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IMPORTANT NOTICE

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

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

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

Texas Instruments products are not intended for use in life support appliances,

devices or systems. Use of a Tl product in such applications without the written
consent of the appropriate T! officer is prohibited.
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General Information

Section 1

General Information

Introduction

This booklet provides the design engineer with a single point of reference for data and
application information concerning the two most popular differential communication
standards, RS-422 and RS-485. The book contains information on many new products
in addition to older industry standard parts.

The application information concentrates on two areas, information relating to the EIA
standards, and device information on new products and how they help solve design

problems. The new product evolution can be thought of as moving in three directions:

»  Higher Data Rates for high speed applications such as differential SCSI.
*  Low Power for higher reliability and remote applications.
« Integration where more than one transmission line is required.

Tl is tackling all three of these areas with its new products by using innovative design
techniques and Advanced technologies. For low power applications, LinBiCMOS with
it’s robust bipolar output structures is the ideal choice for Low Power applications.
Where high speed is the critical factor, Advanced low power shottky achieves the
highest data rates of any RS-485 transceiver, 3SMBPS for the SN75ALS176B.

Selecting the Best Device for your application

In the first instance use the selection guide at the back of this section.
1. Decide whether you need a transceiver or driver/receiver configuration.

2. Decide how many drivers/receivers/transceivers are needed in your application.
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3. Choose from the key features listing the key requirement for your application
- specifically high speed, or low power.
4. Refer to the data sheet for final verification of device selection keeping in

mind package options and temperature range options.

RS-422 Data Transmission Circuit Selection Guide

RS-422 Drivers

Devices | Device Key Page Number
Per Part Features Data Appli-

Package | Number Sheet cation
SN75158 Industry Standard 3-76

2 SN75159 Industry Standard 3-83 -
SN75ALS191 High Speed 3-240 2-20
uA9638 Industry Standard 3-319 -
AM26C31 Low Power 3-3 2-22

4 AM26LS31 Industry Standard 3-12 2-20
MC3487 Industry Standard 3-34 . -
SN75151 Industry Standard 3.60 -
SN75153 Industry Standard 3-60 -
SN75ALS172 High Speed 3-194 2-45
SN75ALS174 High Speed 3-206 2-45
SN75172 Industry Standard 3-94 2-45
SN75174 Industry Standard 3-110 2-45
SN75ALS192 High Speed 3-244 2-19
SN75ALS194 High Speed 3-264 2-10




RS-422 Selection Guide (continued)

RS-422 Receivers

General Information

Devices | Device Key Page Number
Per Part Features Data Appli-
Package | Number Sheet cation
SN75146 5 MHz LP I/P Filter 3-55 -
2 SN75157 Industry Standard 3-71 -
uAS637 Industry Standard 3-314
uA9639 Industry Standard 3-323 -
AM26C32 Low Power 3-8 2-22
4 AM26LS32 Industry Standard 3-20 2-22
MC3486 Industry Standard 3-29 -
SN75173 Industry Standard 3-102 2-45
SN75175 Industry Standard 3-117 2-45
SN75ALS173 High Speed 3-200 2-45
SN75ALS175 High Speed 3-212 2-45
SN75ALS193 High Speed 3-253 2-19
gN75ALS195 ‘ High Speed 3-274 2-19
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RS-422 Selection Guide (continued)

RS-422 Transceivers - Driver\Receiver Combination

Devices | Device Key Page Number
Per Part Features Data Appli-
Package | Number Sheet cation
SN75176A Low Power 3-125 2-14
1 SN75176B Industry Standard 3-135 2-14
SN75177B Repeater 3-145 2-46
SN75178B Repeater 3-145 2-46
SN75ALS176 High Speed 3-218 2-10
SN75ALS176A | Very High Speed 3-218 2-10
SN75ALS176B | Ultra High Speed 3-218 2-10
SN75LBC176 Ultra- Low Power 3-285 2-41
TL3695 Industry Standard 3-303 2-15
11 SN75179B Industry Standard 3-156 2-46
SN75ALS180 Industry Standard 3-230 2-16
SN751177 High Speed 3-47 2-37
2/2 SN751178 High Speed 3-47 2-37
SN75ALS170 High Speed 3-163 2-15
3 SN75ALS171 High Speed 3-179
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RS-485 Data Transmission Circuits Selection Guide

RS-485 Drivers

Devices | Device Key Page Number
Per Part Features Data Appli-
Package | Number Sheet cation
SN75172 Industry Standard 3-94 2-45

4 SN75174 Industry Standard 3-110 2-45
SN75ALS172 High Speed 3-194 2-45
SN75ALS174 High Speed 3-206 2-45

RS-485 Receivers

Devices | Device Key Page Number
Per Part Features Data Appli-
Package | Number Sheet | cation
SN75173 Industry Standard 3-94 2-45

4 SN75175 Industry Standard 3-117 2-45
SN75ALS173 | High Speed 3-194 2-45
SN75ALS175 High Speed 3-206 2-45
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RS-485 Selection Guide (continued)

RS-485 Transceivers - Driver\Receiver Combination

Devices | Device Key Page Number

Per Part Features Data Appli-

Package | Number Sheet cation
SN75176A Low Power 3-125 2-14

1 SN75176B Industry Standard 3-135 2-14
SN75177B Repeater 3-145 2-46
SN75178B Repeater 3-145 2-46
SN75ALS176 High Speed 3-218 2-10
SN75ALS176A | Very High Speed 3-218 2-10
SN75ALS176B | Ultra High Speed 3-218 2-10
SN75LBC176 Ultra- Low Power 3-285 2-41
TL3695 Industry Standard 3-303 2-15

11 SN75179B Industry Standard 3-156 2-46
SN75ALS180 Industry Standard 3-230 2-16
SN751177 High Speed 3-47 2-37

2/2 SN751178 High Speed 3-47 2-37
SN75ALS170 High Speed 3-163 2-15

3 SN75ALS171 High Speed 3-179 -
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Section 2

RS-485 and RS-422 Application
Guide

The Need for Balanced Transmission Line Standards

High speed data transmission between computer system components and peripherals
over long distances, under high noise conditions, usually proves to be very difficult if
not impossible with single-ended drivers and receivers. Recommended EIA standards
for balanced digital voltage interfacing provide the design engineer with a universal
solution for long line system requirements.

RS-422 and RS-485 are balanced (differential) digital transmission line interfaces
developed to incorporate and improve upon the advantages of the current-loop interface
and improve on the EIA-232 limitations. The advantages are;

»  Data rate - to 10 Mbps and beyond
*  Longer line length - up to 1200 metres
«  Differential transmission - less noise sensitive

Application Areas

RS-422 offers a reliable multi-point one way communication. A typical application
area is its use in transmitting data from a central computer to multiple remote monitors,
printers or stations, such as airport arrival and departure monitors.

RS-485 is an upgraded version of RS-422 extending the number of peripherals and
terminals that a computer can interface to, particularly where longer line length or
increased data rates are called for. Additionally, RS-485 allows for bi-directional
multi-point party line communication and can effectively be used for “mini-LAN"
applications, such as data transmission between a central computer and remote
intelligent stations. For example, between point of sales terminals and a central
computer for automatic stock debiting.

As a result of its versatility an increasing number of standard’s committees are
embracing the RS-485 as the electrical specification of their standard. Examples
include the ANSI (+American Nationals Standards Institute) Small Computer Systems
Interface (SCSI).

2-1
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Differences between EIA RS-422-A and EIA RS-485

RS-422-A & RS-485; THE DIFFERENCES

RS-422-A RS - 485
100Q 120Q ¢ 120Q
—S S

Data —g
In S

Data Out

@1 Driver - up to 10 receivers ®Up to 32 tranceivers (typ)

@ Simplex communication ®Half Duplex communication

Maximum common mode voitage -7Vio+7V TVto+12V
Receiver input resistance 4kQ

12kQ

Driver load 100Q 60 Q
Driver output short circuit limit 150mA to GND 150mA to GND
250 mAto-7Vor12V

Figure 1 - EIA RS-422-A and EIA RS-485 Differences
EIA RS-422-A

The balanced transmission line standard EIA RS-422 was developed in 1975 to
interface a host computer’s data, timing or control lines to its peripherals. The standard
was revised (RS422A) in December 1978 bringing it in line with its present
specifications.

A RS-422 line allows for only one way communication (simplex mode) but by using a
differential twisted pair transmission media (not specified in std.) and a RS-422
receiver with its minimum 7 V common mode voltage capability makes it less
susceptible to noise picked up in hostile environments, via the long cables allowed by
the standard. Each driver can drive up to 10 receivers. The specification in the
standard places no restrictions on minimum or maximum operating data rates but rather
on the relationship of transition speed to a unit interval. However, data rates up to 10
Mbps are supported and a line length up to 1200 metres is given as guide-line, but not
at the maximum data rate.

When operating at low data rates (below 200 kbps), or at any speed where the ratio of
the driver's output rise time to the one-way propagation delay time of the cable

9
|
[§9]
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exceeds ten, the cable will not act as a true transmission line and therefore termination
is not absolutely necessary. Under all other conditions, the cable loading can no longer
be considered as a lumped parameter but must be considered as a transmission line.

The characteristic impedance of twisted pair cable is a function of frequency and cable
type, however typical twisted pair cable impedance’s lie in the range of 100€2 to 120€2.
A termination resistor with an impedance similar to the cable’s characteristic
impedance should only be connected at the furthest end of the cable.

EIA RS-485

The Increased use of balanced data transmission lines in distributing data to several
system components and peripherals over relatively long lines brought about the need
for multiple driver/receiver combinations on a single twisted pair line. Hence, an
upgraded version of EIA RS-422-A | named EIA RS-485, was introduced in 1983.
RS-485 takes into account RS-422 requirements for balanced-line data transmission
plus additional features allowing for multiple drivers and receivers. The guide-lines for
data transmission speed, cable lengths and media are the same as for RS422.

The Differences

The differences between the RS-485 standard and the RS-422 standard lic

the features that allow reliable multi-point communications.

primarily in

Driver features

1. One driver can drive as many as 32 unit loads (one unit load is typically one
passive driver and one receiver).

ii.  The driver output, off-state, leakage current shall be 100 A or less with any line
voltage from -7 Vto+12 V.

iii.  The driver shall be capable of providing a differential output voltage of 1.5V to
5 V with common-mode line voltages from -7 Vto 12 V.

iv.  Drivers must have self protection against contention (multiple drivers contending
for the transmission line at the same time).

Receiver features

i. High receiver input resistance, 12 kQ minimum.

ii. A receiver input common-mode range of -7 Vto 12V,

iii.  Differential input sensitivity of £200 mV over a common-mode range of -7 V
to 12V,
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EIA RS-485 /422 Product /Application Trends

Proprietory system designers are beginning to recognise the inherent advantages of &
balanced, differential, transmission scheme over the single ended interface. Such
advantages are higher noise immunity, lower noise emissions and improved signal
quality. These facts are also not lost on independent standards committees which are
starting to embrace RS-485 as the electrical part of their overall specification.
Furthermore those systems not following the RS-485 specification verbatim are
recognising the virtues of Texas Instruments range of differential driver/receivers,
particularly the high speed/low power ALS options.

RS422/485 TRENDS

® Oxide Isolated Process (ALS) for Data Transfers up to 35 Mbps

SPEED
@ Tighter Skew Limits to Minimize Channel - to - Channel Phase Shift
@ Guaranteed AC Specifications

POWER ﬂ ® CMOS (LC) and Merged Bipolar/CMOS (LBC) for Greater than 10x Power Reduction
[ ] { .

NOISE ESD Protection to 2.5 kV

IMMUNITY a
—-—

[T
= nign voi

@® 3, 4,9, and Higher Channels per Package
INTEGRATION
® Logic is Being Included with Merged Technology

E @ Per Channel Costs are Decreasing

COST

@ Lower Power Reducing System Costs

OPERATING Extended Operating Temperatures for Automotive, Telecom, and Industrial
TEMPERATURE Control Applications

5 =

Figure 2 - EIA RS-485 /422 Product /Application Trends

Representatives of those standards bodies employing a differential transmission
scheme can be found in most industries, some examples are listed below;

i)  Computer; The ANSI-X3T9.2-1986 Small Computer Systems Interface (SCSI)
ii) Computer; ANSI X.3129-1986 Intelligent Peripheral Interface (IPI)

iii) Automotive multiplex Wiring; CAN, VAN and SAE J1850

iv) Telecommunications;

v) Factory Automation; P-Net ( A derivative of Field bus)

2-4
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Each one of these application areas makes its own demands on the processing
technology used. Examples of these demands are guaranteed AC specifications and
increased data rate capability. In particular, tighter skew specifications are needed for
both telecommunication and computer applications, however the interpretation of skew
can differ.  For example, telecommunication applications are more concerned with
device skew, that is the difference between the positive and negative edges of the
differential output voltage. A low skew value in this case would represent a lower
likelihood of noise radiation. For the computer application, SCSI, a low bus skew is
required. In a SCSI there can be as many 18 differential lines, obviously for timing
purposes it is desirable to have low skew between each channel. For these types of
applications a high speed bipolar process like the advanced low power Schottky would
be required.

A key requirement across most application areas is low power consumption,
particularly with the emergence of battery backed or operated equipment. This requires
a low power technology. for example CMOS. However although fine for controller
applications, CMOS is not generally suitable for line drive / receive functions, here a
more robust technology is needed, for example, a bipolar or merged technology like
Texas Instruments LinBiCMOS (combination of analogue bipolar and analogue
CMOS).

Due to the increasing use of differential systems, particularly in electrically hostile
environments, increased common mode voltage ranges and low susceptibility to ESD
(Electro-Static Discharge) damage is required. Furthermore, extended temperature
ranges are required particularly in automotive applications where the line drive/receive
functions may be located under the car bonnet (hood). All new devices in Texas
Instruments range of line drivers and receivers contain temperature range options for
both commercial, 0°C to 70°C and industrial, -40°C to 85°C. Some devices like the
SN65076 have been designed especially for automotive applications by offering a
- 40°C to 105°C temperature range.

One final demand made by all types of equipment is for increased integration.
Designers are requiring increased functionality from semiconductor chips and, perhaps
an even more importantly require that these chips be less expensive than the
solution(s) they replace.

Differential Line Considerations

A differential communication system requires the use of two ‘signal carrying’ wires
between driver and receiver, such that the signal current flows in opposite directions in
each wire. The net effect of doing this is that the receiver is only concerned with the
difference in voltage between the two wires. The absolute value of the dc common
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mode voltage of the two wires is not important. In practice, drivers and receivers have
a finite common mode voltage range within which they can operate.

The use of a differential communications interface allows data transmission at high
rates and over long distances to be accomplished. This is because effects of external
noise sources and crosstalk effects are much less pronounced on the data signal. Any
external noise source coupling onto the differential lines will appear as an extra
common mode voltage which the receiver is insensitive to. The difference between the
signal levels on the two lines will therefore remain the same. By the same argument, a
change in the local ground potential at one end of the line will appear as just another
change in the common mode voltage level of the signals. The differential output
voltage to the line will also provide a doubling of the driver’s single-ended output
signal. Twisted pair cable is commonly used for differential communications since its
twisted nature tends to cause cancellation of the magnetic fields generated by the
current flowing through each wire, thus reducing the effective inductance of the pair.

The main disadvantage of a differential system lies in the fact that two cables are
required for each communication link. This increases system cost, but provides
superior performance when data is to be transmitted at high rates over a long distance.

Before design of a digital data link can take place application constraints and an
understanding of the signal’s characteristics must be understood. More specifically, a
method of identifying the class of data link, and any special design techniques
required must be made.

A digital data link can be classed in two modes;

i) A transmission line (distributed parameter model)
ii) Short wire (lumped parameter model).

A distributed parameter model considers the connecting circuit in terms of distributed
parameters (inductance, capacitance, resistance, conductance), rather than as an
equivalent lumped load on the line. The transmission line can be considered in terms of
an infinite number of small filter sections making up the line. The result is that a
transmission line is said to have a characteristic impedance, Z), which is independent
of distance along the line and represents the voltage and current relationship for a wave
front at any point as it travels along the line.

The transmission line will always consist of two conductors, with the current flowing in
opposite directions in each of the conductors. In the single ended case, one of these
conductors is the ground wire.

2-6
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The speed that a pulse travels at along a transmission line approaches that of the speed
of light. The type of cable used will provide the limit to the actual speed.

All cables can be thought of as transmission lines; but the term, transmission line, is
used with differing meanings. If the signal starts to change at the driver’s output at one
end of the line, the effect of this change will eventually be seen at the other end of the
line. A reflection of the signal will occur, which will eventually return back to the
driver terminals. If this happens before the original transmitted signal has risen to its
peak value then the line will normally be treated as a lumped parameter system rather
than as a true transmission line. This is because the line itself does not greatly
influence the performance of the system. A general rule of thumb for determining if a
system should be treated as a true transmission line can be formulated. If the rise time ,
t, of the signal is much less than the round trip propagation delay, 2tpd, of the signal
from driver to receiver and back to driver, then the cable can be treated as a
transmission line and not as a lumped parameter model. A better model is given by
allowing 10 one way propagation delays, tpd, to occur during the transition edge time.

