = 25°C
Symbol Parameter Conditions Min Typ Max Units
tPLH Input to Output C_ = 30pF 10 15 ns
tPHL Input to Output CL = 30pF 10 15 ns
Skew Output to Output CL = 30pF 2.0 6.0 ns
tLz Enable to Output C_ = 10 pF, S2 Open 15 35 ns
tHz Enable to Output CL = 10 pF, S1 Open 15 25 ns
tz1 Enable to Output C_ = 30 pF, S2 Open 20 30 ns
tzH Enable to Output C_ = 30 pF, S1 Open 20 30 ns
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation.
Note 2: Unless otherwise specified min/max limits apply across the —55°C to +125°C temperature range for the DS726LS31M and across the 0°C to +70°C
range for the DS26LS31. All typicals are given for Voc = 5V and T4 = 25°C.
Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified.
Note 4: Only one output at a time should be shorted.
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DS26LS31C/DS26LS31M

AC Test Circuit and Switching Time Waveforms

TEST
POINT

FROM OUTPUT
UNDER TEST

CL (INCLUDES

»—%

<€
PROBE AND JIG i
CAPACITANCE)
T L o>

180

Vee

Note: S1 and S2 of load circuit are closed except where shown.
FIGURE 1. AC Test Circuit

3v
INPUT [‘; Y x
w —— tpLH tPHL
OUTPUT 13v
TPU 13v
tPHL —=1 PLH
TL/F/5778-4

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

FIGURE 2. Propagation Delays

Typical Applications

ENABLE

DATA
1/4 DS26L831

ENABLE INPUT 3V

ov

OUTPUT
2 OPEN
VoL
Vou
ouUTPUT
S10PEN

TL/F/5778-3

ENABLE

DISABLE
13v \§
tpzL
tpLZ — 0.5V
13v -
y !
13v —
tPHZ 05v
tpzH

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

FIGURE 3. Enable and Disable Times

Two-Wire Balanced System, RS-422

<
>
1"RT

*R is optional aithough highly r

ded to reduce

1/4 DS261532

TL/F/5778-5

DATA
OUTPUT

TL/F/5778-6
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Typical Performance Characteristics
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DS26C32AT/DS26C32AM

&National Semiconductor

DS26C32AT/DS26C32AM

Quad Differential Line Receiver

General Description

The DS26C32A is a quad differential line receiver designed
to meet the RS-422, RS-423, and Federal Standards 1020
and 1030 for balanced and unbalanced digital data trans-
mission, while retaining the low power characteristics of
CMOS. ) '
The DS26C32A has an input sensitivity of 200 mV over the
common mode input voltage range of +7V. The DS26C32A
features internal pull-up and pull-down resistors which pre-
vent output oscillation on unused channels.

The DS26C32A provides an enable and disable function
common to all four receivers, and features TRI-STATE®
outputs with 6 mA source and sink capability. This product is
pin compatible with the DS26LS32A and the AM26LS32.

Features

B CMOS design for low power )

B +0.2V sensitivity over input common mode voltage
range

W Typical propagation delays: 19 ns

m Typical input hysteresis: 60 mV

m Inputs won't load line when Vg = OV

m Meets the requirements of EIA standard RS-422

m TRI-STATE outputs for connection to system buses

m Available in Surface Mount

| Mil-Std-883C compliant

Logic Diagram

. ENABLE ENABLE  IND2 IND1

INC2 INCY

INB2 INBT INA2 INA1

2y

GND vee OUTPUT D

Connection Diagrams

Dual-In-Line Package

—11 U U-G- Vee

mmrsa[ 2 % 15
o ] INPUTS B

OUTPUTA E

ENABLE — @ B oureuts
5

ouUTPUT € It 12 enmste
6 1
b 0 I3

mPursc[ 7 ::%‘ 10
i f_.

] o

OUTPUT D

TL/F/8764-2
Top View

Order Number DS26C32ATJ, DS26C32ATM or
DS26C32ATN
See NS Package J16A, M16A or N16E
For Complete Military 883 Specifications,
See RETS Data Sheet.
Order Number DS26C32AME/883, DS26C32AMJ/883

or DS26C32AMW/883

See NS Package E20A, J16A or W16A

QUTPUTC

O
OUTPUT B OUTPUT A

TL/F/8764~1

20-Lead Ceramic Leadless Chip Carrier

INPUT D

©

OUTPUT A 18] INPUT D

ENABLE 17§ OUTPUT D

xe [s (s ve

OUTPUT B

ENABLE

INPUT B OUTPUT C

TL/F/8764-12
Truth Table
ENABLE | ENABLE Input Output
L H X z
All Other Vip = VT4 (Max)

Combinations of Vip < V1H (Min)
Enable Inputs Open

I|r|XT

Z = TRI-STATE
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Absolute Maximum Ratings (otes 13 2)
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Maximum Current Per Output +25 mA
This device does not meet 2000V ESD rating. (Note 4)

Supply Voltage (Vo) v Operating Conditions
Common Mode Range (Vcm) 14V Min Max Units
Differential Input Voltage (Vprr) +14V Supply Voltage (V) 450 5.50 Vv
Enable Input Veltage (Vin) A Operating Temperature Range (Ta)
Storage Temperature Range (Tstg) —65°C to +150°C DS26C32AT —40 +85 °C
Lead Temperature (Soldering 4 sec.) 260°C DS26C32AM -55 +125 °C
Maximum Power Dissipation at 25°C (Note 5) Enable Input Rise or Fall Times 500 ns
Ceramic “J” Pkg. 2308 mW
Plastic “N" Pkg. 1645 mW
SOIC “M” Pkg. 1190 mW
Ceramic “E” Pkg. 2108 mW
Ceramic “W” Pkg. 1215 mW
DC Electrical Characteristics vcc = 5v +10% (uniess otherwise specified) (Note 3)
Symbol Parameter Conditions Min Typ Max Units
VTH Minimum Differential Vout = Vor or VoL _
Input Voltage —7V<Vem < +7V 200 35 +200 mv
Rin Input Resistance ViN= =7V, +7V DS26C32AT 5.0 6.8 10 kQ
(OtherInput = GND) | ngo6c32aM 45 6.8 11 kQ
Y] Input Current Vin = +10V, DS26C32AT +1.1 +1.5 mA
Other Input = GND DS26C32AM +11 | +18 mA
Vin = —10V, DS26C32AT -2.0 —25 mA
Other Input = GND DS26C32AM —20 | -27 mA
Vohn Minimum High Level Vec = Min, Vpjpp = +1V 38 4. v
Output Voltage lout = —6.0mA ’ ’
VoL Maximum Low Level Vce = Max, Vpjpg = —1V 0.2 0.3 v
Output Voltage lout = 6.0 mA i '
ViH Minimum Enable High 20 v
Input Level Voltage ’
ViL Maximum Enable Low 08 Vv
Input Level Voltage !
loz Maximum TRI-STATE Vout = Vcg or GND,
Output Leakage Current ENABLE = V|, +0.5 +5.0 RA
ENABLE = V|
] hCA::-g':m Enable Input ViN = Vg or GND +1.0 MA
lcc Quiescent Power Vce = Max, DS26C32AT 16 23 mA
Supply Current Vor = +1V DS26C32AM 16 25 mA
VHYsT Input Hysteresis Vom = 0V 60 mV

http://www.national.com
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DS26C32AT/DS26C32AM

AC Electrical Characteristics v = 5v +10% (Note 3) -

) Max )
Symbol : Parameter - Conditions Min Typ Units
) DS26C32AT DS26C32AM

tPLH, Propagation Delay CL = 50pF -

tPHL Input to Output Vpirr = 2.5V 10 19 30 35 ns
Vom = 0V

tRISE, Output Rise and Cp = 50 pF

tFALL Fall Times Vpirr = 2.5V 4 9 9 ns
Vem = 0V

trLz, Propagation Delay ‘ CL = 50 pF

tpHz ENABLE to Output R_ = 10000 13 22 29 ns
VpIFg = 2.5V :

tpzL, Propagation Delay CL = 50 pF

tpzH ENABLE to Output Ry = 10000 13 23 29 ns
Vpirg = 2.5V

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

Note 2: Unless otherwise specified, all voltages are referenced to ground.
Note 3: Unless otherwise specified, Min/Max limits apply over recommended operating conditions. All typicals are given for Voo = 5V and Ty = 25°C.
Note 4: ESD Rating: HBM (1.5 kQ, 100 pF)
Inputs >2000V
All other pins > 1000V
EIAJ (09, 200 pF) =350V
Note 5: Ratings apply to ambient temperature at 25°C. Above this temperature derate N Package 13.16 mW/°C, J Package 15.38 mW/°C, M Package 9.52 mW/°C,
E Package 12.04 mW/°C, and W package 6.94 mW/°C.

Comparison Table of Switching Characteristics into “LS-Type” Load
(Figures 4, 5, and 6) (Note 6)

Symbol Parameter Conditions DS26C32A DS26L.832A Units
Typ Typ
tpLH Input to Output CL = 15pF 17 23 ns
tPHL 19 23 ns
tz ENABLE to Output C_L=5pF 13 15 ns
tHz 12 20 ns
tzL ENABLE to Output CL = 15pF 13 14 ns
tzh 13 15 ns

Note 6: This table is provided for comparison purposes only. The values in this table for the DS26C32A reflect the performance of the device, but are not tested or
guaranteed.
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Test and Switching Waveforms »
(23
W
N
trise— | a1 Veo 2'
v & ~
90% 0% OH p——0 o
OUTPUT 50 7% »n
10% 10%N X1
L_ L You V4 INPUT O——o| 3
tpLH PHL DEVICE &
+2.5V V= INPUTO——]  UNDER N
TEST 2
V= INPUT ov =
V4 INPUT = OV L\ / w25y
REFERENCE - _L
TL/F/8764-3 =
FIGURE 1. Propagation Delay TL/F/B764-4
Cy includes load and test jig capacitance.
81 = V¢ for tpz1, and tpy z measurements.
S4 = Gnd for tpzH and tpz measurements.
FIGURE 2. Test Circuit for
TRI-STATE Output Tests
gt """ """ 3.0v
CONTROL 1.3v 1.3v
(LOW ENABLING) oD
tpzL v
oz |- ceTTETESSesEeE OH
OUTPUT f S0%
0.5V v
4 —f tpzH o
PHZ
0.5V Vo
OUTPUT 50%

e L LT T TP

TL/F/8764-5
FIGURE 3. TRI-STATE Output Enable and Disable Waveforms
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DS26C32AT/DS26C32AM

AC Test Circuit and Switching Time Waveforms

TEST v,
POINT Vee OH
o OuUTPUT
FROM OUTPUT . 2 l . VoL
UNDER TEST . -
} 25V
OPPOSITE PHASE
> ALL DIDDES INPUT TRANSITION )
€y INGLUDES b3l 1N916 OR —2.5V
PROBE AND JIG 1N3064 ‘ N
CAPACITANCE FIGURE 5. Propagation Delay
\01 for “LS-Type” Load (Notes 7, 9)
s2 o .

TL/F/8764-6
FIGURE 4. Load Test Circuit for TRI-STATE
Outputs for “LS-Type” Load

v
ENABLE a N 1w
INPUT ‘
ov
tzL tz
~4,5V we
OUTPUT 0.5v
NORMALLY 82 0PEN K ~15V
LW o, N
' tZH thz ‘ ’
~ ourpyr VOH- : <
NORMALLY — ~1,5V
1 OPEN
HiGH _gy S1OPEN/ 05V
‘ TL/F/8764-8
FIGURE 6. Enable and Disable Times for “LS-Type” Load (Notes 8, 9)
Note 7: Diagram shown for ET\TREEE low. :
Note 8: S1 and S2 of load circuit are closed except where shown.
Note 9: Pulse generator for all pulses: Rate < 1.0 MHz; Zp = 50Q; t, < 15 ns; < 6.0 ns.
Typical Applications
Two-Wire Balanced Systems, RS-422
ENABLE
1/4 DS26C32A
< DATA
DATA 3 OUTPUT
11/4 DS26C31 RT

TL/F/8764-9
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Typical Performance Characteristics

t5ip = DIFFERENTIAL SKEW = ns tpyp» tpuLp = DIFFERENTIAL PROPAGATION DELAY = ns
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DS26C32AT/DS26C32AM

Typical Performance Characteristics (continued)

Supply Current vs
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Disabled Supply Current vs
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DS26LV32A

General Description

The DS26LV32A is a high speed quad differential CMOS
receiver that meets the requirements of both TIA/EIA-422-B
and CCITT V.11. The CMOS DS26LV32A features low Icc
of X mA which makes it ideal for battery powered and power
conscious applications.

The TRI-STATE® enables, EN and EN, allow the device to
be active High or active Low. The enables are common to
all four receivers.

The receiver output (RO) is guaranteed to be High when the
inputs are left open. The receiver can detect signals as low
as +200 mV over the common mode range of +7V. The
receiver outputs (RO) are compatible with TTL and CMOS
levels.

&National Semiconductor

ADVANCE INFORMATION

3V Enhanced CMOS Quad Differential Line Receiver

Features

m Low power CMOS design

u Meets TIA/EIA-422-B (RS-422) and CCITT V.11 recom-
mendation

m Receiver OPEN input failsafe feature

m Guaranteed AC parameter:
— Maximum receiver skew TBD
— Transition time TBD

B Pin compatible with DS26C32A

m Available in SOIC packaging

Connection Diagram

Dual-In-Line Package
DS26LV32A

RI* 1 (1) — B — (16) Vo
RI 1 (2) = Q — (15) RI* 4
RO 1 (3) — — (14) Rl 4
EN (4) — . = (13) RO 4
RO 2 (5) (12) EN*
Rl 2 (6) — p —(11) RO 3
RI* 2 (7) — d - (10) ri 3
GND (8) = — (9) RI* 3
TL/F/12643-1

Order Number DS26LV32AM or DS26LV32AN
See NS Package Number M16A or N16E

Truth Table
Enables Inputs Outputs
EN EN RI-RI* RO
L H X 4
H L ViD = VTH (Max) H
H H Vip < VTH (Min) L
L L Open H
L = Low logic state X = Irrelevant
H = High logic state Z = TRI-STATE (high impedance)
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DS26F32C/DS26F32M

ﬂ’National Semiconductor

DS26F32C/DS26F32M

Quad Differential Line Recelver

General Description

The DS26F32 is a quad differential line receiver designed to
meet the requirements of EIA Standards RS-422 and RS-
423, and Federal Standards 1020 and 1030 for balanced
and unbalanced digital data transmission.

The DS26F32 offers improved perfoim'ance due to the use
of state-of-the-art L-FAST bipolar technology. The L-FAST
technology allows for higher speeds and lower currents by
utilizing extremely short gate delay times. Thus, the
DS26F32 features lower power, extended temperature
range, and improved specifications.

The device features an input sensitivity of 200 mV over the
input common mode range of +7.0V. The DS26F32 pro-
vides an enable function common to all four receivers and
TRI-STATE® outputs with 8.0 mA sink capability. Also, a
fail-safe input/output relationship keeps the outputs high
when the inputs are open.

The DS26F32 offers optimum performance when used w1th
the DS26F31 Quad leferentlal Line Driver.

Features

m Military temperature range

m Input voltage range of +7.0V (differential‘ or common
mode) +0.2V sensitivity over the input voltage range

B Meets all the requirements of EIA standards RS- 422

and RS-423

High input impedance (18k typical)

30 mV input hysteresis

Operation from single +5.0V supply

Input pull-down resistor prevents output oscillation on

unused channels

m TRI-STATE outputs, with choice of complementary en-
ables, for receiving directly onto a data bus

B Propagation delay 15 ns typical

Connection Diagrams
16-Lead DIP

TL/F/9615-1
Top View
Order Number DS26F32CJ or DS26F32MJ
See NS Package Number J16A
For Complete Military 883 Specifications,
see RETS Datasheet.

Order Number DS26F32ME/883,
DS26F32MJ/883 or DS26F32MW/883
See NS Package Number E20A, J16A or W16A

20-Lead Ceramic Leadless Chip Carrier

ouT A N s 181 +IN B
ENABLE | 5 17§ OUT B
NC ; [&] e
ouT ¢ 15] ENABLE
+INC il ) I 14] OUT D
9 m 12| |13
l C TL/F/9615-7
Function Table Each Receiver)
Differential Inputs Enables Outputs
Vip = (ViNt) = (VIN—) E E ouT
Vip =2 0.2V H X H
X L H
Vip £ —0.2V H X L
X L L
X L H z
H = High Level
L = Low Level

X = Immaterial
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required, Common Mode Voltage Range +25V
please contact the Natl_ona.l Semiconduc_tor Sales Differential Input Voltage +925V
SQ:fIce/D.II_strlbut:rs f;r availability and specifications. Enable Voltage 7.0V
orage Temperature Range .
Ceramic DIP —65°Cto + 175°C Output Sink Current 50 mA
Operating Temperature Range i
DS26F32M —55°Cto +125°C operatlng Range
DS26F32C 0°Cto +70°C DS26F32C
Lead Temperature Temperature 0°Cto +70°C
Ceramic DIP (soldering, 60 sec) 300°C Supply Voltage 4.75V105.25v
Maxi Power Dissipation* at 25°C DS26F32M
%Xquump K P 1500 mW Temperature —55°Cto +125°C
avity Package m Supply Voltage 4.5V to 5.5V
Supply Voltage 7.0V
*Derate cavity package 10 mW/°C above 25°C.
i isti er operating range, unless otherwise specified (Notes 2 an
Electrical Characteristics ov less oth fied (Notes 2 and 3)
Symbol Parameter Conditions Min Typ Max Units
VTH Differential Input Voltage —7.0V < Vgm < +7.0V, —02 £0.06 +0.2 v
Vo = VoL or Vou ’ : ’
Ry Input Resistance —15V < Vgpm < +15V,
One Input AC Ground 4 8 ke
I} Input Current (under Test) V= +15V, 23
Other Input —15V < V| < +15V ’ mA
V= —15V, _28
Other Input —15V < V| < +15V ’
VoH Qutput Voltage HIGH Voo = Min, 0°Cto +70°C 28 34
AV = +1.0V, . : v
VENABLE = 0.8V, | _ggecto +125°C
IOH = —440 ”A 2.5 3.4
VoL Output Voltage LOW Ve = Min, loL = 4.0 mA 0.4
AV) = —1.0V _ \"
: loL = 8.0mA 0.45
VENABLE = 0.8V
Vi Enable Voltage LOW 0.8 \
ViH Enable Voltage HIGH 2.0 Vv
Vic Enable Clamp Voltage Voe = Min, [} = —18 mA -1.5 v
loz Off State (High Impedance) Vce = Max Vo = 2.4V 20 WA
Qutput Current Vo = 0.4V —20
TR Enable Current LOW V| = 0.4V -0.2 —0.36 mA
i1 Enable Current HIGH vy =27V 0.5 10 pA
I Enable Input High Current V| = 5.5V 1.0 50 BA
los Output Short Circuit Current Vo = 0V, Vgc = Max, (Note 4) _ _ _
AV, = +1.0V 15 50 85 mA
lcc Supply Current Vcc = Max, All V) = GND,
Outputs Disabled 80 50 mA
VHYST Input Hysteresis Ta = 25°C, Vgc = 5.0V, Vgm = OV 30 mV

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

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS26F32M and across the 0°C to +70°C range
for the DS26F32C. All typicals are given for Vog = 5V and Tp = 25°C.
Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are reference to ground unless otherwise

specified.

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

http://www.national.com
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DS26F32C/DS26F32M

Switching Characteristics vCC = 5.0V, Tp = 25°C

Symbol Parameter Conditions Min ' Typ Max v Units
tPLH Input to Output Figures 2,3 CpL = 15pF’ o) 15- 22 ns .
tpHL Input to Output 15 22 ns
Wz Enable to Output CL=5pF 14 18 ns
tHz Enable to Output Figures 2, 4 15 20 ns
tzL Enable to Output ‘ C_ = 15pF 13 18 ns
tzn Enable to Output 12 16 ns
INPUTS
ENABLE  ENABLE D2 D1 c2 1 B2 Bi A2 M
GND  Vee OUTPUT OUTPUT OUTPUT OUTPUT
D c B A
TL/F/9615-2
FIGURE 1. Logic Symbol
POINT . Vee ouT

2k ;

FROM OUTPUT
UNDER TEST
OPPOSITE 2.5V
PHASE ov ov 2
INPUT -
(NOTE 5) TRANSITION 2.5V
TL/F/9615-4
= £

TL/F/9615-3
FIGURE 2. Load Test Circuit for Three-State Outputs

ENABLE v
INPUT ov
OUTPUT :
NORMALLY —— ~15v
Low —5 VoL
e
OUTPUT 4 Vou
NORMALLY N
HIGH iy oy ~1.5V
TL/F/9615-5

FIGURE 4. Enable and Disable Times (Notes 1, 2 and 3)

FIGURE 3. Propagation Delay (Notes 1, 2 and 3)

Note 1: Diagram shown for ENABLE Low.
Note 2: S1 and S2 of Load Circuit are'closed except where shown.

Note 3: Pulse Generator of all Pulses: Rate < 1.0 MHz, Zp = 50Q, t; <
6.0 ns, t < 6.0 ns.

Note 4: All diodes are IN916 or IN3064.
Note 5: C; includes probe and jig capacitance.
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Typical Application

FIGURE 5

1/4 DS26F31 - 1/4 DS26F32
DATA S
N Ry <
1/4 DS26F32 1/4 DS26F32
DATA DATA
out out

DATA
out

TL/F/9615-6
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DS26LS32C/DS26LS32M/DS26LS32AC/DS26LS33C/DS26LS33M/DS26LS33AC

NNational Semiconductor

DS26LS32C/DS26L.S32M/DS26LS32AC/DS26L.S33C/
DS26LS33M/DS26LS33AC Quad Differential Line

Receivers

General Description
The DS26LS32 and DS26LS32A are quad differential line

receivers designed to meet the RS-422, RS-423 and Feder-
| al Standards 1020 and 1030 for balanced and unbalanced

digital data transmission.

The DS26LS32 and DS26L.S32A have an input sensitivity of
200 mV over the input voltage range of £7V and the
DS26LS33 and DS26LS33A have an input sensitivity of
500 mV over the input voltage range of +15V.

Both the DS26LS32A and DS26LS33A differ in function
from the popular DS26L.S32 and DS26LS33 in that input
pull-up and pull-down resistors are included which prevent
output oscillation on unused channels.

Each version provides an enable and disable function com-
mon to all four receivers and features TRI-STATE® outputs
with 8 mA sink capability. Constructed using low power

' Schottky processing, these devices are available over the

full military and commerical operating temperature ranges.

Features

® High differential or common-mode input voltage ranges

of £7V on the DS26LS32 and DS26LS32A and +15V
on the DS26L.S33 and DS26LS33A

B +0.2V sensitivity over the input voltage range on the
DS26L.S32 and DS26LS32A, +0.5V sensitivity on the
DS261.S33 and DS26LS33A

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

W 6k minimum input impedance

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

m Operation from a single 5V supply

® TRI-STATE outputs, with choice of complementary out-
put enables for receiving directly onto a data bus

Logic Diagram

ENABLE  IND2 IND1

INC2 INC1

id:24

INBZ INB1T N AZ Ill Al

cun Vcc ouwur D

Connection Diagram

Dual-In-Line Package

d U e
- = Ve
NPUTSA | | :;%_ s
= INPUTS B
ouTPuT A =2 -'l]
ENABLE —H @ 2. outeuts
OUTRUT ¢ =2 L 12, enmeTe
S L output 0
INPUTSC1 | k 10
4
INPUTS D
ano =Y \; ;l-]
TL/F/5255-2
Top View

OIITFUT 4

OUTPUT B OUTPUT A

TL/F/5265-1

Truth Table
ENABLE | ENABLE Input Output
0 1 X Hi-Z
See Vip 2 V74 (Max) 1
Note Below Vip < Vi (Min) 0

HI-Z = TRI-STATE

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

Order Number DS26L.S32CM, DS26L.S32CN,
DS26L.S32MJ, DS26LS32ACM, DS26LS32ACN,
DS26LS33CN, DS26LS33MJ or DS26LS33ACN
See NS Package Number J16A, M16A or N16A

For Complete Military 883 Specifications,
See RETS Data Sheet.
Order Number DS26L.S32MJ/883, DS26LS32MW/883,
DS26LS33MJ/883, DS26LS33MW/883
See NS Package Number J16A or W16A
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to +165°C
please contact the National Semiconductor Sales Lead Temperature (Soldering, 4 seconds) 260°C
Office/Distributors for availability and specifications.
Supply Voltage v Operating Conditions
Common-Mode Range +25V Min Max Units
Differential Input Voltage +25V Supply Voltage, (Vcc)
Enable Voltage 7v (D;IZL?LSSZM, DS26LS33M 45 5.5 \"
Output Sink Current 50mA DS26L832C, DS26LS33C 475 525 v
Maximum Power Dissipation* at 25°C DS26LS32AC, DS26LS33AC
Cavity Package 1433 mW (COML) ’
Molded Dip Package 1362 mW Temperature, (Ta)
SO Package DS26L.S32 1002 mW y o
DS26LS32A 1051 mW Rﬂsli()sLSMM, DS26LS33M —55 +125 C
1g.egl-?;ivcﬁwgz ::\c/::aag; 36 mW/°C above 25°C; derate molded DIP package DS26L832C, DS26L.S33C 0 +70 oc
Derate SO Package 8.01 mW/°C for DS26LS32 DS26LS32AC, DS26LS33AC
8.41 mW/°C for DS26LS32A (COML)

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

oVvEEST192SA/INEESTICSA/IEESTIZSA/IVEEST9ZSA/NCEST92SA/I2€ST192SA

Symbol Parameter Conditions Min Typ Max | Units
VTH Ditferential Input VouT = VoH | DS26LS32, DS26LS32A, —7V < Vgy < +7V | —0.2| £0.07| 0.2 v
Voltage orVoL DS26L.S33, DS26LS33A, —15V < Vgy +15V | —0.5 | +014| 05 | V
RN Input Resistance —158V < Vgm < +15V (One Input AC GND) 6.0 8.5 kQ
N Input Current (Under | V|y = 15V, Other Input —15V < V|y < +15V 2.3 mA
Test) ViN = —15V, Other Input —15V < Viy < +15V —28 | mA
VoH Output High Voltage | Voo = MIN, AV|y = 1V, Commercial 2.7 4.2 \
VENABLE = 0.8V.lon = —440 uA | vjijitary 25 | 42 v
VoL Output Low Voltage | Voc = Min, AV)y = —1V, loL=4mA 0.4 \"
VENABLE = 0.8V loL = 8 mA 045 | v
ViL Enable Low Voltage 0.8 \"
Vi Enable High Voltage 2.0 \
\ Enable Clamp Vee = Min, Iy = —18 mA 15 v
Voltage
lo OFF-State (High Vcc = Max Vo = 2.4V 20 pA
Impedance) Output
Current Vo = 0.4V —20 | pA
i Enable Low Current | V|y = 0.4V —0.36| mA
liH Enable High Current | Viy = 2.7V 20 MA
Isc Output Short-Circuit | Vo = 0V, Voo = Max, AVjy = 1V _15 _g5 mA
Current
lcc Power Supply Vce = Max, All Vjy = GND, DS26L832, DS26LS32A 52 70 mA
Current Outputs Disabled DS26L533, DS26LS33A 57 | 80 | mA
n Input High Current ViN = 5.5V 100 MA
Vhyst | Input Hysteresis Ta = 25°C, Vgc = 5V, DS26LS32, DS26S32A 100 mV
Voum = 0V DS26L.533, DS26LS33A 200 mv

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

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

Note 3: All typical values are Voc = 5V, Tp = 25°C.
Note 4: Only one output at a time should be shorted.
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DS26LS32C/DS26LS32M/ DS‘."GLS32AC/ DS26LS33C/DS26LS33M/DS26LS33AC

Switching Characteristics vq; = 5v, Ta = 25C

Symbol Parameter Conditions D$26L832/DS26L833 DszngazubszsLsaaA Units
o Min Typ Max . Min Typ - . Max.
tpLH Input to Output " Cp=15pF 17 25 23 35 ns
tPHL 17 25 23 35 . ns
tz ENABLE to Output | C_ = 5pF 20 30 15" 30 ns
thz 15 22 20 25 ns
tz ENABLE to Output | G, = 15pF 15 22 14 22 ns
tzH 15 22 15 22 ns
AC Test Circuit and Switching Time Waveforms
Load Test Circuit for TRI-STATE Outputs
TEST
POINT Vee
FR { o-vz:l\«-j
OM OUTPUT
UNDER TEST i
k ‘L ALL DIODES
Cy INCLUDES b il 1N916 OR
PROBE AND JIG > 5k 1N3064
CAPACITANCE * l W
})1
= - TL/F/5255-3
Propagation Delay (Notes 1 and 3) Enable and Disable Times (Notes 2 and 3)
Vou Y
’ ENABLE 2 ' S
ouTPUT , 13V poctr uv—] 13v
oL ‘———
PLH tPHL eyl t2L —=tt1z
OPPOSITEPHASE " . oAty sz oPEN N 4y C“';; sy
INPUT TRANSITION v LW vy, N ’
- tzn thz }
TL/F/5256-4 Vou e '
Note 1: Diagram shown for ENABLE low. Noglxltg $1 OPEN ¢~1‘5V
Note 2: S1 and S2 of load circuit are closed except where shown. HIGH ~ov—7 05V
Note 3: Pulse generator for all pulses: Rate = 1.0 MHz; Zp = 50Q; t, < 6 ns; t; < 6.0 ns. TL/F/5255-5
Typical Applications
Two-Wire Balanced Interface—RS-422
ENABLE
1/4 DS26L532A
PATA 3w ga;:ur
1/4 DS26LS31 )
- - TL/F/5255-6
Single Wire with Driver Ground Reference—RS-423
1/4 DS26LS32A

1/4 DS3691
DATA o—?

* |

+ DATA
' ouTPUT
=

TL/F/5255-7
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&National Semiconductor

1982v€sa

DS34C86T
Quad CMOS Differential Line Receiver

General Description Features

The DS34C86T is a quad differential line receiver designed ~® CMOS design for low power
to meet the RS-422, RS-423, and Federal Standards 1020 m +0.2V sensitivity over the input common

and 1030 for balanced and unbalanced digital data trans- mode voltage range
mission, while retaining the low power characteristics of  m Typical propagation delays: 19 ns
CMOS. m Typical input hysteresis: 60 mV

The DS34C86T has an input sensitivity of 200 mV over the  m Inputs won't load line when Voo = 0V

common mode input voltage range of £7V. Hysteresis is  w Meets the requirements of EIA standard RS-422
provided to improve noise margin and discourage output g TRI.STATE outputs for system bus compatibility
instability for slowly changing input waveforms. m Available in surface mount

T‘he DSSJ‘,CBGT features mterna} pyll-up and pull-down re- Open input Failsafe feature, output high for open input
sistors which prevent output oscillation on unused channels.

Separate enable pins allow independent control of receiver

pairs. The TRI-STATE® outputs have 6 mA source and sink

capability. The DS34C86T is pin compatible with the

DS3486.

Logic Diagram

IN A2 IN A1 IN CZ IN Cl ENABLE ENABLE INB2 INB1 IND2 IND1

oy

GND voc OUTPUT A OUTPUT c OUTPUT B OUTPUT D
: TL/F/8699-1
Connection Diagram Truth Table
Dual-In-Line Package ‘
Enable Input Output |
N\ 16

1] - f— — Vee L X z

INPUTS A[ ) >—  BE H Vip = V1y (Max)
N 1T 14] INPUTS B H Vip < V1H (Min)

Ijr|x

H Open*

3
OUTPUT A
*Open, not terminated

13
—— OUTPUT B
4 = B
ENABLE A/C —i Z = TRI-STATE

12 k

5 < [— ENABLE B/D |

OUTPUT C =i !
|

11

6l — output D i

INPUTS c[ 12 dl B ‘

yia INPUTS D '

9 !

8 - !

GND —— |
TL/F/8699-2

Top View

Order Number DS34C86TJ, DS34C86TM, and DS34C86TN
See NS Package Number J16A, M16A and N16E
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DS34C86T

Absolute Maximum Ratings (Notes 18 2)

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

Supply Voltage (Vcc) v

Current Per Output . - +25mA
This device does not meet 2000V ESD rating. (Note 4)

Operating Conditions

Input Common Mode Range (Vcm) +14V Min  Max Unit
Differential Input Voltage (Vprr) 14V Supply Voltage (Vog) . 450 550 V
Enable Input Voltage (Vin) v Operating Temperature Range (Ta) —40 +85 °C
Storage Temperature Range (Ts7g) —65°Cto +150°C Enable Input Rise or Fall Times ) 500 ns
Lead Temperature (Soldering 4 sec) 260°C ) .
Maximum Power Dissipation at 25°C (Note 5) .

Ceramic “J” Package 2308 mwW

Plastic “N”” Package 1645 mW

SOIC Package 1190 mW

DC Electrical Characteristics vec = 5v +10% (unless otherwise specified) (Note 3)

Max

Symbol Parameter Conditions Min Typ Units
V1y Minimum Differential Vout = VoH or VoL _
' Input Voltage —7V<Vem < +7V 200 35 +200 mv
Rin Input Resistance VIN= =7V, +7V
(Other Input = GND) | 50 68 10 ka2
N Input Current VIN = + 10V, Other Input = GND +1.1 +1.5 mA
(Under Test) ViN = —10V, Other Input = GND —-2.0 —-25 mA
VoH Minimum High Level Vee = Min, Vipirp) = +1V 38 42 v
Output Voltage loyt = —6.0mA ’ i
VoL Maximum Low Level Vee = Max, Vioirr) = —1V 0.2 0.3 v
Output Voltage loyt = 6.0 mA i ’
ViH Minimum Enable High 2.0 N
Input Level Voltage :
ViL Maximum Enable Low 08 v
Input Level Voltage :
loz Maximum TRI-STATE Vourt = Vecor GND,
Output Leakage Current TRI-STATE Control = Vi +0.5 +5.0 HA
Iy Maximum Enable Input ViN = Vgcor GND
Current +1.0 pA
lcc Quiescent Power Vee = Max, Vi) = +1V 16 23 mA
Supply Current
VHysT Input Hysteresis Vom = OV 60 mV
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AC Electrical Characteristics v = 5v +10% (Note 3) (Figures 7, 2 and 3)

1980¥€Sa

Symbol Parameter Conditions Min Typ Max Units

tPLH, Propagation Delay CL = 50 pF

tPHL Input to Output Vpirg = 2.5V 19 30 ns
Vom = 0V

tRISE: Output Rise and CL = 50 pF

trFALL Fall Times VpIFr = 2.5V 4 9 ns
Vom = 0V

tpLz, Propagation Delay CL = 50 pF

tPHZ ENABLE to Output RL = 1000Q 13 18 ns
Vpipr = 2.5V

tpzL, Propagation Delay CL = 50 pF

tpzH ENABLE to Output RL = 1000Q 13 21 ns
Vpirg = 2.5V

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

Note 2: Unless otherwise specified, all voltages are referenced to ground.
Note 3: Unless otherwise specified, Min/Max limits apply across the operating temperature range.
All typicals are given for Voo = 5V and Tp = 25°C.
Note 4: ESD Rating; HBM (1.5kQ, 100 pF)
Inputs > 2000V
Ali other pins > 1000V
EIAJ (0€, 200 pF) > 350V
Note 5: Ratings apply to ambient temperature at 25°C. Above this temperature derate N Package 13.16 mW/°C, J Package 15.38 mW/°C and M Package
9.52 mW/°C.

Comparison Table of Switching Characteristics into “LS-Type” Load
Vee = 5V, Ta = 25°C (Figures 4 and 5) (Note 6)

Symbol Parameter DS34cC86 DS3486 Units
Typ Max Typ Max
tPHL(D) Propagation Delay Time 17 19 ns
Output High to Low
tPLH(D) Propagation Delay Time 19 19 ns
Output Low to High
tpLz Output Low to TRI-STATE 13 23 ns
tPHZ Output High to TRI-STATE 12 25 ns
tpzH Output TRI-STATE to High 13 18 ns
tpzL Output TRI-STATE to Low 13 20 ns
Note 6: This Table is provided for comparison purposes only. The values in this table for the DS34C86 reflect the performance of the device but are not tested or
guaranteed.
Test and Switching Waveforms
vrc 5
—)
trise— |+ = f-tra o:_l_-
v =
OH V4 INPUT R
90% 90% DEVICE
OUTPUT ﬂ i " 50% V= INPUT UNDER
dﬂ;_vm_ TEST
t t [
PLH L— PHL IL
_q ’[/.____,2 o T L
V= INPUT TL/F/8699-4
;EFI'IZ:;:EE ov =-2.5V Cy_ Includes load and test jig capacitance.
TL/F/8699-3 81 = Vg for tpz(, and tp z measurements.
FIGURE 1. Propagation Delays S1 = GND for tpzH, and tpz measurements.
FIGURE 2. Test Circuit for
TRI-STATE Output Tests
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DS34C86T

Test and Switching Waveforms (continued)

OUTPUT = 3.0V

CONTROL 1.3v o 1.3v
(HIGH ENABLING) \

seeeeccccccecceao- GND

tpzL
0.5V v
oUTPUT tpuz ':f g tpzH

0.5V Vo
K f : 50%

--—---------VOL

) o TL/F/8699-5
FIGURE 3. TRI-STATE Output Enable and Disable Waveforms

AC Test Circuits and Switchirig Time Waveforms -

i T0 SCOPE
(INPUT,
A ) DIFFERENTIAL (OUTPUT)
INPUTS
e’ ——

Cy =15 pF
INCLUDES PROBE
AND STRAY

L. CAPACITANCE

TRISTATE® CONTROL

1

2v

>
PULSE 3
GENERATOR s
! A
i
Y ‘

TL/F/8699-6

3v
INPUT 1.5V '
ov—
tPLH(D) tPLH(D)
ouThUT 13v 13v
VoL

oV

TL/F/8699-7
Input Pulse Characteristics:
tTLH = trHL = 6 NS (10% to 90%)
PRR = 1 MHz, 50% duty cycle

FIGURE 4. Propagation Delay Differential input to Output for “LS-Type” Load
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TO scoP
(INPUT)
A

PULSE <
GENERATOR $

——
—
-

1.5V for tprz and tp z
—1.5V for tp 7 and tpz|_
Input Pulse Characteristics:

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

[o —o——‘
DIFFERENTIAL

E
TRI-STATE
CONTROL

INPUTS

Cy =15pF INCLUDES
PROBE AND STRAY
CAPACITANCE

tpLz
v
INPUT
o SW1 CLOSED
-~ o1z SW2 CLOSED
~1.3v -
ouTPUT a__\
0.5V
Vo J 7
o +
TL/F/8699-9
tpzn
v
INPUT SW1 OPEN
o SW2 CLOSED
tpzZH
VoH
15V
o

TL/F/8699-11

TO SCOPE
(0UTPUT)

AC Test Circuits and Switching Time Waveforms (continued)

W1 O==Q 5V

ALL DIODES 1N916 OR
EQUIVALENT

sw2
- TL/F/8699-8
tpHz
v
En
SW1 CLOSED
v SW2 CLOSED
Vou {
0.5V
Egut !E /
~13V
ov
TL/F/8699-10
tpzL
v
INPUT SW1 CLOSED
o SW2 OPEN
tpzL
~5V -Vgg
oUTPUT 1.5V
Vo
ov

TL/F/8699-12

FIGURE 5. Propagation Delay TRI-STATE Control Unit to Output for “LS-Type” Load
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DS34LV86T

&National Semicohductor’

DS34LV86T

ADVANCE INFORMATION

3V Enhanced CMOS Quad Differential Line Recelver

General Description

The DS34LV86T is a high speed quad differential CMOS
receiver that meets the requirements of both TIA/EIA-422-B
and CCITT V.11. The CMOS DS34LV86T features low Icc
of X mA which makes it ideal for battery powered and power
conscious applications.

Features

m Low power CMOS design

m Meets TIA/EIA-422-B (RS-422) and CCITT V.11 recom-
mendation

m Receiver OPEN input failsafe feature

W Guaranteed AC parameter:

The TRI-STATE® enables, EN, allow the devnce to be dis- — Maximum receiver skew TBD
abled when not in use to minimize power consumption. The — Transition time TBD
dual enable scheme allows for flexibility in turning receivers  m Pin compatible with DS34C86T
on and off. m Available in SOIC packaging
The receiver output (RO) is guaranteed to be High when the
inputs are left open. The receiver can detect signals as low
as +£200 mV over the common mode range of +7V. The
receiver outputs (RO) are compatible with TTL and CMOS
levels.
Connection Diagram Truth Table
Dual-In-Line Package
DS34LVEET Enables Inputs Outputs
EN EN RI-RI* - RO
RI* 1 (1) = B — (16) Voc L H X z
RI1(2) = — (15) RI* 4 H L ViD = VTH (Max). H
RO 1 (3) = 4 - (14) RI 4 H H Vip < VTH (Min) L
EN (4) ——D—? — (13) RO 4 L L Open H
L = Low logic state X = Irrelevant
RO 2 (5) = 4 — (12) EN H = High logic state Z = TRI-STATE (high impedance)
RI 2 (6) — —(11) RO 3 )
RI‘2(7)—‘ B s I~ (10) RI 3
GND (8) = b~ (9) RI* 3
TL/F/12644-1
Order Number DS34LV86TM or DS34LV86TN
See NS Package Number M16A or N16E
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DS34F86/DS35F86
with TRI-STATE® Outputs

General Description

The DS34F86/DS35F86 RS-422/3 Quad Receiver features
four independent receivers, which comply with EIA Stan-
dards for the electrical characteristics of balanced/unbal-
anced voltage digital interface circuits. Receiver outputs are
74LS compatible TRI-STATE structures which are forced to
a high impedance state when the appropriate output control
lead reaches a logic zero condition. A PNP device buffers
each output control lead to assure minimum loading for ei-
ther logic one or logic zero inputs. In addition each receiver
has internal hysteresis circuitry to improve noise margin and
discourage output instability for slowly changing input wave-
forms.

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

&National Semiconductor

RS-422/RS-423 Quad Line Receiver

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

Features

m Military temperature range

B TRI-STATE outputs

m Fast propagation times (15 ns typical)

H TTL compatible

m 5.0V supply

m Lead compatible and interchangeable with MC3486 and
DS3486

Connection Diagram

16-Lead DIP
T DIFFERENTIAL TRI = STATE
1] 16 Veo INPUTS CONTROL INPUT OUTPUT
INA { 2 15 Al B E Y
3 A 14 tINB INPUT
OUTA pNT— NETWORK
CONTROL A/C 5 12 TRI=STATE
ouTC '-< I— — LEVEL
I 11 SS;JEROL B/D AMPLIFIER HYSTERESIS TRANSLATOR
gl P
8 9 }lN D LEVEL
GND— — TRANSLATOR
AMPLIFIER
TL/F/%616-1 TL/F/9616-2
Top View FIGURE 1. Block Diagram
Order Number DS34F86J or DS35F86J .
See NS Package Number J16A Function Table (Each Receiver)
Differential Inputs Enable Output
Vip = (ViN*) — (ViNn—) E ouTt
Vip = 0.2V H
Vip < —0.2V H
X L z
H = High Level
L = Low Level
Z = High Impedance (off)
http://www.national.com 3-47
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DS35F86/DS34F86

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, Input Common Mode Voltage © 115V
please contact the National Semiconductor Sales Input Differential Voltage +25V
Office/Distributors for availability and specifications. *Derate cavity package 10 mW/°C above 25°C.
Storage Temperature Range
Ceramic DIP —65°Cto +175°C Operating Conditions
Operating Temperature Range DS34F86
DS35F86 —55°Cto +125°C Temperature 0°Cto +70°C
DS34F86 0°Cto +70°C Supply Voltage 475V to 5.25V
Lead Temperature DS35F86
Ceramic DIP (soldering, 60 seconds) 300°C Temperature —55°C to + 125°C
Maximum Power Dissipation* at 25°C Supply Voltage 4.5V to 5.5V
Cavity Package 1500 mW Input Common Mode Voltage-Range —7.0Vto +7.0V
Supply Voltage 8.0v Input Differential Voltage Range 6V
Input Voltage 8.0v
Electrical Characteristics over operating range, unless otherwise specified (Notes 2 & 3)
Symbol Parameter Conditions Min Typ Max Units
VIH Input Voltage HIGH 2 Vv
ViL Input Voltage LOW 0.8 \"
VTH(D) Differential Input Threshold —7V<Vem <7V, Vo = VoH 0.2 v
Voltage (Note 6) Vi =2V Vo = VoL —02
lig Input Bias Current Vecc = 0Vor5.25V, V)= —10V —3.25
Other inputs at 0V V= —3V —1.50
! - mA
V)= +3V +1.50
Vi = +10V +3.25
VoH Output Voltage HIGH —7V<Vom <7V 0°Cto +70°C P
(Note 5) ViH = 2V, ’ v
lo = —0.4mA, —55'Cto +125°C
Vip = 0.4V 25
VoL Output Voltage LOW —7V<Vem <7V, lo =8mA, 05 v
ViH =2V Vip = 0.4V ’
loz Off State (High Impedance) Vip) = +3V,ViL = 08V, _10
Output Current Vo = 0.5V A
Vip) = —3V, VL = 0.8V, 10
Vo = 2.7V
los Output Short Circuit Vip) = +3V, Vi = 2V, _ _
Current (Note 4) - Vo =0V 18 100 mA
i Input Current LOW V)L = 0.5V _
(TRI-STATE Control) 100 | pA
IIH Input Current HIGH Vi = 2.7V 20 A
(TRI-STATE Control) Vi = 5.25V 40
Vic Input Clamp Diode Voitage ic= —10mA 15 v
(TRI-STATE Control) :
lcc Supply Current VL= 0V 50 mA
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Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation.

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

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

Note 4: Only one output at a time should be shorted.
Note 5: Refer to EIA RS-422/3 for exact conditions. Input balance and Von/VoL levels are tested simultaneously for worse case.
Note 6: Differential input threshold voltage and guaranteed output levels are tested simultaneously for worst case.

984¥€50/9845€SA

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

Symbol Parameter Conditions Min (Nz: 1) Max Units
tPHL(D) Propagation Delay Time Figure 2 15 22 ns
tpLH(D) Differential Inputs to Outputs 15 22 ns
tLz Propagation Delay Time C_ = 5pF 14 18 ns
tz Controls to Outputs Figure 3 15 20 ns
tzH Figure 3 12 16 ns
tz1 13 18 ns
Parameter Measurement Information
TO SCOPE T0 SCOPE 3.0V
(INPUT) OUTPUT
. ( ) INPUT 1.5V 1.5V
O av
DIFFERENTIAL
PULSE
GENERATOR Isson INPUTS L) "_ PHL0)
(Note 1) L G =15pF Vo
ad RI-STATE T tete ouTPUT 1.3v 1.3v
CONTROL = VoL
ov
sy 207 TL/F/9616-4
TL/F/9616-3

FIGURE 2. Propagation Delay Differential iInput to Output
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DS35F86/DS34F86

Parameter Measurement Information (continued)

TO SCO|

. (INPUT)

-~

PE

CONTROL

PULSE
GENERATOR
(Note 1)

+1.5V for ;7 and tz
=1.5V for {7 and {7

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

SV 1.5V

P

Yz swi1 cLosED
SW2 CLOSED

out
0.5v

1.5v

il

out

7][_

FIGURE 3a. t 7, tz4

Note 1: The input pulse is supplied by a generator having the following characteristics:

Zp = 509Q.
Note 2: C; includes probe and jig capacitance.
Note 3: All diodes are IN916 or equivalent.

J
DIFFERENTIAL
INPUTS

3.0v

~ 1.3V

VoL
ov

3.0v

sw1 OPEN
"I r'tz" SW2 CLOSED

Von

TL/F/9616-6

TRI-STATE

TO SCOPE
(ouTPUT)

PRR = 1.0 MHz, 50% duty cycle, tr 4 = tryL = 6.0 ns (10% to 90%),

TL/F/9616-5

— 3.0v .
j(nsv 1.5V %
ov e
<=tz sw1 CLOSED

SW2 CLOSED

0.5v OH

~ 1.3V
ov

3.0v

D

_,I - sw1 CLOSED
r_ SW2 OPEN
~ 5.0V = Vg
V0|.

TL/F/9616-7
FIGURE 3b. tyz, tz.
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NNational Semiconductor

DS3486 Quad RS-422, RS-423 Line Receiver

General Description Features

National’s quad RS-422, RS-423 receiver features four in- W Four independent receivers
dependent receivers which comply with EIA Standards for ~® TRI-STATE outputs
the electrical characteristics of balanced/unbalanced voit-  m Internal hysteresis —140 mV (typ)
age digital interface circuits. Receiver outputs are 74LS g Fagt propagation times —19 ns (typ)
compatible, TRI-STATE® structures which are forced to a g TTL compatible outputs
high impedance state when the appropriate output control

" N o v u 5V supply
pin reaches a logic zero condition. A PNP device buffers " . . .
each output control pin to assure minimum loading for either ™ Fin compatible and interchangeable with MC3486
logic one or logic zero inputs. In addition, each receiver has
internal hysteresis circuitry to improve noise margin and dis-
courage output instability for slowly changing input wave-
forms.

Block and Connection Diagrams

ENTIAL TRISTATE®
oiFren GonTROL
e, INPUT OUTPUT
INPUT
NETWORK
AMPLIFIER
LEVEL
HYSTERESIS TRANSLATOR
d
LEVEL -
TRANSLATOR
AMPLIFIER
TL/F/5779-1
Dual-in-Line Package
d U e
— —Vce
INPUTS A 2|r 15
2 | INPUTS B
outpuT A = * -'-4-]
TRI-STATE _ 4] L 13
CONTROL A/C D OUTPUT B
5 12 TRI-STATE
OUTPUT €= "C"‘ = CONTROL B/D
S 1 gureuto
INPUTSC {5 | _ 10
- { =

8 ] INPUTS D
GND =

TL/F/5779-2
Top View
Order Number DS3486J, DS3486M or DS3486N
See NS Package Number J16A, M16A or N16A
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DS3486

Absolute Maximum Ratings (Note 1) Operating Conditions
If Military/Aerospace specified devices are required, Min Max Units
please contact the National Semiconductor Sales Power Supply Voltage, Vg 4.75 5.25 v
Office/Distributors for availability and specifications. Operating Temperature, Ta 0 70 oC
Power Supply Voltage, Voo 8v Input Common-Mode Voltage ~ ~7.0 - 7.0 %
Input Common-Mode Voltage, Vicm +25V Range, VicR :
Input Differential Voltage, Vip +25V
TRI-STATE Control! Input Voltage, V) 8V
Output Sink Current, lo 50 mA
Storage Temperature, TsTg —65°C to +150°C
Maximum Power Dissipation* at 25°C

Cavity Package 1433mwW

Molded Dip Package 1362 mwW

SO Package 1002 mW

*Derate cavity package 9.6 mW/°C above 25°C; derate Dip molded package
10.2 mW/°C above 25°C. Derate SO package 8.01 mW/°C above 25°C.

Electrical Characteristics

(Unless otherwise noted, minimum and maximum limits apply over recommended temperature and power supply voltage ranges.
Typical values are for Tp = 25°C, Voo = 5V and V|c = OV. See Note 2.)

Symbol Parameter Conditions Min | Typ Max | Units

VIH Input Voltage—High Logic State 20 v
(TRI-STATE Control) ’

ViL Input Voltage—Low Logic State 08 v
(TRI-STATE Control) .

VTHp) | Differential Input Threshold Voltage =7V < Vg £ 7V, V|4 TRI-STATE = 2V 0070| o2 Vv
lo = —0.4mA,Vou = 2.7V : i
lo=8mA,Vpo_ = 0.5V 0.070 | —0.2 \

B (D) Input Bias Current Ve = 0V or 5.25V, Other Inputs at 0V
V)= —10V —325| mA
V)= =38V . —1.50 | mA
V| =3V 1.50 mA
V=10V 3.25 mA

Input Balance —7V < Vic < 7V, Viy@se) = 2V,
(Note 4)
VoH lo= —04mA,Vp = 04V 27 \"
VoL lo=8mA,Vp = —0.4V 0.5 \"
loz Output TRI-STATE Leakage Current . Vi) = 3V, ViL = 0.8V, Vg, = 0.5V —40 pA
) Vip) = —8V, V)L = 0.8V, Vo = 2.7V 40 HA
los Output Short-Circuit Current Vip) = 3V, Vi TRI-STATE = 2V, _ _
Vo = 0V, (Note 3) 15 100 | mA

M Input Current—Low Logic State ViL = 0.5V —100 A

(TRI-STATE Control) P

I Input Current—High Logic State Vi = 2.7V 20 pA

(TRI-STATE Control) Vi = 5.25V 100 A
Vic Input Clamp Diode Voltage S| hIn= —10mA 15 v
(TRI-STATE Control) ) :
lcc Power Supply Current All Inputs V= OV 85 mA

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

Note 2: All currents into device pins are shown as positive, out of device pins are negative. All voltages referenced to ground unless otherwise noted.
Note 3: Only one output at a time should be shorted.
Note 4: Refer to EIA RS-422/3 for exact conditions.
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SWItChlng Characteristics (Unless otherwise noted, Vcc = 5V and Tp = 25°C.)

98v€Sd

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

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

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

AC Test Circuits and Switching Time Waveforms

T0 ScoPE To SCOPE
(INPUT)
4 DIFFERENTIAL (uTPUT)
INPUTS
Pﬂ.—
Cp=15pF

PULSE < INCLUDES PROBE

GENERATOR $o AND STRAY

=4 CAPACITANCE

TRISTATE® CONTROL

1.5V 2v
TL/F/5779-3

v
INPUT 15V
ov
tPLH(D) tPHL(D)

VoH

QUTPUT 13v 13V
VoL

[

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

FIGURE 1. Propagation Delay Differential Input to Outout
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DS3486

AC Test and Switching Time Waveforms (continued)

T0 SCOPE
(INPUT) TRI-STATE

CONTROL

PULSE 3
GeneraTORUL s

O
©

_| orFFERENTIAL

= INPUTS

V7g

TO SCOPE
(OUTPUT)

Cy =15 pF INCLUDES
PROBE AND STRAY
CAPACITANCE

1.5V for tpHz and tp.z
—1.5V for tp z and tpz,

Input pulse characteristics:

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

tpLz
kY
INPUT
o SW1 CLOSED
~—toz SW2 CLOSED
~1.3V
oUTPUT
Vo / isv
o !
TL/F/5779~6
tpzH
v
INPUT SW1 OPEN
v SW2 CLOSED
tpzn
Vou
1.5V
w

TL/F/5779-8

FIGURE 2. Propagation Delay TRI-STATE Control input to Output

2%
Sy O—0 5V
5k ALL DIODES 1N916 OR
EQUIVALENT
w2
= TL/F/5779-5
tpHz
v
En
v SW1 CLOSED
v SW2 CLOSED
|=— tpHz
VoH {
0.5V
Egut \SI /
~1.3V
ov
TL/F/5779-7
tpz
v
INPUT SW1 CLOSED
ov SW2 OPEN
2L
~5V -V
ouTPUT 15V
VoL
ov

TL/F/5779-9
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&National Semiconductor
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DS34C87T CMOS Quad TRI-STATE®
Differential Line Driver

General Description Features

The DS34C87T is a quad differential line driver designed for ~ ® TTL input compatible

digital data transmission over balanced lines. The ® Typical propagation delays: 6 ns

DS34C87T meets all the requirements of EIA standard  m Typical output skew: 0.5 ns

RS-422 while retaining the low power characteristics of @ Outputs won't load line when Vg = OV
CMOS. This enables the construction of serial and terminal g Moets the requirements of EIA standard RS-422
interfaces while maintaining minimal power consumption.

The DS34C87T accepts TTL or CMOS input levels and
translates these to RS-422 output levels. This part uses
special output circuitry that enables the individual drivers to
power down without loading down the bus. This device has
separate enable circuitry for each pair of the four drivers.
The DS34C87T is pin compatible to the DS3487T.

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

B Operation from single 5V supply

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

B Available in surface mount

Connection and Logic Diagrams

Dual-In-Line Package
NON-INVERTING
INPUT A e e VG INPUT 1 OUTPUTS
2 15 wputo
CHANNEL A p—=0 INVERTING
ouTPUTS | _3 | 14 ‘
, CHANNEL D
_4_ 13 [ QUTPUTS oUTPUT
A/B CONTROL e CONTROL 0——13—
i L2 ¢/ conTRoL TLF/8576-2
CHANNEL B ’
outpuTs | _6 | us
CHANNEL C Truth Table
INPUT B - o l QuTPUTS
8 0 Inout Control Non-Inverting Inverting
GND === = INPUT C P Input Output Output
H H H L
TL/F/8576-1 L H L H
Top View X L z z
Order Number DS34C87TJ, DS34C87TM or DS34C87TN L = Low logic state X = Irrelevant
See NS Package Number J16A, M16A or N16E H = High logic state Z = TRI-STATE (high impedance)
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DS34C87T

Absolute Maximum Ratings (Notes 14 2)

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

This device does not meet 2000V ESD rating. (Note 12)

Operating Conditions

Office/Distributors for availability and specifications. Min Max Units
Supply Voltage (Vog) —0.510 7.0V Supply Voltage (Vcc) 450 550 V
DC Voltage (Vin) —1.5t0Veg +1.5V DC Input or Output Voltage (ViN, Vout) - 0 VooV
DC Output Voltage (Vour) —05t0 7V Operating Temperature Range (Ta) ) :
. DS34C87T ) —40° +85° °C
Clamp Diode Current (lik, lok) +20 mA | Ri . o
DC Output Current, per pin (IlouT) +150 mA nput Rise or Fall Times (t, t) 50 ns
DC Vg or GND Current (Icc) +150 mA
Storage Temperature Range (TsTg) —65°Cto +150°C
Maximum Power Dissipation (Pp) @ 25°C (Note 3)
Ceramic “J”” Package 2419 mW
Plastic “N”” Package 1736 mW
SOIC Package 1226 mW
Lead Temperature (T} ) (Soldering 4 sec) ‘ 260°C
DC Electrical Characteristics Ve = 5V £10% (unless otherwise specified) (Note 4)
Symbol Parameter Conditions Min Typ' Max Units
ViH High Level Input
Voltage 20 v
Vi Low Level Input 0.8 v
Voltage
VoH High Level Output ViN = Vi or Vi,
Voltage lout = —20mA 25 34 v
VoL Low Level Output VIN = VigorVy,
Voltage L lout = 48 MA 0.? 0.5 v
V1 Differential Output R =100 Q )
Voltage (Note 5) 20 371 v
V|-Vl Difference In R_ = 100 Q 04 v
Differential Output (Note 5) ’
Vos Common Mode R =100 Q
Output Voltage (Note 5) 20 80 v
[Vos-Vos| Difference In R_ = 100 Q 04 v
Common Mode Output (Note 5) ’
N Input Current ViN = Veg, GND, Vi, or Vi +1.0 BA
lcc Quiesceqt Supply lout = O nA,
Current ViN = Vg or GND ) 200 500 pA
Vin = 2.4V or 0.5V (Note 6) 0.8 2.0 mA
loz TRI-STATE Output Vout = Vcc or GND +
Leakage Current Control = V)_ 05 5.0 KA
Isc Output Short ViN = Vg or GND _ _
Circuit Current (Notes 5,7) %0 150 mA
loFF Power Off Output Ve = OV Vourt = 6V 100 pA
Leakage Current (Note 5) Vout = —0.25V —100 BA

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

Note 2: Unless otherwise specified, all voltages are referenced to ground. Ali currents into device pins are positive; all currents out of device pins are negative.
Note 3: Ratings apply to ambient temperature at 25°C. Above this temperature derate N Package 13.89 mW/°C, J Package 16.13 mW/°C, and M Package

9.80 mW/°C.

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

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

Note 7: This is the current sourced when a high output is shorted to ground. Only one output at a time should be shorted.
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Switching Characteristics vec = 5v £10%, 1, < 6 ns (Figures 7, 2 3, and 4) (Note 4)

Symbol Parameter Conditions Min Typ Max Units

tPLH, tPHL Propagation Delay S1 Open 6 1 ns
Input to Output

Skew (Note 8) S1 Open 0.5 3 ns

tTLHs tTTHL Differential Output Rise S1 Open 6 10 ns
And Fall Times

tpzH Output Enable Time S1 Closed 12 25 ns

tpzL Output Enable Time S1 Closed 13 26 ns

tpHZ Output Disable Time (Note 9) S1 Closed 4 8 ns

tpz Output Disable Time (Note 9) S1 Closed 6 12 ns

T | e o

CiN Input Capacitance 6 pF

Is = Cpp Ve f + loc.

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

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

Note 10: Cpp determines the no load dynamic power consumption, Pp = Cpp V2cc f + Icc Vee, and the no load dynamic current consumption,

Comparison Table of Switching Characteristics into “LS-Type” Load
Voo = 5V, Ta = +25°C, t, < 6 ns, t < 6 ns (Figures 4, 5, 6, 7, 8 and 9) (Note 11)

Symbol Parameter Conditions DS34ce7 DS3487 Units
Typ Max Typ Max
tPLH, tPHL Propagation Delay 6 10 10 15 ns
Input to Output
Skew (Note 8) 1.5 2.0 ns
THL tTLH leferentlall Output Rise 4 7 10 15 ns
and Fall Times
tPHZ Output Disable Time Cp = 50 pF, R = 2009,
(Note 9) S1 Closed, S2 Closed 8 " 7 25 ns
tpLz Output Disable Time CL = 50 pF, R = 2004,
(Note 9) S1 Closed, S2 Closed 7 10 15 2 ns
tpzH Output Enable Time CL = 50pF,RL = oo,
S1 Open, S2 Closed " 19 1 25 ns
tezL Output Enable Time CL = 50 pF, RL = 2004,
S1 Closed, S2 Open 4 21 5 25 ns

guaranteed.

Note 12: ESD Rating: HBM (1.5 kQ, 100 pF)
Inputs > 1500V
Outputs > 1000V
EIAJ (09, 200 pF)
All Pins > 350V

Note 11: This table is provided for comparison purposes only. The values in this table for the DS34C87 reflect the performance of the device but are not tested or

http://www.national.com
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DS34C87T

AC Test Circuit and Switching Time Waveforms

Ct

Lo ]
‘ S Rl

>
<
< R2

e\
\4

Note: C1 = C2 = C3 = 40 pF (including Probe and Jig Capacitance), R1 = R2 = 500, R3 = 5000
FIGURE 1. AC Test Circuit

3.
INPUT
f=1MHz,t, <6ns,
{=6éns

i

. TL/F/8576-4
FIGURE 2. Propagation Delays ‘

3.0v

INPUT

o.0v

ouTPUT
(DIFFERENTIAL)

iy

TL/F/8576-7
Input pulse; f = 1 MHz, 50%, t, < 6ns, t; < 6ns
FIGURE 4. Differential Rise and Fall Times

1/4 DS3487
1/4 DS34C87 RL
ouTPUT 100
A'AvA
INPUT
—O TEM CT2
t CURRENT TRANSFORMER
OR EQUIVALENT

L
= 50pF

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

FIGURE 6. Differential Rise and Fall Times
Test Circuit for “LS-Type” Load

I
L

f=1MHz, t, <6ns,

3.0v
CONTROL INPUT 5 !
1.3V
{<6ns R
o.ov
1.5v
Vo 0.3V 08v
A/
o TpLZ TpZL
VOH
Rvoﬂ-o.sv 2.0V
1.5V
TpHZ TpZH
TL/F/8576-5

|

1.5V

R3 st

TL/F/8576-3

FIGURE 3. Enable and Disable Times

1/4 DS3487
1/4 DS34C87

INCLUDES PROBE
AND JIG CAPACITANCE |

TL/F/8576-8
FIGURE 5. Propagation Delays Test Circuit

for “LS-Type” Load
5V
1/4 DS3487 &
1/4 DS34C87 2500
OUTPUT
INPUT: S1
CONTROL ()
INPUT l <
= 3 1k

S2
Cy includes probe and jig capacitance i

TL/F/8576-9
FIGURE 7. Load Enable and Disable Times
Test Circuit for “LS-Type” Load
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AC Test Circuit and Switching Time Waveforms (continued)

3.0V ——
INPUT z ¥
f=1MHz,t, <6ns, 1.5V
ty=<6ns ;
0.0v

—

1.80vesa

OUTPUT
OUTPUT

—

TL/F/8576-10
FIGURE 8. Load Propagation Delays for “LS-Type” Load

3.0 3.0v +
CONTROL INPUT \
f=1MHz,t, < 6ns, 1.5v 1.5V
Y=6ns gy &-—- -
Vou : Vo b ‘
\losv sy
tonz [+ - —
Iods—T- 1.5V
Vou: T— Vou
toz t Itz

TL/F/8576-11
FIGURE 9. Load Enable and Disable Times for “LS-Type” Load

Typical Applications

Two-Wire Balanced System, RS-422

|
|
|

ENABLE ENABLE
<3 DATA |

DATA S ouTPUT ‘
1/4 DS3487 1/4 DS34C86 !

TL/F/8576-12
*Rr is optional although highly recommended to reduce reflection.
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DS34LV87T

ﬂNational Semiconductor

DS34LV87T

ADVANCE INFORMATION

Enhanced CMOS Quad Differential Line Driver

General Description

| The DS34LV87T is a high speed quad differential CMOS

driver that is compatible with both TIA/EIA-422-B and
CCITT V.11 devices. The CMOS DS34LV87T features low
Icc of X mA which makes it ideal for battery powered and
power conscious applications.

Features

m Low power design
—lcc < 500 pA max

u Compatible with TIA/EIA-422-B (RS-422) and CCITT
V.11 recommendation

® Guaranteed AC parameter:

The TRI-STATE® enable, EN, allow the device to be dis- — Maximum driver skew TBD
abled when the device is not in use to minimize power. The — Transition time TBD
dual enable scheme allows for flexibility in turning the devic- B Pin compatible with DS34C87T
es on or off. ® Available in SOIC packaging
Protection diodes protect all the driver inputs against elec-
trostatic discharge. The driver inputs (DI) are compatible
with TTL and CMOS levels.
Connection Diagram Truth Table
Dual-In-Line Package
DS34LV87T Enables Input Outputs
} EN EN DI DO DO
INPUT A = LY L H X z 4
2 15 H L H H L
CHANNELA | | — INPUTD H H
ouTPUTS | _3 | 14 L L L L H
} CHANNEL D
A 13 [ OUTPUTS L = Low logic state X = Irrelevant
A/8B CONTROL - H = High logic state Z = TRI-STATE (high impedance)
1 12 ¢/b conTRoL
CHANNEL B
OUTPUTS ..EJ l‘_
I CHANNEL C
INPUT B A [10_ | OUTPUTS
oND = L2 veuTC

TL/F/12645~-2

Order Number DS34LV87TM or DS34LV87TN
See NS Package Number M16A or N16A

3.60
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DS34F87/DS35F87

General Description

The DS34F87/DS35F87 RS-422 Quad Line Driver features
four independent drivers which comply with EIA Standards
for the electrical characteristics of balanced voltages digital
interface circuits. The outputs are TRI-STATE structures
which are forced to a high impedance state when the appro-
priate output control lead reaches a logic zero condition. All
input leads are PNP buffered to minimize input loading for
either logic one or logic zero inputs. In addition, internal cir-
cuitry assures a high impedance output state during the
transition between power-up and power-down.