When the cable is operating like a transmission line, extra loads in the form of drivers
and receivers can be added, providing that they do not cause too great a shunting effect
on the line. These extra loads, if evenly distributed along the line, can be treated as an
extra distributed capacitance along the line adding to the effect of the line capacitance
and inductance. The extra devices will decrease the line impedance and reduce the
speed of the signal along the line.

In the case of the lumped parameter model, the line tends to represent a pure fixed load
to the driver device. For example, the capacitance of the line will be modelled as a
fixed value which effectively limits the output voltage slew rate of a driver device that
can supply a finite amount of current to the line.

Line Termination

It is generally good design practice to terminate the ends of lines which are classified
as transmission lines. Here the golden rule is to match the impedance from the source
of the driver to the characteristic impedance of the cable, and from the cable to the
characteristic impedance of the receiver. If there is an impedance discontinuity at any
junction, then the signal will be reflected from the mismatch. This will lead to signal
distortion which in turn leads to either a falsely triggered receiver or excessive
propagation delay. Calculation of a suitable value for this termination value will be
dealt with later in this section whilst a more detailed discussion can be found in the
transmission line fundamentals section at the front of the data transmission section.
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Data Rate and Line Length Limitations

Most application areas will demand some kind of compromise between the line length
used and the data rate required, particularly if distortion in its many guises is to be
avoided. A first, all important, step in understanding what compromises are necessary
is to recognise the various forms of distortion and why they occur.

No transmission line is perfect, even by sending current down the line some voltage
drop will occur due to the resistive nature of the line, this in its most simplistic form is
distortion. This is compounded when longer line lengths are used where the
attenuation from source to destination can cause quite severe distortion. This places a
limit on the line length even at low data rates. A typical cable of 24 SWG can have a
series resistance of 80Q per km, and so the line length will be limited to the order of
1200m (series resistance equals the line’s characteristic impedance).

Other Effects

Other effects acting upon the transmission line are due to phase distortion introduced
on the driver's transition edges. The high speed edges, necessary for high speed
systems, have a high frequency harmonic content. The inductive and capacitive (and

PR S gtartian int

resistive) nature of the line introduces delay and distortion into
in turn reduces the clarity of the signal being sent down the line, thus increasing the
probability of error.

thoco he irc Y
these harmonics. This

This effect is normally measured using eye patterns which measure the jitter and
distortion in the signal being sent down the line. It is this effect that causes the
predominant reduction in data rate as the line length increases. Another limitation can
be caused by incorrect termination of the line, causing reflections. These reflections
can cause errors due to loss of timing information.
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DATA RATE AND LINE LENGTH LIMITATIONS

Line Length (m) Roll-Off Due To High Frequency
Dispertion Of Signal Harmonics

o)

g 1200 Due To various Phase Velocities
| 1000 {,
i S ‘... K
) * ) Maximum Data Rate Set By
a 100 | DU€ to Attenuation Tranisition Time to Unit Interval
g 7 of Signal by Loop (See Standard)
= Resistance
a 10
c i T Data Rate (bps)
Lo T *T T T
|
Py 10k 100 k 1™ 10M 30M
| c I
[ B Terminated Line

------ Unterminated Line

Figure 3 - Data Rate and Line Length Limitations

In conclusion, distortion and thus data integrity is a function of signal rise time and line
attenuation.  Signal rise time and attenuation are often quoted in manufactures data,
and can be used to determine the line distortion.

RS-422/RS-485 Data Rate Definition

Another limitation of system performance are the speed limitations of the line driving
elements themselves. No device, no matter what technology used, will have zero
propagation delays and transition times. The trick is to ensure that any delay
introduced by these devices is insignificant in comparison to the line propagation delay.
To ensure the device does not introduce distortion, i.e. to maintain signal shape, it is
good design practice to set a ratio between the unit interval, t, and the transition rise
time, t. This limitation is often specified in the standard being used. For RS-422-A
the ratio of tptoty is 1:10, and for RS-485 1:3.

Note these calculations only give an indication of the drivers data rate capability,
obviously the receivers propagation delay needs to be considered for the system data
rate. Furthermore in multi channel systems the slowest driver and receiver in the
system set the overall system data rate (see the differential ac specifications section
following).
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The Standards

RS-422/RS-485 DATA RATE DEFINITION

©® Defines;

Device Transition time, tro , G enerator
Relative to One Unit Interval, tb.

RS-422-A; t0 < 0.1tb

RS-485; tmD < 0.3t Driver Transition Time Test Circuit

he Data Sheets 1. SN75ALS176B to =10 ns (maximum)

Most Devices are Dual Specified for RS-422 fo = 30 Mbps ... (RS-485)

and RS-485, Devices are generally

Specified for Worst Case Conditions (RS-485) Laboratory Test Yielded tp = 7 ns @ RL=100 Q
RS-422: RS-485: fo = 14 Mbps ... (RS-422)

RL=100Q RL=54Q 2. SN75ALS194 tD = 14 ns (max)

CL=15pF CL =50 pF

fo=7Mbps ...... (RS-422)

Many devices within the Texas Instruments range are specified for both RS-422 and
485 operation. The differing specifications of relating t to tb between the
standards makes an understanding of data rate capability for RS-422 operation difficult
to ascertain, since these devices are tested to the worst case conditions of the RS-485
the driver output is driven into a resistive load of 54Q in

RS-

specification. That is,

Figure 4 - RS-422/RS-485 Data Rate Definition

parallel with a capacitive load of 50 pF.

An example of such a device is the SN75ALS176 which can be used for both RS-422

or RS-485.

Exa

1.

As't
coul

2-10

mples

SN75ALS176B has a dlfferennal -output transition time tp of 10 ns(Max).
Therefore; t, =3.33 x 10x109 =333 ns giving a minimum theoretical frequency

of 30 Mbps.

he data sheet specifies a minimum t7 = 5 ns the maximum theoretical data rate

d be as high as 60 Mbps.
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Using the RS-422 data rate test for this devices does not give a clear picture as the
standard requires a lighter load to be applied. However, laboratory test using the RS-
422 load gives a t for the ALS176 of 7 ns (RS-485 load = 14 ns) indicating a RS-422
data rate of 14 Mbps.

2. SN75ALS194 has a differential-output transition time tp = 14 ns(Max). Since
this device is specified solely for RS-422 we can clearly calculate the minimum
theoretical data rate.

Therefore; t, = 10 x 14x107 =10 x 14x10°9 giving a minimum theoretical

frequency of 7 Mbps.

Again a more aggressive data rate could be achieved if the typical specified value for
t7= 8 ns was used. Giving a typical frequency of 12.5 Mbps.

Differential AC specifications

For multi channel systems, like SCSI, consideration of the drivers differential
transition time is not sufficient to determine the systems data rate capability. More
specifically the slowest driver/receiver within the system will usually set the limit.

Although much detail is contained within multi channel standards, such as the ANSI
SCSI standard, concerning most aspects of the electrical interface, ac considerations
are not. Many of these standards define the overall bus timing requirements but the
budgeting of timing error contributions is left to the system designer.
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DIFFERENTIAL AC SPECIFICATIONS

Output 1

Input Output2 _
p B——o—1>- o tskp = Pulse Skew
- _ | { S |
: or! PHL PLH
= ll St |
ODH ool
° QSK (LIM)= Skew Limit
= tpy (max) - tp,(min)
or
= IPLH(max) - IPLH(mm)
() tSK(O) = Output Skew
N ‘tPHLi TP l
or
= |IPLH\ - 'PLHzI

Figure 5 - Differential AC specifications

When driving the line at high speeds the effects of the driver and receiver on the system
become more apparent. The magnitude of the driver and receiver propagation delays
relative to the unit interval increase, causing asymmetries in the edges. These
asymmetries have three main effects;

i. Decreased data rate capability
ii. Decreased noise immunity

iii. Increased risk of noise radiation

Figure 5 shows how these delays manifest themselves in a differential data transmission
scheme.

A Discussion of Skew

There are many catagories of delay, termed skew, in a differential line system. This
understanding is further complicated when you consider that a driver is really a single
ended input to differential output converter, while the receiver is a differential input to
single ended converter.

2-12
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Skew measurements are either propagational, single ended (tp), or differential, single
ended to differential (tpp).

Pulse Skew; (igkp)

Propagational Pulse skew (tgi py) is measured between the 50% level of the input
pulse and the 50% level of the driver single ended output pulse (either A or B in the
figure). Differential pulse skew is measured between the 50% level of the input pulse
and the 50% level of the driver differential output pulse (A-B).

In the ideal situation where tpHL = 'PLH °F IDDH = !DDL: Pulse skew effectively
displaces the signal on the line in time, and no signal distortion should occur - although
these delays will need to be allowed for when synchronising data in multi channel
systems. However if the rise and fall time delays are not the equal then the resultant
differential signal may become distorted. Typically this distortion will cause the
differential signal to flatten out around the receivers transition region, i.e. at the
common mode voltage of the line. As a result the system will have a lower noise
immunity and increased likelihood of RFI radiation.

Propagation pulse skew or differential pulse skew may be specified for either drivers or
receivers. Normally propagation pulse skew is specified in older driver data sheets
whilst differential pulse skew, a more meaningful measurement, is specified on more
modern devices. For example Texas Instruments SN75ALS176B, best in the industry,
has a pulse skew of 2 ns.

Although the figure shows differential pulse skew measurement, production testing is
usually carried out as a propagation skew measurement. This is due to the difficulties
in generating a true differential signal. This parameter is tested with one input tied at a
reference voltage and the other toggled. giving a single ended propagation delay.

Skew Limit; tSK(L[M)

Skew limit is the greater of either the difference between the maximum and minimum
specified values of tpy y (or tppy.) or the difference between the maximum and
minimum specified values of tpy, (or tppp ). In effect this is the maximum range
that the driver or receiver delay time will vary over temperature, V-, and device-to-
device. This is a particularly useful parameter for determining the data rates in multi-
channel bus systems, since it sets a limit on signal delays between channel to channel.

Output Skew; SK(0)

This is simply the delay between the tpy y or tpyy receiver output levels within a
multi-channel system.
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Defining the Minimum Unit Interval (UImin)

DEFINING THE MINIMUM UNIT INTERVAL (Uimin)

CH1 20%
I CONTROLLER

Fastest (tpp min) Fastest (tpD min)

CONTROLLER

— —

bit 1

g

K(LIM)

*

bitn

Slowest (tmax) Slowest (f,; max)
® Definition,; eExample;
1. SN75176;  tyjdxmax = 22 ns,
Ulmin = Minimum bit interval in to always get 80% bit out tppdxmin = 8 ns (estimated)
Pulse Ske/\\ﬂ Limit (Dx) P'ulse Skrzv/v\L\mll (Rx)w fpxmax = 35ns
b bprxmin = 7 ns (estimated)
Ulmin = 5 x (t,,dxmax - t_ dxmin) + (t , rxmax - t pfmin)] -——@ Ul(min) =5 X [(22 - 8) + (35 - 7)] = 210 s
where, tpp= Propagation delay time in n sec or 1/UI(min) = 5 Mega-Transters/sec
tpp= Differential propagation delay time in n sec
2. SN75ALS176B: 22 MT/s

Figure 6 - Defining the Minimum Unit Interval (UImin)

Figure 6 shows the application of the skew limit test to a multi-channel system in order
to calculate the maximum data rate capability, this is shown as equation 9. To
maintain synchronisation and signal integrity there must be a minimum overlap
between the signals on each channel. As a basic rule the skew limit must be no greater
than 20% of the unit interval.

The calculations compare the data rate capability of the low power Schottky SN75176
to the advanced low power Schottky SN75ALS 176,

SN75ALS176B High Speed Transceiver

Figure 7 (uses equation 9) to compare the data rates of various differential devices
available from Texas Instruments. The fastest RS-485 compatible differential
transceiver available today is the SN7SALS176B.
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FASTEST DIFFERENTIAL TRANSCEIVER
SN7sALS176B | industiesFastest B
SN75ALS176A

SN75ALS176
SN75LBC976
SN75ALS170

Best of Competition

Calculation based on Ul(min),
Data Based on Catalog Data Sheets

SN75176A

- — - - - —
- - . -~ e

0 5 10 15 20 25
Data Rate (MT/s)

Figure 7 - Fastest Differential Transceiver

High Speed/Low Power Applications

The SN75ALS176 forms just part of a range of high performance single line
driver/receiver options available for RS-422 and RS-485 applications. Some key
benefits of this range are discussed in the following text.

The range of devices shown in the figure are all high speed low power monolithic
integrated circuits, designed for bi-directional data communication on multi-point bus
transmission lines. The SN65ALS176, SN75ALS176 series and TL3695 are single
differential transceivers, while the SN65ALS180 and SN75ALS180 are a single
differential driver/receiver pair.

All devices are designed for balanced transmission lines and meet EIA standards RS-
422-A and RS-485, CCITT recommendations V.11 and X.27, and ISO 8482:1987(E).

The SN65SALS176, SN7S5ALS176 series and TL3695 combine a 3-state differential line
driver and a differential input line receiver, both of which operate from a single 5V
power supply. The driver and receiver have active-high and active-low enables,
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respectively, which can be externally connected together to function as a direction
control. The driver’s differential outputs and the receiver’s differential inputs are
connected internally to form a differential input/output (I/O) bus port that is designed to
offer minimal loading to the bus whenever the driver is disabled, or VCC = 0V. This
port features a wide positive and negative common-mode voltage range making the
device ideal for party line applications. All devices are available in either 8-pin dual-
in-line plastic (P) or 8-pin plastic small outline surface mount (D) packaging.

FOR HIGH SPEED/LOW POWER APPLICATIONS

Key Features
s
@®High Speed 'ALS176A| <30 | 8 [115( 2
- Low Skew, tsk(LIM)...5 ns ('176B) ,
-35 Mbps ALS176B 3|8|10]2
@ Receiver Fail Safe Design
@ Single Transciever
@ Robust
- Thermal Shutdown
- Short Circuit Protection 'ALS180
- Wide Input/Output Voltage DE (4)
Range...-10 V 1o 15 V (Abs Max) b @ E | (9) Y @Single Driver/Receiver
. RE (9 (10)2 - Driver Active-high/
@ Temperature Range options e (12A  ReceliverActive-low
- SN65' -40°C to 85°C %: enables
-SN75' 0°Cto 70°C (118 - Directional Control

Figure 8 - For High Speed/Low Power Applications

The SN75ALS180 contains many of the same features listed above. However, the
driver outputs and receiver inputs are not internally connected together but are brought
outside the chip, offering a separate driver and receiver function. For this reason the
SN65ALS180 and SN75ALS180 are housed in a 14-pin dual-in-line plastic and 14-pin
small outline plastic packages. This arrangement makes the SN75ALS 180 ideal for full
duplex operation.

Product Differentiation

The SN75ALS176 series allows the designer to select between ac performance levels.
The figure shows the maximum propagation delays and skew specification for the
range. The SN75ALS176B offers the highest speed performance with a maximum
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differential output delay time of 10tns. With a minimum specified value of Sns the
device is capable of data rates in excess of 60 Mbps (as per RS-485 specification).
Perhaps even more importantly, especially for high speed multi-channel applications
(for example SCSI), is the low skew value, tsk(LIM)- In this instance skew is
specified as the difference between the maximum and minimum differential output
delay times, Tpp. The SN7SALS176B has a minimum tok(LIM) value of 5Sns. This
value is used to determine the delays in signals between channels in the system. The
pulse skew, tsk(p)» 18 specified as a minimum value of 2ns (see previous discussion of
skew).

The TL3695 provides the same functionality as the ‘ALS76 series of devices, but is
aimed at lower performance lower cost systems.

Low Skew And EMI

LOW SKEW REDUCES EMI

©® Radiated emission from a twisted pair transmission line

relates to the propagation delay skew of the driver SN75ALS191 5
|

® Common-mode current spikes on a transmission line
radiate EMI via the “transmission line antenna"

® Significant emission reduction can be obtained using
fast low skew devices

TTL/CMOS

Ideal Waveform

Real Waveform
@
!

Figure 9 - Low Skew Reduces EMI

Further justification for low skew designs is set out in the following paragraphs;
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EMI Related to Differential Transmission Lines

Radiated emissions from electronic systems has been receiving more attention as
mutual disturbances between electronic equipment increase and the subsequent need for
EMC regulations becomes more apparent. This is compounded by the increased use of
high clock rates and high currents which generate high frequency EMI. Applications
placed on printed circuit boards are normally enclosed in a confined space making the
problem easier to solve, but when transmitting data signals to the outside world through
cables, increasing the total radiated emission by the system is difficult to avoid.

In large computer systems, Inter-unit cables within the system have been found to be
responsible for much of the radiated emission. Further studies have revealed that the
noise itself is a function of common mode current spikes, brought about by the skew
between the outputs of clocked differential drivers. Significant improvements in
system-wide emissions were seen in practice after replacing high skew driver devices
with others those which had less skew.