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

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

NNational Semiconductor

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

Features

® Military temperature range

m Four independent drivers

B TRI-STATE outputs

® PNP high impedance inputs

B Fast propagation time

B TTL compatible

® 5.0V supply

m Output rise and falls times less than 15 ns

| Lead compatible and interchangeable with MC3487 and
DS3487

Block and Connection Diagrams

16-Lead DIP
NON=INVERTING (Y) INA -l
INPUT OUTPUTS 2]
INVERTING (2) OUTA) _3|
A/B_4|
CONTROL
OUTPUT 3
CONTROL out B{ 6
TL/F/9618~2 —_—
FIGURE 1 INB -
oNp—2
TL/F/9618-1
Top View
Function Table (each driver) Order Number DS34F87J, DS34F87N or DS35F87J
See NS Package Number J16A or N16A
Output
input Enable
Y Y 4
H H H L
L H L H
X L Zz V4
H = High Level
L = Low Level
X = Immaterial
Z = High Impedance (off)
http://www.national.com 3-61
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DS34F87/DS35F87

Absolute Maximum Ratings (ote 1)

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

Storage Temperature Range

Maximum Power Dissipation* at 25°C
Cavity Package
*Derate cavity package 10 mW/°C above 25°C.

1500 mW

Ceramic DIP ~65°Cto +175°C Operating Range
Lead Temperature ' DS34F87 . : '
Ceramic DIP (soldering, 60 sec.) 300°C Temperature 0°Cto +70°C
Supply Voltage 8.0V Supply Voltage 4.75V to0 5.25V
Input Voltage 5.5V DS35F87
Temperature —55°Cto +125°C
Supply Voltage 4.5Vt0 5.5V
Electrical Character istics over operating range, unless otherwise specified (Notes 2 & 3)
Symbol Parameter Conditions ‘ Min Typ Max Units
ViL Input Voltage LOW 0.8 \'
ViH Input Voltage HIGH 2.0 \
i Input Current LOW VL = 0.5V —200 MA
I Input Current HIGH Vi =27V +50 A
Vip = 5.5V +100
Vic Input Clamp Voltage = —18mA —-1.5 v
VoL Output Voltage LOW loL = 48 mA 0.5 v
VoH Output Voltage HIGH loH = —20mA 25 Vv
los Output Short Circuit Current (Note 4) Vig = 2.0V —40 —140 mA
loz Output Leakage Current Hi-Z State ViL = 0.5V, V)_(z) = 0.8V +100 LA
ViH = 2.7V, VL (2) = 0.8V +100
loL(off) Output Leakage Current VoH = 6.0V, Vgc = 0V +100 A
Power Off VoL = —0.25V, Vg = OV —100 #
Vos-Vos Output Offset 0.4 v
Voltage Difference (Note 5)
Vob Output Differential Voltage (Note 5) 2.0 \"
oo | o w04 | v
lcex Supply Current Control Leads Gnd 50 mA
lcc Control Leads 2.0V 40 mA

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices

should be operated at these limits. The tables of ““Electrical Characteristics” provide conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS35F87 and across the 0°C to +70°C range for

the DS34F87. All typicals are given for Voc = 5V and T = 25°C.

Note 3: All currents into the device are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise specified.
Note 4: Only one output at a time should be shorted.
Note 5: Refer to EIA RS-422/3 for exact conditions.
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Switching Characteristics voc = 5.0V, T4 = 25°C (Note 1)

Symbol Parameter Conditions Min Typ Max Units
tPHL Propagation Delay Times High to Low Input 20 ns
tPLH Low to High Input 15 ns
tTHL Output Transition High to Low Input 15 ns
triy Times—Differential Low to High Input 15 ns
tPHZ(E) Propagation Delay RL = 200, C_ = 50 pF 35 ns
W Control to Output AL = 200, C, = 50 pF a5 s
tPzH(E) Rp = o,C_ = 50 pF 35 ns
tpzL(E) R = 200, C, = 50 pF 35 ns
SKEW Output to Output Note 2 4.5 ns

Note 1: C_ = 50 pF, V| = 1.5V to Vo = 1.5V, Vpy s = OV to +3.0V.
Note 2: Skew is defined as the difference in propagation delays between complementary outputs at the 50% point.

Parameter Measurement Information

TO SCOPE 3.0V or GND T0 SCOPE
IN INPUT ouT
OPEN FOR
INVERTING
OUTPUT i ez
ST ONLY

2000
O—AM— +5V
O
NON-INVERTING
OUTPUT
t (Note 3)
PULSE
GENERATOR 3s0a
(Note 1)
k_ OPEN FOR

tozt
I TEST ONLY

FIGURE 2. TRI-STATE Enable Test Circuit and Waveforms

TL/F/9618-3

3.0V 3.0V
CONTROL CONTROL
INPUT 1.5 INPUT j 1.5v
ov ov
teuz(E) - * ==tz
v, v,
oH oH
out 05 out 3 1.5V
stv \____VOL
¢ L ov
e g B ' 71(3)

~1.5V

—

V,
out Z OH
7 1.5V

VoL out
ov / VoL
TL/F/9618-4 ov
FIGURE 2a TL/F/9618-5
FIGURE 2b
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1849€s0/.84v€SA




DS34F87/DS35F87

Parameter Measurement Information (continued)

T0 SCOPE
TO R ; out 5.0V

INVERTING

OUTPUT R

L
2000

GENE';X#S,E < NON~INVERTING
(Note 1) 3 OUTPUT

(Note 4)

= CONTROL
3.0V

TL/F/9618-6

N j(| SV 1.5v N

TL/F/9618-7
FIGURE 3. Propagation Delay Times Input to Output Waveforms and Test Circuit

10 SCOPE
N
- L SCOPE
CL=15pF ~ SR outpur
— > 2000 (DIFFERENTIAL)
PULSE ¢ <
GENERATOR b Al
(Note 1) $500 Cp (Note 2) T
= 3.0V
TL/F/9618-8
IN /
out
(DIFFERENTIAL)

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

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

Note 2: C; includes probe and jig capacitance.
Note 3: All diodes are IN3064 or equivalent.
Note 4: Ali diodes are IN914 or equivalent.
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General Description

National’s quad RS-422 driver features four independent
drivers which comply with EIA Standards for the electrical
characteristics of balanced voltage digital interface circuits.
The outputs are TRI-STATE structures which are forced to a
high impedance state when the appropriate output control
pin reaches a logic zero condition. All input pins are PNP
buffered to minimize input loading for either logic one or
logic zero inputs.

NNationul Semiconductor

DS3487 Quad TRI-STATE® Line Driver

Features

® Four independent drivers

m TRI-STATE outputs

| Fast propagation times (typ 10 ns)

® TTL compatible
m 5V supply

m Output rise and fall times less than 15 ns
B Pin compatible with DS8924 and MC3487

Block and Connection Diagrams

'Dual-In-Line Package

1 U 16
INPUT A e = V(C(
NON-INVERTING 2 5
s ’— INPUT D
OUTPUTS A I 3 18
INPUT OUTPUTS — —
M 13 Iouwurs 0
O INVERTING A/B CONTROL e )
1 112 ¢/ contRoL
OUTPUTS B l
QUTPUT | 6 1
CONTROL D— — —
7 10 {OUTPUTSC
TL/F/5780-1 INPUT B s ——d
oo —4 L weutc
TL/F/5780-2
Top View
Order Number DS3487M or DS3487N
See NS Package Number M16A or N16A
Truth Table
Input Control Non-Inverting Inverting
P Input Output Output
H H H L
L H L H
X L z 4
L = Low logic state
H = High logic state
X = lrrelevant
Z = TRI-STATE (high impedance)
http://www.national.com 3-65
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DS3487

Absolute Maximum Ratings (Note 1) .
If Military/Aerospace specified devices are required, SO Package ' ¢ 1051 mW

please contact the National Semiconductor Sales Lead Temperature (Soldering, 4 seconds) 260°C
Office/Distributors for availability and specifications.
Supply Voltage 8v Operating Conditions ,
Input Voltage - 55V ' ) Min Max Units
Storage Temperature —65°C to +150°C Supply Voltage, Voo

. . o DS3487 © 475 ;> 525 \"
Maximum Power Dissipation* at 25°C o .

Molded DIP Package i 1476 mW Temperature (Tp)
DS3487 0 +70 °C

*Derate DIP molded package 11.9 mW/°C above 25°C. Derate SO package
8.41 mW/°C above 25°C.

Electrical Characteristics (Notes2,3,42and 5)

Symbol ) Parameter Conditions - Min Typ Max Units
ViL Input Low Voltage o ) 0.8 \%
VIH Input High Voltage 20 \
L Input Low Current ViL = 0.5V ) N ) [ -200 pA
liH Input High Current Vig = 2.7V 50 MA

ViH = 5.5V 100 MA
VoL Input Clamp Voltage loL= —18mA . -1.5 \"
VoL Output Low Voltage ' loL = 48 mA 0.5 \"
VoH Output High Voltage loH = —20mA 2.5 \"
los Output Short-Gircuit Current —40 —140 | mA
loz Output Leakage Current (TRI-STATE) Vo = 0.5V —100 BA
: Vo = 5.5V 100 uA
lorr Output Leakage Current Power OFF Voo = OV Vo = 6V - 100 MA
. Vo = —0.25V —-100 pA
[Vos-Vos| | Difference in Output Offset Voltage 0.4 Vv
V1 ‘Differential Output Voltage 20 \"
[V|-Vl Difference in Differential Output Voltage 0.4 v
lcc Power Supply Current Active 50 80 mA
TRI-STATE 35 60 mA

Switching Characteristics vcc = 5v, 14 = 25°C

Symbol Parameter Conditions Min Typ - Max Units
tPHL Input to Output 10 15 ns
tpLH Input to Output 10 15 ns
tHL Differential Fall Time 10 15 ns
trLH Differential Rise Time 10 15 ns
tPHZ Enable to Output Ry = 2009, C = 50 pF 17 25 ns
tpLz Enable to Output RL = 2009, G| = 50 pF 15 25 ns
tpzH Enable to Output RL = %, C_ = 50 pF, S1Open . 1 25 ns
tpzL Enable to Output Ry = 2009, C|_ = 50 pF, S2 Open 15 25 ns

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

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

Note 5: Symbols and definitions correspond to EIA RS-422, where applicable.
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1/4 DS3487

€= 50 pF
INCLUDES PROBE
AND JIG CAPACITANCE I

1/4 DS3487
OUTPUT
3V OR OV
CONTROL C
>
INPUT :_:E E: 1kQ

AC Test Circuits and Switching Time Waveforms

OUTPUT

OUTPUT

TL/F/5780-3 Input pulse:

FIGURE 1. Propagation Delays

sv
Ry
2000
CONTROL \
St INPUT
oUTPUT
tpnz
GUTPUT

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

R
ouTPUT 100

INPUT

1/, DS3487

CL
15 pF

INCLUDING PROBE
AND JIG CAPACITANCE

S1 = open for tpz

TL/F/5780-5
S2 = open for tpz

FIGURE 2. TRI-STATE Enable and Disable Delays

INPUT .
ov—=r]

tpHL~

A

TL/F/5780-4
f = MHz, 50%; t; = t; < 15ns.

3v.

— ov.—?l

vy tozn
osv M %mv
q:

1 T oSy, SY;LSV
s2 oL 'PLZ ] ) tPZ[_
i_ Input pulse:

TL/F/5780-6
f = MHz, 50%; t, = t; < 15 ns.

3v

TEM CT2
CURRENT TRANSFORMER
OR EQUIVALENT
OUTPUT
(DIFFERENTIAL)

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

INPUT /
ov

TL/F/5780-8
Input pulse: f = MHz, 50%; t, = t < 15 ns.
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DS78C20/DS88C20

&National Semic‘onductor

DS78C20/DS88C20 Dual CMOS Compatible

Differential Line Receiver

General Description

The DS78C20 and DS88C20 are high performance, dual
differential, CMOS compatible line receivers for both bal-
anced and unbalanced digital data transmission. The inputs
are compatible with EIA and Federal Standards.

Input specifications meet or exceed those of the popular
DS7820/DS8820 line receiver, and the pinout is identical.

A response pin is provided for controlling sensitivity to input
noise spikes with an external capacitor. Each receiver in-
cludes a 1809 terminating resistor, which may be used op-
tionally on twisted pair lines. The DS78C20 is specified over
a —55°C to + 125°C operating temperature range, and the
DS88C20 over a 0°C to +70°C range.

Features

m Meets requirements of EIA Standards RS-232-C RS-
422 and RS-423, and Federal Standards 1020 and
1030

® Input voltage range of 15V (differential or common-

mode) ‘

Separate strobe input for each receiver

1/ Vi strobe threshold for CMOS compatibility

5k typical input impedance

50 mV input hysteresis

200 mV input threshold

Operation voltage range = 4.5V to 15V

DS7830/DS8830 or MM78C30/MM88C30 recommend-

ed driver

Connection Diagram

Dual—ln-Line Package

Vee
Iu 13 |1z

) TERMI-
-INPUT  naTiON  +INPUT  STROBE

RESPONSE

TIME QuUTPUT

1 10 Js ls

]

:

1 2 3

-INPUT TERMI-

NATION

+INPUT  STROBE RESPONSE OUTPUT
TIME .

4 5 6 7
GND
TL/F/5798-1

Top View

Order Number DS78C20J or DS88C20N
See NS Package Numbers J14A or N14A

For Complete Military 883 Specifications,
see RETS Data Sheet.
Order Number DS78C20J/883
See NS Package Number J14A
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Absolute Maximum Ratings (ote 1) Operating Conditions
If Military/Aerospace specified devices are required, Min Max Units
please contact the National Semiconductor Sales Supply Voltage (Vo) 45 15 \"
Office/Distributors for availability and specifications. Temperature (Ta)
Supply Voltage 18V DS78C20 -55  +125 °C
Common-Mode Voltage +25V DS88C20 0 +70 °C
Differential Input Voltage +25V Common-Mode Voltage (Vo) —15 +15 v
Strobe Voltage 18V
Output Sink Current 50 mA
Maximum Power Dissipation* at 25°C
Cavity Package 1364 mW
Molded Package 1280 mW
Storage Temperature Range —65°Cto +150°C
Lead Temperature (Soldering, 4 seconds) 260°C
*Derate cavity package 9.1 mW/°C; derate molded package 10.2 mW/°C
above 25°C.
Electrical Characteristics (Notes 2and 3)
Symbol Parameter Conditions Min Typ Max |Units
VTH Differential Threshold Voltage lout = —200 pA, —-10V < Vgpm < 10V 0.06 02| Vv
Vout = Veg —1.2V —15V < Vom < 15V 006 | 03|V
loyt = 1.6 mA, Voyt < 0.5V |—10V < Vpopm < 10V —-0.08 |—0.2| V
—15V < Vgm < 15V —-0.08 |-03]| V
Rin Input Resistance —15V < Vgm < 15V 5 kQ
Rt Line Termination Resistance Ta = 25°C 100 180 300 Q
INnD Data Input Current (Unterminated)|Vcpm = 10V 2 3.1 | mA
Vem = 0V 0 —0.5| mA
Vem = —10V -2 —3.1| mA
Viug |Input Balance louTt = 200 pA, Vout = —7V<Vom <7V
Vce —1.2V, Rg = 5009, 0.1 04 | V
(Note 5)
loutr = 1.6 MA,Voyt < 0.5V, | -7V < Vgy < 7V —o4 04l Vv
Rs = 5009, (Note 5) ) :
VoH Logical “1” Output Voltage lout = —200 pA, Vpjpg = 1V Vee — 1.2|Vgc — 0.75 \
VoL Logical “0” Output Voltage lout = 1.6 MA, Vpjpg = —1V 0.25 05| V
lcc Power Supply Current 15V < Vgpm £ —15V, Vce = 6.5V 8 15 | mA
VoiFF = —0.5V Voo = 15V 15 30 | mA
(Both Receivers)
Iingi)  |Logical “1” Strobe Input Current {Vstrose = 15V, Vpirr = 3V |Vgg = 15V 15 100 | pA
lino)  |Logical “0” Strobe Input Current {Vstrose = OV, Vpirr = —8V|Vge = 15V —0.5 |—100[ nA
ViH Logical ““1” Strobe Input Voltage {loyT = 1.6 mA, VoL < 0.5V |Vgc = 5V 35 25 v
Vge = 10V 8.0 5.0 \%
Voe = 15V 12,5 7.5 %
ViL Logical ““0” Strobe Input Voltage |loyt = —200 pA, Ve = 5V 25 15| V
Vo = Voc —1.2V Voo = 10V 50 |20 v
Voe = 15V 7.5 25| V
los Output Short-Circuit Current Vout = 0V, Vgc = 15V, VsTRoBE = 0V, (Note 4) ) —20 —40| mA
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DS78C20/DS88C20

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

Symbol Parameter Conditions Min Typ Max Units
tpdo(D) Differential Input to *“0” Output CL = 50 pF 60 100 ns
tpd1(D) Differential Input to *“1”” Output CL = 50 pF 100 150 ns
tpdo(s) Strobe Input to “0” Output C_ = 50 pF 30 70 ns
t§d1(s, Strobe Input to “1” Output CL = 50 pF 100 150 ns

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

operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS78C20 and across the 0°C to + 70°C range for

the DS88C20. All typical values are for Ta = 25°C, Vgc = 5V and Vg = OV.

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

as max or min on absolute value basis.
Note 4: Only one output at a time should be shorted.
Note 5: Refer to EIA-RS-422 for exact conditions.

Typical Applications
RS-422/RS-423 Application

]
0.01 .F
(NOTE1)
Vee cc
? LINE DRIVER AND RECEIVER (NOTE 3)
AND
ouTPUT

o— TWISTED PAIR LINE

O—{ 1/2MM78C30/ -

INPUT MM88C30 1/2 DS78C20/
O DS8830 - DS88C20
O

NAND
_L oUTPUT

Note 1: (Optional internal termination resistor.)

a) Capacitor in series with internal line termination resistor, terminates the line and saves termination power. Exact value depends on line length.

b) Pin 1 connected to pin 2; terminates the line.

¢) Pin 2 open; no internal line termination.

d) Transmission line may be terminated elsewhere or not at all.
Note 2: Optional to control response time.

Note 3: Vo 4.5V to 15V for the DS78C20. For further information on line drivers and line receivers, refer to applicaton notes AN-22, AN-83 and AN-108.

RS-232-C Application with Hysteresis

TL/F/5798-2

Vee
Vee A1 D1
O—"\\A\—4 VoH
. = (OUTPUT =
£l P >§ y “1” FOR
V, R1 +5% OPEN INPUT)
Ds78C20/ sQ0UTPUT ce v
INPUT 1 0388020 o ) 5V 43k oLy
O— Pt 10V 15 kQ v 0.8v Vin 25v
18V 24 kQ TL/F/5798-4
STROBE
TL/F/5798-3
For signals which require fail-safe or have slow rise and
fall times, use R1 and D1 as shown above. Otherwise,
the positive input (pin 3 or 11) may be connected to
ground.
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AC Test Circuit

25V

DIFF INPUT

PULSE

PULSE
GEN

t=t=<10ns
PRR = 1 MHz

*Includes probe and jig capacitance

Switching Time Waveforms

I

OUTPUT

50 pF *

TL/F/5798-5

Vee
STROBE
INPUT 50%
500 ns
ov
———— [ W——
90% 90%
OUTPUT
10% 10%
=~ tpd0(D) [=—tpd1(D) = tpd0(S) F=—tpd1(S)
TL/F/5798-6
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DS78C120/DS88C120

&National Semiconductor

DS78C120/DS88C120 Dual CMOS Compatible

Differential Line Receiver

General Description

The DS78C120 and DS88C120 are high performance, dual
differential, CMOS compatible line receivers for both bal-
anced and unbalanced digital data transmission. The inputs
are compatible with EIA, Federal and MIL standards.

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

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

Circuit features include hysteresis and response control for
applications where controlled rise and fall times and/or high
frequency noise rejection are desirable. Threshold offset
control is provided for fail-safe detection, should the input
be open or short. Each receiver includes a 180Q terminating
resistor and the output gate contains a logic strobe for time
discrimination. The DS78C120 is specified over a —55°C to
+125°C temperature range and the DS88C120 from 0°C to
+70°C.

Features

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

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

W Separate strobe input for each receiver

| 1/2 Vg strobe threshold for CMOS compatibility

W 5k typical input impedance

m 50 mV input hysteresis

W 200 mV input threshold

m Operation voltage range = 4.5V to 15V

m Separate fail-safe mode

Connection Diagram

Dual-In-Line Package

FAIL-SAFE TERMI- RESPONSE
VCC  OFFSET -INPUT NATION +INPUT STROBE TIME OUTPUT
16 15 114 13 12 1 10 I!

1 2 3 4 5 [} 7 8
OFFSET -INPUT TERMI- +INPUT STROBE RESPONSE OUTPUT  GND
FAIL-SAFE NATION TIME
TL/F/5801-1
Top View
Order Number DS88C 120N

See NS Package Number N16A

For Complete Military 883 Specifications,
see RETS Data Sheet.
Order Number DS78C120J/883
See NS Package Number J16A
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Absolute Maximum Ratings (Note 1)
If Military/Aerospace specified devices are required,

Storage Temperature Range

—65°C to +150°C

please contact the National Semiconductor Sales Lead Temperature (Soldering, 4 seconds) 260°C
Office/Distributors for availability and specifications.
Supply Voltage 18V Operating Conditions
Input Voltage +25V Min Max Units
Strobe Voltage 18V Supply Voltage (Vcc) 45 15 v
Output Sink Current 50 mA Temperature (Tp)
. o o DS78C120 —55 +125 °C
Maximum Power Dissipation* at 25°C DS88C120 0 +70 oC
Cavity Package 1433 mW
Molded Package 1362 mW Common-Mode Voltage (Vom)  —15 +15 v
*Derate cavity package 9.6 mW/°C above 25°C; derate molded package
10.9 mW/°C above 25°C.
Electrical Characteristics (otes 2and3)
Symbol Parameter Conditions Min Typ Max |Units
VTH Differential Threshold louT = —200 pA, —-7V<Vom <7V 0.06 02| V
Voltage Vour = Vee — 1.2V —15V < Vg < 15V 006 |03 V
V1L Differential Threshold lout = 1.6 MAVoyT < 0.5V —7V<Vom <7V —0.08 |-02| V
Voltage —15V < Vgy < 15V —008 |-03| v
VTH Differential Threshold louT = — 200 pA, —7V<Veu 7V 0.47 07 v
Voltage Fail-Safe Vout = Vgo — 1.2V : .
VL Offset = 5V lout = 1.6 MA, Voyt < 0.5V —7V<Vom <7V 0.2 0.42 \
RiN Input Resistance —15V <Vgpm < 15V, 0V < Ve < 15V 4 5 kQ
Rt Line Termination Resistance|Tp = 25°C 100 180 300 | Q
Ro Offset Control Resistance |Ta = 25°C 56 kQ
linD Data Input Current 0V < Voo < 15V Vom = 10V 3.1 | mA
(Unterminated) Vom = OV —05| mA
Vom = —10V -2 —3.1| mA
Vtug  |Input Balance louTt = 200 pA, Vout = —7V<Vem <7V 01 04 v
(Note 5) Vce — 1.2V, Rg = 5009 : ’
lout = 1.6 mA, Voyt < 0.5V -7V<Vem <7V _ _
Rs = 5000 0.1 04| V
VoH Logical “1” Output Voltage |[loyt = —200 pA, Vpjpr = 1V Vee — 1.2|Vgc — 0.75 \
VoL Logical “0” Output Voltage |loyt = 1.6 mA, Vpjpg = —1V 0.25 0.5 \
Icc Power Supply Current 15V < Vgm < —15V, Vee = 6.5V 8 15 | mA
Vpirr = —0.5V (Both Receivers) Voo = 15V 15 30 | mA
Iin(t)  |Logical “1” Strobe Input VstrOBE = 15V, VpIpr = 3V 15 100 | pA
Current
Iino)  |Logical “0” Strobe Input VsTROBE = OV, VpIpr = —3V —05 ~100| pA
Current
VIH Logical “1” Strobe Input VoL < 0.5V, oyt = 1.6 mA Vee = 5V 3.5 2.5 \
Voltage Voo = 10V 8.0 5.0 v
Vge = 15V 125 7.5 v

http://www.national.com
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DS78C120/DS88C120

Electrical Characteristics (Notes 2 and 3) (Continued)

Symbol Parameter ) Conditions “Min » Typ | Max | Units
ViL Logical ““0” Strobe Input Vou Ve — 1.2V, “| Voo =5V 25 | 15 Vv
Voltage ' lour = —200 pA Veo = 10V 50 | 20 | v
Vce = 15V 7.5 25 | .V

los Output Short-Circuit Current | Voyt = 0V, Vo = 15V, VSTHOBE = 0V, (Note 4) -5 —20 | —40 | mA

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

operation.

Note 2: Unless otherwise specified min/max limits apply across the —55°C to +125°C temperatura range for the DS78C120 and.across the 0°C to +70°C range
for the DS88C120. All typical values for To = 26°C, Vcc = 5V and Vom = OV.

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

Note 4: Only one output at a time should be shorted.
Note 5: Refer to EIA-RS422 for exact conditions.

Switching Characteristics vcc = 5v, 7o = 25°C

Symbol Parameter Conditions Min Typ Max Units
tpdo(D) Differential Input to “0” Output CL = 50 pF 60 100 ns
tpd1(D) Differential Input to “1”” Output CL = 50 pF 100 150 ns
tpdo(s) Strobe Input to “0” Output CL = 50pF 30 70 ns
tpd1(s) Strobe Input to “1” Output CL = 50 pF 100 150 ns
AC Test Circuit and Switching Time Waveforms ,
Differential and Strobe Input Signal
DIFF. INPUT O~
OPEN O-
—
*Includes probe and test fixture capacitance - = TL/F/5801-3
25V : -
DIFF / \ ‘
INPUT ov # N /
[t—— 500 ns ———=
-25V -
vee /_\
STROBE
INPUT 50%
e 500 s ———
ov
90% 90%
OUTPUT
10% 10%
t=t<10ns = td0(D) e td1(D) = tpdis) =—tpd1(s)
PRR = 1 MHz TL/F/5801-4

Note: Optimum switching response is obtained by minimizing stray capacitance on Response Control pin (no external connection).
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DS78C120/DS88C120

Application Hints

Balanced Data Transmission

1/2 MM78C30
LINE DRIVER V2 08780120
TWISTED PAIR LINE RECEIVER
O OUTPUT
STROBE
TL/F/5801-5
Unbalanced Data Transmission
1/4 DS1488
OR 1/4 D$3691
1/2 DS78C120
LINE RECEIVER
TL/F/5801-6
Logic Level Translator
- Vou
1/2 DS78C120
- ECL GATE LINE RECEIVER
b
rt
o
z ECL THRESHOLD O—r'
=2
a.
- an 'é (o
Vie VT ViW
TL/F/5801-8
INPUT VOLTAGE
TL/F/5801-7

The DS78C120/DS88C120 may be used as a level transistor to interface between +12V MOS, ECL, TTL and CMOS. To configure, bias either input to a voltage
equal to 1, the voltage of the input signal, and the other input to the driving gate.
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Application Hints (continued) S
LINE DRIVERS Q
Line drivers which will interface with the DS78C120/ B
DSB8C120 are listed below. 100 S
Balanced Drivers . ' _ RTIvE T gg
DS26LS31 Quad RS-422 Line Driver 3 8
DS7830, DS8830 Dual TTL E_ w0 hiH
DS7831, DS8831 Dual TRI-STATE® TTL g3 N
DS7832, DS8832 Dual TRI-STATE TTL ws
DS1691A, DS3691 Quad RS-423/Dual RS-422 TTL E'E 4
DS1692, DS3692 Quad RS-423/Dual TRI-STATE w 1= NEGATIVE INPUT

RS-422 TTL e
DS3587, DS3487 Quad TRI-STATE RS-422
Unbalanced Drivers o1 //
DS1488 Quad RS-232 “10 100 1k 10k
DS14C88 Quad RS-232
DS75150 Dual RS.232 RESPONSE CONTROL CAPACITOR (pF)
TL/F/5801-9

RESPONSE CONTROL AND HYSTERESIS FIGURE 1. Noise Pulse Width vs
In unbalanced (RS-232/RS-423) applications it is recom- Response Control Capacitor

mended that the rise time and fall time of the line driver be
controlled to reduce cross-talk. Elimination of switching
noise is accomplished in the DS78C120/DS88C120 by the
50 mV of hysteresis incorporated in the output gate. This
eliminates the oscillations which may appear in a line receiv-
er due to the input signal slowly varying about the threshold
level for extended periods of time. O OUTPUT

High frequency noise which is superimposed on the input
signal which may exceed 50 mV can be reduced in ampli-
tude by filtering the device input. On the DS78C120/
DS88C120, a high impedance response control pin in the
input amplifier is available to filter the input signal without
affecting the termination impedance of the transmission =
line. Noise pulse width rejection vs the value of the re- TL/E/5801-10
sponse control capacitor is shown in Figures 1 and 2. This
combination of filters followed by hysteresis will optimize
performance in a worse case noise environment.

RESPONSE CONTROL
CAPACITOR

-||-|

0.5v

TRANSMISSION LINE TERMINATION 0

i L . s . NEGATIVE INPUT
On a transmission line which is electrically long, it is advisa- NOISE PULSE
ble to terminate the line in its characteristic impedance to
prevent signal reflection and its associated noise/cross- -2V
talk. A 1800 termination resistor is provided in the ’<—>}~ NOISE PULSE WIDTH
DS78C120/DS88C120 line receiver. To use the termination 2v
resistor, connect pins 2 and 3 together and pins 13 and 14
together. The 1800 resistor provides a good compromise POSITIVE INPUT
between line reflections, power dissipation in the driver, and NOISE PULSE 0
IR drop in the transmission line. If power dissipation and IR -0.5V
drop are still a concern, a capacitor may be connected in TL/F/5801-11
series with the resistor to minimize power loss. FIGURE 2

The value of the capacitor is recommended to be the line
length (time) divided by 3 times the resistor value. Example:
if the transmission line is 1,000 feet long, (approximately
1000 ns) the capacitor value should be 1852 pF. For addi-
tional application details, refer to application notes AN-22
and AN-108.
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DS78C120/DS88C120

Application Hints (continued)

FAIL-SAFE OPERATION

Communication systems require elements of a system to
detect the presence of signals in the transmission lines, and
it is desirable to have the system shut:down in a fail-safe
mode if the transmission line is open or shorted. To facilitate
the detection of input opens or shorts, the DS78C120/
DS88C120 incorporates an input threshold voltage offset.
This feature will force the line receiver to a specific logic
state if presence of either fault is a condition.

Given that the receiver input threshold is £200 mV, an input
signal greater than =200 mV insures the receiver will be in
a specific logic state. When the offset control input (pins 1
and 15) is connected to Voo = 5V, the input thresholds are
offset from 200 mV to 700 mV, referred to the non-inverting
input, or —200 mV to —700 mV, referred to the inverting
input. Therefore, if the input is open or shorted, the input will
be greater than the input threshold and the receiver will
remain in a specified logic state.

The input circuit of the receiver consists of a 5k resistor
terminated to ground through 1209 on both inputs. This net-
work acts as an attenuator, and permits operation with com-
mon-mode input voltages greater than +15V. The offset
control input is actually another input to the attenuator, but
its resistor value is 56k. The offset control input is connect-
ed to the inverting input side of the attenuator, and the input
voltage to the amplifier is the sum of the inverting input plus
0.09 times the voltage on the offset control input. When the
offset control input is connected to 5V the input amplifier will
see VIN(NVERTING) t 0.45V or ViNGNVERTING) + 0.8V
when the control input is connected to 10V. The offset con-
trol input will not significantly affect the differential

performance of the receiver over its common-mode operat-
ing range, and will not change the input impedance balance
of the receiver.

It is recommended that the receiver be terminated (500Q or
less) to insure it will detect an open circuit in the presence
of noise. ,

The offset control can be used to insure fail-safe operation
for unbalanced interface (RS-423) or for balanced interface
(RS-422) operation. )

For unbalanced operation, the receiver would be in an inde-
terminate logic state if the offset control input was open.
Connecting the offset to 5V offsets the receiver threshold
0.45V. The output is forced to a logic zero state if the input
is open or shorted.

For balanced operation with inputs shorted or open, receiv-
er C will be in an indeterminate logic state. Receivers A and
B will be in a logic zero state allowing the NOR gate to
detect the short or open condition. The strobe will disable
receivers A and B and may therefore be used to sample the
fail-safe detector. Another method of fail-safe detection
consists of filtering the output of the NOR gate D so it would
not indicate a fault condition when receiver inputs pass
through the threshold region, generating an output transient.

In a communications system, only the control signals are
required to detect input fault condition. Advantages of a bal-
anced data transmission system over an unbalanced trans-
mission system are:

1. High noise immunity
2. High data ratio
3. Long line lengths

Unbalanced RS-423 and RS-232 Fail-Safe

LINE DRIVER

LINE RECEIVER
1/2 DS78C120

1l}—

w

«

=

-d

S (OFFSET CONTROL
5 INPUT OPEN)
a.