The effect seen is not only related to large computer systems but is saleable to all
systems using differential transmission lines. Differential drivers and receiver are
designed to operate under conditions with high common mode signals. Low frequency
common mode signals usually cause no problems, but high frequency common mode
spikes cause EMI and in systems with inter-unit cabling an antenna is readily available
increasing the radiated emission. Clearly, twisted pair cables used to interconnect
boards within the same cabinet, or to establish data transmission between various
equipment, using for example the popular standards RS-422-A or RS-485, are likely to
radiate EMI if the driver’s complementary outputs are not exactly symmetrical. This is
true for the single differential line in an industrial system as well as for the many
parallel differential lines used in a SCSI interface cable.

Low Skew Devices Reduce EMI

Ideally, a differential driver should not generate common mode signals due to the
nature of the differential output and the twisted cable cancelling the common-mode
currents but in practice, small differences between the complementary outputs occur
which produce fast common mode pulses on the line.

The skew specification, specified as the propagation delay difference from the input of
the differential driver to the driver’s respective inverting and non-inverting outputs is a
good measure for how much or how little radiation that can be expected from high
frequency common mode signals during switching. However, a low skew specification
on its own does not guarantee negligible common mode signals as the signals can still
be non symmetrical due to different rising and falling wave forms. In such cases
Significant current spikes can be measured on the line.
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Use Fast Devices Even in Low Data Rate System

Even in systems where low data rates are used, EMI can still cause problems with EMC
regulations. These problems are best solved by employing high speed devices usually
having a significant lower skew than slower drivers.

Consequently, previous low-power schottky (LS) designs like, AM26LS31 or SN75176
will in general radiate more emissions than newer Advanced Low Power designs like
SN75ALS192 and SN75ALS176 or even the new BiCMOS designs like AM26C31 and
SN75LBC176. A mecasurement was made to demonstrate this effect comparing
AM26LS31 with SN75ALS192. Evidently, the negligible common mode signals
resulting from switching the SN75ALS192 are significantly smaller than the clearly
visible common mode current spikes produced by the AM26LS31.

SN75ALS19x Series For RS-422

The well proven SN75ALS19x series of drivers and receivers for RS-422-A represents
some of the best speed versus power consumption alternatives in the industry today for
reliable balanced line transmission over short as well as long distances. The series has
found wide use in telecommunication as well as in computer applications.

SN75ALS19X SERIES FOR RS - 422 - A

€7 Driver technoio erformance
gy p * | ALS - Enhancements
217 [T] MC3487, AM26LS31
®  50% lower supply current for
1 Il snsasten both driver and receiver
2 [ SVEALSI )
SN75ALS192 - Greater system integration
15 - 1 - - Improved reliability
® Reduced skew
L
10 7 - Less EMI
- Increased noise immunity
5 1 - Better symmetry
A @ Lower propagation delay
. - Ability to operate to 20 Mbps
0 | ./ Channel (mA) Propagation Skew (ns)
cC )
DRIVERS TYPE | IND. STD | REPLACING RECEIVERS | TYPE | IND.STD| REPLACING
SN75ALS192] QUAD | RS-422-A | AM26LS31 SN75ALS193 | QUAD | RS422-A | AM26LS32A
SN75ALS194] QUAD |RS-422-A | MC3487 SN75ALS195 | QUAD | RS-423-A | MC3486
SN75ALS191| DUAL | RS-422-A | UA9638 SN75ALS197| QUAD |y 10 v.11 | AM26LS32A
8-PIN SN75ALS199| QUAD[X:25 X.27 | MC3486

Figure 10 - SN75ALS19x Series For RS-422
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ALS Technology Advantages

Impact is a trade mark of Texas Instruments

All ALS products employ Advanced Low-Power Schottky or ImpactTM processes.
These have been derived from the digital processes and trimmed for linear applications
requiring wide common mode voltage operation, tough protection and accurate receiver
input threshold voltages. ALS technology provides combined improvements in die
design, tooling production, and wafer fabrication, which in turn, provide lower power
consumption and permit much higher data throughput than other designs - in short;
speed without the usual power penalties. Standby current is typically reduced by 50%
although switching speed has gone up by more than 30% compared with previous LS
(Low Power Schottky) parts.

50% Lower Supply Current

The significant reduction in power consumption allows for a higher board packaging
density and hence greater system integration without increasing temperature due to
power dissipation. In addition, a lower operational temperature improves system
reliability.

Lower power consumption also permits devices to operate in an extended temperature
range (-55°C to +125°C) with fewer constraints.

30% Improvement in Data Throughput

Lower propagation delays and reduced skew, combined with lower standby power
consumption, allows these devices to operate in excess of 20Mbps. For example; a
SN75ALS192 quad driver is capable of transmitting data at 20Mbps (50% duty cycle)
while only dissipating the same power as an AM26LS31A in standby mode. The
maximum achievable data rate is usually determined by maximum power dissipation at
the maximum operating temperature. Reference should be made to the data sheet’s
Dissipation Rating Table.

Reduced Skew

The SN75ALS19x series has been designed with minimum skew to improve symmetry,
increase noise immunity and radiate less EMI (Electromagnetic Interference) caused by
noncommon mode currents in the transmission cable. The high-speed dual driver,
SN75ALS191 in an 8-pin package features a typical differential skew of 1.5ns (4ns
maximum).
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Products

A wide range of SN75ALS19x products are available as improved pin for pin
replacements for industry standard devices.

The main difference between the quadruple drivers, SN75ALS192 and SN75ALS194,
is related to their enabling configuration. SN75ALS192 has a common pin enabling all
four drivers, whereas independent enabling schemes are possible for each pair of
drivers in the SN7SALS194. Similarly, different enabling schemes distinguishes the
quadruple receivers, SN75ALS193 and ALS195. The SN75ALS192 and SN75ALS193
form complementary devices as do the SN75ALS194 and SN75ALS195 devices.
Using complementary drivers and receivers together should provide optimum
performance.

The quadruple receivers, SN7SALS197 and ALS199 have relaxed input sensitivity
specifications of £300mV. compared to +200mV for SN75ALS193 and ALS195.
However, they are available in low cost D (surface mount) or N (DIL) packages and
meets CCITT Recommendations V.10, V.11, X.26 and X.27.

AM26C31/32Low Power for RS-422

Improvements in Power Consumption and Speed

Industry has long been aware of the advantages gained from using the quadruple driver
AM26LS31 and the accompanying quadruple receiver AM26LS32 for RS-422 type
applications . However the old low power schottky (LS) process is no longer capable
of keeping pace with today’s demands for high speed and low power. The AM26C31
are AM26C32 are modern upgrades, fabricated using a low power BICMOS process.
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AM26C31/32; OLD NAME NEW BENEFITS

[] !ec - Power Supply Current (mA)I [_Common Features |

[l tr - Propagation Delay (ns) ® Meets EIA Standards RS-422-A,
RS-423-A (Receiver), and CCITT V.11

® No compromise BICMOS design
-Bipolar robustness with high speed
-CMOS low power

AM26C31

@ Low-Power Quad Driver ...7.5 mW (typ)

80

60

40

@ Low Pulse Distortion ...tsk(p) =0.5 ns

AM26C32

i ® | ow-Power Quad Receiver
'ALS192  '26LS32 ~lcc=9 mA (Typ)
26L531  '26C32 'ALS197

(Values Expressed As Maximums)

20

'26C31

® Input Fail-Safe

Figure 11 - AM26C31/32....0ld Name New Benefits

These devices find applications where high speed and low skew are crucial, for
example in disk drive and Telecommunication applications. One particular application
which would benefit from the low power consumption will be the Central Office
Exchange, where due to the shear number of devices used, power consumption
becomes a critical issue -especially when the rest of the system is implemented in low
power CMOS.

The figure shows some key benefits of these new designs and compares the power
consumption and propagation delay against industry standard devices. It can easily be
seen that the BiCMOS devices not only exhibit a dramatic reduction in power
consumption, from 80 mA to 2 mA, but there is also an improvement in ac
performance. The AM26C31 driver has a lower propagation delay than any of the
devices shown in the graph.

Description

Both the AM26C31 and AM26C32 have been manufactured using a BICMOS
technology which is a combination of bipolar and CMOS transistors. This process
provides the high voltage/current drive of bipolar with the low quiescent power
consumption of CMOS. The graphs in the figure show that the power consumption of

2-22



Application Guide

the AM26C32 receiver is reduced to approximately one-fifth of the standard LS part.
The AM26C31 is a quadruple complementary-output line driver designed to satisfy the
requirements of EIA RS-422-A and CCITT recommendation V.11. The three-state
outputs have a high-current drive capability for driving balanced lines such as twisted-
pair or parallel-wire transmission lines, and they provide a high impedance state in the
power-off condition. The enable function is common to all four drivers and offers the
choice of active-high or active-low enable input.

The AM26C32 is a quadruple line receiver for balanced and unbalanced digital data
transmission. Conformance to the EIA standards RS-422-A and RS-423-A and CCITT
recommendation V.11 is guaranteed. The enable function is common to all receivers
and offers a choice of either active-high or active-low inputs. Three-state outputs
permit connection to a digital data bus. Fail safe circuitry design on the receiver input
side ensures that the outputs will remain in a high state even if the inputs are left open.
This reduces the chances of incorrect data interpretation.

Hard Wired Fail Safe For RS-485

The feature of fail safe protection is also a requirement in many RS-485 applications,
however its usefulness needs to be considered and understood at an application level.

RS-485 HARD WIRED FAIL - SAFE IMPLEMENTATION

@ Driver Qutput R @Line Open Circuit
Vrxa Vth = Vce x (R2 + 2R3) C
ww m 2R1+R24+ 2R3
@ Line Short Circuit
Zo- 2R2(R1 + Ra) Vrx = Vth = Vee x__Ra (: )

R2+2(R1 + Ra) R1+R3

VCC
@ Receiver Input

Ri SN75ALS180
ov

Figure 12 - RS-485 Hard Wired F ail Safe
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The need For Fail Safe Protection

In any party line interface system, with multiple driver/receivers, there will be long
periods of time when the driving devices are in-active. This state known as line idle
occurs when the drivers place their outputs into a high impedance state. During line
idle, the voltage along the line is left floating, i.e. indeterminate - neither logic high or
logic low.  As a result the receiver could be falsely triggered into either a logic high or
a low logic state, depending upon the presence of noise and the polarity of the floating
lines. This is obviously undesirable as the circuitry following the receiver could
interpret this as valid information. The receiver should be able to detect such a
situation and place its outputs into a known, and pre-determined state. The name given
to methods which ensure this condition is called fail safe. An Additional feature which
a fail safe should provide is to protect the receiver from shorted line conditions which
can again cause erroneous processing of data and/or receiver damage.

There are several ways implement a fail safe, including a hard-wired fail safe using
line bias resistors or protocols. Protocols, although complicated to implement, are the
preferred method and are discussed in more detail following this section. However
since most system designers, hardware designers in this case, prefer to implement such
functions in hardware a hard-wired fail safe is often implemented.

A hard wired fail safe should provide a defined voltage across the receiver’s input
whether or not the line is shorted to either supply rail or is left open circuited. The fail
safe should also be incorporated into the line termination network when at the extremes
of the line.

Internal Fail safe

Manufacturers have gone part way to facilitating fail-safe design by including some
form of open line failtsafe circuitry within the integrated circuits. Unfortunately, due
to power consumption constraints, the extra circuitry has proved little use. The extra
circuitry is quite often just a large pull-up resistor on the non-inverting receiver input,
and a large pull-down resistor on the inverting input of the receiver. These resistors are
normally in the range of 100k€2, and so when used in conjunction with line termination
resistors to form a potential divider, only a few milli volts are generated. As a result
this voltage (receiver threshold voltage) is insufficient to switch the receiver. In effect,
to use these internal resistors no line termination resistors can be used, which reduces
the allowed reliable data rate enormously.
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External Fail safe-Open Line Conditions

A more reliable way of offering open line fail safe is to use external pull-up and pull-
down resistors. There two basic ways of doing this; one way is to polarise the line with
the pull-up/pull-down resistors and use these resistors to match the line impedance.
Another way is to use larger polarising resistors while using an extra resistor to
terminate the line. The first idea has one advantage in that it provides a low impedance
path to an ac. ground, so that any currents induced on to the line have a low impedance
path to ground. However a problem is encountered with this method because the
driver output now has to drive very much lower impedance’s. If the driver output
current capability is poor the device could easily go into output short circuit current
limit. The second way, although requiring an extra resistor will not load the driver’s
output to such an excess.

Placing external pull-up and pull-down resistors R1 on the non-inverting and inverting
inputs of the receiver will produce open circuit fail safe. Terminating the transmission
line with its characteristic impedance, Zo . produces a potential divider between 2R |
and Zo.

The voltage formed across the line, Voc, equals

Voc =Vcec* Zy
Rl + Z()

5]

Devices meeting the RS-485 receiver threshold voltage specifications require Voc to be
greater than 200mV . From this the relationship of R1 to Zo can be derived:-

Ry :Zo*’lf* Vee - Voc

oc

With V.. =5V, V. =200mV and Z, = 100, yields R} = 1.2kQ.

Biasing the receiver in this way will only provide open line fail safe, it will not provide
shorted line fail safe. However, when using transceivers it is not possible to provide
shorted line fail safe configurations, this is a result of the driver and receiver sharing the
same I.C. pins. Hence for devices like the SN7SALS176 this open line configuration
the optimum fail safe available.

External Fail safe-Shorted Line Conditions

To implement protection from the shorted line condition, further resistors are
required. When the line is shorted the transmission line’s impedance goes to zero and
the termination resistors will also be shorted. Putting extra resistors in series with the
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input to the receiver can provide shorted line fail safe protection.

The extra resistors, R3 in the fi‘gure, can only be added when using devices with
separate driver outputs and receiver inputs. So internally wired transceivers cannot be
used to offer shorted line fail safe. If this form of protection is required then a device
such as the SN75ALS180, with its separate driver outputs and receiver inputs, should
be used. If a transceiver type device was used then the extra resistors R3 would cause
extra attenuation of the output signal. The ALS180 will have its driver outputs fed
directly to the line, bypassing resistors R3.

Calculating the Resistor Values

If the line became shorted then R2 would be removed leaving a voltage across the
receiver inputs of:-

Vix = Vee XR3/(R+R3) (a).

For RS-485 and 422A applications the standard specifies Vrx to be greater than
200mV. So Vrx = Vth = 200mV. Using this figure, along with the minimum
permissible supply voltage for the devices gives a relationship between R1 and R3.
When the line goes into a high impedance state the receiver will see the two R3 in
series with R2 plus the two R1’s pulling up and down on either input. The receiver
input voltage will now be:

Vi = Ve X (Ry+2R3/(2R|+Ry +2R3) (b

Relating this new Vrx to the minimum specified in the standard, Vi, gives:

Ry

UoRy X [{(Vee -2 Vi) (Ve - Vi@ - 1) Vi Vel

Rj3 = Ry X (Vee - Vin/Vin

The transmission line will see an effective line termination resistance of R2 in parallel
with twice the sum of Rl and R3. This should match the transmission line’s
characteristic impedance, Zo, therefore

Zo =2Ryx R+ R3
2Rl +R2 + 2R3 (C)

2-26



Application Guide

Combining equations (a), (b) and (c) yields the following equations for Ry, Ry and
Rg:-

Ry = I/2 Zo x  (Vge- Vlh)2 -
(@-1) Vih Vee
Ry = Zo x Vee - Vin
Vcc'avth
Ry = 1hZo x Vec-Vih

a-1vV

th
In this application assuming the supply voltage is 4.5 V and Vth = 200 mV with an a
value a of 1.5 and driving a line with characteristic impedance of 120 Q yields the
following values:-

R1 = 2.2k Q
R2 = 120 Q
R3 = 110 Q

The values of RI,R2,and ~ R3 only apply for receivers at the extreme of the line; if
there are more receivers on the line then fail safe can be accomplished by multiplying
the values of R1 and R3 by half of the number of receivers on the line. This is done by
assuming the input stages of all the receivers are the same, aii R1 resistors are the same,
and that all R3 resistors arc the same. Since all of R1 and all of R3 resistors will be in
parallel, their overall resistance will be divided by half the number of receivers. If
there is a large number of receivers on the line there is a danger of R3 becoming too
large and forming a large potential divider with the input resistance of the receiver,
normally around 18k €.
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Use of Protocols- Synchronous Serial Communication

USE OF PROTOCOLS - SYNCHRONOUS
SERIAL COMMUNICATION

o Correct Use of Protocols Ensures ®Byte Synchronisation
Complete Control Over the Data Link
- Provides Fail Safe SYN| SYN| SOH |HEADER | STX | TEXT |ETX|CRC1| CRC2
- Eliminates Contention - Synchronisation is by Special Sync Characters;
Bisync or Monosync
® Receivers are Synchronised by either, - Half Duplex Operation
- Clock Pulses Embedded Within Data ® Bit Synchronisation
- Seperately Generated Clock Pulse W
. . o ATA
® The Receiver Divides up the Characters FLAG| ADDRESS | CONTROL)D CRC | FLAG
Using Two Methods
- Synchronisation is Similar to Byte
Sync Method; SDLC, HDLC, ADCCP
- Byte Synchronisation

- Duplex Operation
- Bit Synchronisation

Figure 13 - Use of Protocols- Synchronous Serial
Communication

The use of line terminations to effect a fail safe is not a recommended practice. The
recommended practice is to use software protocols. Protocols come in many forms
(two of which are explained below) and provide a set of rules which define the
meaning and order in which data should be sent. In particular, they can be used to
provide a fail safe feature and be used to avoid contention. Contention occurs when
several drivers try to address the link at the same time. This can lead to high current
sinking or souring leading to excessive thermal dissipation in the drivers. Fail safe is
ensured by allowing the receiving station to respond to valid data only., This is
achieved by sending a preamble before each data packet . The preamble consists of a
pre-determined pattern of bits, which signals to the receiver that valid data is about to
follow. Anything other than this preamble should be ignored by the receiver.
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Party Line Protocol Formats

Party linc applications use cither half duplex or full duplex transmission. Half duplex’s
transmission mode is where two terminals (a driver and receiver) can communicate
with each other bi-directionally over the same link, but they cannot transmit
simultancously. A party line transmission line format can be achieved using half
duplex by multiplexing between a number of driver/receiver pairs. Full duplex
communications involves the simultaneous, two way flow of data from driver /
receiver pairs.