&

=2

(=]

0
INPUT VOLTAGE

(OFFSET CONTROL
INPUT = §V)

OUTPUT VOLTAGE

0 0.45v
INPUT VOLTAGE

TL/F/5801-12
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Application Hints (continued)

Balanced RS-422 Fail-Safe

BALANCED
LINE DRIVER
c
e
11/2 DS78C120
LINE RECEIVERS
5V O
TL/F/5801-13
g 8 %
5 = Lt
=] = =]
> S >
B A - - -
£ 5 2
5 5 E
=) b= o
-]
2 e °
e
INPUT VOLTAGE INPUT VOLTAGE INPUT VOLTAGE
TL/F/5801-14 TL/F/5801-15 TL/F/5801-16
Truth Table (For Balanced Fail-Sate)
Input | Strobe | A-OUT | B-OUT | C-OUT | D-OUT
0 1 0 1 0 0
1 1 1 0 1 0
X 1 0 0 X 1
0 0 1 1 0 0
1 0 1 1 0 0
X 0 1 1 0 0
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DS78LS120/DS88LS120

&National Semiconductor

DS78LS120/DS88LS 120 Dual Differential
Line Receiver (Noise Filtering and Fail-Safe)

General Description

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

The line receiver will discriminate a +200 mV input signal
over a common-mode range of +10V and 2 +300 mV sig-
nal over a range of £15V.

Circuit features include hysteresis and response control for
applications where controlled rise and fall times and/or high
frequency noise rejection are desirable. Threshold offset
control is provided for fail-safe detection, should the input
be open or short. Each receiver includes an optional 180
terminating resistor and the output gate contains a logic
strobe for time discrimination. The DS78LS120 is specified
over a —55°C to +125°C temperature range and the
DS88LS120 from 0°C to +70°C.

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

Features

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

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

Separate strobe input for each receiver

5k typical input impedance

Optional 1809 termination resistor

50 mV input hysteresis

200 mV input threshold

Separate fail-safe mode

Connection Diagram

Dual-In-Line Package

FAIL-SAFE TERMI-

Vec  OFFSET —INPUT NATION +INPUT STROBE

110 15 14 13

RESPONSE
TIME OUTPUT
12 11 10 9

1 2 3

EY

FAIL-SAFE —INPUT TERMI-
OFFSET NATION

5 6 7 8

+INPUT STROBE RESPONSE OUTPUT  GND
TIME

TL/F/7499-1

Top View

Order Number DS88LS120N or DS88LS120M
See NS Package Number M16A or N16A

For Complete Military 883 Specifications,
see RETS Data Sheet.
Order Number DS78LS120J/883 or DS78LS120W/883
See NS Package Number J16A or W16A
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Absolute Maximum Ratings ote 1) Operating Conditions P
If Military/Aerospace specified devices are required, Min Max Units 5
please contact the National Semiconductor Sales Supply Voltage (Vcc) 4.5 5.5 v -
Office/Distributors for availability and specifications. Temperature (Ta) 8
Supply Voltage 7v DS78LS120 —55 +125 °C B
Input Voltage £95V DS88LS120 0 +70 C g
Strobe Voltage v Common-Mode Voltage (Vcm) -15 +15 \" IQ
Output Sink Current 50 mA 4
Storage Temperature Range —65°Cto +150°C 8
Maximum Power Dissipation* at 25°C
Cavity Package 1433 mV
Molded Package 1362 mW
Lead Temperature (Soldering, 4 sec) 260°C
*Derate cavity package 9.6 mW/°C above 25°C; derate molded package
10.9 mW/°C above 25°C.
Electrical Characteristics (Notes 2and 3) .
Symbol Parameter Conditions Min | Typ | Max | Units
VTH Differential Threshold Voltage louT = —400 pA,Vout 2 25V [ —=7V<Vom <7V 0.06 | 0.2 Vv
—15 < Vpm <15V 0.06 0.3 \'
VTL Differential Threshold Voltage lout = 4 mA, Voyt < 0.5V —7V < Vpom <7V —-0.08f —0.2| V
—15V < Vgpm < 15V —0.08( —0.3 \
VTH Differential Threshold Voltage louT = —400 pA,Voyt 2 25V | -7V Vcm <7V 0.47 0.7 \
VT | with Fail-Safe Offset = 5V louT = 4 MA, VouT < 0.5V —V<Vems<7V |-02|-042 v
RN Input Resistance =18V < VoM < 18V,0V < Vo < 7V 4 5 kQ
Rt Line Termination Resistance Ta = 25°C 100 | 180 | 300 0
Ro Offset Control Resistance Ta = 25°C 42 56 70 kQ
IIND Data Input Current (Unterminated) | Vo = 10V 2 3.1 mA
Vom = 0V 0V <Vgc <7V —0.5| mA
Vom = —10V -2 | —31| mA
Viug | Input Balance lout = —400 pA, Vout = 2.5V, | =7V <Vem 7V 0.1 0.4 v
(Note 5) Rs = 5000 ! :
lout = 4 mA, Voyrt < 0.5V, —7V<Vom =7V _ _
Rs = 5000 0.1 04| V
VoH Logical “1” Output Voltage loyt = —400 pA, Vpire =1V, Voo = 4.5V 2.5 3 \"
VoL Logical “‘0” Output Voltage lout = 4 MA, Vpjpg = —1V, Voo = 4.5V 035 | 05 \"
Icc Power Supply Current Ve = 5.5V Vem = 15V 10 16 mA
Vpirr = —0.5V, (Both Receivers) Vom = —15V 10 16 mA
IIN (1) Logical ““1” Strobe Input Current | VgTroBE = 5.5V, VDIFF = 3V 1 100 | pA
IIN (0) Logical “‘0” Strobe Input Current | VgTroBg = OV, VpIrg = —3V —290 | —400| pA
ViH Logical “1” Strobe Input Voltage | VoL < 0.5, loyT = 4mA 20 | 1.12 "
ViL Logical “‘0” Strobe Input Voltage |Von = 2.5V, Igyt, = —400 pA 112 | 0.8 \"
los Output Short-Circuit Current VouT = 0V, Ve = 5.5V, VsTROBE = 0V, (Note 4) —30| —100{ —170{ mA
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device
operation.
Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS78LS120 and across the 0°C to + 70°C for the
DS88LS120. All typical values are for Tp = 25°C, Vg = 5V and Vg = OV.
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown
as max or min on absolute value basis.
Note 4: Only one output at a time should be shorted.
Note 5: Refer to EIA-RS422 for exact conditions.
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DS78LS120/DS88LS120

Switching Characteristics

Veg = 5V, Ta = 25°C

Symbol ﬁarameter Conditions Min 'i'yp Max Units
tpdo(D) Differential Input to “0” Output 38 60 ns
tpd1(D) Differential Input to ““1”” Output Response Pin Open, G, = 15 pF, R = 2kQ 38 60 ns
tpdo(s) Strobe Input to “0” Output 16 25 ns
tpd1(8) Strobe Input to “1”” Output 12 25 .ns
AC Test Circuit and Switching Time Waveforms
Differential and Strobe Input Signal
ouTPUT Vee
2
INPUT
OPEN
= TL/F/7499-3

*Includes probe and test fixture capacitance

285V

DIFF
INPUT

~2.5V

/

\
A

Vee

STROBE
INPUT

o
OUuTPUT

ty=t4< 10 ns
PRR = 1 MHz

Application Hints

DS1691A/DS3691
LINE DRIVER

. tpd0(0) ]
Note: Optimum switching response is obtained by minimizing stray capacitance on Response Control pin (no external connection).

fS—

tpd1(D) Tpd(s)

Balanced Data Transmission

TWISTED PAIR

/i

tpd1(S)
TL/F/7499-4

1/2 DS78L8120
LINE RECEIVER

O
STROBE

TL/F/7499-5 -
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Application Hints (continued)

1/4 051488 OR
1/4081691A/053691

Unbalanced Data Transmission

1/2 DST8LS120
LINE RECEIVER

=

Vou

39VL10A 1NdLNO

ie Vv Vin

INPUT VOLTAGE TL/F/7499-7

The DS78LS120/DS88LS120 may be used as a level trans-
lator to interface between 12V MOS, ECL, TTL and
CMOS. To configure, bias either input to a voltage equal to
/2 the voltage of the input signal, and the other input to the
driving gate.

LINE DRIVERS

Line drivers which will interface with the DS78LS120/
DS88LS120 are listed below.

Balanced Drivers

DS26L831 Quad RS-422 Line Driver
Dual CMOS
DS7830, DS8830 Dual TTL

DS7831, DS8831
DS7832, DS8832
DS1691A, DS3691
DS1692, DS3692

Dual TRI-STATE TTL
Dual TRI-STATE TTL
Quad RS-423/Dual RS-422 TTL

Quad RS-423/Dual TRI-STATE
RS-422 TTL

DS3487 Quad TRI-STATE RS-422
Unbalanced Drivers

DS1488 Quad RS-232
DS75150 Dual RS-232

RESPONSE CONTROL AND HYSTERESIS

In unbalanced (RS-232/RS-423) applications it is recom-
mended that the rise time and fall time of the line driver be
controlled to reduce cross-talk. Elimination of switching
noise is accomplished in the DS78LS120/DS88LS120 by
the 50 mV of hysteresis incorporated in the output gate.
This eliminates the oscillations which may appear in a line
receiver due to the input signal slowly varying about the
threshold level for extended periods of time.

High frequency noise which is superimposed on the input
signal which may exceed 50 mV can be reduced in ampli-
tude by filtering the device input. On the DS78LS120/
DS88LS120, a high impedance response control pin in the
input amplifier is available to filter the input signal without

TL/F/7499-8
Logic Level Translator

1/2 DS78LS120
LINE RECEIVER

ECL BATE

ECL mnssmn.noﬁ

O]

TL/F/7499-8

affecting the termination impedance of the transmission
line. Noise pulse width rejection vs the value of the re-
sponse control capacitor is shown in Figures 17 and 2. This
combination of filters followed by hysteresis will optimize
performance in a worse case noise environment.

100k

£ Y
= 10k
&x
Fuw + 7
& F—T-POSITIVE INPU
43 [ h
2E
w 1k
g ZNEGATIVE INPUT.
100 L1d

10 100 1% 10k
RESPONSE CONTROL CAPACITOR (pF)
TL/F/7499-9
FIGURE 1. Noise Pulse Width vs
Response Control Capacitor

RESPONSE CONTROL

I CAPACITOR

0.5V

NEGATIVE INPUT
NOISE PULSE

v

<———l— NOISE PULSE WIDTH

v

POSITIVE INPUT
NOISE PULSE

(]
-0.5v

TL/F/7499-10

FIGURE 2

http://www.national.com

3-83

021S188Sd/021S18.SA




DS78LS120/DS88LS120

Application Hints (continued)

TRANSMISSION LINE TERMINATION

On a transmission line which is electrically long, it is advisa-
ble to terminate the line in its characteristic impedance to
prevent signal reflection and its associated noise/cross-
talk. A 1800 termination resistor is provided in the
DS78LS120/DS88LS120 line receiver. To use the termina-
tion resistor, connect pins 2 and 3 together and pins 13 and
14 together. The 180( resistor provides a good compro-
mise between line reflections, power dissipation in the driv-
er, and IR drop in the transmission line. If power dissipation
and IR drop are still a concern, a capacitor may be connect-
ed in series with the resistor to minimize power loss.

The value of the capacitor is recommended to be the line
length (time) divided by 3 times the resistor value. Example:
if the transmission line is 1,000 feet long, (approximately
1000 ns), and the termination resistor value is 18012, the
capacitor value should be 1852 pF. For additional applica-
tion details, refer to application notes AN-22 and AN-108.

FAIL-SAFE OPERATION

Communication systems require elements of a system to
detect the presence of signals in the transmission lines, and
it is desirable to have the system shut-down in a fail-safe
mode if the transmission line is open or shorted. To facilitate
the detection of input opens or shorts, the DS78LS120/
DS88LS120 incorporates an input threshold voltage offset.
This feature will force the line receiver to a specific logic
state if presence of either fault is a condition.

Given that the receiver input threshold is +200 mV, an input
signal greater than +200 mV insures the receiver will be in
a specific logic state. When the offset control input (pins 1
and 15) is connected to Vgc = 5V, the input thresholds

are offset from 200 mV to 700 mV, referred to the non-in-
verting input, or —200 mV to —700 mV, referred to the
inverting input. Therefore, if the input is open or shorted, the
input will be greater than the input threshold and the receiv-
er will remain in a specified logic state.

The input circuit of the receiver consists of a 5k resistor
terminated to ground through 1209 on both inputs. This net-
work acts as an attenuator, and permits operation with com-
mon-mode input voltages greater than +£15V. The offset
control input is actually another input to the attenuator, but
its resistor value is 56k. The offset control input is connect-
ed to the inverting input side of the attenuator, and the input
voltage to the ampilifier is the sum of the inverting input pius
0.09 times the voltage on the offset control input. When the
offset control input is connected to 5V the input amplifier will
see VIN(NVERTING) *+0.45V or ViNGNVERTING) 0.9V when
the control input is connected to 10V. The offset control
input will not significantly affect the differential performance
of the receiver over its common-mode operating range, and
will not change the input impedance balance of the receiver.
It is recommended that the receiver be terminated (5000 or
less) to insure it will detect an open circuit in the presence
of noise.

The offset control can be used to insure fail-safe operation
for unbalanced interface (RS-423) or for balanced interface
(RS-422) operation. '

For unbalanced operation, the receiver would be in an inde-
terminate logic state if the offset control input was open.
Connecting the fail-safe offset pin to 5V, offsets the receiver
threshold to 0.45V. The output is forced to a logic zero state
if the input is open or shorted. )

Unbalanced RS-423 and RS-232 Fail-Safe

LINE DRIVER

LINE RECEIVER
1/2 DS78LS120

|||—-

w
«
<
=
-
S (OFFSET CONTROL
E INPUT OPEN)
o
=
=
o
0 .
INPUT VOLTAGE

5V O

TL/F/7499-11

w
(=}
<
5 .
S (OFFSET CONTROL
B INPUT = 5V)
o
& ‘
=
o
L
) 045V
INPUT VOLTAGE

TL/F/7499~-12

384
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Application Hints (continued)

Balanced RS-422 Fall-Safe

BALANCED
LINE DRIVER

11/2 DS78LS120

LINE RECEIVERS

5V O—

@
>
A/B OUTPUT VOLTAGE

O
STROBE
TL/F/7499-13

D OUTPUT VOLTAGE
C OUTPUT VOLTAGE

—

INPUT VOLTAGE

For balanced operation with inputs open or shorted, receiv-
er C will be in an indeterminate logic state. Receivers A and
B will be in a logic zero state allowing the NOR gate to
detect the open or short condition. The strobe will disable
receivers A and B and may therefore be used to sample the
fail-safe detector. Another method of fail-safe detection
consists of filtering the output of NOR gate D so it would not
indicate a fault condition when receiver inputs pass through
the threshold region, generating an output transient.

Truth Table (For Balanced Fail-Safe)

INPUT VOLTAGE

B ——
INPUT VOLTAGE
TL/F/7499-14

In a communications system, only the control signals are
required to detect input fault conditions. Advantages of a
balanced data transmission system over an unbalanced
transmission system are:

1. High noise immunity
2. High data ratio
3. Long line lengths

Input Strobe A-Out B-Out C-Out D-Out
0 1 0 1 0 0
1 1 1 0 1 0
X 1 0 0 X 1
0 0 1 1 0 0
1 0 1 1. 0 0
X 0 1 1 0 0
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DS78LS120/DS88LS120

98-

WOO[BUORBU'MMM//:d)Yy.

RESPONSE
CONTROL

. |
17k

VAL

¥ \

@

I

FAILSAFE At
orrseT O MWW
INVERTING oA AN —@
INPUT

>

AA

i

S (
4k ¢ b
<

<
>
4,] 180

‘ 1L__o TERMINATION

>
< 120

INPUT

RESISTOR

lII*——vw—o———r-\

0 NON-INVERTING

w
(2]
=
(]
3
]
(=4
(1)
=,
0
Q
=
[
3
O OUTPUT
=

TL/F/7499-2




&National Semiconductor

DS8921/DS8921A/DS8921AT

Differential Line Driver and Receiver Pair

General Description

The DS8921, DS8921A are Differential Line Driver and Re-
ceiver pairs designed specifically for applications meeting
the ST506, ST412 and ESDI Disk Drive Standards. In addi-
tion, these devices meet the requirements of the EIA Stan-
dard RS-422.

The DS8921, DS8921A receivers offer an input sensitivity of
200 mV over a £7V common mode operating range. Hys-
teresis is incorporated (typically 70 mV) to improve noise
margin for slowly changing input waveforms.

The DS8921, DS8921A drivers are designed to provide uni-
polar differential drive to twisted pair or parallel wire trans-
mission lines. Complementary outputs are logically ANDed
and provide an output skew of 0.5 ns (typ.) with propagation
delays of 12 ns.

The DS8921, DS8921A are designed to be compatible with
TTL and CMOS.

Features

B 12 ns typical propagation delay

m Output skew - 0.5 ns typical

B Meet the requirements of EIA Standard RS-422

B Complementary Driver Outputs

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

m +0.2V receiver sensitivity over the input voltage range

B Receiver input hysteresis-70 mV typical

m DS8921AT industrial temperature operation
(—40°C to +85°C)

Connection Diagram

vCC —

ROi
DIi

GND 4

= R+

7

e R
6
= DO+

5
f— DO~

TL/F/8512-1

Order Number DS8921M, DS8921N, DS8921AM, DS8921AN,
DS8921ATM, DS8921ATN or DS8921ATJ
See NS Package Number JO8SA, MOSA or NOSE

Truth Table
Receiver Driver
Input Vour | Input | Vour | Vour
Vip = V1H (MAX) 1 1 1 0
Vip < V1H (MIN) 0 0 0 1
Open 1
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DS8921/DS8921A/DS8921AT

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,

please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.

Supply Voltage v
Driver Input Voltage —-0.5Vto +7V
Output Voltage 5.5V -
Receiver Output Sink Current 50 mA
Receiver Input Voltage +10V
Differential Input Voltage 12V
Maximum Package Power Dissipation @ +25°C

J Package 1220 mW

M Package 730 mW

N Package 1160 mW

Derate J Package

Derate M Package

Derate N Package

Storage Temperature Range

Lead Temperature (Soldering, 4 sec.)
Maximum Junction Temperature

Recommended Operating

Conditions

Supply Voltage

Temperature (Ta)
DS8921/DS8921A
DS8921AT

DS8921/DS8921A Electrical Characteristics (otes2,3and4)

9.8 mW/°C above +25°C
9.3 mW/°C above +25°C
5.8 mW/°C above +25°C

—65°Cto +165°C

+260°C

+150°C

Max Units
5.5 \"
70 °C
+85 °C

Symbol |

I;" Units

Conditions | Min | Typ Max

RECEIVER
VTH —-7V<Vem £ +7V —200 +35 +200 mv
VhysT —7V<Voy < +7V 15 70 ' mv
PN 2/0":her In;;/t, : g\lD) 40 60 kQ
n ViN = 10V 3.25 mA

ViN = —10V -3.25 mA

VoH loH = —400 pA 25 v
VoL loL = 8mA 0.5 \'
Isc Veo = MAX, Vout = OV —-15 —100 mA

DRIVER
VIH 2.0 \Y
ViL 0.8 \"
I Vee = MAX, Vi = 0.4V —40 —200 pA
IiH Vec = MAX, VN = 2.7V 20 HA
i Vee = MAX, Viy = 7.0V 100 A
VoL Voo = MIN, ljy = —18mA " -15 v
VoH Vee = MIN, Ioq = —20 mA 25 \"
VoL Veo = MIN, Ig. = +20 mA 05 v
loFr Vce = 0V, Voyt = 5.5V 100 pA
vyl = VT 0.4 v
VT 2.0 v
IVos - Vosl| . 0.4 v
Isc Ve = MAX, Vout = OV -30 —150 mA

DRIVER and RECEIVER
oo | Voo = MAX, Vour = Logic0 35 mA

3-88
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Receiver Switching Characteristics (Figures 7and 2
Symbol Conditions Min Typ Max Units
8921 8921A 8921AT
T CL = 30pF
pLH L P
(Figures 1, 2) 14 225 20 20 ns
T, C_ = 30pF
pHL L p
(Figures 1, 2) 14 225 20 20 ns
[ToLH-ToHL CL = 30pF
(Figures 1, 2) 0.5 5 3.5 5 ns
Driver Switching Characteristics (Figures 3and 4
SINGLE ENDED CHARACTERISTICS
Symbol Conditions Min Typ Max Units
8921 8921A 8921AT
T, CL = 30pF
pLH L p 1
(Figures 3, 4) 0 15 15 15 ns
T, CL = 30pF
pHL L p
(Figures 3, 4) 10 15 15 15 ns
TTLH CL =30pF
(Figures 7, 8) 5 8 8 9.5 ns
TTHL CL = 30pF
- 8 8 .
(Figures 7, 8) 5 9.5 ns
Skew CL = 30pF
(Figures 3, 4) 1 5 3.5 3.5 ns
Driver Switching Characteristics (Figures 3and 5 (
DIFFERENTIAL CHARACTERISTICS (Note 6)
Symbol Conditions Min Typ Max Units
8921 8921A 8921AT
T CL = 30pF
pLH L p 10 15
(Figures 3, 5, 6) 15 15 ns
T, CL = 30pF
pHL L P
(Figures 3, 5, 6) 10 15 15 15 ns
ITptH-TpHL| CL = 30pF
(Figures 3, 5, 6) 0.5 6 275 2.75 ns
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
should be operated at these limits. The Table of “Electrical Characteristics” provides conditions for actual device operation.
Note 2: All currents into device pins are shown as positive values; all currents out of the device are shown as negative; all voltages are referenced to ground unless
otherwise specified. All values shown as max or min are classified on absolute value basis.
Note 3: All typical values are Vgg = 5V, Tp = 25°C.
Note 4: Only one output at a time should be shorted.
Note 5: Difference between complementary outputs at the 50% point.
Note 6: Differential Delays are defined as calculated results from single ended rise and fall time measurements. This approach in establishing AC performance
specifications has been taken due to limitations of available Automatic Test Equipment (ATE).
The calculated ATE results assume a linear transition between measurement points and are a result of the following equations:
1. = Jio X Tep) = (Tra X Ta)
T Ta-Tat T
Where: T¢r = Crossing Point
Tra» Trbs Tta @and Ty, are time measurements with respect to the input. See Figure 6.
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DS8921/DS8921A/DS8921AT

AC Test Circuits and Switching Diagrams

Ve
" OUTPUT -
+2.5V
v ov
: ALL DIODES -2.5V----- : :
€, INCLUDES 1N914 OR ! |
PROBE AND JIG EQUIVALENT - RO ! 1.3V
CAPACITANCE . g ! h
— -_— — ‘ :4---5: :4——-»:
- - - TLIF/8512-3 TpLH TeHL TUF /B2t
FIGURE 1 FIGURE 2
oo
Dl % Sk
o H o "
— ] ]
[ L %0 b Xsos ! )<
INPUT s =R % i 0% '
=3 T T
J— - C3 [ -
DO TpLH DO TpHL
L Rl = T D0 TpHL D0 TpLH
NOTE: R1 =100 Ohms, C1 =C2=C3 =30 Pf TUrestas : ‘ TUR/es128
FIGURE 3 ) ’ FIGURE 4

! |
i
rb |
L e X ta ! , ]
|- | = | ] x ]
ToLH ToHL DO . | + |
r
! ‘

H 1
TL/F/8512-7 ‘ :fr: - :m -
- ookl ) -
. 1t ]
FIQURE 5 TL/F/8512-2
FIGURE 6

TL/F/8612-10 Trin

: TL/F/8512-11
FIGURE 8.

FIGURE 7
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DS8921/DS8921A/DS8921AT
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DS89C21

&National Semiconductor

DS89C21

Differential CMOS Line Driver and ReCeiver Pair

- General Description

The DS89C21 is a differential CMOS line driver and receiver
pair, designed to meet the requirements of TIA/EIA-422-A
(RS-422) electrical characteristics interface standard. The
DS89C21 provides one driver and one receiver in a mini-
mum footprint. The device is offered in an 8-pin SOIC pack-
age.

The CMOS design minimizes the supply current to 6 mA,
making the device ideal for use in battery powered or power
conscious applications.

The driver features a fast transition time specified at 2.2 ns,
and a maximum differential skew of 2 ns making the driver
ideal for use in high speed applications operating above
10 MHz. .

The receiver can detect signals as low as 200 mV, and also
incorporates hysteresis for noise rejection. Skew is speci-
fied at 4 ns maximum.

The DS89C21 is compatible with TTL and CMOS levels (DI
and RO).

Features
m Meets TIA/EIA-422-A (RS-422) and CCITT V.11
recommendation
m LOW POWER design—15'mW typical
m Guaranteed AC parameters:
— Maximum driver skew 2.0 ns
— Maximum receiver skew 4.0 ns
m Extended temperature range
—40°C to +85°C
m Available in SOIC packaging
m Operates over 20 Mbps
m Receiver OPEN input failsafe feature

Connnection Diagram Truth Tables
Driver
4 Input Outputs
VCC (1) 2 + (8) RI DI Do DO*
RO (2) — - (7) RI* H H L
DI (3) — — (6) DO L H
GND (4) — (5) po* .
Receiver
TL/F/11753-1 Inputs Output
Order Number DS89C21TM or DS89C21TN Ld Ld
See NS Package Number MO8A or NOSE RI-RI* RO
' VDIFF = +200 mV H
Vpigr < —200 mV L
OPENt , H
TNon-terminated
3-92 - http://www.national.com




Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required, Maximum Junction Temperature 150°C
please contact the National Semiconductor Sales Maximum Package Power Dissipation @ +25°C
Office/Distributors for avallability and specifications. M Package 714 mW
Supply Voltage (Vcg) N N Package 1275 mW
Driver Input Voltage (DI) —1.5VtoVge + 1.5V Derate M Package 5.7 mW/°C above +25°C
Driver Output Voltage (DO, DO") —0.5Vto +7V Derate N Package 10.2 mW/°C above +25°C
Receiver Input Voltage—Vgp (RI, RI%) +14V .
Differential Receiver Input +14V Recommended OPeratmg

Voltage—Vpirr (RI, RI*) Conditions
Receiver Output Voltage (RO) —0.5Vto Vg +0.5V Min Max Units
Receiver Output Current (RO) +25mA Supply Voltage (Vco) 4,50 5.50 \
Storage Temperature Range (TsTG) —65°C to +150°C Operating Temperature (Ta) ~ —40  +85 °C
Lead Temperature (T) +260°C Input Rise or Fall Time (DI) 500 ns

(Soldering 4 sec.)

Electrical Characteristics

Over recommended supply voltage and operating temperature ranges, unless otherwise specified. (Notes 2, 3)

12068SA

Symbol | Parameter 1 Conditions | Pin r Min rTyp T Max l Units
DRIVER CHARACTERISTICS
VIH Input Voltage HIGH 2.0 Vee \
ViL Input Voltage LOW DI GND 0.8 \
IiHs L Input Current ViN = Vce, GND, 2.0V, 0.8V 0.05 +10 pA
VoL Input Clamp Voltage IN = —18mA -1.5 \"
Vob1 Unloaded Output Voltage No Load 4.2 6.0 \"
Vob2 Differential Output Voltage RL = 1000 2.0 3.0 \

AVopz | Change in Magnitude of Vopa

for Complementary Output States 50 400 mv

Vobps Differential Output Voltage RL = 150Q 2.1 3.1 \'
Vobps Differential Output Voltage R = 3.9kQ DO, 4.0 6.0 \'
Voc Common Mode Voltage R = 1009 DO* 2.0 3.0 v

AVoc Change in Magnitude of Voc

for Complementary Output States 20 400 mv

losb Output Short Circuit Current Vourt = 0V —30 [ —115 | —150 mA
loFr Output Leakage Current Voe = 0V Vout = +6V 0.03 +100 pA
Vout = —0.25V -0.08 | —100 | pA
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DS89C21

Electrical Characteristics ‘
Over recommended supply voltage and operating temperature ranges, unless otherwise specified. (Notes 2, 3) (Continued)

Symbol | Parameter I Conditions | Pin J Min J CTyp I Max | Units
RECEIVER CHARACTERISTICS )
V1L, VT | Differential Thresholds VIN = +7V,0V, =7V —200 +25 +200 mV
Vhvs Hysteresis Vom = OV ‘ 1 20 50 mv
RN Input Impedance VIN = =7V, +7V, Other = 0V 5.0 9.5 kQ
N Input Current Other Input = 0V, | Viy = +10V RI, +1.0 +1.5 mA
Voo = 5.5Vand | Viy = +3.0V RI* 0 +0.22 mA
Vog = OV ViN = +0.5V —-0.04 “mA
ViN = —8V 0 —0.41 mA
ViN = —10V -1.25 | —25 | mA
Von Output HIGH Voltage lon = —6mA Vpirg = +1V 3.8 4.9 \
Vpirr = OPEN RO 3.8 4.9 \
VoL Output LOW Voltage loL= +6mA,Vprg = -1V 0.08 0.3 \
losr Output Short Circuit Current | Voyt = 0V —-25 -85 —150 mA
DRIVER AND RECEIVER CHARACTERISTICS
lcc Supply Current No Load DI = Vgg or GND Voo 3.0 6 mA
DI = 2.4V or 0.5V 3.8 12 mA

Switching Characteristics

Over recommended supply voltage and operating temperature ranges, unless otherwise specified. (Note 3)

Symbol I Parameter | Conditions r Min 1 Typ I Max I Units
DIFFERENTIAL DRIVER CHARACTERISTICS : )
tpLHD Propagation Delay LOW to HIGH RL = 100Q (Figures 2, 3) 2 4.9 10 ns
tPHLD Propagation Delay HIGH to LOW CL = 50pF 2 4.5 10 ns
tskp Skew, |tpLHD-tPHLDI 0.4 2.0 ns
trLH Transition Time LOW to HIGH (Figures 2, 4) 2.2 9 ns
tTHL Transition Time HIGH to LOW 2.1 9 ns
RECEIVER CHARACTERISTICS
tPLH Propagation Delay LOW to HIGH CL = 50pF (Figures 5, 6) 6 18 30 ns
tPHL Propagation Delay HIGH to LOW xz::'::mz/ﬁv 6 17.5 30 ns
tsk Skew, |tpLH-tPHL| 0.5 4.0 ns
t Rise Time (Figure 7) 2.5 9 ns
t Fall Time 2.1 9 ns

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

Note 2: Current into device pins is defined as positive. Current out of device pins is defined as negative. All voltages are ref d to ground unless otherwise
specified.

Note 3: All typicals are given for Voc = 5.0V and Ty = 25°C.
Note 4: f = 1 MHz, trand t; < 6 ns.

Note 5: ESD Rating: HBM (1.5 kQ2, 100 pF) all pins = 2000V.
EIAJ (09, 200 pF) > 250V
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Parameter Measurement Information

n
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FIGURE 1. Vgp and Vg Test Circuit

GENERATOR

(NOTE 4)

FIGURE 2. Driver Propagation Delay Test Circuit

3v
1.5V
ov
teLup L)

Vo

CP =CROSSING POINT OV DIFF.

Vou
OV DIFF.

OV DIFF.
Vo = DO - DO* \_

FIGURE 3. Driver Differential Propagation Delay Timing
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FIGURE 4. Driver Differential Transition Timing
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TL/F/11753-2
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DS89C21

Parameter Measurement Information (continued)

GENERATOR

(NOTE 4)

3 TL/F/11753-6
FIGURE 5. Recelver Propagation Delay Test Circuit

+2.5V
RI* ov 7,‘ ov
=-2.5V
toH L-—I touL
Vo
RO 1.5V * 1.5V
VoL

FIGURE 6. Receiver Propagation Delay Timing

TL/F/11753-7

Vou
80% 20%

RO 20% 80%
VoL
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FIGURE 7. Receiver Rise and Fall Times

TL/F/11753-8
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DS89LV21

General Description

The DS89LV21 is a differential CMOS line driver and receiv-
er pair, designed to operate with TIA/EIA-422-B (RS-422)
and V.11 electrical characteristics interface standards. The
DS89LV21 provides one driver and one receiver in a mini-
mum footprint. The device is featured in 8-pin SOIC and DIP
packages.

The 3V CMOS design minimizes the supply current to
1.8 mA, making the device ideal for use in battery powered
or power conscious applications.

The driver features a fast transition time specified at 3 ns,
and a maximum differential skew of 2 ns making the driver
ideal for use in high speed applications operating above
5 MHz.

The receiver can detect signals as low as 200 mV, and also
incorporates hysteresis for noise rejection. Skew is speci-
fied at 4 ns maximum.

The DS89LV21 is compatible with TTL and CMOS levels (DI
and RO).