A communication line used in a multiplexed operation such as the half duplex party
line system reduces wiring costs when compared to the simplex operation ( simplex one
driver for one receiver). Only one line is needed to implement the communication
system, though control of the multiplexing does require complex protocol or
handshaking circuits.

A typical (simplified) protocol sequence would contain the following elements;

i) Driver requests access to communication link (bus)

ii)  Link controller responds to request and gives go ahead when bus is free

iii)  Driver gains bus master ship and sends data which is preceded by a
destination code

iv)  Receiver sends an acknowledgement

v)  Driver receives confirmation and releases the bus

Synchronisation

Some form of synchronisation is necessary for the receiver to determine the start and
finish of the received bits. Two schemes, with many variations, are adopted;
Asynchronous and synchronous. Asynchronisation, or start-stop bit communication,
uses a system where characters are sent one at a time, without necessarily having any
fixed time relationship between each other. In such a case the driver sends start bits
followed by the information field, followed by one or more stop bits. This informs the
receiver that information data will follow the start bit and will end prior to the stop bit.
The data is usually broken into small groups of 8-bits, one byte, which is proceeded
with a start bit and concluded with a stop bit. This is one of the schemes employed by
EIA-232.

Synchronous transmission is used to transmit complete blocks of data at one time. In
synchronous transmission the duration of each bit is the same. With all characters
being the same length the receiver only has to identify the first character and then clock
the others in at a predetermine rate.
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Serial synchronous communication uses a similar scheme and either embeds the timing
information in the data or provides a separate clock signal. However the bit stream still
has to be divided up into the individual characters. There are two main methods of
achieving character synchronisation: Byte synchronisation and bit synchronisation.

Byte synchronisation, one of the first synchronous methods to be introduced is best
known by IBM’s bisync and monosync . Synchronisation is achieved by using special
SYNC characters which are transmitted in between data packets. The receiver
continually monitors this transmission and uses it to synchronise itself . After receiving
one (monosync) or two (bisync) sync pulses the receiver is said two be in the
synchronised mode and is ready to receive data. Synchronisation is ensured by re-
sending the sync bits every few hundred characters, for this reason data is grouped
together in frames or packets which start with sync characters. Each frame is 8-bits
long

The bisync protocol also defines a structure for a frame that includes control
information and error checking capability. The figure shows the basic frame
structure with the sync characters followed by the header field. SOH identifies the
beginning of the header block. The header field is user defined and generally contains
control specific information such as rest data link, message numbering priority ..etc.
Start of text, STX, identifies the end of the header field and defines the beginning of the
text field. The text or data field contains application specific information which must
be sent to the application controller intact. ETX signals, end of text, and CRCI and
CRC2 are used as cyclic redundancy check bits. Notice that STX, ETX etc.. are the
standard ASCII control codes. Bysync is essentially a half duplex system because each
frame requires an acknowledge from the receiver before commencing with the next
frame. Obviously sending acknowledging codes back and forth reduces the data rate,
and to overcome this bit synchronisation was developed.

SDLC (synchronous data link control), again made popular through IBM, was one of
the first bit synchronisation protocols avajlable. The CCITT also adapted this
standard for their high level data link (HDLC) protocol. Both are very similar to the
CCITT X25 layer 2 packet switching local area networking standard. Initially bit sync
looks very similar to byte sync , i.e. during data null periods sync pulses are sent over
the link to synchronise the receiver and driver. However after the sync period the data
may be grouped in any number of bits. Byte-sync systems are restricted to 8-bit
packets. In SDLC and HDLC, messages are formatted into frames with each frame
being divided into fields. The start flag is the sync data while the address field
contains the destination address to select the required receivers. The control field can
be configured as either an information field or supervisory field. The information
field, which is the usual format, contains status information on the number of frames
sent or received. Data field follows and contains application specific code. The
supervisory or management frame is used to acknowledge successful receipt of data.
CRC is used for error checking and flag is the next sync signal.
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Party Line Considerations
The following points should be considered for correct party line operation;

i.  Each driver must have a three-state logic capability, two logic states and a high
impedance mode. Also at any one instance it is likely that all drivers could be in
the high impedance state, thus leaving the bus floating. A receiver should be able
to detect this situation and protect against any spurious information - fail safe
design.

ii. Receivers may oscillate if left unconnected, which might affect other used
receivers in the same package. Therefore it is recommended that all unused
receiver inputs should be tied to defined logic states.

Input Protection In Noisy Environments

In addition to fail safe protection, applications often require protection against
excessive noise voltages.

INPUT PROTECTION FOR NOISY ENVIRONMENTS

/
\Efi

/l\

SN75ALS176

Rr=Ro 100Q

R1 = R2 = PTC Resistor

Z1=Z2=BZX 85 Rated @ 12V

23 = 74 = BZX 85 Rated @ 6.8 V

Figure 14 - Input Protection In Noisy Environments
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Often when sending data over long distances or in electrically hostile environments, i..
factory automation, the noise immunity afforded by the differential transmission
scheme, and in particular the wide common mode voltage range of RS-485 is
insufficient. This figure shows how external diodes offer transient spike protection for
the SN75ALS176 RS-485 transceiver.

R is the usual termination resistance and is equivalent in value to the characteristic
impedance of the line. Positive Temperature Coefficient resistors, R| and R, provide
current limiters for the diode chain. Provided their ambient temperature resistance is
kept below 50Q they will be transparent during normal usage and will not alter the
termination value or attenuate the driver output voltage.

Z1 and Z2 are chosen to protect the input from positive spikes greater than 12 V whilst
Z3 and Z4 protect the device from negative going spikes greater than -6.8 V.

Calculation of Termination Resistance

The previous examples show the use of terminating resistors, the following text
explains how to calculate this value..

To give better performance the transmission line needs to be terminated by a resistor
of a value close to its characteristic impedance. One question that immediately arises is
the value of terminating resistance required if the line is loaded by other receivers.
More specifically, does the receiver’s input impedance have any effect?, especially
when many receivers may grouped together at the far end of the line. The following
text sets out to prove that for the majority of applications the loading effect of receiver
stations can be ignored and as a rule of thumb (working approximation) the value of Rp
should equal the characteristic impedance of the line.

In fact, the characteristic impedance varies very little with respect to the physical
dimension of the cable. For example a wire over-ground transmission line with a wire
diameter equal to the diameter of an electron and a height above the ground plane of
500,000Tm (50 light years) has a characteristic impedance, Z, of 300Q.

Each input of the receivers has a nominal input impedance of 18 k€ feeding into a
diode-transistor- resistor biasing network, this is equivalent to an 18 k€ input resistor
tied to a common mode voltage source of 2.4 V. -It is this configuration which
provides the large common range of the receiver required for RS-485 systems.

Due to the fact that the each input is biased to 2.4V, the normal common-mode voltage
of balanced RS-485 systems, the 18k W resistors on the inputs can be taken as being in
series across the input of each individual receiver.

If thirty such receivers are placed close together at the end of the line. they will tend to
react as thirty 36 kW resistors in parallel with the termination resistor. This overall
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effective resistance will need to be close to the characteristic impedance of the line.
The cffective parallel receiver resistance, Rp, will therefore be equivalent to;
Rp=36x103/30=1200Q.

While the termination resistor, RT, used will be equal to;

RT= Ro/[1-Ro/Rpl .

Thus for a line with a characteristic impedance of 100€2, the termination resistor RT
should be:

RT=100/] 1- 100/1200} = 110 Q
Since this calculated value is within 10% of the line characteristic impedance the value
chosen for the line termination resistor, R, will normally be cqual to the characteristic

impedance, Z,.

Methods of Connection

METHODS OF CONNECTION 1

® Correct Termination of the Transmission ~® Terminate the Line not the Station I
Line in its Characteristic impedance - Terminate Furthest End of Line for Simplex
Minimises Reflections (\ﬁ} (RS-422)

- Terminate Extreme Ends of Line for Half
- Reduces Susceptibility to Noise ; Duplex (RS-485)
Distortion |
- Reduces Cross Talk by up to a @ Stubs Should be Kept Short
Factor of 2

® Multiple Stations Should be Daisy-

* ' Chained
x [P
~{> el [z

Rr!
o

- Driver 'Sees’ Many Transmission Lines - Driver 'Sees' One Transmission Line

- Terminating Multiple Stations in Rt can Cause - Far End Terminated Only (simplex)
excessive Line Loading

Figure 15 - Methods of Connection 1
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As well as line termination the way in which stations are connected to the line needs
careful consideration. Furthermore the position of the line termination resistor and
device positioning must be considered. There are two basic methods of connection;

i. The star connection
ii. The daisy chain connection

Considering the star connection, the transition edge from the driver will be loaded by
a group of separate transmission lines, rather than one. Each transmission line
boundary will cause a change in impedance resulting in reflections.

Another situation to avoid is the termination of multiple stations, since this could
excessively load the driver. Termination at the extreme ends for RS-485 (half duplex)
and far end only for RS-422 is recommended. Normally stubs (taps of the main line )
should be kept as short as possible so not to appear as transmission lines themselves.
The recommended method is to use the daisy chain, a configuration where the
transmission line continues from one receiver to the next and only the last receiver on
the chain is terminated. This means that the transmission line and hence the driver will
see one continuous transmission line with only one termination resistor. Each tap-off
will in effect be a stub, but in this case they will not be all grouped together and will
be kept very short to reduce their effect.

METHODS OF CONNECTION 2

Dajsy Chain M

) ; —
Measurement Information ; Driver Output
V = 2V/dv :
t = 50 ns/div :
/di \ Receiver Input

#
| Star ! )
[:':'., ”77; o R R I R AR é

Driver Output ® Cable Specification — >t

l - Flat Ribbon Cable with Parallel Copper Wire - U.L.2651

- Capacitance Between Adjacent Lines = 49.2 pF/m
\ Receiver Input - Line Length 2 m From End to End
° - Characteristic Impedance (Zo) = 105 Q

—_—>t

<

Figure 16 - Methods Of Connection 2
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The figure shown further confirms the need to keep stub lengths short and the use of
correct termination techniques by comparing the effect on signal quality for the daisy
chain and star method of connection.

In both instances exactly the same application scenario was used as was the same cable
specification. The cable used was a flat ribbon cable with parallel copper wire
conforming to U.L. specification 2651. Connections were made as shown in the
previous figure and the total cable length from source to destination was 2 m.

Calculation of Stub Length

In the earlier section a rule of thumb was developed which stated that if signal
distortion is to be avoided. all connections to the main line must be kept as short as
possible.  Distortion in this context could be both amplitude and phase distortion -
leading to reflections amongst other undesirable factors.

CALCULATION OF STUB LENGTH

®Stubs Cause Impedance Discontinuity and J B
Increases Line Capacitance Causing; | @S
- Overshoot and Undershoot © Stub Length Test
- Ringing _
- Reflections :_?; 110 ’L
Examplej
. 6 .
- Device; SN75ALS180 S U= 1 SU=198x10 ms”
=t =13ns 78x65x 10
- Cable; - Using our Thumb
20-=78Q
Co = 65 pF/m ta=to—4 I=toaxU—3
10
-1
Zo=Jlo — 1 Ulvelocity) = ms 2 9 . .
Jg . ]d)-a _ tpd=13x10 A Good Approximation
10
— . . -9 [
Substitution of 1 into 2 Gives; Igength) = 1.3 x 10 x 198 x10 = 257 mm (107)
us= 1
ZoCo

Figure 17 - Calculation of Stub Length

These connections are usually termed stubs. A stub is a connection to the transmission
line from either a driver or a receiver . However, even when short in comparison to
the length of the main transmission line it too could exhibit transmission line effects.
Any connection to the line will cause an impedance discontinuity, leading to reflection
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at the stub/transmission line boundary.

To minimise these effects the stub should be kept as short as possible, so that the stub
is seen as a lumped (non transmission line) rather than a distributed (transmission line)
load to the line.

How Short is Short ?

It has been described earlier that a pair of cables will act as a transmission line if the
round trip propagation delay, tpd ,is more than 5 times the transition times of the driver,
t.  The converse is true if the line is not to operate as a transmission line but as a
lumped parameter model. This forms the basis of the stub length calculation given
below.

The figure shows a calculation for determining the maximum length of the stub. The
rule of thumb states that the transition time of the pulse sent down the line should
take ten times the time taken for the pulse to propagate to the end of the stub. As a
resulting any reflections will be incorporated into the transition edge.

From this basis, the length of a stub can be calculated using the cable and driver
parameters.

The pulse speed down the line, U, equals the reciprocal of the product of the line
impedance and line capacitance, both of which are normally specified for the cables
used.

The propagation delay down-the stub should be at the most one tenth of the transition
time of the pulse. These facts can be brought together to give the length of the stub, Is,
as;

= trp/ (10)

Using the SN75ALS180 and its transition time of 13ns, a cable with a characteristic
impedance of 78Q and line capacitance of 65pF, gives a maximum stub length of 254
mm or ten inches.

The main effect in this case will be a slight increase in the capacitance loading of the
line.

The Unit Load Concept

One final consideration needed to implement a digital data link is the number of driver
/ receiver elements that can be connected to the line. This is now discussed;

The maximum number of drivers and receivers that can be placed on a single
communication bus depends upon their loading characteristics relative to the definition
of a unit load (U.L). RS-485 recommends a maximum of 32 unit loads per line.

One U.L (at worst case ) is defined as a load that allows I mA of current under a



Application Guide

maximum common-mode voltage stress of 12 V . The loads may consist of drivers
and/or receivers but does not include the termination resistors, which may present
additional loads as low as 60Q total.

The first example shows a unit load calculation for the dual SN751178 driver/receiver
which offers a unit load value of 1.1 U.L meaning 29 such devices could be connected
on one line. In the second example the TL3695 transceiver is used. Since this device is
internally connected as a transceiver, i.e. driver output and receiver input connected to
the same bus, it is difficult to obtain separate driver leakage and receiver input
currents. For this calculation reference is made to the receiver input resistance, 18k€2,
giving a transceiver current of 0.6mA. This can be taken to represent 0.6 U.L. which
will allow up to 47 devices to be connected to the line.

Obviously it may be possible to connect more devices than the RS-485
recommendation, but this is at the designers risk.

The graph in the top right corner of the figure is used to define the boundaries of the
unit load, and works by superimposing the voltage and current characteristics of the
load upon a reference trace. A line from - 3 V is drawn at a tangent 1o intercept
receiver input current at the 12 V point. Similarly, a line is drawn from -7 to intercept
the driver leakage current at the 5 V point. The currents indicated at - 7 V and -12 V
are then compared to the currents specified by the standard. The larger of the two
voltage to current ratios forms the unit load value.
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@ Receiver/Passive Driver Loading of RS-485

Lines(DC) v
0.1 mA seeeeee®s”
- One Driver can Drive as Many as 32 Unit Loads - I( sV 12V
and a Total Line Termination of 60 Q or More 08mA 1
@ One Unit Load is Defined as; RS-485 Representation of a unit load

- Denotas SN75ALS1178 (One dx/rx Pair)

- Load Which Allows 1 mA of Current to Flow | @ Examples
Undera Maximum Common Mode Voltage |

Stressof 12V & -7V I

SN75ALS1178 (Dual Dr.ver/Receive ",
|
loz=0.1mA@-7VtoizV,IL =1mA@12V (worst case)

1

UL=11 =11UL
ie 32 =29 Dx/Rx Cells

1.1
47 Devices per
TL3695 (Transceiver) RS-485 line
Unit Load Input Current/Voltage IL=loz 212 =067mA /

18
Measurement Circuit UL=06 e

Figure 18 - The Unit Load Concept

The electrical characteristics should not show any negative resistance otherwise
instability and spurious oscillations could occur.