NNational Semiconductor

3V Differential CMOS Line Driver and Receiver Pair

PRELIMINARY

Features
m Single 3.3V power supply operation
m Operates with TIA/EIA-422-B (RS-422) and ITU V.11
m LOW POWER design—6 mW typical
® Guaranteed AC parameters:
— Maximum driver skew 2.0 ns
— Maximum receiver skew 4.0 ns
® Extended temperature range
—40°C to +85°C
| Available in SOIC packaging
W Operates over 10 Mbps
B Receiver OPENT input failsafe feature

Connection Diagram

Vee (1) = + (&) R
RO (2) = & (7) RI*
DI (3) = , (6) Do

GND (4) - (5) po*

TL/F/12620-1
Order Number DS89LV21TM or DS89LV21TN
See NS Package Number MO8SA or NOSE

Truth Tables
Driver
Input Outputs
DI DO DoO*
H L
L L H
Receiver
Inputs Output
RI-RI* RO
VpIFF = + 200 mV
VpiFF € — 200 mV L
OPENT H

‘TNon-terminated
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DS89LV21

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,: - - Maximum Junction Temperature - . ZZ‘ ”'1‘1 50°C
please contact the National Semiconductor Sales Maximum Package Power Dissipation @ +25°C
Office/Distributors for availability and specifications. M Package 714 mW
Supply Voltage (Vo) v N Package . 1275 mV
Driver Input Voltage (D) —1.5Vto Ve + 1.5V Derate M Package 5.7 mW/°C above +25°C
Driver Output Voltage (DO, DO*) . . —05Vto+7V . DerateNPackage ~ *  10.2mW/°C above +25°C
Receiver Input Voltage—Vcw (R, RI*) +14V .
Differential Receiver Input +14V Recommended OPeratlng

Voltage—Vpir (RI, RI*) o Conditions .
Receiver Output Voltage (RO) . —0.5Vto Vg + 0.5V . Min Max _ Units
Receiver Output Current (RO) o +25mA Supply Voltage (Vcc) " 80 36 Y
Storage Temperature Range (TsTg) —65°Cto +150°C Operating Temperature (Ta) —40 +85 .°C
Lead Temperature (T) . . 4260°C Input Rise or Fall Time (DI) . 500 ns

(Soldering 4 sec.)

Electrical Characteristics - ‘ ‘
Over recommended supply voltage and operating temperature ranges, unless otherwise specified (Notes 2, 3)

Symbol l Parameter | Conditions | Pin l Min l Typ I Max I Units
DRIVER CHARACTERISTICS . )
ViH Input Voltage HIGH 2.0 Veo | V
ViL Input Voltage LOW ' 4 - o GND | . | o8 | v
ks L Input Current VIN = Ve, GND, 2.0V, 0.8V © 0.05 +10 pA
VoL Input Clamp Voltage IN= —18 mA ' -15| v
Vobi Unloaded Output Voltage No Load 26 4.0 \"
Vobz Differential Output Voltage . RL = 100Q 12 |- 16 | - \

AVopz | Change in Magnitude of Vopz
for Complementary Output States

Vobs Differential Output Voltage RL = 150Q 1.3 1.8 \"

5.0 400 ‘mV

Vobp4 Differential Output Voltage R = 3.9kQ DO, 23 4.0 \"
Voc Common Mode Voltage R_= 1000 po* | - 20 3.0 v

AVoc Change in Magnitude of Vog
for Complementary Output States

losp Output Short Circuit Current Vour = 0V —30 | —65 | —100 | mA

2.0 400 | mv

IoFF Output Leakage Current Vee = OV Vour = +4V 003 | +100 | pA
VouT = —0.25V —0.08 | —100 | pA
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Electrical Characteristics

Over recommended supply voltage and operating temperature ranges, unless otherwise specified (Notes 2, 3) (Contmued)

L2A768SA

Symbol I Parameter | Conditions L Pin [ Min L Typ | Max I Units
RECEIVER CHARACTERISTICS
V1L, V11 | Differential Thresholds ViN = +7V,0V, =7V —200 +35 +200 mV
VHys Hysteresis Vem = 0V 70 mV
RIN Input Impedance ViN = =7V, +7V, Other = 0V 6.5 8.5 kQ
N Input Current Other Input = 0V, | V|y = +10V R, +1.41 +1.5 mA
Voo =36Vand |y _ i30v R o | +o027 mA
Vee = 0V
ViN = +0.5V —0.02 mA
ViN = —3V 0 —0.43 mA
ViN = —10V —-125 | —20 mA
VoH Output HIGH Voltage loH = —6mA Vpipg = +1V 2.4 3.0 Vv
Vpirr = OPEN RO 2.4 3.0 v
VoL Output LOW Voltage loL = +6mA, Vpjpr = —1V 0.08 0.3 \"
losr Output Short Circuit Current | Voyt = 0V —15 —40 —-100 mA
DRIVER AND RECEIVER CHARACTERISTICS
lcc Supply Current No Load DI = Vgg or GND Voo 1.8 3 mA
DI = 2.4V or 0.5V 2.0 6 mA

Switching Characteristics

Over recommended supply voltage and operating temperature ranges, unless otherwise specified (Note 3)

Symbol ] Parameter | Conditions I Min | Typ I Max J Units
DIFFERENTIAL DRIVER CHARACTERISTICS
tPLHD Propagation Delay LOW to HIGH R = 100Q (Figures 2, 3) 2 5.5 11 ns
tPHLD Propagation Delay HIGHto LOW | ©L = S0PF 2 6.5 11 ns
tskD Skew, |tpLHp-tpHLD 1 2.0 ns
tTLH Transition Time LOW to HIGH (Figures 2, 4) 3 6 ns
tTHL Transition Time HIGH to LOW 3 6 ns
RECEIVER CHARACTERISTICS
tpLH Propagation Delay LOW to HIGH Cp = 50 pF (Figures 5, 6) 10 27 45 ns
tPHL Propagation Delay HIGH to LOW 32',7:03'5\/ 10 26 45 ns
tsk Skew, |tpLH~tpHL 1 4.0 ns
t Rise Time (Figure 7) 3 6 ns
t Fall Time 3 6 ns

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

Note 2: Current into device pins is defined as positive. Current out of device pins is defined as negative. All voltages are referenced to ground uniess otherwise
specified.

Note 3: All typicals are given for Vog = 3.3V and Ty = 25°C.

Note 4:f = 1 MHz, t, and t; < 6 ns.

Note 5: ESD Rating: HBM (1.5 k2, 100 pF) all pins > 2000V.
EIAJ (092, 200 pF) = 250V
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DS89LV21

Parameter Measurement Information
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Parameter Measurement Information (continued)
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DS8922/DS8922A/DS8923/DS8923A

&National Semiconductor

DS8922/DS8922A/DS8923/DS8923A TRI-STATE®
RS-422 Dual Differential Line Driver and Receiver Pairs

General Description

The DS8922/22A and DS8923/23A are Dual Differential
Line Driver and Receiver pairs. These devices are designed
specifically for applications meeting the ST506, ST412 and
ESDI Disk Drive Standards. In addition, the devices meet
the requirements of the EIA Standard RS-422.

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

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

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

Power up/down circuitry is featured which will TRI-STATE

the outputs and prevent erroneous glitches on the transmis-
sion lines during system power up or power down operation.
The DS8922/22A and DS8923/23A are designed to be
compatible with TTL and CMOS.

Features

B 12 ns typical propagation delay

m Output skew—=+0.5 ns typical

m Meets the requirements of EIA Standard RS-422

® Complementary Driver Qutputs

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

m £0.2V receiver sensitivity over the input voltage range

m Receiver input fail-safe circuitry

® Receiver input hysteresis—70 mV typical

m Glitch free power up/down

m TRI-STATE outputs

Connection Diagrams
DS8922A Dual-In-Line

RO1 «‘—-—|_—.¢:£ Rit+
Dit i 2 Rit=
VO(«‘i r -‘—‘ DO1+
_, P B

DS8923A Dual-In-Line

RO1 ~— | 16 Rit+
on 2 —"'-' Rit=
\'(:Ci i o1+

Dt
— 1
[ NLLDO—L 2 oot

I [ >0 Dot=
:"231 [ >0 y 112 pos- mi-bo— X-’—’m-
b2
OND; L» -‘-‘ D02+ GNDL ﬁ 002+
o ] i-‘ﬂ A= oz %] r:-m Ri2-
w2 & LN roz &4 L
TL/F/8511-1 TL/F/8511-2
Order Number DS8922M, DS8922N, Order Number DS8923M, DS8923N,
DS8922AM or DS8922AN DS8923AM or DS8923AN
See NS Package Number M16A or N16A See NS Package Number M16A or N16A
Truth Tables
DS8922/22A DS8923/23A
EN1 | EN2 | RO1 RO2 DO1 D02 DEN | REN | RO1 RO2 DO1 DO2
0 ACTIVE | ACTIVE | ACTIVE | ACTIVE 0 0 ACTIVE | ACTIVE | ACTIVE | ACTIVE
1 0 HI-Z ACTIVE HI-Z ACTIVE 1 0 ACTIVE | ACTIVE HI-Z HI-Z
0 1 ACTIVE HI-Z ACTIVE HI-Z2 0 1 HI-Z HI-Z ACTIVE | ACTIVE
1 1 HI-Z . HI-Z HI-Z HI-Z 1 1 HI-Z HI-Z HI-Z HI-Z
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Absolute Maximum Ratings (Note 1)

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

Supply Voltage 7v
Drive Input Voltage —-0.5Vto +7V
Output Voltage 5.5V
Receiver Output Sink Current 50 mA
Receiver Input Voltage +10V
Differential Input Voltage 12V

Maximum Package Power Dissapation @ +25°C
M Package
N Package

Derate M Package 10.4 mW/°C above +25°C
Derate N Package 11.6 mW/°C above +25°C
Storage Temperature Range —65°C to +165°C

1300 mW
1450 mW

Lead Temp. (Soldering, 4 seconds) 260°C
Recommended Operating
Conditions

Min Max Units
Supply Voltage 4.5 55 Vv
Temperature (Ta) 0 70 °C

DS8922/22A and DS8923/23A Electrical Characteristics (Notes 2, 3, and 4)

Symbol l Conditions l Min l Typ l Max J Units
RECEIVER
VTH —-7V<Vom £ +7V —200 +35 +200 mV
VHYST —-7V<Vem < +7V 15 70 mV
RiN VIN = —7V, +7V (Other Input = GND) 4.0 6.0 kQ
N VIN = 10V 3.25 mA
ViN = —10V —3.25 mA
VoH Vee = MIN, Ioq = — 400 pA 25 \
VoL Vcc = MAX, loL = 8 mA 0.5 \"
Isc Vee = MAX, Voyt = 0V —-15 —100 mA
DRIVER
Vor Veec = MIN, Ioq = —20 mA 2.5 \
VoL Vo = MIN, lo. = +20 mA 0.5 \
loFe Vee = OV, Vout = 5.5V 100 MA
[vT|-[VT]| 0.4 Y
vT 2.0 Vv
IVos-Vos| 0.4 v
Isc Vcc = MAX, Vout = 0V —30 —150 mA
DRIVER and RECEIVER
loz Vout = 2.5V 50 MA
lowage | Vour = 0.4V ~50 u
loc Voo = MAX ACTIVE 76 mA
TRI-STATE 78 mA
DRIVER and ENABLE INPUTS
ViH 2.0 \
ViL 0.8 \
IiL Vce = MAX, VN = 0.4V —40 —200 HA
liH Ve = MAX, V|y = 2.7V 20 HA
I Vee = MAX, VN = 7.0V 100 RA
VoL Vec = MIN, |y = —18 mA -15 v

http://www.national.com
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DS8922/DS8922A/DS8923/DS8923A

Receiver Switching Characteristics (Figures 7, 2and 9) .

Parameter Conditions Min Typ Max Units
. ' , 8922/23 8922A/23A .
ToLH ‘ CL = 30 pF 12 225 20 ns
ToHL CL = 30 pF- v 12 225 20 ns
[TpLH=TpHL CL = 30 pF 0.5 5 35 . ns
Skew (Channel to Channel) CL = 30 pF. 0.5 3.0 ) 2.0 ns
TpLz CL = 15 pF S2 Open 15 ' ns
TpHz | CL = 15pF S1 Open 15 ns
TpzL CL = 30 pF S2 Open 20 ns
TpzH ) CL = 30 pF S1 Open 20 ns
Driver Switching Characteristics
Parameter Conditions Min Typ Max Units
) 8922/23 J 8922A/23A '
SINGLE ENDED CHARACTERISTICS (Figures 4, 5, 6 and 8)
ToLH CL = 30 pF 12 15 15 ns
TpHL CL = 30 pF 12 15 15 ns
TTLH " CL=30pF 5 10 10 ns
TTHL ‘ CL = 30pF 5 10 10 ns
[ToLH-TotLl CL = 30 pF 0.5 o ns
Skew CL = 30 pF (Note 5) 0.5 5 3.5 ns
Skew (Channel to Channel) 0.5 3.0 2.0 ns
TpLz CL = 30pF 15 ns
TpHz CL = 30 pF 15 ns
TpzL CL = 30pF 20 ns
TozH CL = 30 pF 20 ns
DIFFERENTIAL SWITCHING CHARACTERISTICS (Note 6, Figures 4 and 7) .
TpLH a CL = 30 pF 12 15 15 ns
TpHL CL = 30 pF . 12 15 15 ns
[ToLH=TpHL| CL = 30 pF 0.5 6.0 2.75 ns

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

Note 2: All currents into device pins are shown as positive values; all currents out of the device are shown as negative; all voltages are
otherwise specified. All values shown as max or min are classified on absolute value basis.

Note 3: All typical values are Vgg = 5V, Tp = 25°C.

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

Note 5: Difference between complementary outputs at the 50% point. )
Note 6: Differential Delays are defined as calculated results from single ended rise and fall time measurements. This approach in establishing AC performance

d to ground unless

specifications has been taken due to limitations of available At ic Test Equipment (ATE).
The calculated ATE resuits assume a linear transition between measurement points and are a result of the following equations:
(Tfb X Trb) — (Tra X Tfa) Where: Tep = Crossing Point
Tep = Trb — Tra — Tfa + Tfb Tra, Trb, Tfa and Tfb are time measurements with respect to the input.
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DS8922/DS8922A/DS8923/DS8923A

AC Test Circuit and Switching Wavefdrms (Continued)
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Driver Voy vs loy
vs Temperature

Typical Performance Characteristics (psso23a)
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DS8922/DS8922A/DS8923/DS8923A

Typical Performance Characteristics (psss23a) (Continued)
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Typical Performance Characteristics (psse23a) (Continued)
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DS8922/DS8922A/DS8923/DS8923A

Typical Performance Characteristics (psss2aa) (Continued)
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DS8922/DS8922A/DS8923/DS8923A
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DS8925

&National Semiconductor

DS8925

LocalTalk™ Dual Driver/Triple Receiver

General Description

The DS8925 is a dual driver/triple receiver device optimized
to provide a single chip solution for a LocalTalk Interface.
The device provides one differential TIA/EIA-422 driver,
one TIA/EIA-423 single ended driver, one TIA/EIA-422 re-
ceiver and two TIA/EIA-423 receivers, all in a surface

mount 16 pin package. This device is electrically similar to’

the 26L.S30 and 26LS32 devices. }

The drivers feature +10V common mode range, and the
differential driver provides TRI-STATEable outputs. The re-
ceivers offer =200 mV thresholds over the + 10V common
mode range.

Features

m Single chip solution for LocalTalk port
W Two driver/three receivers per package
® Wide common mode range: +10V

B +200 mV receiver sensitivity

.. m 70 mV typical receiver input hysteresis

m Available in SOIC packaging

Connection Diagram

Dual-In-Line Package

-/

Vee =11 16— Ve

DNt =] 2 15 1= Doyt *
Dent =13 14 1= Doyt~

Dy =4 13 = Doyrz~
Rour1 =15 12F=Ryy-
Rourz =18 T Rng*
Rours =17 10 = Ry2-

GND —{ 8 9l Rys*

TL/F/11895-1
Order Number DS8925M

See NS Package Number M16A

Functional Diagram

Doyr1*

Din 1
O Doyr1-

DeNT
Din2 Dour2™
Rour+ 4

Rout2

RNt -

<=

Routs

TL/F/11895-2
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. . [72]
Absolute Maximum Ratings (Note 1) -3
If Military/Aerospace specified devices are required, Maximum Package Power Dissipation @ +25°C g
please contact the National Semiconductor Sales M Package 1.33W
Office/Distributors for availability and specifications. Derate M Package 10.6 mW/°C above +25°C
Supply Voltage (Vo) +7v Storage Temperature Range —65°Cto +150°C
Supply Voltage (Veg) -7V Lead Temperature Range (Soldering, 4 Sec.) +260°C
Enable Input Voltage (DgNT) +7V This Device Does Not Meet 2000V ESD Rating (Note 7)
Driver Input Voltage (Din) +7V .
Driver Output Voltage (Power Off: Doyr) +15V Recommended OPeratlng
Receiver Input Voltage (Vip: Rin+ — Rin—) +25V Conditions
Receiver Input Voltage (Vom: (Rin+ + Rin—)/2) 125V Min Typ Max Units
Receiver Input Voltage (Input to GND: Rin) +25V Supply Voltage (Vcc) +4.76 +5.0 +5.25 v
Receiver Output Voltage (Royt) +5.5V Supply Voltage (Vgg) —4.75 —5.0 —5.25 \
Operating Free Air
Temperature (Tp) o] 25 70 °C
Electrical Characteristics
Over Supply Voltage and Operating Temperature ranges, unless otherwise specified (Notes 2 and 3)
Symbol | Parameter | Conditions | Pin | Min I Typ | Max l Units
DIFFERENTIAL DRIVER CHARACTERISTICS
Vob Output Differential Voltage RL = o orR_ = 3.9kQ +7 +9.0 +10 \
Vo Output Voltage RL = « orR = 3.9k +45 | £5.25 \
Vob1 Output Differential Voltage RL = 100Q, Figure 1 4.0 6.4 Iv|
Vss IVob1 — Vop1+| 80 | 128 V|
AVpp1 | Output Unbalance 0.02 0.4 \"
Vos Offset Voltage Dout+» 0 3 \"
AVps | Offset Unbalance Dout-— 005 | 04 v
Vob2 Output Differential Voltage RL = 1409, Figure 1 6.0 7.0 [v|
lozp TRI-STATE® Leakage Current Vce = 5.25V Vo = +10V 2 150 RA
Vee = =525V |y - Lev 100 | pA
Vo= —8V -1 | —100 | pA
Vo = —10V -2 —150 pA
SINGLE ENDED DRIVER CHARACTERISTICS
Vo Output Voitage (No Load) RL = o orR_ = 3.9k, Figure 2 4 4.4 6 vl
VT Output Voltage RL = 3kQ, Figure 2 b 3.7 43 |
ouUT—
RL = 4509, Figure 2 3.6 4.1 v
AVt Output Unbalance 0.02 0.4 v
DRIVER CHARACTERISTICS
Vem Common Mode Range Power Off, or D1 Disabled +10 Vv
losp Short Circuit Current Vo = 0V, Sourcing Current —80 —150 mA
Vo = 0V, Sinking Current 80 150 mA
_ Dout+,
loxp Power-Off Leakage Current Vo = +10V Doot 17— 2 150 pA
(Vec = VEe = 0V) ouT
Vo = +6V 1 100 pA
Vo = —6V -1 —100 | pA
Vo = —10V -2 —150 wA

http://www.national.com
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DS8925

Electrlcal Characterlstlcs (Continued)
Over Supply Voltage and Operating Temperature ranges, unless otherwise specified (Notes 2 and 3)

Symbol I Parameter l . Conditions i Pin l Min I Tyb I Max | Units
RECEIVER CHARACTERISTICS ) ‘ S i
V1H Input Threshold ) -7V<Vem< +7V —200 | £35 | +200 mV
Vhy Hysteresis ’ : Vom = 0V : 70 4 mv
Rin Input Resistance —-10V < Vgm < +10V 6.0 8.5 kQ
N Input Current (Other Input = 0V, VIN = +10V RN+, 3.25 mA
Power On, QTVCC = Vgg = 0V) Vin = +ay RIN— 0 ~ | 1m0 mA
ViN= -3V -0 -1.50 mA
VIN = =10V i -325| mA
Vis Input Balance Test Rg = 5000 (R2 only) +400 mVv
VoH High Level Output Voltage {/ol: - +;gg :A\\/, 2.7 42 | s V
lon = —400 pA, V)N = OPEN Rout 2.7 4.2 v
VoL | Low Level Output Voltage loL = 8.0mA, Vjy = —200 mV 0.3 05 |V
losm Short Circuit Current Vo = 0V | -15 | -84 | -85 | mA’
DEVICE CHARACTERISTICS
Vi High Level Input Voltage ’ 20 o Vv
ViL. Low Level Input Voltage : 0.8 \"
m High Level Input Current C ] VN =24V IIDJEI% 1 40 pA
IiL | Low Level Input Current ViN = 0.4V -10 | —200 rA
VoL Input Clamp Voltage | hn=—12mA -1.5 \%
Icc Power Supply Current No Load Vee 40 65 mA
IEE D1 Enabled.or Disabled Vee 5 | —15 A
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Switching Characteristics
Over Supply Voltage and Operating Temperature Ranges, unless otherwise specified (Notes 4 and 5)

6268Sa

Symbol | Parameter Conditions I Min l Typ | Max ] Units
DIFFERENTIAL DRIVER CHARACTERISTICS
tPHLD Differential Propagation Delay High to Low RL = 1009, C,_ = 500 pF, 70 134 350 ns
tPLHD Differential Propagation Delay Low to High (é:/y:r %SZ‘?:';%‘;)F 70 141 350 ns
tskp Differential Skew |tpH1p — tpLHDI 7 50 ns
t Rise Time 50 140 300 ns
t Fall Time 50 140 300 ns
tpHz Disable Time High to Z RL = 100Q, C_ = 500 pF 300 600 ns
tpLz Disable Time Low to Z (Figures 7 and 8) 300 | 600 | ns
tpzH Enable Time Z to High 160 350 ns
tpzL Enable Time Z to Low 160 350 ns
SINGLE ENDED DRIVER CHARACTERISTICS
tPHL Propagation Delay High to Low RL = 4509, C_ = 500 pF 70 120 350 ns
toLn Propagation Delay Low to High (Figures 5.and 6) 70 | 150 | 350 | ns
tsk Skew, [tpHL — tPLH . 30 70 ns
t Rise Time 50 100 300 ns
t Fall Time 20 50 300 ns
RECEIVER CHARACTERISTICS
tPHL Propagation Delay High to Low CL=15pF 10 33 75 ns
tPLH Propagation Delay Low to High (Figures 9 and 70) 10 30 75 ns
tsk Skew, [tpHL — tpLHl 3 20 ns

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

Note 2: Current into device pins is defined as positive. Current out of device pins is defined as negative. All voltages are refi d to ground except Vop, Vop1,
Vopaz, and Vgs.
Note 3: All typicals are given for: Vog = +5.0V, Vgg = —5.0V, To = +25°C unless otherwise specified. ‘
Truth Tables ‘
Driver (D1) Recelver (1)
Inputs Outputs Input Output
DENT DNt Dour1+ Dout1— ” Rl2N010— 5 R°:"""
H X z z o
> +200 mV L
L L L H OPENT H
L H H L
Recelver (2)
Driver (D2) Inputs Output
input v Output Rina+ — Ring— Rour2
< —200 mV L
Din2 Dour2—
L H > +200 mV H
OPENT H
H L
H = Logic High Level (Steady State) . Receiver (3)
L = Logic Low Level (Steady State) Input Output
X = Irrelevant (Any Input) Rinat R
Z = Off State (TRI-STATE, High Impedance) IN3 OuT3
tOPEN = Non-Terminated <-—200 mV L
= +200 mV H
OPENT H
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Parameter Measurement Information

2v —O0

0.8y —O
S1

DRIVER ENABLED

TL/F/11895-3

FIGURE 1. Differential Driver DC Test Circuit

TL/F/11895-4

GENERATOR

DRIVER ENABLED

- - TL/F/11895-5
FIGURE 3. Differential Driver Propagation Delay and Transition Time Test Circuit

3y
Dy 1.5V o
toLup
Dour- = Yoy
0V (DIFFERENTIAL)
Doyr* Vou
80% 80%
VoiFF ov

20% - -
. Voirr = Dour* ~ Dour

. TL/F/11895-6
FIGURE 4. Differential Driver Propagation Delay and Transition Time Waveforms

3

GENERATOR

DRIVER ENABLED

. © TL/F/11895-7
FIGURE 5. Single Ended Driver Propagation Delay and Transition Time Test Circuit
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Parameter Measurement Information (continued)

Dy 1.5V
YL
80%
Doyt~ ov
20%
Y

TL/F/11895-8
FIGURE 6. Single Ended Driver Propagation Delay and Transition Time Waveform

Dour*

TL/F/11895-9
FIGURE 7. Differential Driver TRI-STATE Test Circuit

3v
1.5V
ov
tozn
2.0V
ov

* -2.0V

FIGURE 8. Differential Driver TRI-STATE Waveforms

TL/F/11895-10

V,
—O Rour <«
Rin+
GENERATOR |—p——N
<
500 C < (NOTE 6)

. TL/F/11895-11
FIGURE 9. Receiver Propagation Delay Test Circuit

+2.5V
Rin- ov ;F ov

-2.5V

ton L—‘ tonL

1.5V 1.5V
Rout VoL

FIGURE 10. Receiver Propagation Delay Waveform
Note 4: Generator waveform for all tests unless otherwise specified: f = 500 kHz, Zg = 5090, t, < 10 ns, t; < 10 ns.
Note 5: C; includes probe and jig capacitance.
Note 6: All diodes are 1N916 or equivalent.
Note 7: ESD Rating HBM (1.5 k€2, 100 pF) pins 10, 12 > 1500V, all other pins > 2000V.

Vo

TL/F/11895-12
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DS8925

Typical Application Information

8530

DTR

DS8925

[ yiyugdnrhng R
1 Typ+
i NG XD
+ Typ~
1 XD
1

HSKo

MINI 8-PIN
CONNECTOR

FIGURE 11. Typical LocalTalk Application

TABLE I. Device Pin Descriptions

TL/F/11895-13

Pin# Name Description
2,4 | DN TTL Driver Input Pins ‘
3 DENT Active Low Driver Enable Pin. A High on this Pin TRI-STATES the Driver
Outputs (D1 Only)
15 Dout+ Non-Inverting Driver Output Pin
13,14 | Douyt— | Inverting Driver Output Pin
9,11 RN+ Non-Inverting Receiver Input Pin
10,12 | Rn— Inverting Receiver Input Pin
5,6,7 | Rour Receiver Output Pin
8 GND Ground Pin
1 VEg Negative Power Supply Pin, —5V 5%
16 Vce Positive Power Supply Pin, +5V +5%

3-118
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Typical Application Information (continued)

DRIVER OUTPUT WAVEFORMS

The driver configuration on the DS8925 is unique among
TIA/EIA-422 devices in that it utilizes —5V Vgg supply. A
typical TIA/EIA-422 driver uses +5V only and generates
signal swings of approximately OV-5V.

By utilizing VEg, the differential driver is able to generate a
much larger differential signal. The typical output voltage is
about |4| V, which gives (8| V differentially, thus providing a
much greater noise margin than +5V drivers. See Figure
12. The receiver therefore has a range of +8V to —8V or
Vgg of 16V (Vgs = Vop-Vop*).

Each side of the differential driver operates similar to a TIA/
EIA-423 driver. The output voltages are slightly different due
to the loading: the differential driver has differential termina-
tion, the single-ended driver is terminated with a resistor to
ground.

3v

|—0V

‘.VOH (~+4V)

D -
ot Vop1 Voo
4V - (-4Y) = +8V =4V - (4V) = -8V

GND
Doyry+ VoL (~=4V)

Vss|(~[ 16V)
= ov (0IFF)
Vss = (Vop = Vop*) [ \

Vop1®

Doyt~ m— — VT
/_ VT
0V (GND)
\_ vT*
—_— T

TL/F/11895-15

Note: Star (*) represents the opposite input condition for a parameter.
FIGURE 12. Typical Driver Output Waveforms

UNUSED PINS

Unused driver outputs should be left open. If tied to either
ground or supply, the driver may enter an lpg state and
consume excessive power. Unused driver inputs should not
be left floating as this may lead to unwanted switching
which may affect Icc, particularly the frequency component.
Unused driver inputs should be tied to ground.

Receiver outputs will be in a HIGH state when inputs are
open,; therefore, outputs should not be tied to ground. It is
best to leave unused receiver outputs floating.

RECEIVER FAILSAFE

All three receivers on this device incorporate open input
failsafe protection. The differential receiver output will be in
a HIGH state when inputs are open, but will be indetermined
if inputs are shorted together. Unused differential inputs
should be left floating.

Both single-ended receivers (inverting and non-inverting)
are biased internally so that an open input will resuit in a
HIGH output. Therefore, these inputs should not be shorted
to ground when unused.

BYPASS CAPACITORS

Bypass capacitors are recommended for both Vcc and Vgg.
Noise induced on the supply lines can affect the signal qual-
ity of the output; Vg affects the Vo and Vgg affects the
VoL. Capacitors help reduce the effect on signal quality. A
value of 0.1 uF is typically used.

Since this is a power device, it is recommended to use a
bypass capacitor for each supply and for each device. Shar-
ing a bypass capacitor between other devices may not be
sufficient.

TERMINATION

On a multi-point transmission line which is electrically long,
it is advisable to terminate the line at both ends with its
characteristic impedance to prevent signal refiection and its
associated noise/crosstalk.

A 100Q termination resistor is commonly specified by TIA/
EIA-422 for differential signals. The DS8925 is also speci-
fied using 14090 termination which will result in less power
associated with the driver output. The additional resistance
is typical of applications requiring EMI filtering on the driver
outputs.

TWO-WIRE LocalTalk

The DS8925 is a single chip solution for a LocalTalk inter-
face. A typical application is shown in Figure 11.

An alternative implementation of LocalTalk is to only use
two wires to communicate. The differential data lines can be
transformer-coupled on to a twisted pair medium. See Fig-
ure 13. The handshake function must then be accomplished
in software.

Note: Star (*) represents the opposite input condition for a parameter.

P 3
> 1200
o

TL/F/11895-16

FIGURE 13. Differential Communication, Transformer-Coupled to a Twisted-Pair Line
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DS8925

Typical Application Information (continued)
SINGLE + 5V SUPPLY

The DS8925 is derived from the DS3691/92 which could be
configured using a single +5V supply (Veg = 0V). This
device is not specified for this type of operation. However,
the device will not be damaged if operated using a single
+ 5V supply.

Both drivers require the —5V supply in order to meet the
output voltage levels specified. When the device switches
from a positive voltage to the complimentary state, it is
pulled toward the Vg level. If that level is OV, then the

Typical Performance Characteristics*

Differential Driver Output
Voltage vs Output Current

% 10
(¥}
g 8 l""&.._
§ T=25°C
5 T~
£ 6 T
2
3 T= oc/?‘\
. Y
= 4 A
£ :
g T=70°C} \
A \
£ 2 : X
s i
a .
< 0
g 0 20 40 60 80

lop = OUTPUT CURRENT - mA
TL/F/11895-17

Differential Driver Propagation

»
o

1 .

% Delay vs Temperature

o 155

a

=

S 150

= !
.o

g .
a 145 o
& e

5 T V
2 140 v

E o

=z 0!

B 13 ",." A teunn

[rey o'

™ ‘.¢'

B 30 e A

[=]

x

I

5 125

a 0 20 40 60 80
=

pCe

T, = TEMPERATURE - °C
TL/F/11895-19

*V defined as Vog = |Vegl

complimentary state will be near OV instead of Vgg. Thus,
the output would switch from about 4V to 0V, instead of 4V
to —4V. The differential driver will meet TIA/EIA-422, but
with a reduced noise margin. The single-ended driver will
not meet TIA/EIA-423 without the —5V supply.

The receivers will be functional but may suffer parametrical-
ly. The inverting receiver is referenced to Vgg therefore, the
threshold may shift slightly. The inputs can still vary over the
+10V common mode range.