Total Load Characteristic Limits (RS-422)

In RS-422 the dc load characteristics is specified much mcic simpiy;

The total load including multiple receivers, fail safe circunry, and cable termination
shall have a resistance greater than 90Q between its inp.: soints (A and B), i.e. across
the line, or when the cable is left un-terminated the resisici.. - shali be greater than 400
Q, and shall not require a differential input voltage or ...ore than 200 mV for all
receivers to assume the intended binary state.

Of the many application areas for data transmission perhaps i of the most demanding
in terms of robustness is that of process automation.

Process Control Application

In the previous sections the need for line termination, ... civer fail safe and noise
protection was highlighted. All these elements can be to. .. in an industrial process
control and data collection application, which is shown i.. ... ngure.
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PROCESS CONTROL

Vece
HCPL2601 HCPL2601 1SOVee @ | AN Node used for
+— o9 | K7 Process Control
and Data Collection
™D 220R
- 220 R]
== == |0.1 uF
0.1uF __‘ | 4

10k
RXD = . = R2
y —4¢
TXD Enable “R vee |- D1
1k0 RE B
o—_—
DE A
TIL126 D GND

R1
78L05 SOV SN75LBC176
Pt
.| _REF |l
j 21,22

5voe 23,24
' 1 ISOGND

RS-485 Data Line

Figure 19 - Process Coniroi Appiication

The need For Galvanic Isolation

The capability of meeting toughened noise legislation is a key requirement for many
new end products and applications. Computer and industrial serial interfacing are areas
where noise can seriously affect the integrity of data transfer, and a proven route to
improved noise performance for any interface system is galvanic isolation.

Such isolation in data communication systems is achieved without direct galvanic
connection or wires between drivers and receivers. Magnetic linkage from transformers
provide the power for the system, and optical linkage provides the data connection.
Galvanic isolation removes the ground loop currents from data lines and hence the
impressed noise voltages which affect the signal are also eliminated. Common mode
noise effects can be completely removed and many forms of radiated noise can be
reduced to negligible limits using this technique.

Taking a more practical view of where problems are likely to occur when using a
galvanic interface, can be found in the industrial environment. For example consider
the case when the interface node, shown in the figure, connects between a data logger
and a host computer via the RS-485 link. When an adjacent electric motor is started
up, a momentary difference in ground potentials at the data logger and the computer
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may occur due to a surge in current. If no isolation scheme is employed for the data
communication path, data may be lost during the surge interval and in the worst casc
damage to the computer could occur.

Circuit Description

The schematic shown forms an interface, one node, for a “distributed controlling,
regulation and supervision (DCRS) system”. Such a scheme could be used ina ‘Field
bus’ type application. Transmission takes place via a 2-wire bus, formed by a
twisted-pair, shielded cable connected in a ring circuit. Other nodes, master or slaves,
may be distributed along the bus in an arbitrary fashion and may be separated hundreds
of metres in distance.

The bus driver used is the SN75LBC176, chosen for its low power consumption and
high data rate capability. Low power is crucial in this type of application since many
remote outstations will either be battery operated or require battery back-up capability.

Transceiver protection circuitry is formed by Z1,22,Z3 and Z4 along with current
limiters PTC1 and PTC2 (see previous example). Line termination is formed by a
combination of RT, R and R2. The values of which can be calculated as follows;

R] = R2 < 05«x ZO x[1+ VCC/VTH]
and
Rr=Zg [l +VTu/Vcc!

Using a cable with a characteristic impedance of Zg = 120 Q and  a desired Vy of
200 mV, requires Rj =Ry to be around 1.6 kQ in value. The terminating resistor,
R would be in the order of 124 Q.

The inclusion of Ry = Ry, provides a receiver fail safe to open line conditions by
biasing the polarity of the line to a logic ‘1’ under line idle conditions. The values of
Ry = R, are best kept as low as possible to increase the noise rejection when the line is
left floating, but they will place some loading onto the driver.

Galvanic isolation is afforded by means of threec optocouplers/opto isolators. The
HCPL2601 is chosen for its high data rate capability, = 75 ns (max), and its high
voltage isolation.

The HCPL2601 is designed for use in high speed digital interfacing applications that
require high voltage isolation between the input and output. Its use is highly
recommended in extremely high ground noise and induced noise environments.

2-40



Application Guide

The HCPL2601 consists of a GaAsP light emitting diode and integrated light detector,
composed of a photo diode, a high gain amplifier and a Schottky clamped open
collector output transistor. An input diode forward current of SmA will switch the
output transistor low, providing an on state drive current of 13mA (eight 1.6mA TTL
loads). A TTL input is provided for applications that require output transistor gating.

Housed in a single 8-pin dual-in-line plastic package the HCPL2601 is characterised for
operation over the temperature range of 0°C to 70°C. The internal Faraday shield
provides a guaranteed common mode transient immunity of 1000V/us.

A 0.1 pF capacitor has been connected between VCC and ground to improve switching
performance.

SN75LBC176 - Ultra Low Power

The SN75LBC176 has the lowest power consumption in the industry; 1 mW vs 2.5
mW offered by the nearest low power competitor. The ac performance is also
significantly better; Tpp of 25ns(max) vs 60 ns (max).

SN75LBC176; ULTRA LOW POWER

® ndustries Lowest Power RS-485 Transceiver

S 1MW@5V. 3kQ
Nom
200 f [ SRR .
180 4 : Aor 8| Receiver I/P
160 Nearest Competitor Deiver ofp ; _Stage
140 j Stage
120 1 ! 11kQ
y i Nom
100 —_
p /
' '3
80 Py
60 ® Fully Meets EIA Standards RS-485
40 & RS-422 ™
20 | _J @ Fabricated Using 2 u LinBiCMOS
- - e & -/l
" SN75LBC176 SN75176A ® High Speed......5 MT/s
[ Differential-output delay time, TDD (ns) -Top= 25ns

Power Con: i [ m
D ower Consumption, no load (mW) LinBiCMOS is a trade mark of Texas Instruments

Figure 20 - SN75LBC176; Ultra Low Power
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Improve MTBF

Although not representing the most glamorous end of the semiconductor design
spectrum, reliable line interface circuits are crucial if the overall system mean time
between failure (MTBF) is to be minimised. System designers have long been aware
that often the week link in ensuing system reliability has been line interface circuits.
This vulnerability is due in part to the circuits close proximity to the outside world via
the edge connector. Consequently interface circuits are particularly susceptible to
failure from high external voltages caused by noise, ESD or incorrect insertion of
cables. For this reason the technology of choice for many Texas Instruments emerging
interface products is LinBiCMOS.

LinBiCMOS, the Technology of Choice

LinBiCMOS is based on TI's highly successful LinCMOS process. LinCMOS is a 3
pum pure CMOS technology with 16 V capability, making it ideal for the design of low
power analog products such as op-amps and analog-to-digital convertors (many
examples of which are discussed elsewhere in this book). By shrinking the geometries
to 2um and adding a high performance 30 V bipolar structure, a new analog merged
bipolar/CMOS technology has been produced.

Probably LinBiCMOS'’s greatest attribute is its modularity. When generating a new
technology it is difficult to achieve a balance between performance and cost , as many
“nice to have”features can make a process too expensive to address a wide range of
opportunities.

By making LinBiCMOS modular, only the process modules needed to address a
particular application need be used, making it very cost effective. Modules available
for LinBiCMOS include high speed NPNs (with an fp of 3GHz compared with
S500MHz for the standard transistor), double level metal for better logic integration and
current handling, isolated high value polysilicon resistors and schottky diodes for
clamping.

The Applications

With its high voltage capability and excellent switching speed LinBiCMOS is ideal to
address standards such as EIA-232 and RS485. For example the RS485 standard,
demands that driver output can be shorted to +12V and -7V without damage. . this is
particularly difficult to implement as RS485 devices are designed to operate from a
single 5 V supply, meaning that parts of the chip must be designed to operate well
outside its supply rails. Further more the “party line”nature of the standard requires
devices that must be able to withstand contention (multiple drivers accessing the bus
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simultancous) without failure. For this reason short circuit protection and thermal
shutdown are built into the chip.

The Device

The SN75LBC176 and it’s extended temperature range version (-40°C to 85°C) the
SN65SLBC176 are high speed and low power monolithic integrated circuits designed for
bidirectional data communications on multipoint bus transmission lines. Both devices
fully meet the EIA (Electronics Industries Association) RS-422 and RS-485
specifications. the devices contain a single transceiver with complementary driver and
receiver enable schemes and is housed in a single 8-pin package.

Using the LinBiCMOS process allows the SN75LBC176 to achieve a power supply
consumption of just 1 mW (200mA at 5 V) when in the passive state. Furthermore this
is achieved without the usual speed penalties; the SN7SLBC176 has a driver output rise
time (Tpp) of just 25 ns, making data rates of 5 Mbps possible.

This combination of low power and high speed is particularly relevant to todays
demanding applications requiring multiple channel operation such as the small
computer interface (SCSI) or telecommunication applications.

SYNCHRONISED RS - 485 WITH HANDSHAKE

Terminal

pros SN75ALS1178 swonT L I SN75ALS1178
1D $F:’i < STuB 3 - pep— - ‘—‘1'@
T [ ;
BN S = |V |
é 206 [ @j HANDSHAKING LINES - E
R 0 ‘&L - S R
H“r Rr M
hld = ‘@J S ® é—= ” |
SN75ALS1177 SN75ALS1177 | N
N Joe A
A‘ 10 [ r Y S & —T
‘|>L S - j<|*— L
L gre DATA LINE R
R S <SS - v N
;
20
| iRT SYNC. CLOCK LINE “F‘T N |
xR S -
h—

Figure 21 - Synchronised RS-485 with handshake
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Synchronised RS-485 with handshake

Boost the Data Rate

Most RS-485 systems operate with a single twisted pair as the data transmission
medium limiting the data transfer to asynchronous mode. In addition, the single line
must also transfer receiver address, start and stop bits and a preamble to enable the
receiver logic to distinguish between data or rubbish on an idle line. These additional
transferred bits impact the speed of operation on the data line.

Alternatively, synchronised data transfer can be implemented by adding an additional
sync. clock line as shown on the figure, and can be further complemented with the
addition of a couple of handshake lines. The overall transfer of the “real data™ can be
significantly speeded up, as most of the control bits used in asynchronous mode will be
eliminated from the data path.

Specifically, synchronous data transfer benefits from applications where complete
blocks of data can be transferred because the usual requirement in asynchronous
transfer for breaking the data down in small groups of 8-bits (proceeded with a start bit
and concluded with a stop bit) is eliminated.

Several terminals or station can be connected to this synchronised RS-485 system. The
number of stations is only limited by the usual rules for RS-485. Daisy-chain
connection between terminals is required unless each terminal is connected to the main
data path via a short stub as the shown for terminal number N - 1.

Why use the SN75ALS1177 and SN75ALS1178 ?

The SN75ALS1177 contains two drivers and two receivers in a single 16-pin package.
Each pair of drivers and receivers has a common enable line. Upon transmission, both
the data and sync. clock drivers are enabled allowing synchronous transfer of data.
When shifting to receiver mode, both drivers are disabled, and the two receivers are
enabled simultancously. Due to the complementary enabling schemes for drivers and
receivers (logic 1 enables the drivers but disables the receivers, and logic O the
opposite), it is possible to connect both driver and receiver enable signals to the same
control output. This reduces the number of I/O’s required.

The SN75ALS1178 also contains two drivers and two receivers in a 16-pin package,
but offers a different enabling pattern. The two receivers are always active and listen
continuously to the handshake lines as necessary. However, the two drivers can be

independently enabled as required by a handshaking scheme.

In summary, the SN75ALS1177 and SN7ALS1178 offer a simple but versatile solution
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synchronous transfer of data at high speeds. Their configuration as two driver/receiver
pairs adds to the effectiveness of the application

New Product Releases

1991 saw the release of several new ALS designs. Targeted towards industrial and
telecommunication applications these new ALS devices offer both speed and power
improvements over their existing LS counterparts. The figure shows clearly the
performance advantage gained by switching to ALS designs.

NEW RS-485 RELEASES

® A High Performance Range of devices @ Designed Using ALS Technology, to
Conforming to EIA RS-485 & RS-422 Bring the Benefits of Low Power, High
Speed & Robustness

AC and DC Performance

120 7 ey e

j LJ Driver output delay time (ns) "
100 ** 'L__| Receiver Propagation delay (ns) I Pant " Number

) . Device current consumption -max (mA) ! Number . Channels . Function
80 * SN75ALS1177 2 DXRX

SN75ALS1178 2 DX/RX

60 i SN75ALS172 4 . Driver

‘ | SN75ALS173 4 | Receiver
40 SN75ALS174 4 Driver

) SN75ALS175 4 Receiver

20 ¥

'ALS172 'ALS173 'ALS1177/8 172 173 "1177/78

Figure 22 - New RS-485 Releases

Use of Repeaters

The major advantage of RS-485 is that it permits multiple drivers and receivers to
operate over a 2-wire bus, thus setting up a party-line architecture. When such a data
communication bus system is transmitting data over lines as long hundreds of meters or
even thousands of metres, attenuation is often experienced between a driver at one end
and a receiver in the other end (over long distances the cable’s resistance does have an
effect). Such systems can benefit from the use of signal restoration by means of bus
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repeaters.

Similarly, when more than 32 unit loads are connected to a bus, requirements for
additional buffering arise. A bus repeater has in this function a different role from
restoring the original signal namely to drive another 32 unit loads.

Repeater Solutions

Bus repeaters in data communication systems receives degraded signals from the
transmission line, squares up the pulses, and re-transmits the signals onto the line to the
receiving station. Because the original transmitted signal is restored (squared up), the
communication system becomes less susceptible to noise and other types of
interference on the lines.

USE OF REPEATERS
e

Terminal Bidirectional Repeater Soie

2 8
17 B
SN75ALS176 g |83
2 PR
e z | { Z
3 F4 %
B ))—1
Host b
CPU RT
»
- 3
DC
1/2 SN75179B 1/2 SN75179B
Direction Terminal
Control

Figure 23 - Use of Repeaters

The shown “use of repeaters™ application for bi-directional control of an RS-485 bus
with long transmission lines is implemented with a bi-directional repeater station. Two
types of repeaters are available: One version is enabled by a logic 1 control signal and
the other by a logic 0. Thus, without any glue logic you can design a fully bi-
directional repeater station that restores signals from both directions on a line

Enabling and disabling of the repeater drivers and receivers and thereby the data
direction is controlled by the host micro-controller. In data communication systems
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where no host CPU controls the data direction, intelligence needs to build into the
repeater station to maintain system control. This allows also for independent
communication on each side of the repeater station providing additional flexibility and
faster overall data exchange.

Recommended Products
Dedicated products designed specifically for repeater purposes are the SN75177B and

SN75178B. Employing these repeater devices in simple repeater stations as the shown,
completely eliminates the need for any glue logic due to their enabling scheme.
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AM26C31C, AM26C31I

QUADRUPLE DIFFERENTIAL LINE DRIVERS

Meets EIA Standard RS-422-A and CCITT
Recommendation V.11

Low Power, icc = 100 uA Typ

Operates From a Single 5-V Supply

High Speed, tpH = tpy = 7 ns Typ

Low Pulse Distortion (tgk(p) = 0.5 ns Typ)

High Output Impedance in Power-Off
Conditions

Improved Replacement for AM26L.S31

description

The AM26C31C and AM26C31! are quadruple
complementary-output line drivers designed to
meet the requirements of EIA Standard RS-422-A
and CCITT V.11. The 3-state outputs have
high-current capability for driving balanced lines
such as twisted-pair or parallel-wire transmission
lines, and they provide a high-impedance state in
the power-off condition. The enable function is
common to all four drivers and offers the choice of
anactive-high or active-low enable input. BICMOS
circuitry reduces power consumption without
sacrificing speed.

The AM26C31C is characterized for operation
from 0°C to 70°C and the AM26C31! is
characterized for operation from - 40°C to 85°C.

logic symbolt

z1
4
G —— EN
12 >
I C
>4 2
A 1 I 1%
o> 4z
6
7 —— 2Yy
2A N
2z
10 a3y
3A —9—-4 I~ "
3z
14
15 ay
4A — 13
>~ 7 4z

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

MARCH 1991
D OR N PACKAGE
(TOP VIEW)
1A Y 16[] Ve
Y[l 2 15(] 4A
12} 3 14[] 4y
ENABLEG (] 4 13{] 42
2Z(]s 12[] ENABLE G
2Y[js nljaz
2A[] 7 10[) 3Y
GND[] 8 9[] 3A

FUNCTION TABLE (EACH DRIVER) ~

H = high level

L = low level

X = irrelevant

2Z = high impedance (off)

logic diagram (positive logic)

10
9 —— 3Y

3A — 11
3z

=

| 14
1 — 4y

A 13
— az

Publication 617-12,

PROOUCTION DATA information is currant a6 of publication date. Producty
conloim to specifications per the lerms of Texss Instruments standard
wainanly Production processing oes nol necessarily includs testing of st
paramatery

* Tixas

INSTRUMENTS



AM26C31C, AM26C311
QUADRUPLE DIFFERENTIAL LINE DRIVERS

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

Supply voltage range, Vo (see Note 1) ... o -05Vto7V
Input voltage range, Vi ............. .. o S -05VtoVeg+ 05V
Output voltage range, V(O ...« oo ~05Vto7V
Clamp diode CUITent, Ik OF JOK vt e e +20mA
Output current, lg .. + 150mA
VG CUITENL et e e 200 mA
GND CUITEN e R —200mA
Continuous total power dissipation ............ ... ... oo See Dissipation Rating Table
Operating free-air temperature range, Ta: AM26C31C .. ..ooviieeeniiiiiiaei 0°C to 70°C
AMRBC3Tl oo - 40°C t0 85°C
Storage temperature range . ... ... .. ... —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................ 260°C
NOTE 1: All voltage vaiues, except differential output voltage V. are with respect to network ground terminal
DISSIPATION RATING TABLE
PACKAGE TA<25C DERATING FACTOR Ta=70C TA-85C
POWER RATING  ABOVETp =25°C  POWER RATING  POWER RATING
D 950 mwW 7.6 mW/°C 608 mwW 494 mW
N 1150 mW 9.2mwW/'C 736 mW 598 mW
recommended operating conditions
MIN NOM MAX| UNIT |
Supply voltage, Vo 45 5 55 v
High-level input voltage, V| 2 Vv
Low-level input voltage, Vi 0.8 v
High-ievel output current, IoH -20| mA
Low-level output current, 1o 20 mA
o [Am26C31C 0 L.
perating free-air temperature, Ta l AM2ECTT 20 e

TExas
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AM26C31C, AM26C31l
QUADRUPLE DIFFERENTIAL LINE DRIVERS

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

1Al !yprc;aa-\ues areatVgo = 5 V and Ta =25°C

PARAMETER TEST CONDITIONS MIN TYP!  MAX| UNIT
VoH  Highlevel outpul voltage 10-- 20mA 24 34 v
VouL Low-level output voltage 02 04 \2
Vool Differential output voltage PN v
AlVop | ;l‘»l:\‘?%::an;:g:nllude of differential AL = 100 2 104 v
\'/OCA "~ Common-mode output valla‘§e ﬁf:'{oo Q 3 \
Change in magnitude of
Alvocl comrr?on»modgompul(i'ollage‘ RAL-1000 204 v
[} Input current ViatVvVee. Vg, VL. or GND i 1A
T VG - 0. Vo -6V 100
10(off) Driver output current with power off Veo - O—-— Vo--0 35V 100 HA
108 Driver output short-circurt current Vo =0 30 150 mA
loz Off-state (high-impedance state) Vpo-25V 20 nA
output current Vo=05V 20 HA
10 - 0, Vi-00r5V 100 1A
Icc Quiescent supply current ip-=0 Vi=240r05V. . 3.0 mA
Sce Noto 2
C, Input capacitance 6 pF

A Vopland a | Vg | are the changes in magnitude of Vop and V. respectively. that occur when the input is changed from a high level

1o alow ievel

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

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

PARAMETER TEST CONDITIONS MIN TYP  MAX | UNIT
PLH Propagation delay time, low !o—mgh—le‘vél c;u(bu( 7 12 ns
PHL Propagation delay time, high-to-low-level output See Figures 1 and 2, S11s open 7 12 ns
ut;k‘hm Pulse skew (| tPLH ~ tPHL] 05 4 ns
YD 4D Differential output rise and fall imes. See Figures 1 and 4, S11s open 5 10 ns
1) Suiput enabie e (0 nigh level 10 9] ns
pzL Output enable time to low level See Figures 1 and 3, S1is closed 10 19 ns
1;;‘41 QOutpul disabie time from high level 7 16 ns
oLz Output disable time from low level 7 16 ns
CD;—— ?’owv,v‘dlés'waa];énycé;-)_aaance (see Note 3) No.iésd, o Ta-25°C o0 pF

NOTE 3 Cpg s used o estimate the swilching l0sses according o Py = Cpg Vee? twhere Pp s in watts, Cpd1sinfarads. Vo s in volts, and

fisn herz
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AM26C31C, AM26C31l
QUADRUPLE DIFFERENTIAL LINE DRIVERS

PARAMETER MEASUREMENT INFORMATION

e
! 1 09
T~ 40 pF 500
Input— < 40pF o —A O~ 15V
T 40 pF 500 s1

Figure 1. Test Circuit

Input A 1.3V
(see Note B) ,‘
& tpw —¥
Output Y ’ , j‘
i Skew-i“—h‘ } Skew~—;<~>1 VoL
tPHL | — tpLH —»,
|

7 VoH
- Z____\:v_—
— VoL

Figure 2. Propagation Delay Times and Skew Waveforms

Enableé-—sv—\<—-—-—(-—-;;)————>/1—57——av
see e B
-/ N — — — — oV

Enable G — |
| , |
— tezL —u‘ tprz —¢&——¥

L asv | | st E:oseg
Waveform 1 | SicClosed N 15V ! | S2 Close <15V
(see Note D) | s20pen ___‘__._./—T-_

| |

! ‘ '
— tpzy —M

|

Wavetorm 2 S1Open |

2 Cl F15V
(see Note D) S osed 1T ov S1 Closed

S2 Closed

Figure 3. Enable and Disable Time Waveforms

NOTES: A. Al input pulses are supplied by generators having the following characteristics: PRR s 1 MHz, 2p~50Q, 1, s15ns, and s 6 ns.
B. When measuring propagation delay times and skew, switch 51 1s open.
C. Each enable is tested separately.
D. Waveform 11s for an output with internal conditions such that the output s low except when disabled by the output control. Waveform 2
1s for an output with internal conditions such that the output is high except when disabled by the output control

TEXAS
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AM26C31C, AM26C31I
QUADRUPLE DIFFERENTIAL LINE DRIVERS

PARAMETER MEASUREMENT INFORMATION

IV ————
et __/——\_
ov

X 90%

Output 90%
10%

(Ditferential) 10%. /1 !
i |

t |
|
— tp tp B |e—

Figure 4. Differential Rise and Fall Times

B Tixas
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AM26C32C, AM26C32|
QUADRUPLE DIFFERENTIAL RECEIVERS
JANUARY 1992

® Meets EIA Standards RS-422-A, RS-423-A, D OR N PACKAGE
and CCITT Recommendation V.11 (TOP VIEW)
® Low Power, Icc =9 mA Typ (1 U 16l] Voo
® :7-V Common-Mode Range With +200-mV 1a[l2 15]] 4B
Sensitivity Yhs  14]J4A
G[|a 13[] 4y
® Input Hysteresls...60 mV Typical 2Y[]s 12f] G
2A Y
* tpd=19ns (Typ) 2BE3 3332;\
® Operates From a Single 5-V Supply GND[] 8 9(] 38

¢ 3-State Outputs
* Input Fall-Safe Circultry
* Improved Replacement for AM26LS32

description

The AM26C32C and AM26C32I are quadruple line receivers for balanced and unbalanced digital data
transmission. The enable function is common to all four receivers and offers a choice of active-high or active-low
input. Three-state outputs permit connection directly to a bus-organized system. Fail-safe design ensures that
if the inputs are open, the outputs will always be high.

The AM26C32 is manufactured using a BICMOS process, which is a combination of bipolar and CMOS

transistors. This process provides the high-voitage and current of bipolar with the low power of CMOS to reduce
the power consumption to about one-fifth that of the standard AM26LS32 while still maintaining ac and dc

performance.
The AM26C32C is characterized for operation from 0°C to 70°C and the AM26C321 is characterized from
—40°C to 85°C.
FUNCTION TABLE
(each receiver)
DIFFERENTIAL | ENABLES ouTRUT
INPUT G G
H X H
ViD= VTH X L H
H X ?
VIL=VID=VTH | L 2
H X L
VID=VTH + | L L
X L H z
H = high level, L =low level, X = irrelevant
Z = high impedance (off), ? = indeterminate
PROOUCTION DATA Imoml tion | ;uulnn
ontare 0 spucicalon ot of Toasy instiuments siunds

prramater
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AM26C32C, AM26C32I
QUADRUPLE DIFFERENTIAL RECEIVERS

logic symbolt logic dlagram (positive logic)
4
il d2d >
& 12 EN ey
I C 2
2 0 b 1A
1A vl—2 v 1 -
AN 1B
18 5 ’
2A . o
7N
28 5 2y 2A 15 oy
3A " .
ag 3y
14
4A 13 3A 1
a8 2 Y o L gy

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

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

Supply voltage, Vog (SB8 N 1) ...t e
Input voltage range, Vj: A or B inputs

GorGinputs ..

OUtPUL VORAEB, VO vttt it e e
OULPUE CUITENE, 10 ottt e e ittt e +25 mA
Continuous total power dissipation ............c.veiuiiiiiiiiiiiriiia See Dissipation Rating Table
Operating free-air temperature range, Ta: AM26C32C ...t 0°C to 70°C

AM26C32] .. —40°C to 85°C
Storage temperature FANGE .. .......vuten it enn ettt eaa e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ....................ocoivinnn, 260°C

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

DISSIPATION RATING TABLE

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

B Toas
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AM26C32C, AM26C32I
QUADRUPLE DIFFERENTIAL RECEIVERS

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Vcc 45 5 5.5 N
High-level input voltage, ViH 2 Vv
Low-level input voltage, Vi 0.8 \"
Common-mode input voltage, Vic 27 "
High-level output current, ioH -6 mA
Low-level output current, gL 6 mA
I ] | AM26Cazc 0 70
Operating free-air temperature, Ta ]AMZGCSZ( 70 3 °C

electrical characteristics over recommended ranges of Vcg, Vg,
temperature (unless otherwise noted)

and operating free-air

PARAMETER TEST CONDITIONS MIN TYPT  mAx| uniT
VTH Differential input high-threshold voltage | Vg = Vgymin,  IgH = —440 pA 0.2 \
VTL Differential input low-threshold voltage | Vo = 0.45V, loL = 8 MA —0.2¥ \
Vhys _ Hysteresis, V1, - V- 60 mV
VIK Enable input clamp voltage Vce = MIN, lj=-18 mA -15 \
VoH  High-level output voltage Vip=200mV, loH=-6mA 2.7 \
VoL  Low-level output voltage Vip=-200mV, lgL=6mA 0.2 0.3 \
Off-state (high-impedance-state)
loz output current Vo = Ve or GND 0.5 =5 HA
Vi=HV, Other input at 0 V 1.5
. Line input current Vi=-10V, Other input at 0 V. 5] ™
iH High-level enable current Vj=27V 20| pA
h Low-level enable current V=04V -100 pA
fi Input resistance One input to ac ground 17 kQ
All outputs disabled 9 14
lcc  Supply current Vee =MAX 4 outputs enabled 12 mA

switching characteristics over recommended ranges of Vg, Vic,
temperature (uniess otherwise noted)

and operating free-air

PARAMETER TEST CONDITIONS | MIN_TvyPt — maX] UNIT
tpLH  Propagation delay time, low-to-high-level output Fi 10 19 30 ns
tpHL  Propagation delay time, high-to-low-level output See Figure 1 10 19 30 ns
1 Output fall time . 4 9 ns

— See Figure 1
ty Output rise time 4 9 ns
tpzH  Output enable time to high level 13 22 ns
" See Figure 1
tpzi.  Output enable time to low level 13 22 ns
tpHz  Output disable time from high level 13 22 ns
- - See Figure 1
tpz _ Output disable time from low level 13 22 ns

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

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

only.

TEXAS
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AM26C32C, AM26C32I
QUADRUPLE DIFFERENTIAL RECEIVERS

PARAMETER MEASUREMENT INFORMATION

Test Point Vee
s1
From Output o)
Under Test RL=1kQ
Cy =50 pF
(see Note A) Sk

(see Note B)

S2

TEST CIRCUIT

“ . 5ne _N )‘_‘5"‘

Enabl ——————
na o ; Yo 3v
10%, : 13V
|
|

|
i ov
||
||

I
|
(see Note C) :

l
| |
Il
| »
e T
Enablo o,

10% 10% 4________ oV

tpzH —ﬂ——N ;osv

|
' Tk o
13V } -14V

<?

S1 open
S2 closed |
Output tpHZ TP

S1closed
S2 closed

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

Figure 1

————— 425V
Input ov ov
]

i -25V
tp H-H——D" P tpHL
—= Vv
Output 1.3V {, 90% 90% |+1.3v on
10% 1 ; S1 and S2 closed : 10% VoL
tr—> — e

VOLTAGE WAVEFORMS FOR tp| 4, tPHL
<5ns —N N— s=5ns

Enuble P, 3v
90% 90% '\
10-/ 1.3 1.3v 10%

1
o
I

I

90% (I ‘ 90%
En(._;.,., 13vx&! e 13V

i
‘h
(see Note C) :H
lI
I

—————=ovV
tPzL “T'—" ' ’ » Siclosed
‘ PL2 l S2 closed

o5V

Output  S1 closed
S2 open

1.3V _j‘/i-mv

—— — V,
§ Vo
VOLTAGE WAVEFORMS FOR tp( 7, tpzL
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AM26LS31C

QUADRUPLE LINE DRIVER
MAY 1990
® Meets EIA Standard RS-422-A D, J, OR N PACKAGE
(TOP VIEW)
* Operates From a Single 5-V Supply T
* TTL Compatible 11 16l Veo
1Y [} 2 15[] 4A
®* Complementary Outputs 12 3 1a]] 4y
ENABLEG[|4  13[] 4z
. - —_—
glghdg'utput Impedance in Power-Off 22(]s 12] ENABLE G
onditions 2y(]e 11{] 32
¢ Complementary Output Enable Inputs 2a}7 10f] 3Y
GND[] 8 of] 3A
description
The AM26LS31C is a quadruple complementary- FUNCTION TABLE (EACH DRIVER)
output line driver designed to meet the
requirements of EIA Standard RS-422-A and 'NZUT '—-Z—Néﬁésf %UTPUTZS
Federal Standard 1020. The 3-state outputs have H H X H L
high-current capability for driving balanced lines L H X L H
such as twisted-pair or parallel-wire transmission H X L H L
lines, and they provide a high-impedance state In L X L L H
the power-off condition. The enable function is X L H Z z
common to all four drivers and offers the choice of H = high level
an active-high or active-low enable input. Low- L = low level

X = irrelevant

ower Schottky  circuit reduces +power
P Y i P Z = high Impedance (off)

consumption without sacrificing speed.
The AM26LS31C is characterized for operation
from 0°C to 70°C.

logic symbolt
x1
4
G —12—— EN
& — I
) C
> 2
- v M
v 4z
6
o 7 —
I~ 5
10
3A L 1" v
IV
14
PP w
I~ 7 4z

1 This symbol is In accordance with ANSIIEEE Std 91-1984 and IEC
Publication 617-12.

PHOUUCTION DATA information Is curtent 38 of publication date Producly
conloim Yo speciiications per 1ne erme ol Texes Inyirumenty vandard
wstranty. Production piacessing B0 nol necessariy Inciudt testing of ol
parametary
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AM26LS31C
QUADRUPLE LINE DRIVER

logic diagram (positive logic)

G
12
G 2
1 1Y
1A — 3 7
1
[
6
7 2y
2A 5
2z
q
10
9 3y
| — 1
T 3z
14
15 ay
aA 13
' az

schematic (each driver)
INPUT A

v | T

22kQ

T?L

T
LE
e ]

° J\l h 4 o ;-J Y v

OUTPUT ¥ 1¢

| COMMON TO ALL FOUR DRIVERS ]
v ‘ |
22
22kQ TO THREE
ka J OTHER
J v DRIVERS
I ENABLE I ) v I
= Ead gl
' ENABLE €—->i ::1_] ) 4 ]
G (g 1
X X A 4 ) 2 l

All resistor values are nominal.
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AM26LS31C
QUADRUPLE LINE DRIVER

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

Supply voltage, Vo (S8 NOte 1) .o u it
Inputvoltage ................... . F
Output off-state voltage ..... . e,
See Dissipation Rating Table

Continuous total dissipation

55V

Operating free-alr temperature range . ........o.vuvieiriiien it ain, 0to 70°C
Storage temperature TANGE ... .. ..vueie ittt ie e i - 65to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ..................... 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D.or N package ................ 260°C
NOTE 1: All voltage values, except differential output voltage VQp, are with respect to network ground terminal.
DISSIPATION RATING TABLE
Ta=25°C DERATING FACTOP Ta=70°C
PACKAGE |
POWER RATING ABOVE Tp = 25°C POWER RATING |
D 950 mW 7.6 mW/°C 608 mW !
J 1025 mw 8.2mwW/°C 656 mW }
N 1150 mw 9.2 mW/°C 736 MW |
recommended operating conditions
MIN NOM MAX | UNIT
Supply voltage, Vcc 4.75 5 525 Vv
High-level input voltage, V|4 2 Vv
Low-level input voltage, V| 0.8 \
High-level output current, IoH -20|] mA
Low-level output current, o 20 mA
Operating free-air temperature, Tao 0 70 °C