Differential Driver Output

Voltage vs Output Current
% 10
3 |
2
ar} 8 =5,
=3
>
(=
2 6
>
o
-t
= 4
=
z
&
£ 2
o
1
(=]
] 0
i 0 20 40 60
lop = OUTPUT CURRENT - mA
TL/F/11895-18
Differential Driver Propagation
Delay vs Power Supply Voltage
155 -
150
145
140

135
L) R ——
130
125
475 5.00 525

toyLp» toLup - DIFFERENTIAL PROPAGATION DELAY - ns

Vee — POWER SUPPLY VOLTAGE -V
TL/F/11895-20
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Typical Performance Characteristics™ (continued) *
N
3]
Differential Driver Differential Driver
Skew vs Temperature Skew vs Power Supply Voltage
10 10
" 13
= o=
1
= 8 = 8
w (W}
4 X
w v
= 6 = 6
£ =
] &
& 4 ] 4
s ~—— =
|° 2 Io 2
x 4
- b
0 0
0 20 40 60 80 4.75 5.00 5.25
Tp ~ TEMPERATURE - °C Ve = POWER SUPPLY VOLTAGE -V
TL/F/11895-21 TL/F/11895-22
Differential Transition Differential Transition Time
Time vs Temperature vs Power Supply Voltage
200 200
(23 “
b b
g 190 Yall w tall
S o3P =
§ / tise é
S 100 =
= =z
<< <
o o
- -
1 1
o 50 o 50
e -
0 0
0 20 40 60 80 4.75 5.00 5.25
Ty ~ TEMPERATURE - °C Vec ~ POWER SUPPLY VOLTAGE -V
TL/F/11895-23 TL/F/11895-24
Driver Output High Voltage Driver Output High Voltage
vs Output High Current vs Output High Current
5 5
> . > S e
&4 Ehu“:’ M N -
= < ) S~V
[ - oo
- - '~
g g ==
5 5 )
2 = V=5.00V""]
5 2 5 2
Q.- o
- [
3 3 V=4,
| 1 ] 1
= =
>o >°
0 0
0 20 40 60 80 0 20 40 60 80
loy = OUTPUT HIGH CURRENT - mA loy = OUTPUT HIGH CURRENT - mA
TL/F/11895-25 TL/F/11895-26
*V defined as Vg = |Vl
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DS8925

Typical Performance Characteristics™ (continued)
Driver Output Low Voltage Driver Output Low Voitage
vs Output Low Current vs Output Low Current
0 T 0
. j ] .
1 H '
Ll -1 +— ]
e T=700°C! I e
5 : art
< i o
> -2 >
= =
] T=25°¢C \\/ 2
5 -3 : 5
a < - a
5 T=0°C 5
o . o
Yo p
= odd ;
-5 -5
0 20 40 60 80 : 0 20 40 60 80
lo = OUTPUT LOW CURRENT - mA loL = OUTPUT LOW CURRENT - mA
TL/F/11895-27 TL/F/11895-28
Driver Propagation Delay Driver Propagation Delay
vs Temperature : . vs Power Supply Voltage
w 200 » 200
c c .
1 ]
% 180 % 180
I} e
Q =)
z 160 z 160
2 tLH | ™ = tpLu
2 140 g uo ——
o.
2 UL e 2 ‘
& 120 = 120 oL
5 prey L1 5
100 < 100
= = )
<+ 80 < w0
0 20 40 60 80 4.75 5.00 5.25
T, - TEMPERATURE - °C Voc = POWER SUPPLY VOLTAGE -V
TL/F/11895-29 TL/F/11895-30
Driver Skew vs Temperature Driver Skew vs Power Supply Voltage
40 - - 40 [
35 35
g ‘ g
1] 1
a Z
w ¥
4 30 3 30
L .
25 25
20 : , 20
0 20 40 60 80 4.75 5.00 5.25
Ty ~ TEMPERATURE - °C Ve ~ POWER SUPPLY VOLTAGE -V
TL/F/11895-31 . TL/F/11895-32
*V defined as Vo = |Veg
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t, t; ~ TRANSITION TIME ~ns
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Typical Performance Characteristics™ (continued)

Driver Transition Time
vs Temperature

erse

Yall

0 20 40 60 80

Ty - TEMPERATURE - °C
TL/F/11895-33

Recelver Output High Voltage
vs Output High Current

lpy = OUTPUT HIGH CURRENT - mA
TL/F/11895-35

Receiver Output Low Voitage
vs Output Low Current

|
T=70°C

o
T=25°C

2

/

0 5

*V defined as Vg =

10 15 20

loL = OUTPUT LOW CURRENT - mA
TL/F/11895-37

[Veel

%, t; ~ TRANSITION TIME -ns

Von — OUTPUT HIGH VOLTAGE -V

VoL = OUTPUT LOW VOLTAGE -V

Driver Transition Time
vs Power Supply Voltage
200
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100 trise
50
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0
4.75 5.00 5.25
Vg = POWER SUPPLY VOLTAGE - V
TL/F/11895-34
Recelver Output High Voltage
vs Output High Current
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Receiver Output Low Voltage
vs Output Low Current
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TL/F/11895-38
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DS8925

Typical Performance Characteristics* (continued)

toLs tpy — PROPAGATION DELAY - ns Iy = INPUT CURRENT - mA

gk = SKEW - ns

Receiver Input Current vs
Input Voltage (Power On)
15 o
RNty
1 %ot
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. 21 Ringt
0.5 ,:,’.* Ring*
-1 s
1.5 ottt
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=15 =10 -5 0 S 10 15

Vin - INPUT VOLTAGE - V
TL/F/11895-39

Receiver Output Propagation
Delay vs Temperature

20
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0 20 40 60 80
Ty = TEMPERATURE = °C
TL/F/11895-41
Receiver Output Skew
vs Temperature
10
8
6
4 / e
2
0
0 20 40 60 80

Ty = TEMPERATURE - °C
TL/F/11895-43

*V defined as Voo = |Vegl

toy+ oy~ PROPAGATION DELAY - ns g = INPUT CURRENT = mA

tgk = SKEW —ns

Input Voltage (Power Off)
2 .
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Receiver Input Current vs

All Receiver Inputs
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Vin — INPUT VOLTAGE -V
TL/F/11895-40

Receiver Output Propagation
Delay vs Power Supply Voltage

toy

teLn

4.75 5.00 5.25

Vec = POWER SUPPLY VOLTAGE -V
TL/F/11895-42

Receiver Output Skew
vs Power Supply Volitage

4.75 5.00 5.25

Ve — POWER SUPPLY VOLTAGE-V
TL/F/11895-44
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Typical Performance Characteristics™ (continued)

Supply Current vs Supply Current vs
Power Supply Voltage Power Supply Voitage
50 0
< T=70°C/ <
E S E
| 45 ra ' =2
- 4 [
& T=259C{ z
£ N A = T=700¢C )
o o 22 | o -4 f— =
~ 4 , A > T=75°
z T=0°C [
> 4 > T=0°C
T35 i T -6
8 - u
30 -8
450 475 500 525 550 450 475 500 525 550
V¢c = POWER SUPPLY VOLTAGE - V Vg = POWER SUPPLY VOLTAGE -V
TL/F/11895-45 TL/F/11895-46

*V defined as Voo = Vel
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DS8926

NNational Semiconductor

DS8926

ADVANCE INFORMATION

LocalTalk™ Dual Driver/Triple Receiver

General Description

The DS8926 is a dual driver/triple receiver device optimized
to provide a single chip solution for a LocalTalk Interface.
The device provides one differential TIA/EIA-422 driver,
one TIA/EIA-423 single ended driver, one TIA/EIA-422 re-
ceiver and two TIA/EIA-423 receivers, all in a surface
mount 16 pin package. This device is electrically similar to
the 26L.S30 and 26LS32 devices and is a direct replace-
ment for the DS8925.

The drivers feature +10V common mode range, and the
differential driver provides TRI-STATEable® outputs. The
receivers offer £200 mV thresholds over the +10V com-
mon mode range.

Features

m Single chip solution for LocalTalk port

® Two driver/three receivers per package

m Fast rise/fall times and propagation delay on receivers
® Wide common mode range: +10V

® 1200 mV receiver sensitivity

® 70 mV typical receiver input hysteresis

W Available in SOIC packaging

Connection Diagram

Functional Diagram

Dual-In-Line Package
Doyr1*
Ay Dy — D1
Vee =11 16 |= vee P
ouT
Dyt =12 15 = Doyt + -
Dgni =3 14 1= Doyt~ N
Dz =4 13| Doyr2-
Dy = b2 Doyt~
Rout1 =15 12=Ry -
Rour2 =1 6 =Rzt
Routs =17 10 =Rz~ Routt —
GND —] 8 9= Ry3+ O Rine =
TL/F/12646-1 Reos
Order Number DS8926M Rout2 IN2
See NS Package Number M16A 0O Rnz=
Rina*
Routs
o,
TL/F/12646-2
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DS8933

General Description

The DS8933 is a 2 driver X 1 receiver device optimized to
provide a two chip solution for a synchronous V.FAST (V.34)
modem serial port when used with the DS8934 5 driver X 3
receiver device. The TIA/EIA-423-B (V.10) single-ended
drivers are compatible with EIA/TIA-232-E (V.28) receivers,
and the receivers are compatible with TIA/EIA-423-B (V.10)
and EIA/TIA-232-E (V.28) drivers.

The drivers provide a minimum output voltage of +3.6V,
while the receivers offer a + 1.4V threshold, a failsafe out-
put state, and an input range of +10V minimum.

Both the drivers and the receivers provide an inverting logic
function and the drivers are electrically similar to the indus-
try standard 26L.S30 (3691) devices. The device is available
in a surface mount 14-pin package.

NNational Semiconductor

V.34 Serial Port 2 X 1 Driver/Receiver

Features

® Dual chip solution for V.34 sync. modem serial port
when used with complementary DS8934

® Conforms to industry standards:
TIA/EIA-423-B.1994 (RS-423)
ITU-T V.10 (formerly CCITT)

m Compatible with EIA/TIA-232-E (RS-232) and ITU-T
V.28 (formerly CCITT) drivers and receivers

W Adjustable driver slew rate reduces noise generation

m Operates above 1 Mbps

B Wide receiver input voltage range - £ 10V

W + 1.4V receiver threshold with hysteresis

W Failsafe receivers: output high for open input

B Available in SOIC packaging

Connection Diagram

Dual-In-Line
\/

Vep =1 1 14 1= Voo

Dy =] 2 13 = NC
Routi =13 12 = NC

DNy = 4 11 =RC1

GND =5 10 = Dgyr1-

NC =16 IRy -
Dourz-—47 8—Rrec2

TL/F/12374-1
Order Number DS8933M

See NS Package Number M14A

Functional Diagram

RC1

Ding —"__ O Doyri-
Rout RiN1-
RC2
Dinz Dourz-

TL/F/12374-2
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DS8933

Absolute Maximum Ratings (ote 1) , ,
If Military/Aerospace specified devices are required, - Maximum Junction Temperature + 150°C
please contact the National Semiconductor Sales Storage Temperature Range —65°C to +150°C
Office/Distributors for avallability and specifications. Lead Temperature Range Soldering (4 Sec.) +260°C
Supply Voltage (Voc) v ESD Rating (HBM, 1.5 kQ, 100 pF) L >2kv
Supply Voltage (Veg) -7V '
Driver Input Voltage (Djn) -+ . ‘Recommended Operating
Driver Output Voltage (Power Off: Doyr) +15V Conditions
Receiver Input Voltage (Input to GND: Rjy) . : +25V Min Typ Max = Units
Receiver Output Voltage (Royr) . +88V . SupplyVoltage (Voc) +4.75 +50 +525 V
Maximum Package Power Dissipation @ +25°C Supply Voltage (Veg) —4.75 —5.0  —525 Vv
M Package , o 1.5W Operating Free Air - o
Derate M Package 12.2 mW/°C above +25°C : Tempoerature (Ta) 0 25 70 °C
Electrical Characteristics _
Over Supply Voltage and Operating Temperature ranges, unless otherwise specified (Notes 2 and 3)
Symbol I Parameter I Conditions - ' j Pin r Min —I Typ I Max I Units
DRIVER CHARACTERISTICS ) o ' ' )
Vo Output Voltage RL = o or R = 3.9 kQ, Figure 1 4.4 6. vl
Vt Output Voltage . .| RpL =3k, Figure 1 T |87 4.3 B\
4 Ry = 450, Figure 1 | a6 41 ' v|
AVt Output Unbalance ) . 0.1 0.4 \"
losb Short Circuit Current Vo = 0V, Sourcing Current —100 | —150 mA
Vo = 0V, Sinking Current Dout- | | 80 150 ‘mA
loxp Power-Off Leakage Vo = +10V o 1 150 ‘pA
g/uo:,r::.en=t VEg =0V) - Yo O ‘ : = e
_ Vo = -6V ‘ =1 —-100 | pA
o | Vo= -10v -1 —150 RA
Vewm Common Mode Range Power-Off +10 \
ViH High Level Input Voltage . 2.0 \"
ViL Low Level Input Voltage 0.8 v
iy High Level Input Current VIN = 2.4V Din ) 1 40 pA
L Low Level Input Current V|N = 0.4V -3 —200 ‘BA
VoL Input Clamp Voltage IN= —12mA T o-07 | -15 v
RECEIVER CHARACTERISTICS
V- Negative-Going Threshold (See Figure 7) 09 1.36 v
Voltage
VT4 Positive-Going Threshold 14 1.7 v
Voltage
Vhy Hysteresis 40 mVv
RN Input Resistance —10V < Vjy £ +10V RiN- 40 6.0 8.0 kQ
N Input Current ViN = +10V 1.6 3.25 mA
g’o ‘;‘I’;‘:’gf;"_“ Vi = +3V 0 038 | 150 | mA
Veg = Ve = 0V) ViN= —3V 0 -0.67 | —1.50 mA
ViN = —10V -1.9 —3.25 mA
VoH High Level Output Voltage loH = —400 pA, VN —3V 3.5 4.2 \"
IoH = —400 pA, Vi OPEN Fout 35 42 v
VoL Low Level Output Voltage loL=80mA, V)= +3V 0.3 0.5 v
losr Short Circuit Current Vo = 0V —15 —35 -85 mA
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Electrical Characteristics
Over Supply Voltage and Operating Temperature ranges, uniess otherwise specified (Notes 2 and 3) (Continued)

Symbol I Parameter I Conditions Pin Min Typ Max Units
DEVICE CHARACTERISTICS
lcc Power Supply Current No Load Ve 20 30 mA
leg Power Supply Current VEE -5 -10 mA
Switching Characteristics
Over Supply Voltage and Operating Temperature ranges, unless otherwise specified. (Notes 4 and 5)
Symbol l Parameter | Conditions I Min | Typ I Max | Units
DRIVER CHARACTERISTICS
tPHL Propagation Delay Rp = 4509, C|_ = 50 pF,
High to Low Cc = Open 40 160 300 ns
. (Figures 2 and 3)
tPLH Propagat_lon Delay 40 120 300 ns
Low to High
tsk Skew, [tpHL—tpLH] ] 40 150 ns
ttce Transition Time Coefficient tiec(Co) = t, where ty = tror ¢ 54 ns/pF
t Rise Time RL = 4509, C|_ = 50 pF, 100 250 ns
4 Fall Time Cc = Open (Figures 2 and 3) 50 250 ns
t Rise Time RL = 3kQ, C = 2,500 pF, 275 475 ns
1 Fall Time Cc = 5 pF (Figures 2and 3) 275 475 ns
Maximum Load (V.28/232)
SR Slew Rate (+3V) 12.6 21 V/us
t Rise Time RL = 3kQ, C_ = 2,500 pF, 800 ns
t Fall Time Cc = 15 pF (Figures 2and 3) 800 ns
Maximum Load (V.28/232)
SR Slew Rate (+3V) 7 V/us
t Rise Time RL = 7kQ, C_ = 50 pF, 800 ns
t Fall Time Cc = 15 pF (Figures 2and 3) 800 ns
Maximum Load (V.28/232)
SR Slew Rate (£ 3V) 7 V/us
RECEIVER CHARACTERISTICS
tPHL Propagation Delay CL = 15pF
High to Low (Figures 4 and 5) 10 29 s ns
tpLH Propagation Delay
Low to High 10 % s ns
tsk Skew, [tpHL—tpLHI 0 3 20 ns

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

Note 2: Current into device pins is defined as positive. Current out of device pins is defined as negative. All voltages are referenced to ground.

Note 3: All typicals are given for: Voc = +5.0V, Vgg = —5.0V, TA = +25°C unless otherwise specified. Typical AC numbers are rounded off. Measurements of
the driver with a response control capacitor connected may vary due to tolerance of the capacitor, the use of surface mount components is recommended.

Note 4: Generator waveform for all tests unless otherwise specified: f = 500 kHz, Zo = 509, t, < 10 ns, t; < 10 ns.
Note 5: Ci_includes probe and jig capacitance.
Note 6: All diodes are 1N916 or equivalent.

Note 7: ESD rating HBM (1.5 k2, 100 pF) > 2 kV.

http://www.national.com
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DS8933

Parameter Measurement Information

RC = Open
zv ° Diy Dour

0.8V ——0 5!

\AAL
e

TL/F/12374~-3

FIGURE 1. Driver DC Test Circuit

Generator

Dn

Dour-

FIGURE 3. Driver Propagation Delay and Transition Time Waveform

Vee

R ? Rout 2k0

Generator

500

B . —

FIGURE 4. Receiver Propagation Delay Test Circuit (Note 6)

TL/F/12374-4

TL/F/12374-6

TL/F/12374-5
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Parameter Measurement Information (continued)

RN- 1.5V
toLn
Rout 1.5v

Pin Descriptions

FIGURE 5. Receiver Propagation Delay Waveform

TL/F/12374-7

TOPEN = Non-terminated

Pin# Name Description
2,4 Din TTL Driver Input Pins
7,10 Dout- Inverting Driver Output Pin
8,11 RC Driver Response Control Pin
9 RiN— Inverting Receiver input Pin
3 RouTt Receiver Output Pin
5 GND Ground Pin
1 VEE Negative Power Supply Pin, —5V 5%
14 Vee Positive Power Supply Pin, +5V £5%
Truth Tables
Driver (D1, D2) Receiver (R1)
Input Output Input Output
Din Dout-— RiN- Rout
L H <+0.9V H
H L 2+1.7V L
H = Logic high level (steady state) OPENTY H
L = Logic low level (steady state)

http://www.national.com
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DS8933

Typical Application Information

DS8934

RI
DTR
CTS
TXD
RTS
RXD
DSR
DCD

DS8933

™
ETXC
RXC

JOAOmMZ2200

TL/F/12374-11

FIGURE 6. Typical V.34 Sync. Application

4 Vour
Vo
AV Y Vi
v,
—— VoL
T | | >
-10vV OV +1.36V  +1.4V +10V

FIGURE 7. Receiver Threshold Voltage Transfer Curve (VTC)

TL/F/12374-8

3-132

http://www.national.com



Typical Application Information (continued)

+25V

+10V

+1.4V

-5V
-10v
-15V
-25V
RS-232 RS-232 RS-423 DS8933/34
(v.28) (v.28) (v.10) Receiver
Driver Receiver Driver

- FIGURE 8. RS-423 and RS-232 Levels

Oy —

ICL R

TL/F/12374-10
FIGURE 9. External Slew Rate Control Capacitor Connection

TL/F/12374-9
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DS8934

ﬁNational Semiconductor

DS8934

V.34 Serial Port 5 X 3 Driver/Receiver

General Description

The DS8934 is a 5 driver X 3 receiver device optimized to
provide a single chip solution for an asynchronous V.34
(V.FAST) modem serial port. The TIA/EIA-423-B (V.10) sin-
gle-ended drivers are compatible with EIA/TIA-232-E (V.28)
receivers, and the receivers are compatible with
TIA/EIA-423-B (V.10) and EIA/TIA-232-E (V.28) drivers.

The drivers provide a minimum output voltage of +3.6V,
while the receivers offer a + 1.4V threshold, a failsafe out-
put state, and an input range of =10V minimum.

Both the drivers and the receivers provide an inverting logic
function and the drivers are electrically similar to the indus-
try standard 26L.S30 (3691) devices. The pinout of the de-
vice maps the common DB-9 connector, and provides a
straight through connection. The device is available in a sur-
face mount 24-pin package.

Features
m Single chip solution for V.34 async. modem serial port
m Companion 2 X 1 DS8933 for dual chip sync. serial port
m Conforms to industry standards:
TIA/EIA-423-B.1994 (RS-423)
ITU-T V.10 (formerly CCITT)
® Compatible with EIA/TIA-232-E (RS-232) and ITU-T
V.28 (formerly CCITT) drivers and receivers
| Adjustable driver slew rate reduces noise generation
m Operates above 1 Mbps
m Wide receiver input voltage range +10V
m + 1.4V receiver threshold with hysteresis
B Failsafe receivers: output high for open input
m Available in SOIC packaging

Connection Diagram

Dual-In-Line

Functional Diagram

/
Vee =] 1 24 f=vee
DIN1=—] 2 23 f=Re1
Rout1=13 22 ~=Doyr1-
DNz =74 211=Rin1-
Rourz =15 20 |=re2
Rours =16 19 [=Doyr2-
GND—{ 7 18 =Rz
Dinz =8 17 = Rins-
L 16 f=RC3
Dns=q10 15 [=Doyr3-
RC5 =411 14 f=rcs
Dours-=112 13 1=Dours-
TL/F/12873-1
Order Number DS8934WM

See NS Package Number M24B

RC1
Ding Dour1-
Routs Rint-
RC2
Dinz Doutz-
Routz Rinz-
Routs Rinz-
RC3
Ding Douts-
RC4
Ding Douts-
RCS
Dins Douts-

TL/F/12373-2
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=
Absolute Maximum Ratings (ote 1) &
If Military/Aerospace specified devices are required, Maximum Junction Temperature +150°C g
please contact the National Semiconductor Sales Storage Temperature Range —65°C to +150°C
Office/Distributors for availability and specifications. Lead Temp. Range Soldering (4 sec.) +260°C
Supply Voltage (Voc) +7v ESD Rating (HBM, 1.5 k®, 100 pF) >2kV
Supply Voltage (Veg) -7V
Driver Input Voltage (D) +7v Recommended Operating
Driver Output Voltage (Power Off: Doyt) +15V Conditions
Receiver Input Voltage (Input to GND: Rjy) +25V )
Receiver Output Voltage (Royt) +5.5V Min  Typ Max Units
Maximum Package Power Dissipation @ +25°C :upply Voltage (Vcc) +4.75 +50 +525 V
WM Package 1.3W upply'Voltage (YEE) —-475 -50 -525 V
Derate WM Package 10.7 mW/°C above +25°C Operating Free Air
Temperature (Ta) 0 25 70 °C
Electrical Characteristics
Over Supply Voltage and Operating Temperature ranges, unless otherwise specified (Notes 2 and 3)
Symbol | Parameter | Conditions | pin | min | Typ | Max | units
DRIVER CHARACTERISTICS
Vo Output Voltage Ry = o orR_ = 3.9kQ, Figure 1 4.4 6 I\
VT Output Voltage RL = 3k, Figure 1 37 4.3 v
R = 4509, Figure 1 3.6 4.1 V|
AVt Output Unbalance 0.1 0.4 \
losb Short Circuit Current Vo = 0V, Sourcing Current —100 —150 mA
Vo = 0V, Sinking Current Dour- 80 150 mA
loxp Power-off Leakage Vo = +10V 1 150 pA
Current T Vo= +6v 1 100 pA
(Vec = Vee = 0V) Vo= —6V -1 | —100 [ pA
Vo= —10V -1 —150 RA
Vem Common Mode Range Power Off +10 \"
ViH High Level Input Voltage 2.0 \"
ViL Low Level Input Voltage 0.8 \
IiH High Level Input Current ViN = 2.4V Din 1 40 BA
IIH Low Level Input Current ViN = 0.4V -3 —200 MA
VoL Input Clamp Voltage In= —12mA -0.7 -1.5 \"
RECEIVER CHARACTERISTICS
V- Negative-Going Threshold | (See Figure 7) 09 1.36 v
Voltage .
V1+ Positive-Going Threshold 1.4 1.7 v
Voltage
VHy Hysteresis 40 mV
RIN Input Resistance —10V < Vi € +10V Rin- | 40 6.0 8.0 kQ
IIN Input Current ViN = +10V 1.6 3.25 mA
(Power on, or ViN = +3V 0 0.38 1.50 mA
Power off — ViN = -3V —067 | —150 | mA
Vee = Vee = 0V Vin = —10V —19 | -325 | mA
Vor High Level Output Voltage loq = —400 pA, VN —3V 35 4.2 \"
lon = —400 pA, Viy OPEN Rout 35 4.2 v
VoL Low Level Output Voltage loL=8.0mA, V= +3V 0.3 0.5 \"
losr Short Circuit Current Vo = 0V —-15 -85 —85 mA
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DS8934

Electrical Characterlstlcs i &
Over Supply Voltage and Operating Temperature ranges, unless otherwise specmed (Notes 2 and 3) (Contlnued)
Symbol r Parameter J Conditions Pin ‘| "Min Typ Max ~ Units
DEVICE CHARACTERISTICS : R ‘ A - ]
lcc Power Supply Current No Load Vee 46 65" mA
Ieg Power Supply Current o VEE -10 —20 " mA

Switching Characteristics
Over Supply Voltage and Operating Temperature ranges, unless otherwise specified. (Notes 4 and 5)

Symbol i Parameter | o Conditions l Min T Typ I Max, | Units
DRIVER CHARACTERISTICS ) o PR
tPHL Propagation Delay RL = 450Q, C_ = 50 pF, ’ ‘
High to Low Cc = Open R 800 ns
. (Figures 2and 3)' -
tPLH. Propagat‘lon Delay 40 125 300 ns
Low to High . .
tsk Skew, |tpHL~tPLHI 0 50 | 150 - ns
tice Transition Time Coefficient (ttec(Co) = t, where ty = trortg) 54 ns/pF
t Rise Time R = 450Q, C_ = 50 pF, ) 100 - 250 ns' -
t Fall Time Cc = Open (Figures 2and 5) 50 250 ns
t Rise Time RL = 8k, C_ = 2,500 pF, 275 475 | ns
4 Fall Time Cc = 5pF - 275 | 475 ns
- (Figures 2 and 3)
SR Slew Rate (+3V) Maximum Load (V.28/232) 12.6 21 V/us
t Rise Time RL = 3k, G = 2,500 pF, | 800 | . ns
tf Fall Time Gc = 15pF : : 800 |, C o ons
(Figures 2 and 3) -
SR Slew Rate (£3V) - Maximum Load (V.28/232) 7 . Vips
t Rise Time RL = 7kQ, C_ = 50 pF, ' 800 . ns
t Fall Time Cc = 15pF 800 | ns
(Figures 2and 3) -
SR Slew Rate (+3V) Minimum Load (V.28/232) 7 Vips
RECEIVER CHARACTERISTICS ‘ '
tPHL Propagation Delay Cp = 15pF ‘
High to Low (Figures 4 and 5) 10 29, - 75. " ns
tPLH Propagation Delay [ o
Low to High R N A ns
tsk Skew, [tpHL~tpLHI 0 3 20. ns

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

Note 2: Currenit into device pins is defined as positive. Current out of device pins is defined as negative. All voltages are referenced to ground.

Note 3: Al typicals are given for: Vog = +5.0V, Vgg = —5.0V, Tp = +25°C unless otherwise specified. Typical AC numbers are rounded off. Measurements of
the driver with a response control capacitor connected may vary due to tolerance of the capacitor, the use of surface mount components is recommended.

Note 4: Generator waveform for all tests unless otherwise specified: f = 500 kHz, Z, = 509, t < 10 ns, t < 10 ns.
Note 5: C|_includes probe and jig capacitance.

Note 6: All diodes are 1N916 or equivalent.

Note 7: ESD rating HBM (1.5 kQ, 100 pF) > 2 kV.
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Parameter Measurement Information

RC = Open
2V w—O DIN

Dout

0.8y —o0 5!

AA
\ A4
=~

TL/F/12373-3

Generator

TL/F/12373-4

Di

Dout-

TL/F/12373-5

FIGURE 3. Driver Propagation Delay and Transition Time Waveform

Vee

O Royr 2k

Generator

S ska
ag

4

TL/F/12373-6

FIGURE 4. Receiver Propagation Delay Test Circuit (Note 6)
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DS8934

Parameter Measurement Information (continued)

Pin Descriptions

/___ +3V
1.5V

QPHL‘

N'-5Y
\/

FIGURE 5. Receiver Propagation Delay Waveform

Pin# - Name Descrlptibn
2,4,8,9,10 Din TTL Driver Input Pins
12,13, 15, 19, 22 Dout- Inverting Driver Output Pin

11, 14,16, 20, 23 RC

Driver Response Control Pin

TL/F/12373-7

17,18, 21 Rin— Inverting Receiver Input Pin
3,5,6 RouTt Receiver Output Pin
7 GND Ground Pin
1 VEg Negative Power Supply Pin, —56V +5%
24 Veo Positive Power Supply Pin, +5V +5%
Truth Tables
Driver (D1-5) Receiver (R1-3)
Input Output Input ' Output
Din Dout- RiN- Rout
L H <+09V H
H L 2+1.7V L
H = Logic high level (steady state) OPENT H
L = Logic low level (steady state)

TOPEN = non-terminated
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(=}
Typical Application Information %
DB9 -
DS8934 Connector
-5v +5V
T——E 1 24
Vee Vee
> b > ol Sy -é— o °
N1 C
< 3 22} T > @
Rour1 — Dour1- 125 (Rl)
. o — <
> 4 21 <«
Bz D — Rii- 108 (DTR) ®
'
< 5 20
Routz 1 S Re2 e > PY
< _E 6 8 19 106 (CTS)
Rours Dour2- —@
7 9 18 [} < 103 (TXD)
L GND 5 RiNz-
= R I m <
" Dz ’ TH RiNs- b 105 (RTS) g
s 1, 4 s 1 . o
- Ding —1 —res L e 104 (RXD)
'_‘ c
> {0 15
Dins Dours- PY
11 14 107 (DSR)
RCS RC4
Ce Ce o
> 12 13 :Iro .
outs- ouT4-
109 (DCD)
TTL RS —-423
Side (V.10)
Side
TL/F/12373-8
FIGURE 6. Typical V.34 9-Pin DCE Application
4 Vour
Vou
AVT- Y VT+
— VoL
«- >V
| | | | N
-10v OV +1.36V  +1.4V +10V TUFasTa
FIGURE 7. Receiver Threshold Voltage Transfer Curve (VTC)
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DS8934

Typical Application Information (continued)

+15V = +15V

+5V 5
< +3V
-3V
-5V %
-15V - 15v
25V
RS -232 RS —232 RS —423 DS8933/34
. (v.28) (v.28) (V.10) Receiver
Driver Receiver Driver

FIGURE 8. RS-423 and RS-232 Levels

Dy — O

TL/F/12373-11

FIGURE 9. External Slew Rate Control Capacitor Connection

TL/F/12373-10
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DS8935 ,

General Description

The DS8935 is a dual driver/triple receiver device optimized
to provide a single chip solution for a LocalTalk Interface.
The device provides one differential TIA/EIA-422 driver,
one TIA/EIA-423 single ended driver, one TIA/EIA-422 re-
ceiver and two TIA/EIA-423 receivers, all in a surface
mount 16-pin package. This device is electrically similar to
the 26L.S30 and 26LS32 devices.

The drivers feature 10V common mode range, and the
differential driver provides TRI-STATEable outputs. The re-
ceivers offer +200 mV thresholds over the + 10V common
mode range.

The device offers enable circuitry for the differential driver
and selectable enabling for the three receivers.

&National Semiconductor

LocalTalk™ Dual Driver/Triple Receiver

Features

m Single chip solution for LocalTalk port

“m Two driver/three receivers per package

m Wide common mode range: +10V

W +200 mV receiver sensit

ivity

B 70 mV typical receiver input hysteresis
m Available in SOIC packaging
®m Failsafe receiver for open inputs

Connection Diagram

Dual-In-Line Package

/
Vee =11 20— Ve
DNt =12 19 1= Doyt *
Deni =13 18 = Doyt~
Diy2 =14 17 = Dours-
Rour1 =73 161=Rn1-
Rour2 =] & 151 Rz *
Rours =17 141 Ring-
GND —{ 8 13 =Ry +
RE—{9 12}-RE
N/C =410 11=n/c
TL/F/12066-1
Order Number DS8935WM

See NS Package Number M20B

Functional Diagram

Dour1+
Dy = D1

Dour1~
DeN
Dz =102 >°_ Doutz2~

Rout _(§— RNt -

Routz =

[

Routs =

R1

P Re*

R2

J—FRn2-
f R3

— Rins*

RE

RE

TL/F/12066-2
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DS8935

Absolute Maximum Ratings (Note 1)

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

Maximum Package Power Dissipation @ +25°C
M Package
Derate M Package 10.7 mW/°C above +25°C

1.34W

Supply Voltage (Vo) +7V Storage Temperature Range —65°Cto +150°C
Supply Voltage (Veg) -7V Lead Temperature Range (Soldering, 4 Sec.) +260°C
Enable Input Voltage (DENT, RE, RE) +7v This device does not meet 2000V ESD Rating (Note 8)
Driver Input Voltage (Djn) +7V .
Driver Output Voltage (Power Off: Doyt) +15V Recommended OPerat_'ng
Receiver Input Voltage (Vip: Rin+ — Rin—) +25V Conditions
Receiver Input Voltage (Vom: (RiN+ + Rin—)/2) +25V Min Typ Max Units
Receiver Input Voltage (Input to GND: Ry) +25V Supply Voltage (Vgc) +4.75 +5.0 +5.25 \
Receiver Output Voltage (RoyT) +5.5V Supply Voltage (Vgg) —4.75 —50 —525 \

Operating Free Air

Temperature (Ta) 0 25 70 °C

Electrical Characteristics

Over Supply Voltage and Operating Temperature ranges, unless otherwise specified (Notes 2 and 3)

Symbol | Parameter Conditions | Pin J Min I Typ | Max l Units
DIFFERENTIAL DRIVER CHARACTERISTICS
Vob Output Differential Voltage Ry = < orR_ = 3.9kQ +7 +9.0 +10 \"
Vo Output Voltage R = 0 orR_ = 3.9kQ +45 | +£5.25 \"
Vobi1 Output Differential Voltage RL = 1009, Figure 1 4.0 6.4 vl
Vss [Vop1 — Vol 8.0 | 128 vl
AVop1 | Output Unbalance 0.02 0.4 "
Vos Offset Voltage Dout+, 0 3 \
AVps | Offset Unbalance Dout— 005 | 0.4 v
Vop2 Output Differential Voltage RL = 1409, Figure 1 . 6.0 7.0 vl
lozp TRI-STATE® Leakage Current Voo = 5.25V Vo = +10V 2 150 pA
Vee = —525V | v = tev 1 100 | pA
Vo= —6V -1 | —100 | pA
Vo = —10V -2 | —150 | pA
SINGLE ENDED DRIVER CHARACTERISTICS
Vo Output Voltage (No Load) RL = « orR = 3.9kQ, Figure 2 4 4.4 6 vl
vt Output Voltage RL = 3kQ, Figure 2 BouT— 3.7 4.3 V|
RL = 4500, Figure 2 36 4.1 vl
AVt Output Unbalance 0.02 0.4 \"
DRIVER CHARACTERISTICS
Vem Common Mode Range Power Off, or D1 Disabled +10 Vv
losp Short Circuit Current Vo = 0V, Sourcing Current —80 | —150 mA
Vo = 0V, Sinking Current 80 150 mA
loxp R;Jwer;o\f/f Leik(a)g\;/e Current Vo = +10V DD%?;': 2 150 RA
CC = VEE ) Vo = +6V 1 100 uA
Vo = —6V -1 —100 HA
Vo = —10V -2 | —150 | pA

3-142 http://www.national.com



Electrical Characteristics
Over Supply Voltage and Operating Temperature ranges, unless otherwise specified (Notes 2 and 3) (Continued)

Symbol I Parameter | Conditions I Pin I Min l Typ | Max I Units
RECEIVER CHARACTERISTICS
VTH Input Threshold —-7V<Vgm < +7V —200 | +35 | +200 mV
Vhy Hysteresis Vem = 0V 70 mV
Rin Input Resistance —10V < Vgpy < +10V 6.0 8.5 kQ
In Input Current (Other Input = 0V, ViN = +10V RN+, 3.25 mA
Power On, or Vog = VEg = 0V) ViN = +3V RiN— 1.50 mA
ViN= —3V —1.50 | mA
VN = —10V —3.25 mA
Vis Input Balance Test Rs = 5000 (R2 only) +400 mV
VoH High Level Output Voltage loH = —400 pA, 27 42 v
Vin = +200 mV
loH = —400 pA, V|y = OPEN 2.7 4.2 \%
VoL Low Level Output Voltage loL = 8.0mA,Vjy = —200mV | Royt 0.3 0.5 "
losr Short Circuit Current Vo = 0V -15 —34 —85 mA
lozr TRI-STATE Output Current Vce = Max Vo = 2.4V 0 +20 pA
Vo = 0.4V 0 —20 pA
DEVICE CHARACTERISTICS
VIH High Level Input Voltage 2.0 \
Vi Low Level Input Voltage DN 0.8 )
m High Level Input Current VN = 2.4V DFT’ 1 40 RA
i Low Level Input Current ViN = 0.4V RE —-10 | —200 HA
Voo Input Clamp Voltage In= —12mA -1.5 \"
lcc Power Supply Current No Load Voo 40 65 mA
e D1 Enabled or Disabled Vee _s5 —15 mA

http://www.national.com
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DS8935

Switching Characteristics
Over Supply Voltage and Operating Temperature Ranges, unless otherwise specmed (Notes 4 and 5) -

Symbol | : Parameter ) ‘ | Conditions | Min | Typ I Max l Units
DIFFERENTIAL DRIVER CHARACTERISTICS ,
tPHLD Differential Propagation Delay High to Low Ry = 1000, CL = 500pF, | 70 ‘| 134 | '350 ns
tiup | Differential Propagation Delay Low to High (cF’g""Cs 3 a:;%g: 70 | 141 | 350 | ns
1=Cz= 1
tskp Differential Skew |tpHLD — tPLHDI ‘ | 7| 50 ns
t Rise Time - - | 50 | -140 | 300 ns
t Fall Time : - 50 | 140 | 300 ns
tPHz Disable Time High to Z RL = 1000, G = 500 pF 300 | 600 ns
tpLz Disable Time Low to Z (Figures 7 and 8) 300 | 600 | ns
tpzH Enable Time Z to High ) ' 160 350 ns
tpzL Enable Time Z to Low : 160 | ‘350 ns
SINGLE ENDED DRIVER CHARACTERISTICS
tPHL Propagation Delay High to Low . R = 4509, C_ = 500 pF 70 | 120 | 350 ns
tPLH Propagation Delay Low to High (Figures 5.and 6) 70 | 150 350 ns
tsk Skew, |tpHL — tPLH . 30 70 ns
t Rise Time ‘ ’ 50 | 100 | 300 ns
t Fall Time . 20 50 | 300 ns
RECEIVER CHARACTERISTICS
tpHL Propagation Delay High to Low CL = 15pF . 10| 33 | 75 ns
tpLH Propagation Delay Low to High (Figures 9:and 10) 10 | 30 75 | - ns
tsk Skew, [tpHL — tpuHl ’ _ 3 | 20 ns
thz Disable Time High to Z CL = 15pF. 20 75 ns
Lz Disable Time Low to Z (Figures 9and 77) 20 | 75 | ns
tzn Enable Time Z to High ‘ " {20 | 75 ns
tzL Enable Time Z to Low 20 75 ns

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

Note 2: Current into device pins is defined as positive. Current out of device pins is defined as negative. All voltages are referenced to ground except Vop, Vop1,
Vopa, and Vgs.