* 1,

EXAS
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AM26LS31C
QUADRUPLE LINE DRIVER

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

PARAMETER TEST CONDITIONS MmN TYpT  mAx] uniT
VIK Input clamp voltage Vece =475V, |j=-18mA -15 \
Vor High-level output voltage Vec =475V, oK =-20mA 25 \
VoL Low-level output voltage Voe=4.75V, Ig =20 mA 0.5 \
loz Off-state (high-impedance-state) output current Vcc =475V [vo-05v -2 HA
Y [vg=25Vv 20
] Input current at maximum input voltage Vec =525V, V=7V 0.1 mA
M High-level input current Vecc =525V, Vj=27V 20| pA
i Low-level input current Vec =525V, V=04V -036] mA
los Short-circuit output current¥ Vce =525V - 30 -150 mA
lcc Supply current Vg =5.25V, Al output disabled 32 80 mA
1 All typical values are at VGG = 5 V and Tp = 25°C.
# Not more than one output shauld be shorted at a time, and duration of the short circuit should not exceed one second.
switching characteristics, Voc =5V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
1PLH Propagation delay time, 14 20 ns
low-to-high-level output
Propagation delay time, CL=30pF,  See Figure 1 S1 and S2 open
'PHL  high-to-low-level output I
igh-to-low-level outp
Output-to-output skew 1 6 ns
tpzH  Output enable time to high level C=30pF, R =75Q, See Figure 1 25 40 ns
tpzL  Output enable time to low level CL=30pF, R _=180Q, See Figure 1 37 45 ns
tpHz  Output disable time from high level Ci = 100F ) 21 30 ns
tpLz _ Output disable time from low level L= 10P"  SeeFigure 1,  S1andS2closed 23 35| ns
TeExas
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AM26LS31C
QUADRUPLE LINE DRIVER

PARAMETER MEASUREMENT INFORMATION

—————— - 3V
inputA 1.3V 13V
| ov

|
(See Note B) | le——>— tpHL

& tpLy —H
1 — ——— VoH
outputy ! | 15V
| \"7
I Skow—te» | Skew—e oL

tPHL —;‘——’: — tPLH ——b{
|

)\ -1y Vou
Output Z 15V
)

VoL
PROPAGATION DELAY TIMES AND SKEW

Enable G — — — — —
-\ v
16V (See Note C) ;J‘ 15Vv
/| N — — — —ov
|

Enable G —
— tpzL — tpLz
PzL T asv | §1 Closed
Ny - i | S2 Closed
Waveform 1 | S1Closed 1.5V ~15V
(See Note D) | s20pen __1‘__7(:3;: VoL
{ [ sV
— tpzy —¥ tpHz ¢ ’j 05V
I I
Waveform 2 S10pen | —— &I ——— Vlo;tv
15V ~1.
(See Note D) S2Closed A 15V oV $1 Closed
S2 Closed
ENABLE AND DISABLE TIMES
VOLTAGE WAVEFORMS
Test Point Vee
180 Q

From Output
Under Test

CL 750

(5e0 Note E) |

o

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

m

Figure 1. Switching Times

® 1
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AM26LS31C

QUADRUPLE LINE DRIVER
TYPICAL CHARACTERISTICS
OUTPUT VOLTAGE OUTPUT VOLTAGE
vs vs
ENABLE G INPUT VOLTAGE ENABLE G INPUT VOLTAGE
4 T T U T T
Vec =525V 'l;A = 70“;‘
Vec=5V | e T [
Vee =475V ( o
3 3 Ta=0C
> > o
! i Ta=25C |y
o o
3 2
S 2 2 2
§ 5
£ £
? ? Vec=5V
o Load =470 Q o Load =470 Q
> 1~ to Ground > 1~ to Ground
See Note 2 See Note 2
Ta=25°C
0 J 0 Z
[} 1 2 3 o 1 2 3
V|~ Enable G Input Voitage - V V|~ Enable G Input Voltage — V
Figure 2 Figure 3
OUTPUT VOLTAGE OUTPUT VOLTAGE
vs vs
ENABLE G INPUT VOLTAGE ENABLE G INPUT VOLTAGE
6 T T T 6 T T
Vec =525V Load =470 Qto Vco Vee=5V
Ta=25°C =
Vcc=5V A Load = 470 Qto Voe
5 Voo a75V See Note 3 5 See Note 3
> > Ta=70°C
0 \ : | |
) 4 & 4 [ ]
s 2
s \\ 3 Ta=25°C \
5 3 5 3
2 g I
3 2 Tp=0C \7r\
| |
’ 2 \ ” 2 \ \
1 1 \ \
0 (]
0 1 2 3 o 1 2 3
V|~ Enable G Input Voltage - V V- Enable G Input Voltage - V
Figure 4 Figure 5
NOTES: 2, The A input is connected to V¢ during the testing of the Y outputs and to ground during testing of the Z outputs.

3. The Ainput is connected to ground during the testing of the Y ouputs and to Vo during the testing of the Z outputs.

B 1
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AM26LS31C

QUADRUPLE LINE DRIVER
TYPICAL CHARACTERISTICS
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE HIGH-LEVEL OUTPUT CURRENT
5 3
Vec=5V \\ | l
> See Note 2 . < T~ Vec =525V
| i N~ | <& - Vec=sv
g 4 » < ™~ /~< Voo =475V
s IoH =—20 mA g 3 S
° e S ™~ >< \
: L —t 2 T~
;‘ 3 =] IoH=~40mA ] 2 \\\
o g \
= = 2 —
g g
i 2 3
5 5
T T
i | 1
5 ! 5 Ta =25°C
A=
> > See Note 2
0 L
0 25 S0 75 0 -20 —40 60 -80 -100
Ta - Free-Air Temperature — °C IoH ~ High-Level Output Current - mA
Figure 6 Figure 7
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE LOW-LEVEL OUTPUT CURRENT
0.5 - 1 T i
Vee=5V Ta =25°C
loL = 40 mA 091~ 5ge Note 3
> See Note 3 >
\ 04 | 08
Ll o
5 5 /
= s o7 /
> 3
3 03 5 06 //,/
5 2 Vec =475V /
3
] 3 05 g
s o -g os % Ve =525V
by : 3
H £ oa /
-
" T_, 02|44 -
0.1 -2 7
2 o v
0.1
0 [}
0 25 50 75 0 20 40 60 80 100 120
Ta - Free-Air Temperature — °C gL - Low-Level Output Current — mA
Figure 8 Figure 9

NOTES: 2. The A input is connected to Vg during the testing of the Y outputs and to ground during testing of the Z outputs.
3. The Ainput is connected to ground during the testing of the Y outputs and to Vg during the testing of the Z outputs.
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AM26LS31C
QUADRUPLE LINE DRIVER

Vo~ Output Voltage - V

TYPICAL CHARACTERISTICS

Y OUTPUT VOLTAGE
vs
DATA INPUT VOLTAGE

No Load
Ta =25°C
Ve =525V
veec=5V
Vec =475V
1 2 3

V| — Data Input Voitage - V

Figure 10

Vo- Output Voltage - V

Y OUTPUT VOLTAGE

vs

DATA INPUT VOLTAGE

No Load
Ta=25°C
Ta =70°C
f'; TA =0°C
Tp=25°C —f I

J

0 1

2

Vj - Data Input Voltage - V

Figure 11
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AM26LS32AC, AM26LS33AC, AM26LS32AM, AM26LS33AM
QUADRUPLE DIFFERENTIAL LINE RECEIVERS

SEPTEMBER 1986
® AM26LS32A Meets EIA Standards AM26LS32AC. AM26LS33AC . . . D, J. OR N PACKAGE
RS-422-A and RS-423-A AM26LS32AM. AM26LS33AM . . . J PACKAGE

(TOP VIEW)

® AM26LS32A Has +7-V Common-Mode

Range With +200-mV Sensitivity 18 ; 1 Uns ]VCC
1A L2 15{ 148
® AM26LS33A Has * 15-V Common-Mode 1v s 1a[]4A
Range With 500 mV Sensitivity 6Oa 30ay
® Input Hysteresis . . . 50 mV Typical 2y E 5 12[JG
) 2as  n[J3y
® Operates From a Single 5-V Supply 2817 10[] 3A
® Low-Power Schottky Circuitry GND (8 9[]3B
® 3-State Outputs AM26LS32AM, AM26LS33AM . . . FK PACKAGE
® Complementary Output Enable Inputs (TOP VIEW)
® Input Impedance . . ., 12 kQ} Min oo 8 o
-2 >
® Designed to Be Interchangeable With =
Advanced Micro Devices AM26LS32C and
AM26LS33C
description
The AM26LS32A and AM26LS33A are
quadruple line receivers for balanced and 10111213
unbalanced digital data transmission. The enable
function is common to all four receivers and 222888
offers a choice of active-high or active-low input. o
Three-state outputs permit connection directly NC—No internal connection

to a bus-organized system. Fail-safe design
ensures that if the inputs are open, the outputs

e b i
ys be high.

it ot
Wil &1

Compared to the AM26LS32C and the AM26LS33C, the AM26LS32A and AM26LS33A incorporate an
additional stage of amplification to improve sensitivity. The input impedance has been increased resulting
in less loading of the bus line. The additional stage has increased propagation delay; however, this will
not affect interchangeability in most applications.

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

FUNCTION TABLE (EACH RECEIVER)

DIFFERENTIAL ENABLES
- ouTPUT
INPUT G G
v v H X H
=
1D TH % L H
v v v H X ?
s
TL = ViD TH X L )
v v H X L
=
1D TL X L L
X L H 4
H = high level, L = low level, X = irrelevant
Z = high impedance (off), ? = indeterminate
PRODUCTION DATA information (s current a8 of publication date Products
conform 1o specifications per the terms of Texss Instruments slandard
warranty Production processing doss not necessarlly Includs testing of ail »

prrameters
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AM26LS32AC, AM26LS33AC, AM26LS32AM, AM26LS33AM

QUADRUPLE DIFFERENTIAL LINE RECEIVERS

logic symbolt

7
28 ——B'“))
A 19|

3B 19)
Q4

ap 150

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

IEC Publication 617-12.

(3

(an

(13)

Pin numbers shown are for D, J, and N packages.

schematics of inputs and outputs

logic diagram (positive logic)

6) 2y

1
[ OV 5y

13) ay

EQUIVALENT OF EACH
DIFFERENTIAL INPUT

Vee ————
20 Kk} 960 “!!
NOM NOM
INPUT —AM——— _——
960 0
NOM Y

Vee

ENABLE

EQUIVALENT OF EACH ENABLE INPUT

8.3 k0
NOM

TYPICAL OF ALL OUTPUTS

—_——— ———

— Vee
851N
) NOM

OUTPUT

J$Txams

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

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

AM26LS32AC AM26LS32AM UNIT
AM26LS33AC AM26LS33AM
Supply voltage, Vcc (see Note 1) 7 7 \2
Input voltage, any differential input +26 +25 A\
Differential input voltage (see Note 2) +25 +25 \Y%
Continuous total power dissipation See Dissipation Rating Table
Operating free-air temperature range 0 to 70 -551t0 125 °C
Storage temperature range 65 to 150 - 65 to 150 °C
Lead temperature 1,6 mm (1/16 inch) D or N package 260 oc
from case for 10 seconds
Case temperature for 60 seconds FK package 260 °C
Lead temperature 1,6 mm (1/16 inch) J package 300 200 ¢
from case for 60 seconds

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.
2. Differential voltage values are at the noninverting (A) input terminals with respect to the inverting (B) input terminais

DISSIPATION RATING TABLE

PACKAGE Ta s 256°C DERATING FACTOR Ta = 70°C TA = 125°C
POWER RATING ABOVE Tp ~ 25°C POWER RATING POWER RATING
o] 950 mw 7.6 mW/°C 608 mw -
FK 1376 mW 11.0 mw/°C 880 mW 275 mW
J (C-SUFFIX) 1025 mwW 8.2 mwW/°C 656 mwW -
J (M-SUFFIX) 13756 mwW 11.0 mwreC 880 mwW 275 mW
N 1150 mW 9.2 mw/°C 736 mW —
recommended operating conditions
AM26LS32AC AM26LS32AM
AM26LS33AC AM26LS33AM UNIT
MIN NOM MAX MIN NOM MAX
Supply voltage, Vo 4.75 5 5.25 4.5 5 5.5 \
High-level input voitage, Vi 2 2 v
Low-level input voltage, V|| 0.8 0.8 Vv
. LAMZGLS:!ZAC. AM26LS32AM +7 +7
Common-mode input voltage, V|c \
[ AM26LS33AC, AM26LS33AM +15 +15
High-level output current, Igy -440 ~440 nA
Low-level output current, Ig 8 8 mA
Operating free-air temperature, T 0 70 | -55 125 °C

Texas
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AM26LS32AC, AM26LS33AC, AM26LS32AM, AM26LS33AM
QUADRUPLE DIFFERENTIAL LINE RECEIVERS

electrical characteristics over recommended ranges of VCC, V|C. and operating free-air temperature
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
Differential input AM26LS32A 0.2
Vv Vo =V in, 1 = —440 4A v
TH  Ligh-threshold voltage 0 = Voumn. loH KA TAM26LS33A 0.5
Differential Input AM26L532A | -0.2¢
Vi Vo = 045V, ! = A \2
TL low-threshold voltage ° oL=-8m AM26LS33A_| 057
Vhys Hysteresis, VT4 - vy_ % 50 mv
VIK Enable input clamp voltage Vce = MIN, Ip = -18 mA -1.5 \
) vee = MIN, Vip =1V, '32AC, '33AC | 2.7
Vi High-level output voltage - \
oH o utput voliag ViG) = 0.BV. Ioy = 440 4A | ‘32AM, '33AM| 2.5
Vee = MIN, Vip= -1V, oL = 4 mA 0.4
Vi Low-level output voltage v
oL ow-level outpu ag! Vi) = 0.8V oL = 8 mA 0.45
Oft-state (high-impedance-state) Vo = 24V 20
I Vi = MAX A
0z output current cc Vo = 0.4V - 20 s
. V=15V, Other input at —10 V to 15 V 1.2
I Line input current mA
Vi = -15V, Other input at —15 V to 10 V -1.7
IiteN) Enable input current V=556V 100 rA
hH High-level enable current Vi =27V 20 uA
WL Low-level enable current V) =04V -0.36 mA
f Input resistance Vic = =15V to 15 V, One input to AC ground 12 15 134
l0s Short-circuit output current 1 Vee = MAX -15 - 85 mA
Icc Supply current Vee = MAX, All outputs disabled 52 70 mA

TAll typical values are at Vo = BV, Tpo = 26°C, and V|c = 0.

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

SHysteresis is the difference between the positive-going input threshold voltage, VT 4, and the negative-going input threshold voltage,
VT -. See Figures 10 and 11.

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

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

PARAN[ETER TEST CONDITIONS MIN TYP  MAX UNIT

1 P tion delay time, low-to-high-level output 20 35

PLH nmpaga !on o8y l fa)/eve outey CL = 16 pF, See Figure 1 Ul
tpHL  F 1 delay time, high-to-low-level output 22 35 ns

le t to high level 7

tpzH  Output enable !me o high level CL = 15 pF, See Figure 1 1 22 ns
tpzL  Output enable time to low level 20 25 ns
tpHz  Output disable time from high level 21 30 ns

C_ = 5 pF. See Figure 1
tpLz  Output disable time from low level 30 40 ns

Texas
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AM26LS32AC, AM26LS33AC, AM26LS32AM, AM26LS33AM
QUADRUPLE DIFFERENTIAL LINE RECEIVERS

PARAMETER MEASUREMENT INFORMATION

TEST

Vee
POINT

-~ 81
FROM OUTPUT
UNDER TEST (See Note B)
T <
2 5k
(See Note A} <
=2
TEST CIRCUIT
—» |¢—=sbns —» M—-sbns
ENABLE 90% v
G 13V 13v
10%
| | 1 ov
| | (See Note C) | | |
90% X!
13v X |
ENABLE iy LA

tpzH—j¢—H
|

S$1 open

s2 closed A 13V =14V

tpHz —H— $1 closed

$2 closed

OUTPUT

VOLTAGE WAVEFORMS FOR tpHz. tpzH

NOTES: A. C_ includes probe and jig capacitance.
B. All diodes are 1N3064 or equivalent.