Note 3: All typicals are given for: Vcc = +5.0V, VEg = —5.0V, To = +25°C unless otherwise specified.
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Truth Tables
Driver (D1) Receiver (1)
Inputs utputs — Input utput
P Outp RE RE P Outp
DENd DiNt Dout1+ Dout1— Rin1— Rout1
H X z z 0 1 X z
L L L H Any Other <~200 mV H
L H H L Combination > +200 mV L
Opent H
Driver (D2) Receiver (2)
Input Output — Inputs Output
d d RE RE P P
Din2 Dout2— Rinz+ ~Rin2— Rout2
L H 0 1 X z
H L Any Other <-200 mV L
Combination > 4200 mV H
Opent H
Receiver (3)
— Input Output
RE RE P d
RiNg + RouTts
0 1 X z
Any Other <—200 mV L
Combination > 4200 mV H
4 Open' H

H = Logic High Level (Steady State)

L = Logic Low Level (Steady State)

X = Irrelevant (Any Input)

Z = Off State (TRI-STATE, High Impedance)
TOPEN = Non-Terminated
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Parameter Measurement Information

TL/F/12066-3
TL/F/12066-4
S
GENERATOR > R
b—O0 Doyr-
DRIVER ENABLED
- - TL/F/12066-5

FIGURE 3. Differential Driver Propagation Delay and Transition Time Test Circuit

3v
Dy 1.5V
ov
tLHD
Doyt~ Vo
OV (DIFFERENTIAL)
Dour+ VoL
80% 80%
VoiFr ov

20% Voirr = Dour* = Doyt~

TL/F/12066-6
FIGURE 4. Differential Driver Propagation Delay and Transition Time Waveforms

GENERATOR

TL/F/12066-7
FIGURE 5. Single Ended Driver Propagation Delay and Transition Time Test Circuit
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Parameter Measurement Information (continued)

O 1.5V
touL

. P V,

80% 80% OH
Dour- v - ov

20% 20% y

oL
k S

TL/F/12066-8
FIGURE 6. Single Ended Driver Propagation Delay and Transition Time Waveform

Dour*

TL/F/12066-9
FIGURE 7. Differential Driver TRI-STATE Test Circuit

3V
1.5V
ov
tezn
2.0V
ov

TL/F/12066-10
FIGURE 8. Differential Driver TRI-STATE Waveforms

—O Ry Vee
S1 T
GENERATOR 2k0
>
: 5k
S2
(Notes 6 and 7)

TL/F/12066~11
FIGURE 9. Receiver Propagation Delay Test Circuit
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DS8935

Parameter Measurement Information (continued)
+2.5V
Rn-— ov ;F ()%
W -2.5V
ton L-—I oL

Vou
1.5V 1.5V
R v
our o TL/F/12066-12
FIGURE 10. Receiver Propagation Delay Waveform
LG
ENABLE — — 3V
INPUT f
/| sy ) LV ov
2 Yz
OUTPUT  ~4.5V - 0.5v
NORMALLY e ~1.5V
LowW S2 OPEN 1.3V 7
5§ T Vou
tzn iz 0.5V
oUTPUT o r v
NORMALLY )y \ OH
HiGH 51 oPEN —
1.3V ~1.5V

~0V
TL/F/12066-13

FIGURE 11. Receiver TRI-STATE Delay Waveform
Note 4: Generator waveform for all tests unless otherwise specified: f = 500 kHz, Zo = 509, t, < 10 ns, t; < 10 ns.
Note 5: C,_includes probe and jig capacitance.
Note 6: All diodes are 1N916 or equivalent.
Note 7: S1 and S2 closed except where shown.
Note 8: ESD Rating HBM (1.5 k2, 100 pF) pins 14, 16 >1500V, all other pins >2000V.
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Typical Application Information

6£68SA

8530
-
|
|
XD +
|
. |
RTS +
1
. 1
DTR +
1
1
_ [
DCD +
1
[
1
1
RXD +
1
1
| |
| /I mini 8-pin
cTs + R3 HSKi connector
I
=D
|
L R T T T sy ol
TL/F/12066-14
FIGURE 12. Typical LocalTalk™ Application
TABLE 1. Device Pin Descriptions
Pin# Name Description
2,4 DiN TTL Driver Input Pins
3 DENT Active Low Driver Enable Pin. A High on this Pin TRI-STATES the Driver
Outputs (D1 Only)
19 Doutr+ Non-Inverting Driver Output Pin
17,18 | Dout— Inverting Driver Output Pin
13,15 | RNt Non-Inverting Receiver Input Pin
16,14 | RN— Inverting Receiver Input Pin
5,6,7 Rout Receiver Output Pin
9 ReN Active Low Receiver Enable
12 REN Active High Receiver Enable
10, 11 N/C Not Connected
8 GND Ground Pin
1 VEg Negative Power Supply Pin, —5V +5%
20 Vee Positive Power Supply Pin, +5V +5%
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Typical Application Information (continued)

DRIVER OUTPUT WAVEFORMS

The driver configuration on the DS8935 is unique among
TIA/EIA-422 devices in that it utilizes —5V VEg supply. A
typical TIA/EIA-422 driver uses +5V only and generates
signal swings of approximately OV-5V.

By utilizing Vgg, the differential driver is able to generate a
much larger differential signal. The typical output voltage is
about |4| V, which gives |8| V differentially, thus providing a
much greater noise margin than +5V drivers. See Figure
13. The receiver therefore has a range of +8V to —8V or
Vgg of 16V (Vgs = Vop-Vop*)-

Each side of the differential driver operates similar to a TIA/
EIA-423 driver. The output voltages are slightly different due
to the loading: the differential driver has differential termina-
tion, the single-ended driver is terminated with a resistor to
ground.

3V

- L.

Pt \VAES \/ ['& You (=249
|4V - (=4V) = +8V -4V = (4V) = -8V
/\ AN
Dour1* Vo (~=4V)
j VOD‘
Vss|(~l 16V])
58 oV (DIFF)
Vss = (Vop = Vop) / \
Vo1
Doyr2~ V7
vt
oV (GND)

L

-

v
TL/F/12066-15

Dout1+
DIN1 <L—-
D1 3
Do b— Doyr1-
BN
ON  }—e
Dng —
D2 Dourz-

TL/F/12066~16
Note:
e Voo = +5V, Vgg = -5V
© D1 Enabled (Active)

FIGURE 13. Typical Driver Output Waveforms

UNUSED PINS

Unused driver outputs should be left open. If tied to either
ground or supply, the driver may enter an lpg state and
consume excessive power. Unused driver inputs should not
be left floating as this may lead to unwanted switching
which may affect Igg, particularly the frequency component.
Unused driver inputs should be tied to ground.

Receiver outputs will be in a HIGH state when inputs are
open; therefore, outputs should not be tied to ground. It is
best to leave unused receiver outputs floating.

RECEIVER FAILSAFE

Ali three receivers on this device incorporate open input
failsafe protection. The differential receiver output will be in
a HIGH state when inputs are open, but will be indetermined
if inputs are shorted together. Unused differential inputs
should be left floating.

Both single-ended receivers (inverting and non-inverting)
are biased internally so that an open input will result in a
HIGH output. Therefore, these inputs should not be shorted
to ground when unused.

BYPASS CAPACITORS

Bypass capacitors are recommended for both Vg and Veg.
Noise induced on the supply lines can affect the signal qual-
ity of the output; Vg affects the Vo and Vgg affects the
VoL. Capacitors help reduce the effect on signal quality. A
value of 0.1 uF is typically used.

Since this is a power devics, it is recommended to use a
bypass capacitor for each supply and for each device. Shar-
ing a bypass capacitor between other devices may not be
sufficient.

TERMINATION

On a multi-point transmission line which is electrically long,
it is advisable to terminate the line at both ends with its
characteristic impedance to prevent signal reflection and its
associated noise/crosstalk. )

A 100Q termination resistor is commonly specified by TIA/
ElIA-422 for differential signals. The DS8935 is also speci-
fied using 1400 termination which will result in less power
associated with the driver output. The additional resistance
is typical of applications requiring EMI filtering on the driver
outputs.

TWO-WIRE LocalTalk

The DS8935 is a single chip solution for a LocalTalk inter-
face. A typical application is shown in Figure 12.

An alternative implementation of LocalTalk is to only use
two wires to communicate. The differential data lines can be
transformer-coupled on to a twisted pair medium. See Fig-
ure 14. The handshake function must then be accomplished
in software.

3-150
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Typical Application Information (continued)

SINGLE + 5V SUPPLY

The DS8935 is derived from the DS3691/92 which could be
configured using a single +5V supply (Veg = 0V). This
device is not specified for this type of operation. However,
the device will not be damaged if operated using a single
+5V supply.

Both drivers require the —5V supply in order to meet the
output voltage levels specified. When the device switches
from a positive voltage to the complimentary state, it is
pulled toward the Vgg level. If that level is OV, then the

'l :; 1200
N

TL/F/12066-17

FIGURE 14. Differential Communication, Transformer-Coupled to a Twisted-Pair Line

complimentary state will be near OV instead of Vgg. Thus,
the output would switch from about 4V to 0V, instead of 4V
to —4V. The differential driver will meet TIA/EIA-422, but
with a reduced noise margin. The single-ended driver will
not meet TIA/EIA-423 without the —5V supply.

The receivers will be functional but may suffer parametrical-
ly. The inverting receiver is referenced to Vgg therefore, the
threshold may shift slightly. The inputs can still vary over the
+10V common mode range.

TL/F/12066-48

FIGURE 15. Driver Output Structure

v, .
e 15.3kQ I/ 15.3k0
INPUT+ > VWA INPUT-
< <L <
17k 1.7k 175k 17kQ
<
Vg~ 2.5V (g
GND
[ TL/F/12066-49
P
Ssa FIGURE 16. Receiver Input Structure
1ka
—dd
8a
Vee
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DS8935

Typical Performance Characteristics

The DS8935 is very clossly related to the DS8925. Please
refer to the DS8925 datasheet for the typical performance
characteristics.
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DS8936

General Description

The DS8936 is a dual driver/triple receiver device optimized
to provide a single chip solution for a LocalTalk Interface.
The device provides one differential TIA/EIA-422 driver,
one TIA/EIA-423 single ended driver, one TIA/EIA-422 re-
ceiver and two TIA/EIA-423 receivers, all in a surface
mount 16-pin package. This device is electrically similar to
the 26LS30 and 26LS32 devices and is a direct replace-
ment for the DS8935.

The drivers feature =10V common mode range, and the
differential driver provides TRI-STATEable® outputs. The
receivers offer +200 mV thresholds over the +10V com-
mon mode range.

The device offers enable circuitry for the differential driver
and selectable enabling for the three receivers.

&National Semiconductor

ADVANCE INFORMATION

LocalTalk™ Dual Driver/Triple Receiver

Features

m Single chip solution for LocalTalk port

® Two driver/three receivers per package

W Fast rise/fall times and prop delay on receivers
m Wide common mode range: +10V

m +200 mV receiver sensitivity

W 70 mV typical receiver input hysteresis

W Available in SOIC packaging

m Failsafe receiver for open inputs

Connection Diagram

Dual-In-Line Package

\/
Vee {1 20 = vee
Din1 =12 19 1= Doyt *
Deni =13 18~ Doyt~
Dz =14 17 1= Doyt~
Rout1 =13 16— Ry~
Rourz =1 & 15 = Rya*
Rours =17 141~ Ry,
GND ~{ 8 13 =Rz *
RE -1 9 12=RE
N/C =410 11f=n/c
TL/F/12647-1
Order Number DS8936WM

See NS Package Number M20B

Functional Diagram

RNz +

RNz

RNz +

RE
TL/F/12647-2

http://www.national.com
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DS89C386

ﬂNati’oha"l Semiconductor

DS89C386

Twelve Channel CMOS Differential Line Receiver

General Description

The DS89C386 is a high speed twelve channel CMOS
differential receiver that meets the  requirements of
TIA/EIA-422-B. The DS89C386 features low power dissipa-
tion of 240 mW typical. -

Each TRI-STATE® enable, EN, allows the receiver output to
be active or in a Hi-impedance off state. Each enable is
common to only two receivers for flexibility and multiplexing
of receiver outputs.

The receiver output (RO) is guaranteed to be High when the
inputs are left open and unterminated. The receiver can de-
tect signals as low and including +200 mV over the com-
mon mode range of +7V. The receiver outputs (RO) are
compatible with both TTL and CMOS levels.

Features :
® Low power design—240 mW typical
m Meets TIA/EIA-422-B (RS-422)
m Receiver OPEN input failsafe feature
®m Guaranteed AC parameters:
— Maximum receiver skew —4 ns
— Maximum transition time —9 ns
W High Output Drive Capability: 6 mA
m Available in SSOP packaging:
Requires 30% less PCB space than 3 DS34C86TMs

Connection Diagram

Function Diagram

48L SSOP
DS89C386
NC—{1 @ 48 —=NC
ro A= 2 s7f-ri A
EN AC=13 46 =RI* A
RO C—] 4 45=RI* B
Rl C—5. 44}—RI B
RI* =6 43}=R0 B
Ri*p=—1 7 PPy BT ) TL/F/12085-2
Y of package
RID—I8 " 41}=RO D .
ROE—9 4O0f-RIE Truth Table
EN E,6—{10 39 ~RI*E
roc=d11 38 fvee Enable Inputs Output
RIG—{12 37p=R*F EN RI-RI* RO
RI*G—{13 36 =RI F L X z
GND—f 14 35=RO F
. H =200 mV or OPENT H
RI*H=}15 34 |=EN F,H
Rl H={16 - 33}-ro H H < —200.mV L
RO 1=—417 32=RII H +200 mV > and > —200 mV X
EN k=118 3R +Not terminated.
RO K=4 19 30=RI*J
RI k=420 29 =Rl J
RI*K~—4 21 28RO J
RI*L—] 22 27 f=EN J,L
RIL=—f23 26=RO L
GND = 24 25 f=NC
. TL/F/12085-1
Order Number DS89C386TMEA
See NS Package Number MS48A
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Absolute Maximum Ratings (Notes 1&2)
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

This device does not meet 2000V ESD rating. (Note 5)

Operating Conditions

Supply Voltage (Vce) —05t07V Min Max  Unit
lqput Cornmon Mode Range (Vom) +14V Supply Voltage (Vco) 450  5.50 v
Differential Input Voltage (Vpjrr) +14V Operating Temperature Range (Ta)
Enable Input Voltage (Vi) 7v DS89C386T —40 +85 °C
Storage Temperature Range (TsTg) —65°Cto +150°C Enable Input Rise or Fall Times 500 ns
Lead Temperature (Soldering 4 sec) 260°C
Maximum Power Dissipation at 25°C (Note 4)
SSOP Package 1359 mW
Current Per Output +25 mA
DC Electrical Characteristics voc = 5v +10% (unless otherwise specified) (Note 3)
Symbol Parameter Conditions Min Typ Max Units
VTH Differential Input Voltage Vout = Von or VoL _
—7V < Voy < +7V 200 +35 +200 mvV
VHysT Input Hysteresis Vem = 0V 70 mv
Rin Input Resistance ViIN= =7V, +7V
(Other Input = GND) 50 | 68 10 K
N Input Current VIN = + 10V, Other Input = GND +1.1 +1.5 mA
(Under Test) Vin = —10V, Other Input = GND —20 | -25 | mA
VoH High Level Output Voltage Vee = Min, Vippp) = +1V a8 42 v
louT = —6.0 MA
VoL Low Level Output Voltage Vee =_ Max., VipIrp) = —1V 0.2 03 v
lour = 6.0 mA
ViH Enable High Input Level Voltage 2.0 Vee )
ViL Enable Low Input Level Voltage GND 0.8 \
loz TRI-STATE Output Leakage Current | Voyt = Vgg or GND, EN = V. +0.5 +5.0 MA
Iy Enable Input Current ViN = Vgc or GND +1.0 MA
Icc Quiescent Power Supply Current Vee = Max,, Vpipp) = +1V 48 69 mA

http://www.national.com
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DS89C386

AC Electrical Characteristics v = 5v +10% (Note 3) (Figures 1, 2 and 3)

Symbol i Parameter Conditions Min Typ Max Units
tPLH, Propagation Delay - . CL = 50 pF
tPHL Input to Output Vpirg = 2.5V 10 19 30 ns
Vom = 0V
tsk Skew CL = 50 pF
Vpirr = 2.5V 0 2 4 ns
Vem = OV
tRISE Output Rise and CL = 50 pF
tFALL Fall Times VpIrg = 2.5V 4 9 ns
: Vom = 0V
tpLZ, Propagation Delay CL = 50 pF
tpHz ENABLE to Output R = 10000 13 18 ns
VpIrr = 2.5V
tpzL, Propagation Delay CL = 50 pF
tpzH ENABLE to Output RL = 10009 13 21 ns
VpiFg = 2.5V

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

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

Note 3: Unless otherwise specified, Min/Max limits apply across the operating temperature range.

Al typicals are given for Voc =5V and Ty = 25°C. .

Note 4: Ratings apply to ambient temperature at 25°C. Above this temperature derate SSOP (MEA) Package 10.9 mW/°C.

Note 5: ESD Rating: HEM (1.5 k2, 100 pF)
. Inputs > 2000V
Outputs = 1000V
EIAJ (092, 200 pF)
All Pins > 350V
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Logic Diagram

NG (1) — — (48)NC
ROA (2) = + (47)RI A
A *
EN AC (3) (46)RI* A
RO C (4) = s
E | >£ 45)RI* B
z:‘i E:; S & Euim B
— (43)R0 B
RI*D (7) g I (42)EN B,D
RID (8) . — (41)RO D
RO E (9) == + (40)RI E
E L]
EN E,G(10) (39)RI* E
RO G(11) =i 1 — (38) Ve
RIG(12) o 7 (37)R* F
RI*G (13) (36)RI F
GND (14) = — (35)RO F
* — (3 FH
RI*H (15) » | (34)EN
RI H(16) — (33)RO H
RO 1(17) =i ! (sz)m‘n
EN 1,K (18) (31)RI*
ROK (19) =—— ]
RI K (20) ) f (30)RI* ¥
RI*K (21) (29)RI J
—(28)RO
RI*L (22) \ .-I——-———— (27)EN 4L
RI L (23) + — (26)RO L
GND (24) —J — (25)NC

TL/F/12085-3
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DS89C386

Parameter Measurement Information

tRisg—>] I‘— - : > A
v
‘~ J 50% 90% N OH

- 50 %
L 10%_{":4 S Fbm% VoL
toLh

RO
OUTPUT

tonL
+2.5V
INPUT [ INPUT =0
Signal | Reference ov
[ R* RI ) /‘ -2.5V
TL/F/12085-4
FIGURE 1. Propagation Delays
Vee 5
VL
Cy Includes load and test jig capacitance. —
81 = Vg for tpz(, and tp| 7z measurements. Rl INPUT Qmmer R -
81 = GND for tpzp, and tp4z measurements. . . DEVICE OUTPUT
S1 = Open for tp_H, tpHL, and tgk. R 'NPU,T O UNDER RO
TEST
£ :EL
. - - TL/F/12086-5
FIGURE 2. Test Circuit for Switching Characteristics
3.0V
EN
.3V 1.3V
(HIGH ENABLING) !
mmmmmmm——-——----== GND
tpzL
¢ -
PLZ 50% OH
0.5V v
! oL
OUTPUT - tpHz -t tPZH
0.5V Vo
§ ! 50%
meemmmsmanaY
TL/F/12086-6
FIGURE 3. TRI-STATE Output Enable and Disable Waveforms
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Application Information

ENABLE

INPUT
DI

ENABLEO—X

>
:: Ry o OUTPUT

RO

1/12 DS89C387

*Rr is optional although highly recc

ded to reduce refl

1/12 DS89C386

TL/F/12085-7

FIGURE 4. Two-Wire Balanced System, RS-422

SKEW

Skew may be thought of in a lot of different ways, the next
few paragraphs should clarify what is represented by tgk in
this datasheet and how it is determined. Skew, as used in
this databook, is the absolute value of a mathematical differ-
ence between two propagation delays. This is commonly
accepted throughout the semiconductor industry. However,
there is no standardized method of measuring propagation
delay, from which skew is calculated, of differential line re-
ceivers. Elucidating, the voltage level, at which propagation
delays are measured, on both input and output waveforms
are not always consistant. Therefore, skew calculated in this
datasheet, may not be calculated the same as skew defined
in another. This is important to remember whenever making
a skew comparison.

Skew may be calculated for the DS89C386, from many dif-
ferent propagation delay measurements. They may be clas-
sified into two categories, single-ended and differential. Sin-
gle-ended skew is calculated from tpy and tpq propaga-
tion delay measurements (see Figures 5 and 6). Differential
skew is calculated from tpHp and tp Hp differential propa-
gation delay measurements (see Figures 7 and 8).

Waveforms for Circult 1

RI V1 v2 RI*

RO V3 V4 RO

TL/F/12085-10

(Circuit 1)
Rl memeed
R RO
Vrer =1
TL/F/12085-8
(Circuit 2)
VRer =
RI*

TL/F/12085-9
FIGURE 5. Circuits for Measuring Single-Ended
Propagation Delays (See Figure 6)

Waveforms for Circuit 2
V1 v2
Yo tone
v3 v4

TL/F/12086~11

FIGURE 6. Propagation Delay Waveforms for Circuit 1 and Circuit 2 (See Figure 5)
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DS89C386

Application Information (continued)

In Figure 6, VX, where X is a number, is the waveform volt-
age level at which the propagation delay measurement ei-
ther starts or stops. Furthermore, V1 -and V2 are normally
identical. The same is true for V3 and V4. However, as men-
tioned before, these levels are not standardized and may
vary, even with similar devices from other companies. Also
note, VRer in Figure 1 should equal V1 and V2 in Figure 6.
The ‘single-ended skew provides information about the
pulse width distortion of the output waveform. The lower the
skew, the less the output waveform will be distorted. For
best case, skew would be zero, and the output duty cycle
would be 50%, assuming the input has a 50% duty cycle.

(CIreuIt_S) .

L e——

RI*
o TL/F/12085~12
FIGURE 7. Circult for Measuring Ditferential
Propagation Delays (See Figure 8)

Waveforms for Circuit 3

VIX . v2
RI :
RI-RI* 0V7 oV

RI* -

—

TL/F/12085-13
FIGURE 8. Propagation Delay Waveforms
for Circuit 3 (see Figure 7)

For differential propagation delays, V1 may not equal V2.
Furthermore, the crossing point of Rl and RI* corresponds
to zero volts on the differential waveform. (See middle
waveform in Figure 8.) This is true whether V1 equals V2 or
not. However, if V1 and V2 are specified voltages, then V1
and V2 are less likely to be equal to the crossing point volt-
age. Thus, the differential propagation delays will not be
measured from zero volts on the differential waveform.

The differential skew also provides information about the
pulse width distortion of the output waveform relative to the
differential input waveform. The higher the skew, the greater
the distortion of the output waveform. Assuming the differ-
ential input has a 50% duty cycle, the output will have a
50% duty cycle if skew equals zero and less than a 50%
duty cycle if skew is greater than zero.

Only tgk is specified in this datasheet for the DS89C386.
tsk is measured single-endedly but corresponds to differen-
tial skew. Because, for single-ended skew, when VRgr
equals V1 and V2, tpy equals tpHp When tpy p is mea-
sured from the crossing point.

More information can be calculated from the propagation
delays. The channel to channel and device to device skew
may be calculated in addition to the types of skew men-
tioned previously. These parameters provide timing per-
formance information beneficial when designing. The chan-
nel to channel skew is calculated from the variation in prop-
agation delay from receiver to receiver within one package.
The device to device skew is calculated from the variation in
propagation delay from one DS89C386 to another
DS89C386.

For the DS89C386, the maximum channel to channel skew
is 20 ns (t, max—tp min) where t, is the low to high or high
to low propagation delay. The minimum channel to channel
skew is 0 ns since it is possible for all 12 receivers to have
identical propagation delays. Note, this is best and worst
case calculations used whenever tgk (channel) is not inde-
pendently characterized and specified in the datasheet. The
device to device skew may be calculated in the same way
and the results are identical. Therefore, the device to device
skew is 20 ns and 0 ns maximum and minimum respectively.

TABLE |. DS89C386 Skew Table

Parameter Min Typ Max Units
tsk (diff.) 0 2 4 ns
tsk (channel) 0 20 ns
tsk (device) 0 20 ns

Note tgk (diff.) in Table | is the same as tgk in the data-
sheet. Also, tgk (channel) and tgk (device) are calculations,
but are guaranteed by the propagation delay tests. Both tgk
(channel) and tgk (device) would normally be tighter when-
ever specified from characterization data.

The information in this section of the datasheet is to help
clarify how skew is defined in this datasheet. This should
help when designing the DS89C386 into most applications.

3-160

http://www.national.com




Typical Performance Characteristics

Receiver Input Voltage vs
Receiver Input Current

98€068S0d

(Notes 6 and 7)
2

T, =25°C
= A
E] LVge = 5V
T 1 RI*
o
~ g
gy

g

S AR
3 o 1A
c Xy
T 2
o o
z %
@ e
é - o"l
| A
I

-10-8 -6 -4 -2 0 2 4 6 8 10
Vjy - Receiver Input Voltage (V)

TL/F/12085-14

Note 6: The DS89C386 is V.11 compatible. Iy (Rl input) is not > 0 when Vi
= 3V due to internal failsafe bias resistors (see Figure 6). See {TU V.11 for
complete conditions.

Note 7: Failsafe (open inputs) is maintained over entire common mode
range and operating range +10V.

DS89C386 Equivalent input/Output Circuits

Vee
4
[ —
Note:
RI $50ka s
Only 2.4kQ :: |
Rl or RI* 1 3
B——W—e—| |
INPUTS : A 1
e ;
Note: 2.9k0
RI* 250k0 9
Only
i

GND —

TL/F/12085-15
FIGURE 10. Receiver Input Equivalent Circuit

Vee
RO EN
OUTPUT ENABLE
i
GND GND |
TL/F/12085-16 TL/F/12085-17
FIGURE 11. Receiver Output Equivalent Circuit FIGURE 12. Receiver Enable Equivalent Circuit
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DS89C386

Pin Descriptions

TABLE Il. Device Pin Names and Descriptions

Pin # Pin Name Pin Description
2,4,9,11,17,19, 26, RO TTL/CMOS Compatible Receiver Output Pin
28, 33, 35, 41,43 o
5,8, 12, 16, 20, 23, 29, Rl Non-Inverting Signal Receiver Input Pin
32, 36, 40, 44, 47
6,7, 13, 15, 21, 22, 30, RI* Inverting Signal Receiver Input Pin
31, 37, 39, 45, 46 :
3,10, 18, 27, 34, 42 EN Active High Dual Receiver Enabling Pin
38 Vee Positive Power Supply Pin +5 +10%
14,24 GND Device Ground Pin
1,25, 48 NC Unused Pin (NOT CONNECTED)
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DS89C387

General Description

The DS89C387 is a high speed twelve channel CMOS
differential driver that meets the requirements of
TIA/EIA-422-B. The DS89C387 features a low Icc specifi-
cation of 1.5 mA maximum, which makes it ideal for battery
powered and power conscious applications. The device re-
places three DS34C87s and offers a PC board space sav-
ings up to 30%. The twelve channel driver is available in a
SSOP package. The device is ideal for wide parallel bus
applications.

Each TRI-STATE® enable (EN) allows the driver outputs to
be active or in a Hl-impedance off state. Each enable is
common to only two drivers for flexibility and control. The
drivers may be disabled to turn off load current and to save
power when data is not being transmitted.

The driver's input (DI) is compatible with both TTL and
CMOS signal levels.

~&National Semiconductor

Twelve Channel CMOS Differential Line Driver

Features
B Low power Icc: 1.5 mA maximum
u Meets TIA/EIA-422-B (RS-422)
m Guaranteed AC parameters:
— Maximum driver skew
— Maximum transition time
B Available in SSOP packaging:
Requires 30% less PCB space than 3 DS34C87TMs

-3 ns
—10 ns

Connection Diagram

Functional Diagram

48L SSOP :
DS89C387 DO
Di == D1
NC—1t @ 48 ENC oo
D0 A=—{2 47 =Dl A EN 6 of package
DO* A—{3 46Dl B
EN AC—] 4 4500 B Do
4 D} ===t D2
Do* ¢—45 44 —~D0* B po*
DO C=—16 43—EN B,D TL/F/12086-2
Dl c—7 42 ~=D0* D
DI D=8 41p=DO0 D
D0 E=49 40f=D E
DO* E~410 39f=Dl F Tfuth Table
EN E,6=] 11 38 Ve
oot =12 37b-00 F Enable Input . Outputs
00 6—413 36 =D0* F EN DI DO DO*
GND~-4 14 35 p=EN F,H L B X Z . Z
DI =115 34 b=D0* H
DI H=116 33=D0 H H _ H L
DO 1=417 32Dl | H L L H
D0* 1—{18 31p=Dl J :
EN LK={19 30=D0 J
DO*K —f 20 29 }=D0* J
bo k—y21 28 |=EN J,L
DI K—{ 22 27 ~D0* L
Dl L—{23 26 =00 L
GND—] 24 25 =NC
TL/F/12086-1
Order Number DS89C387TMEA
See NS Package Number MS48A
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DS89C387

Absolute Maximum Ratings (Notes 1 & 2)
If Military/Aerospace specified devices are required,

please contact the National Semiconductor Sales

Office/Distributors for availability and specifications.

Supply Voltage (Vcg) —0.5t0 7.0V
DC Voltage (Vin) —1.5t0Vgg +1.5V
DC Output Voltage (Vout) —05t07V
Clamp Diode Current (lik, lok) +20 mA
DC Output Current, per pin (loyT) +150 mA
DC Vg or GND Current (Icc) +500 mA

Storage Temperature Range (TsTg)

Maximum Power Dissipation (Pp) @ 25°C (Note 3)
SSOP Package

Lead Temperature (T|) (Soldering 4 sec.)

—65°C'to +150°C '

1359 mW
. 260°C

This device does not meet 2000V ESD rating. (Note 11)

Operating Conditions

Min Max Units
Supply Voltage (Vcg) : 450 550 V
DC Input or Output Voltage (Vino Vout) 0 Voo  V

Operating Temperature Range (Ta)
DS89C387T —40 +85 °C

Input Rise or Fall Times (i, t;) 500 ns

DC Electrical Characteristics v = 5v +10% (unless otherwise specified) (Notes 2 and 4)

Symbol Parameter Conditions Min Typ Max Units

ViH High Level Input

Voltage 2.0 Vee v
ViL Low Level Input GND 0.8 v

Voltage :
VoH High Level Output ViN = VIgorVy,

Voltage lour = —20 mA 25 8.4 v
VoL Low Level Output VIN = VIgor V.,

Voltage louT = 48 mA 0.3 0.5 v
VT Differential Output R = 100Q

Voltage - (Note 5) 20 34 v
IVr|-IV7] Difference In RL = 1000 04 v

Differential Output (Note 5) ’
Vos Common Mode RL = 100Q

Output Voltage (Note 5) 20 8.0 v
[Vos-Vosl Difference Iy RL = 1000 o4 v

Common Mode Output (Note 5) .
N Input Current VIN = Veo, GND, Vi, or Vi +1.0 pA
Icc Quiescent Supply lout = O pA,

Current ViN = Vg or GND 600 1500 KA

ViN = 2.4V or 0.5V (Note 6) 0.8 2.0 mA

loz TRI-STATE Output Vout = Vgc or GND N

Leakage Current Control = V) 0.5 £8.0 KA
Isc Output Short ViN = Vg or GND _ _ _

Circuit Current (Notes 5, 7) 30 18 150 mA
loFF Power Off Output Ve = 0V Vourt = 6V ’ 100 LA

Leakage Current (Note 5) Vout = —0.25V ~100 A

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

Note 2: Unless otherwise specified, all voltages are referenced to ground. All currents into device pins are positive; all currents out of device pins are negative.
Note 3: Ratings apply to ambient temperature at 25°C. Above this temperature derate SSOP (MEA) Package 10.9 mW/°C.
Note 4: Unless otherwise specified, min/max limits apply across the —40°C to 85°C temperature range. All typicals are given for Voc = 5V and Tp = 25°C.

Note 5: See TIA/EIA-422-B for exact test conditions.

Note 6: Measured per input. All other inputs at Vgc or GND.
Note 7: This is the current sourced when a high output is shorted to ground. Only one output at a time should be shorted.
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Switching Characteristics voc = 5v £10%, t, t < 6 ns (Figures 1, 2, 3, and 4) (Note 4)

Symbol Parameter Conditions Min Typ Max Units
tPLHs tPHL ::&at%agz;\plzflay S1 Open 2 6 1 ns
Skew (Note 8) S1 Open 0 0.5 3 ns
tTLHs tTHL Differential Output Rise S1 Open 6 10 ns

And Fall Times
tpzH Output Enable Time S1 Closed 12 25 ns
tpzL Output Enable Time S1 Closed 13 26 ns
tPHZ Output Disable Time (Note 9) S1 Closed 4 8 ns
tpLz Output Disable Time (Note 9) 81 Closed 12 ns
oFo 23::&2:25?32& 10) 100 PF
CiN Input Capacitance 6 pF

Note 8: Skew is defined as the difference in p

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

delays b

y outputs at the crossing point.

Note 10: Cpp determines the no load dynamic power consumption, Pp = Cpp V2¢c f + Icc Ve, and the no load dynamic current col ption,
Is = Cpp Voo f + loc.
Note 11: ESD Rating: HBM (1.5 k®2, 100 pF)
inputs > 1500V
Outputs > 1000V
EIAJ (0, 200 pF)
All Pins > 350V
Logic Diagram
NC (1) =] [— (48)NC
DO A (2) = A — (47)DI A
DO* A (3) — l—(46)DI B
EN AC (4) — b— (45)D0 B
D0* ¢ (5) — — (44)D0* B
D0 C (6) =i — (43)EN B,D
DI C (7) == — (42)D0* D
DI D (8) ——fd b (41)D0 D
D0 E (9) 7 (40)pDI E
DO* E(10) (39)pI F
EN E,6(11) =i — (38) V¢
DO* G (12) =i —(37)D0 F
DO G (13) == f— (36)D0* F
GND (14) == [— (35)EN F,H
DI G (15) =—ip l— (34)D0* H
DI H(16) — (33)00 H
DO 1(17) | (32)o1 |
DO* 1 (18) =i — (31)DI J
EN LK (19) =t — (30)D0 J
DO* K (20) =i f—(29)D0* J
DO K (21) = — (28)EN J,L
DI K (22) =i — (27)00* L
DI L (23) =—ig—d — (26)00 L
GND (24) == — (25)NC

TL/F/12086-3

http://www.national.com

3-165

28€268S0




DS89C387

Parameter Measurement Information

O OUTPUT DO

- _ch L RN
- b3l
INPUT c1 ) S u/
ol =
>

< R2
Tl

: O OUTPUT DO*
- TL/F/12086-4

Note: C1 = C2 = C3 = 40 pF (including Probe and Jig Capacitance), R1 = R2 = 50Q, R3 = 500Q
FIGURE 1. AC Test Circuit
3.0v

[\
O.OVJ

= b - - thL

) [
OUTPUT 7 1

0 5
L RLIV

tPHL YL

DI INPUT
f=1MHz, t, <6ns,
¥ =6ns

!

1

TL/F/12086~5

FIGURE 2. Propagation Delays

S.OV—X

EN Enable

|

TL/F/12088-6

f=1MHz, t. <6ns, 1.3v
{<6ns R 7
0.0v
1.5V
Vo +0.3V 0.8V
DO When DI =L; DO* When DI=H Vo em—
TpLZ TpZL
DO* When Di=L; DO When Di=H YOH —_X
R"ou‘“V 2.0V
1.5V
TpHZ TpZH
FIGURE 3. Enable and Disable Times .
3.0V
INPUT '
DI )
0.0V
90%—
OUTPUT
(DIFFERENTIAL)
DO - DO*
10% ‘ 10%
Ll tr .
T H TL/F/12086-7

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

ENABLEO——X ENABLE
INPUT S OUTPUT
b s b “ro
1/12 0S89C387 1/12 DSB9C386

28€268S0

TL/F/12086-8
*Rr is optional although highly recommended to reduce reflection.

FIGURE 5. Two-Wire Balanced System, RS-422

Application Information

SKEW

Skew may be thought of in a lot of different ways, the next
few paragraphs should clarify what is represented by (Circuit 1)

“Skew” in the datasheet and how it is determined. Skew, as
used in this databook, is the absolute value of a mathemati- o Do
cal difference between two propagation delays. This is com- NC

monly accepted throughout the semiconductor industry.
However, there is no standardized method of measuring
propagation delay, from which skew is calculated, of differ-
ential line drivers. Elucidating, the voltage level, at which
propagation delays are measured, on both input and output (Circuit 2)

waveforms are not always consistant. Therefore, skew cal- Ne
culated in this datasheet, may not be calculated the same oI
as skew defined in another. This is important to remember D0*

whenever making a skew comparison. TL/F/12086-10

Skew may be calculated for the DS89C387, from many dif- FIGURE 6. Circuits for Measuring Single-Ended
ferent propagation delay measurements. They may be clas- Propagation Delays (See Figure 7)

sified into three categories, single-ended, differential, and

complementry. Single-ended skew is calculated from tpy

and tp 4 measurements (see Figures 6 and 7). Differential

skew is calculated from tpy p and tp yp Measurements

(see Figures 8 and 9). Complementry skew is calculated

from tpyL and tp 4 measurements (see Figures 10 and 77).

TL/F/12086-9

Waveforms for Circuit 1 Waveforms for Circuit 2

DI Vi v2 DI V1 v2
toLk tonL tLy toHL
DO V3 V4 Do* V3 7]

TL/F/12086-11 TL/F/12086-12

FIGURE 7. Propagation Delay Waveforms for Circuit 1 and Circuit 2 (See Figure 6)
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DS89C387

Application Information (continued)

In Figure 2, VX, where X is a number, is the waveform volt-
age level at which the propagation delay measurement ei-
ther starts or stops. Furthermore, V1 and V2 are normally
identical. The same is true for V3 and V4. However, as men-
tioned before, these levels are not standardized and may
vary, even with similar devices from other companies. Also
note, NC (no connection) in Figure 7 means the pin is not
used in propagation delay measurement for the correspond-
ing circuit.

The single-ended skew provides information about the
pulse width distortion of the output waveform. The lower the
skew, the less the output waveform will be distorted. For
best case, skew would be zero, and the output duty cycle
would be 50%, assuming the input has a 50% duty cycle.

(Circuit 3)

DO
DI

Do*
TL/F/12086-13
FIGURE 8. Circuit for Measuring Differential
Propagation Delays (See Figure 9)

Waveforms for Circuit 3

DI

po*
) X”
DO
DO - DO* ov KOV

TL/F/12086-14
FIGURE 9. Propagation Delay Waveforms
for Circuit 3 (See Figure 8)
For differential propagation delays, V1 should equal V2. Fur-
thermore, the crossing point of DO and DO* corresponds to
zero volts on the differential waveform (see bottom wave-

form in Figure 9). This is true whether V3 equals V4 or not.
However, if V3 and V4 are specified voltages, then V3 and
V4 are less likely to be equal to the crossing point voltage.
Thus, the differential propagation delays will not be mea-
sured to zero volts on the differential waveform.

The differential skew also provides information about the
pulse width distortion of the differential output waveform rel-
ative to the input waveform. The higher the skew, the great-
er the distortion of the differential output waveform. Assum-
ing the input has a 50% duty cycle, the differential output
will have a 50% duty cycle if skew equals zero and less than
a 50% duty cycle if skew is greater than zero.

(Circuit 4)

DO
DI
o Do*
TL/F/12086-15

FIGURE 10. Circuit for Measuring Complementary Skew
(See Figure 11)

Waveforms for Circuit 4

T/

== toLH [«
Z v4
Z V3 S V4

R N
TL/F/12086-16

FIGURE 11. Waveforms for Circuit 4 (See Figure 10)

Complementary skew is calculated from single-ended prop-
agation delay measurements on complementary output sig-
nals, DO and DO*. Note, when V3 and V4 are absolute
values, they are identical on DO and DO*; but vary whenev-
er they are relative values.

Do*
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Application Information (continued)

The complementary skew reveals information about the
contour of the rising and falling edge of the differential out-
put signal of the driver. This is important information be-
cause the receiver will interpret the differential output signal.
If the differential transitions do not continuously ascend or
decend through the receivers threshold region, errors may
occur. Errors may also occur if the transitions are too slow.
In addition, complementary skew provides information
about the common mode modulation of the driver. The com-
mon mode voltage is represented by (DO-DO*)/2. This in-
formation may be used as a means for determining EMI
affects.

Only “Skew” is specified in this datasheet for the
DS89C387. It refers to the complementary skew of the driv-
er. Complementary skew is measured at both V3 and V4
(see Figure 11).

More information can be calculated from the propagation
delays. The channel to channel and device to device skew
may be calculated in addition to the types of skew men-
tioned previously. These parameters provide timing per-
formance information beneficial when designing. The chan-
nel to channel skew is calculated from the variation in prop-
agation delay from receiver to receiver within one package.
The device to device skew is calculated from the variation in
propagation delay from one DS89C387 to another
DS89C387.

For the DS89C387, the maximum channel to channel skew
is 9 ns (tp max—tp min) where tp, is the low to high or high to
low propagation delay. The minimum channel to channel
skew is 0 ns since it is possible for all 12 drivers to have
identical propagation delays. Note, this is best and worst
case calculations used whenever Skew (channel) is not in-
dependently characterized and specified in the datasheet.
The device to device skew may be calculated in the same
way and the results are the same. Therefore, the device to
device skew is 9 ns and 0 ns maximum and minimum re-
spectively.

TABLE |. DS89C387 Skew Table

Parameter Min Typ Max Units
Skew (comp.) 0 0.5 3 ns
Skew (channel) 0 9 ns
Skew (device) 0 9 ns

Note Skew (comp.) in Table | is the same as “Skew” in the
datasheet. Also Skew (channel) and Skew (device) are cal-
culations, but are guaranteed by the propagation delay
tests. Both Skew (channel) and Skew (device) would nor-
mally be tighter whenever specified from characterization
data.

The information in this section of the datasheet is to help
clarity how skew is defined in this datasheet. This should
help when designing the DS89C387 into most applications.

http://www.national.com
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DS89C387

DS89C387 Equivalent Input/Output Circuits

, Vee

DO or DO*
OUTPUT

GND

_ v TL/F/12086-17
FIGURE 12. Driver Output Equivalent Circuit

DI or EN
INPUT

GND
FIGURE 13. Driver Input or Driver Enable Equivalent Circuit

TL/F/12086-18
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Pin Descriptions

TABLE Il. Device Pin Names and Descriptions

Pin # Pin Name Pin Description
7,8, 15, 16, 22, 23, [n]] TTL/CMOS Compatible Driver Input
31, 32, 39, 40, 46, 47
2,6,9,13,17, 21, DO Non-Inverting Driver Output Pin
26, 30, 33,37,41,45
3,5,10, 12, 18, 20, DO* Inverting Driver Output Pin
27,29, 34, 36, 44, 44
4,11, 19, 28, 35, 43 EN Active High Dual Driver Enabling Pin
38 Vee Positive Power Supply Pin +5 £10%
14, 24 GND Device Ground Pin
1, 25,48 NC Unused Pin (NOT CONNECTED)

http://www.national.com
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DS9636A

&National Semiconductor

DS9636A

RS-423 Dual Programmable Slew Rate Line Driver

General Description

The DS9636A is a TTL/CMOS compatible, dual, single end-
ed line driver which has been specifically designed to satisfy
the requirements of EIA Standard RS-423.

The DS9636A is suitable for use in digital data transmission
systems where signal wave shaping is desired. The output
slew rates are jointly controlled by a single external resistor
connected between the wave shaping control lead (WS)
and ground. This eliminates any need for external filtering of
the output signals. Output voltage levels and slew rates are
independent of power supply variations. Current-limiting is
provided in both output states. The DS9636A is designed
for nominal power supplies of +12V.

Inputs are TTL compatible with input current loading low
enough (1/10 UL) to be also compatible with CMOS logic.
Clamp diodes are provided on the inputs to limit transients
below ground. .

Features

u Programmable slew rate limiting

m Meets EIA Standard RS-423

m Commercial or extended temperature range
m Output short circuit protection

m TTL and CMOS compatible inputs

Connection Diagram
8-Lead DIP

WAVESHAPE _!| 8 Vs
CONTROL 3 _r__bo_‘_ 7
IN A— — ouT A
IN33—| 'I,—soura
4 O 5

TL/F/9620-1

Top View

Order Number DS9636ACJ,
DS9636ACN or DS9636AMJ
See NS Package Number JO8A or NOSE

For Complete Military 883 Specifications,
see RETS Data Sheet.

Order Number DS9636AJ/883
See NS Package Number JOS8A
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Absolute Maximum Ratings (ote 1)
If Military/Aerospace specified devices are required,

Maximum Power Dissipation* at 25°C (Note 5)

please contact the National Semiconductor Sales Cavity Package 1560 mW
Office/Distributors for availability and specifications. Molded Package 1300 mW
Storage Temperature Range V+ Lead Potential to Ground Lead V—to +15V
Ceramic DIP —65°Cto +175°C V- Lead Potential to Ground Lead +0.5Vto —15V
) M:':ed piP t —65°Cto +150°C V+ Lead Potential to V— Lead OVto +30V
ead Temperature .
Ceramic DIP (Soldering, 60 seconds) 300°C Output Potential to Ground Lead 18V
Molded DIP (Soldering, 10 seconds) 265°C Output Source Current —150 mA
Output Sink Current 150 mA
Recommended Operating Conditions
Characteristics DS9636AM DS9636AC Units
Min Typ Max Min Typ Max
Positive Supply Voltage (V+) 10.8 12 13.2 10.8 12 13.2 \"
Negative Supply Voltage (V—) —13.2 —-12 —10.8 —-13.2 —-12 -10.8 Vv
Operating Temperature (Ta) —55 25 125 0 25 70 °C
Wave Shaping Resistance (Rws) 10 500 10 1000 kQ

Electrical Characteristics over recommended operating temperature, supply voltage and wave shaping resist-
ance ranges unless otherwise specified (Notes 2 and 3)

Symbol Parameter Conditions Min Typ Max Units
VoH1 Output Voltage HIGH R to GND (R = ) 5.0 5.6 6.0 Vv
VoH2 Ry to GND (R = 3.0kQ) 5.0 5.6 6.0 v
VoHs Ri to GND (R = 450Q) 40 5.5 6.0 \
VoL1 Output Voltage LOW RL to GND (R = ) -6.0 —-5.7 —-5.0 \"
VoLz R to GND (R = 3.0 k) —6.0 —56 -5.0 \"
Vo3 R to GND (R = 4509) —6.0 —-5.4 —4.0 \"
Ro Output Resistance 450Q < R 25 50 Q
los+ Output Short Circuit Current (Note 4) Vo =0V,V| =0V —150 —-60 —15 mA
los— Vo = 0V, V| = 2.0V 15 60 150 mA
lcex Output Leakage Current Vo = %6.0V, Power-Off -100 +100 BA
ViH Input Voltage HIGH 2.0 \
ViL Input Voltage LOW 0.8 \"
Vic Input Clamp Diode Voltage I} =15mA -1.5 -1.1 \"
i Input Current LOW V| = 0.4V —80 —-16 \
i1 Input Current HIGH V| = 2.4V 1.0 10 pA
V| = 5.5V 10 100
iti =+ = oo
1+ Positive Supply Current \F/;(\:fs _ ; (; 02\[2:.\_/ - 0\,/ 13 18 mA
— i =+ = o0
| Negative Supply Current \Fl{cv;vcs - .{ J :\IZ;)F:!,\_/ - 0\,/ _18 13 mA

specified.

Note 4: Only one output at a time should be shorted.
Note 5: Ratings apply to ambient temperature at 25°C. Above this temperature, derate J and N packages 10.4 mW/°C.

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation.
Note 2: Unless otherwise specified Min/Max limits apply across the —55°C to + 125°C temperature range for the DS9636AM and across the 0°C to +70°C range
for the DS9636AC. All typicals are given for Vog = 5V and Tp = 25°C.
Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are reference to ground unless otherwise
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DS9636A

Switching Characteristics vcc = 12V £10%, T = 25°C, see AC Test Circuit

Symbol Parameter Cbndltlon Min Typ Max . Units
tr Rise Time Rws = 10 kQ 0.8 1.1 14
' Rws = 100 kQ 8.0 1 14 s
Rws = 500 kQ 40 55 70 T
Rws = 1000 kQ 80 110 140
t Fall Time Rws = 10kQ 0.8 1.1 1.4
Rws = 100 kQ 8.0 11 14 s
Rws = 500 kQ 40 55 70
Rws = 1000 kQ 80 110 140
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Typical Performance Characteristics e
3
Input/Output Transfer Input Current vs Output Current vs >
Characteristic vs Temperature Input Voltage Output Voltage (Power On)
r 50
Ve = £12V [ 1 [ [ |-ss0ci Ve = 212V
Rys = 100k8 ] 20 v T | 2k “ Rys = 100k
> R = 4500 — 150 — g% = 100k 7 oo =% Ty = 25% —
1 1259C 1—T= | il
T 60 L 100 ‘ | "-4 T o» ==
g s 0 51 '
8 20 £ o0l J]L g o
: 0 70% 3 -0 3 L
- 25°¢ 5 [+—-550C 5
§ 20 0% NIl | S =TE 3 _ E™ V=0V
40 =559C et “1%0 1250 e /
= | = -
1 - 1
0 o4 08 12 16 18 =10 0 10 20 30 40 50 60 70 =10 -80~60-40-200 20 40 €0 80 10
INPUT VOLTAGE = V INPUT VOLTAGE = V OUTPUT VOLTAGE = V
Output Current vs Supply Current
Output Voltage (Power Off) vs Temperature Transition Time vs Rys
100 Voo = 212V 1000 55
Oy TV = “ RYC = 1000 ] 0°c
cC 1 ‘WS T
60 30 1
3 E Locic ) 259
.0 1 20 =0 w 100
=
E 0 E 10 W |Locic 17 |LoGIC E H 1
£ 0 g o V=1 V=1 3 70C & 125° [
3 3 | | =
= 5 I 2
§ 0 g -2 T o6ic o =
-80 =30 V=071 g —
- -0 — [ﬂf Hﬁ
o~ . AEREN i
=10 =80=60=40=200 20 40 60 80 10 -55 025 70 125 10K20K50K100K 300K 1.0M  30M
OUTPUT VOLTAGE = V TEMPERATURE = °C ) WAVE SHAPING RESISTANCE = 0
TL/F/9620-3
+12vV +3.0V _/——\—_
| DS9636A ’ Yo "‘ toHL t"-"
! I
510 4500 3 % Vi
9 9 30pF Amplitude: 3.0V
Fus Offset: OV
I ) 1 Pulse Width: 500 ps TL/F/9620-5
= = PRR: 1.0 kHz
=t <10ns
-12v TL/F/9620-4
Note: C,_includes jig and probe capacitance
FIGURE 1. AC Test Circult and Waveforms
v+ TWISTED PAIR s.ov
R
FLAT CABLE
DS9636A mEp
1 D59637>—-——
e )
v-= =
TL/F/9620-6
FIGURE 2. RS-423 System Application
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DS9637A

NNational Semiconductor

DS9637A

Dual Differential Line Receiver

General Description

The DS9637A is a Schottky dual differential line receiver B Dual channel

which has been specifically designed to satisfy the require- ® Single 5V supply

ments of EIA Standards RS-422 and RS-423. In addition, m Satisfies EIA standards RS-422 and RS423
the DS9637A satisfies the requirements of MIL-STD 188- g Byjlt-in +35 mV hysteresis

114 and is compatible with the International Standard
CCITT recommendations. The DS9637A is suitable for use
as a line receiver in digital data systems, using either single
ended or differential, unipolar or bipolar transmission. It re-
quires a single 5V power supply and has Schottky TTL com- @ Schottky technology

patible outputs. The DS9637A has an operational input © ® Extended temperature range
common mode range of +7V either differentially or to

ground.

Features

m High input common mode voltage range
m High input impedance
B TTL compatible outputs

Connection Diagram

8-Lead DIP and SO-8 Package

Voot
ouT A2

ouT B

eND 4

<

LI

L _IN A
5N B

5.\ B

Top View

TL/F/9621-1

Order Number DS9637ACJ, DSA9637AMJ,
DS9637ACM or DS9637ACN
See NS Package Number JOSA, MOSA or NOSE

For Complete Military 883 Specifications,
see RETS Data Sheet.
Order Number DS9637AMJ/883
See NS Package Number JOBA
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, Vcc Lead Potential to Ground —0.5Vto 7.0V
please contact the National Semiconductor Sales Input Potential to Ground +15V
(S):ﬂce/[:strlbutcirs f:‘r availability and specifications. Differential Input Voltage £15V
orage Temperature Range . _
Ceramic DIP —65°Cto + 175°C Output Pf)tentlal to Ground 0.5Vto +5.5V
Molded DIP —65°Cto + 150°C Output Sink Current 50 mA
Lead Temperature .
Ceramic DIP (Soldering, 30 seconds) 300°C Reco[n.mended Operatmg
Molded DIP and SO Package Conditions
(Soldering, 10 seconds) 265°C DS9637AM Min Max Units
Maximum Power Dissipation* at 25°C Supply Voltage (Vcc) 4.5 5.5 \
Cavity Package 1300 mW Operating Temperature (Ta) —55  +125 °C
Molded Package 9 w
o e ad 80m DS9637AC
SO Package 810 mwW
. ’ . . Supply Voltage (Vcc) 4.75 5.25 v
erate cavity package 8.7 mW/°C above 25°C; derate molded DIP package . °
7.5 mMW/°C above 25°C; derate SO package 6.5 mW/°C above 25°C. Operating Temperature (T) 0 +70 Y

Electrical Characteristics

Over recommended operating temperature and supply voltage ranges, uniess otherwise specified (Notes 2 and 3)

Symbol Parameter Conditions Min Typ Max Units
VTH Differential Input —7.0V<Vpom £ +7.0V _

Threshold Voltage (Note 5) 02 +0.2 v
VTHR) Differential Input —7.0V < Vgpm £ +7.0V _

Threshold Voltage (Note 6) . 0.4 +04 v
Iy Input Current V| =10V, 0V < Vgg < +5.5V 1.1 3.25

Note 7) mA

( Vi = —10V,0V < Vgg < +5.5V -1.6 —-3.25
VoL Output Voltage LOW loL = 20 A, Ve = Min 0.35 0.5 \'
VoH Output Voltage HIGH loH = —1.0 mA, Vg = Min 25 3.5 v
los Output Short Circuit Vo = 0V, Vgo = Max _ _ _

Current (Note 4) 40 [ 100 mA
Icc Supply Current Vce = Max, V|+ = 0.5V,

Vi- = GND 35 50 mA

VHysT Input Hysteresis Vom = 7.0V (See Curves) 70 mV

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

Note 2: Unless otherwise specified Min/Max limits apply across the —55°C to +125°C temperature range for DS9637AM and across the 0°C to + 70°C range for
the DS9637ASC. All typicals are given for Vog = 5V and T = 25°C.

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

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

Note 5: Vprr (Differential Input Voltage) = (V|+) — (V)—). Vocm (Common Mode Input Voltage) = V|+ or V|—.

Note 6: 5000 *1% in series with inputs.

Note 7: The input not under test is tied to ground.
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DS9637A

Switching Characteristics v = 5.0v, T4 = 25°C

Symbol -

Parameter Conditions Min Typ Max Units
tpLH Propagation Delay Time. . See AC Test Circuit 45 ‘25 ns‘ o
' Low to High S
tPHL. Propagation Delay‘ Time See AC Test Circuit 13 o5 ns
High to Low
1 ‘ L e
' Sw Zri4 Zris
e ‘L e S > < <
RS:: < R24 < R23 | b
1 02 ) I/Qs SR -’
e > >
Qs D4 -——Ea
c1 I\. .
5 pF | 4 ) i ‘ i ;
< >
-IN S
*—our

FIGURE 1. Equivalent Circuit

GND
TL/F/9621-2
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Typical Input/Output Transfer Characteristics

v.€96SA

4 4 Voo =525V
=4.7 ) "
Voo =475V ' '
> 3 + 4 > 3 " |
M ' ' M ' A
- I - : husan
s 2 ' 2 2 ; :
5 ' A i 5 ) P |
e o] Veu=ov" | 3 o veu=ov i
3 ; ; 3 ; jJ
] ' 1 0
' ' ' "
' ' ' )
0 0
-100 =50 0 50 100 =100 =50 0 50 100
INPUT VOLTAGE = mV INPUT VOLTAGE = mV
TL/F/9621-3 TL/F/9621-4

AC Test Circuit and Waveforms

Ve =5.0V Vo Vo = 5.0V

3920
Vi
<
>
51 .0.:,
33.92ka
TL/F/9621-6
- -1_'L/F/9621 s Amplitude: 1.0V
Not - Offset: 0.5V
o.os. N " Pulse Width: 100 ns
Cy includes jig and probe capacitance. PRR: 5.0 MHz
7 ivalent. : 5.
All diodes are FD700 or equivalent. =t <50ns
FIGURE 2 FIGURE 2a
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DS9637A

Typical Applications

TWISTED PAIR
+5V OR +5V
FLAT CABLE

I i e B l I

+ +

DS9638 _l—r l DS9637A

DUAL RS—42-2- LINE DRIVER

el
LC
eR)

TL/F/9621-7
FIGURE 3. RS-422 System Application (FIPS 1020) Differential Simplex Bus Transmission

Notes:

Rt = 509 for RS-422 operation.

Rt bined with input imped of i must be greater than 909.

3-180 ' http://www.national.com



DS9638

General Description

The DS9638 is a Schottky, TTL compatible, dual differential
line driver designed specifically to meet the EIA Standard
RS-422 specifications. It is designed to provide unipolar dif-
ferential drive to twisted pair or parallel wire transmission
lines. The inputs are TTL compatible. The outputs are simi-
lar to totem pole TTL outputs, with active pull-up and pull-
down. The device features a short circuit protected active
pull-up with low output impedance and is specified to drive
500 transmission lines at high speed. The mini-DIP pro-
vides high package density.

NNational Semiconductor

RS-422 Dual High Speed Differential Line Driver

Features

m Single 5V supply

m Schottky technology

m TTL and CMOS compatible inputs

m Output short circuit protection

B Input clamp diodes

Complementary outputs

Minimum output skew (<1.0 ns typical)

50 mA output drive capability for 50Q transmission lines
Meets EIA RS-422 specifications

Propagation delay of less than 10 ns

“Glitchless” differential output

Delay time stable with Voo and temperature variations
(<2.0 ns typical) (Figure 3)

m Extended temperature range

Connection Diagram

8-Lead DIP
1 _/ 8
VCC - —‘_E —O0UT A
IN A2 7 ouT &
IN B3 € out B

4 5 ot s
oND Y &—5 0uT B

Top View

TL/F/9622-1

Order Number DS9638CJ, DS9638MJ,
DS9638CM or DS9638CN
See NS Package Number JOBA, MOSA or NOSE

For Complete Military 883 Specifications,
see RETS Datasheet.
Order Number DS9638MJ/883
See NS Package Number JOBA
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DS9638

Absolute Maximum Ratings (Note 1)
If Military/Aerospace specified devices are required,

Maximum Power Dissipation* at 25°C R
1300 mW

please contact the National Semiconductor Sales Cavity Package

Office/Distributors for availability and specifications. Molded Package 930 mW

Storage Temperature Range SO Package 81omw
Ceramic DIP —65°Cto +175°C Ve Lead Potential to Ground . =BVt 7V
Molded DIP and SO-8 —65°Cto +150°C Input Voltage S —0.5Vio +7V

Lead Temperature

*Derate cavity package 8.7 mW/°C above 25°C; derate molded DIP package

Ceramic DIP (Soldering, 60 sec.)

300°C

7.5 mW/°C above 25°C; derate SO package 6.5 mW°C above 25°C.

Molded DIP (Soldering, 10 sec.) 265°C

Recommended Operating Conditions

DS9638M DS9638C
) Min | Typ |.Max | Min | Typ | Max | Units
Supply Voltage (Vcc) 45 | 50 | 55 | 475 | 50 | 525 %
Output Current HIGH (loR) -50 =50 | mA
Output Current LOW (Iop) 50 40 50 mA
Operating Temperature (Ta) —55 25 125 0 25 70 |+ °C

Electrical Characteristics over recommended operating temperature and supply voltage ranges, unless other-

wise specified (Notes 2 &3)

Symbol Parameter Conditions Min Typ Max Units
Vin Input Voltage HIGH 20 v
ViL Input Voltage LOW 0°Cto +70°C ' 0.8 v

—55°Cto +125°C ) 0.5
Vic Input Clamp Voltage Voc = Min, | = —18 mA -1.0 -1.2 \"
VoH Output Voltage HIGH "Vgg = Min, loy = —10mA’ 25 35
' ViH = VIH Mins loy = —40 mA 20 v
ViL = ViL Max '
VoL Output Voltage LOW Vee = Min, Vig = ViH Min» 05 v
‘ ViL = ViLMax: loL = 40 mA
I Input Current-at Maximum Voo = Max, Vimax = 5.5V 50 LA
Input Voltage
IiH Input Current HIGH Voo = Max, Vi = 2.7V 25 pA
i Input Current LOW Vce = Max, V) = 0.5V —200 BA
los Output Short Circuit Current Veec = Max, Vo = 0V (Note 4) —50 —150 mA
VT, Vo Terminated Output Voltage See Figure 1 2.0 %
V1-Vt Output Balance 0.4 v
Vos, Vos Output Offset Voltage 3.0 v
Vos-Vos | Output Offset Balance 0.4 v
Ix Output Leakage Current on_25§/5 <Cvx sy 100 pA
lcc Supply Current Vce = 5.5V,
(Both Drivers) Allinput at OV, 45 65 mA
No Load

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

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS9638M and across the 0°C to + 70°C range for
the DS9638C. All typicals are given for Voc = 5V and Tp = 25°C.

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

Note 4: Only one output at a time should be shorted.
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Switching Characteristics vcc = 5.0v, T4 = 25°C.

OUT —¢

vy at4
AN N
SR R18 SRI7
S8 2500 $5000 3
Q3
Q24
R16 < S
< R1
4000 $ > 1500

Symbol Parameter Conditions Min Typ Max Units
tPHL Propagation Delay C_ = 15pF 10 20 ns
toL RL = 1009, See Figure 2 10 20 ns
t Fall Time, 90%-10% 10 20 ns
tr Rise Time, 10%-90% 10 20 ns
tro-1F0 Skew Between Outputs 10 ns
A/A and B/B ’
Vee
4
< R4
$35k0
R2S R3G  QR5A
KL 6500 S 6500 S S 1500
6 K

28
2 24000

FIGURE 1. Equivalent