C. Enable G is tested with G high; G is tested with G low.

INPUT

OUTPUT

§1 and S2 closed VoL

VOLTAGE WAVEFORMS FOR tpLH. tpHL

—» M-s6ns —» MK-s5ns

ENABLE
G

1.3V
ENABLE o ——ov
G 2L S1 closed
| S2 closed
tPLZ ~j—> ~14v
QUTPUT . J
S1 closed - T -
$2 open 05 v—‘F VoL

VOLTAGE WAVEFORMS FOR tpLz. tPZL

FIGURE 1

3 1
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AM26LS32AC, AM26LS33AC, AM26LS32AM, AM26LS33AM
QUADRUPLE DIFFERENTIAL LINE RECEIVERS

VoH—High-Level Output Voltage -V

VoL —Low-Level Output Voltage —V

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE
vs
HIGH-LEVEL OUTPUT CURRENT

HIGH-LEVEL OUTPUT VOLTAGE

vs
FREE-AIR TEMPERATURE

5 T T 1 5
Vip =02V
Ta = 25°C >
a 5 o
\ § —
N 5
3 \\\ g 3
N Vce = 5.25 V 9', R
2 B | 2 b
\Q tVec = 5V =]
Vee = 476V NN s
. I
1 k\ L 1fvec =5V
N S |vio=o2v
N IoH = —440 4A
0 A\ ol 1 1
0 -1 -20 -30 -40 -50 0O 10 20 30 40 50 60 70 80

ioH—High-Level Output Current—mA
FIGURE 2
LOW-LEVEL OUTPUT VOLTAGE

vs
LOW-LEVEL OUTPUT CURRENT

TA—Free-Air Temperature — °C

LOW-LEVEL OUTPUT VOLTAGE

FIGURE 3

vs
FREE-AIR TEMPERATURE

02| A&

0.6 T 0.5
Ve =5V /
TA = 25°C >
0.5 / !
/ g 04
o
‘_-; —
0.4 >
3 03—+
0.3 // 3
®
2 02 ——f—1-
3
3
o
-l
L
o
>

01tVec =5V -

Vip = -0.2V
loL = 8 mA
0 ol 1 1 J
0 5 10 15 20 25 30 0 10 20 30 40 50 60 70 80

IgL—Low-Level Output Current—mA

FIGURE 4

Ta—Free-Air Temperature — °C

FIGURE 5
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AM26LS32AC, AM26LS33AC, AM26LS32AM, AM26LS33AM
QUADRUPLE DIFFERENTIAL LINE RECEIVERS

vs

TYPICAL CHARACTERISTICS
OUTPUT VOLTAGE

ENABLE G VOLTAGE

OUTPUT VOLTAGE

vs

ENABLE G VOLTAGE

r . 5 -
Vip = 0.2V [ Vec =5V
- Ta = 25°C t Vip =02V
Load = 8 k Vge = 55V Load = 8 kQ to ground
- oc~Ta = 26°C
to ground Ta = 70°C
> Vee = 5V >
. — ° T =
g Vece = 45V g sl T = 0°C |
3 3 ‘
> > [
- -
3 3
g g
3 5 2
g ;
(=] o
> >
1
0
0 0.5 1 1.6 2 25 3 0 0.5 1 1.5 2 2.5 3
Enable G Voitage—V Enable G Voltage—V
FIGURE 6 FIGURE 7
OUTPUT VOLTAGE OUTPUT VOLTAGE
vs vs
ENABLE G VOLTAGE ENABLE G VOLTAGE
6
Vge = 65V Vee =5V
- Vip= -0.2V Vip= -02V
Vee 5V Ta = 25°C 5 Load = 1 k@ to Ve
> Vcc = 45V |lLoad = 1 k0 to Vcc >
|
|
E G Ta = 25°C | ¢~ Ta = 0°C
s z |
5 3 3 T 1
3 5 TA = 70°C ¥
3 (<]
(=]
| v 2
o
> s
1
0
0.5 1 1.6 2 2.6 3 0 0.5 1 15 2 2.5 3
Enable G Voltage—V Enable G Voltage—V
FIGURE 8 FIGURE 9
% TExas
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AM26LS32AC, AM26LS33AC, AM26LS32AM, AM26LS33AM
QUADRUPLE DIFFERENTIAL LINE RECEIVERS

Vo —Output Voltage—V

TYPICAL CHARACTERISTICS

AM26LS32A AM26LS33A
OUTPUT VOLTAGE OUTPUT VOLTAGE
vs vs
DIFFERENTIAL INPUT VOLTAGE DIFFERENTIAL INPUT VOLTAGE
5 5
Vce =6V Ve =6V lop=0 Ta = 25°C
Y T f
Ta = 26°C
4 A a4 VeC = ——Vic Vic=
ic=|Vic=] Vic= > ~-15V ov 15V
~7V{OVI{7V |o 4 4
3 'R 'S 4 g 5 |
vVr-lvr+ivr, Vi- VT+ E V- (o 2
A\ ~ 1 |
2 VT + VT+ vT+
2 g 2
|
o
>
1 1
(] 0
-200 -150-100-50 0 B0 100 150 200 -200-150-100-50 0 50 100 150 200
Vip—Ditferential Input Voltage—mV Vip—Differential Input Voltage—mV
FIGURE 10 FIGURE 11
INPUT CURRENT
vs
INPUT VOLTAGE
4
3 \ N
. N
E
U ;/
€ /
S w
£ N §\),,%\ $5, <
- oV %/ \ “ ? 3 by
3 C - A ® @ O
% -1 NG 4 ¢ a g<
T .® R
o e \ Begt
= 20— R S ES s
c 2 -«
4 ESQ
\ c o
-3 Y 35 - 94
NN
_a NN \ e

-25-20-156-10-5 0 6 10 15 20 26
Vi—Input Voltage—V

FIGURE 12
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AM26LS32AM, AM26LS33AM, AM26LS32AC, AM26LS33AC,
QUADRUPLE DIFFERENTIAL LINE RECEIVERS

APPLICATION INFORMATION

% AM26LS31C % AM2uLS32AC
4 ¢
2 7
DATA B4 DATA
N Rre e out
{ L
§ —
% AM26LS32AC % AM26LS33AC
DATA DATA
out out
b ¢ * —1

*RT equals the characteristic impedance of the line.

FIGURE 13. CIRCUIT WITH MULTIPLE RECEIVERS

3 1
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MC3486

QUADRUPLE LINE RECEIVER WITH 3-STATE OUTPUT

SEPTEMBER 1986

Meets EIA Standards RS-422-A and
RS423-A and Federal Standards 1020 and
1030

3-State, TTL-Compatible Outputs
Fast Transition Times
Operates from Single 5-V Supply

Designed to be Interchangeable with
Motorola MC3486

description

The MC3486 is a monolithic quadruple
differential line receiver designed to meet the
specifications of EIA Standards RS-422-A and
RS-423-A and Federal Standards 1020 and
1030. The MC3486 offers four independent
differential-input line receivers that have TTL-
compatible outputs. The outputs utilize 3-state
circuitry to provide a high-impedance state at
any output when the appropriate output enable
is at a low logic level.

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

The MC3486 is characterized for operation from
0°C to 70°C.

logic symbol ™

1.2EN Ll EN

12) o
—_— B3,y
18 10 A

6
2a 8| 5)
28 1) —

2y

3.aen 22 _fey

10
3a U0 | o “an
3 191

14)
an 18 (13)

P ay
a8 (15)

TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and

IEC Publicetiop 617-12.

D, J OR N PACKAGE

(TOP VIEW)
18[‘ 16 vVee
1Az s{Jae8
(s  a[daa
1.2eN[Ja  13[Jay
2y []s  12[J3.4EN
2a(]e n1[d3y
28(]7 w[J3a
GND (8 9[]38

FUNCTION TABLE (EACH RECEIVER)

DIFFERENTIAL INPUTS | o o [OUTPUT
AB Y
Vip > 02V H H
“02V < Vip <02V H ?
Vips 02V H L
Irrelevant L Z

H = highlevel. L = low level, Z = high-impedance
{otf), ? = indeterminate

logic diagram (positive logic)

PRODUCTION DATA informalion Is current s of

conform to apecitications per the ferms of
warranty P1aduction processing does not necy

pacametars

publication date Producls
inatr "
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MC3486

QUADRUPLE LINE RECEIVER WITH 3-STATE OUTPUT

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT EQUIVALENT OF OUTPUT ENABLE TYPICAL OF ALL OUTPUTS
EXCEPT OUTPUT ENABLE

Vee —_—
Vee -

$ 8.3k

2 NOm

16.8 ki
NOM
INPUT —A———4 _ OUTPUT

ENABLE -

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

Supply voltage, VCC (s€e Note 1) .. .o 8V
Input voltage, A or Binputs . .. .. ... . e +15V
Differential input voltage (see Note 2) .. ........ ... ...t innniiinnennnn +25V
Enable input voltage . . ... ... .. ... e 8V..
Low-level output CUMTENT . . . . . . . 50 mA
Continuous total power dissipation . . .. ............ ... ......... See Dissipation Rating Table
Operating free-air temperature range . . . .. ...ttt 0°C to 70°C
Storage temperature range . . .. ... ...ttt . —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package . . ....... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package . ............ 300°C

NOTES: 1. All voltage values, except differential-input voltage, are with respect to network ground terminal.

2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input.

DISSIPATION RATING TABLE

PACKAGE Ta s 26°C DERATING FACTOR Ta = 70°C
POWER RATING ABOVE Tp = 25°C  POWER RATING
D 950 mwW 7.6 mw/°C 608 mwW
J 1025 mW 8.2 mw/°C 656 mwW
N 1150 mW 9.2 mw/°C 736 mW
recommended operating conditions
MIN NOM MAX UNIT
Supply voltage, Ve 4,75 5 5.25 \
Common-mode input voltage, V|c +7 \Y
Differential input voltage, Vip +6 \%
High-level enable input voltage, V|4 2 \%
Low-level enable input voltage, V| 0.8 \%
Operating free-air temperature, Ta [ 70 °C

3-30
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MC3486
QUADRUPLE LINE RECEIVER WITH 3-STATE OUTPUT

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

PARAMETER TEST CONDITIONS MIN MAX UNIT
VT Differential-input high-threshold voltage| Vo = 2.7 V, lop = -0.4 mA 0.2 \%
VyL  Differential-input low-threshold voltage | Vg = 0.5 V, lp = 8mA -02' v
ViK Enable-input clamp voltage I} = -10 mA - 1.5 \
VoH High-level output voitage \S/L[: JO:"AJ \:'nd FI;?J'631_0'4 mA, 27 v
VoL Low-level output voltage Vip = -04V, g = 8mA, 0.5 v
See Note 3 and Figure 1
loz High-impedance-state output current ViL = 0.8 V. Vip = -3V. Vo = 27V 40 nA
ViL=08V, Vp=3V, Vg=05V - 40
Vi= -10V ~3.25
[T} Differential-input bias current Vee = 0Veor 5.25 v, Viz 3V - 1.5 mA
Other inputs at 0 V V) =3V 1.5
V| = 10V 3.25
4 High-level enable input current Vi =525V 100 1 A
Vi =27V 20
he Low-level enable input current V) = 0.5V - 100 A
los Short-circuit output current Vip = 3V, Vg = 0. See Note 4 - 15 -100 mA
lcc Supply current Vig = 0 85 mA

1 The algebraic convention, in which the least positive (most negative) limit is designated as minimum, is used in this data sheet for threshold

voltages only.
NOTES: 3. Refer to EIA Standards RS-422-A and RS-423-A for exact conditions.
4. Only one output at a time should be shorted.

switching characteristics, VCC = 5V, TA = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

t Pr delay time, high-to-low-level output 28 35 ns
PHL A 9 i CL = 15 pF, See Figure 2

tpLH  Propagation delay time, low-to-high-level output 27 30 ns
tpzH  Output enable time to high level 13 30 ns
1 QOutput enable time to low level 20 30 ns
Pzl P - CL = 15 pF, See Figure 3 —

tpHz  Output disable time from high level 26 35 ns
tpLz  Output disable time from low level 27 35 ns

Texas
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MC3486
QUADRUPLE LINE RECEIVER WITH 3-STATE OUTPUT

PARAMETER MEASUREMENT INFORMATION

500 Q

loH
(-

Vou

i

FIGURE 1. VOH. VoL

GENERATOR OUTPUT
(See Note A) 810
[
CL = 15 pF
= (See Note B) —ditrinpe— e
| —— -von
15V |
— 1.3V
- ouTPUT
2v VoL
TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 2. PROPAGATION DELAY TIMES

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, t; < 6 ns,
tf < 6 ns.
B. Ci includes probe and stray capacitance.

B Tivas
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MC3486
QUADRUPLE LINE RECEIVER WITH 3-STATE OUTPUT

PARAMETER MEASUREMENT INFORMATION

————————
SW1 | |
-18v ouTPUT
| sw2
1.6 V—~0 ! 2k
o—5V
| | P
| | $ 5k (See Note C)
| |
| |
| |
L J CL = 15 pF sSw3
GENERATOR - T T T T T (See Note B) 1
(See Note A) $61 0 = =
pd TEST CIRCUIT
tpzL
PZH 3v

SW1TO 15V INPUT
— —1.5V sw2 OPEN
SW3 CLOSED

- ——15V
SW1TO -15V

INPUT

—1l-° V' sw2 CLOSED
tpzL —¥

SW3 OPEN

—l—-——4.5V

OuUTPUT — =15V
Vou

ouTPUT

tPHZ tpLz
3v 3v 3v
SW1TO 1.6V INPUT 16V za; (T:(EO; 1[.)5 v
e ey SWa GLOSED ! sw3 cmsgo
| SW3 CLOSED | oy
|
Pz—  p—
v : ———13V
7
—— —13V oL

VOLTAGE WAVEFORMS
FIGURE 3. ENABLE AND DISABLE TIMES

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle ~ 50%, t; < 6 ns,
tf s 6 ns.
B. C( includes probe and stray capacitance.
C. All diodes are 1N916 or equivalent.
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MC3487

QUADRUPLE DIFFERENTIAL LINE DRIVER WITH 3-STATE OUTPUTS

SEPTEMBER 1986

® Meets EIA Standard RS-422-A and Federal

Standard 1027

3-State, TTL-Compatible Outputs

Fast Transition Times

High-Impedance Inputs

Single 5-V Supply

Power-Up and Power-Down Protection

Designed to Be Interchangeable with
Motorola MC3487

description

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

current and minimize loading.

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

D, J, OR N PACKAGE

(TOP VIEW)
1A L ‘GJVCC
1v 2 s[JaA
1z s 1] ay

126N [Ja  13[Jaz
2z [0s  12{]3.4EN
2y Qs w3z
2A (7 wo[J3y
GND |8 9| j 3A

the output enable is low. The outputs are capable of source or sink currents of 48 mA.

\
The MC3487 is designed for optimum performance when used with the MC3486 quadruple line receiver.

It is supplied in a 16-pin dual-in-line package and operates from a single 5-V supply.

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

logic symbolt

1,2en 2 EN
] (2
TN — Poop—
o p—=B 4z
6)
[} 2
28— (5) 57
s.aen 12 [y
10)
9 > o}—1%ay
3A iv >_.‘_11_’ 32
(14)
115) 4y
4 — (13)
I (3) 42

1t This symbol is in accordance with ANSI/IEEE Std 91-1 984 and

|EC Publication 617-12.

1,2EN

2A

4aA

logic diagram (positive logic)

(4)

(12) l:
]
© 1o oy,
(11) 2z
(15) 14y
(13)
az

¥ Tixas
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MC3487
QUADRUPLE DIFFERENTIAL LINE DRIVER WITH 3-STATE OUTPUTS

FUNCTION TABLE (EACH DRIVER)

OuTPUT OUTPUTS
INPUT
ENABLE Y Z
H H H L
L H L H
X L High-Impedance | High-impedance
H = TTL high level X = irrelevant
L = TTL low level

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Vcc——-—1>———~ -—- - Vee
2
INPUT —4 h 4
€l "
LY
,]F h 4 9 11 NOM
!! ouTPUT
L -~ _——
77

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

Supply voltage, VCC (see NOte 1) .. .. ... 8V
Input voltage . ... ... ... 5.5V
Continuous total power dissipation . . . .. ....................... See Dissipation Rating Table
Operating free-air teMPerature range . . . ... ... ....ou et uteteeunennnnnnnnnnn. 0°C to 70°C
Storage temperature range -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package . ............ 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and N packages . . ... .. 260°C
NOTE 1: All voltage values, except differential output voltage, VQp. are with respect to the network ground terminal.
DISSIPATION RATING TABLE
PACKAGE Ta = 25°C DERATING FACTOR Ta = 70°C
POWER RATING ABOVE Ty = 25°C POWER RATING
D 850 mW 7.6 mw/°C 608 mW
J 1026 mW 8.2 mw/°C 656 mwW
N 1150 mwW 9.2 mW/°C 736 mwW
recommended operating conditions
MIN NOM MAX UNIT
Supply voltage, Vo 4.75 5 5.25 \
High-level input voltage, V|4 2 \2
Low-level input voltage, V| 0.8 \4
Operating free-air temperature, Tp 0 70 °C
INSTRUMENTS
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MC3487
QUADRUPLE DIFFERENTIAL LINE DRIVER WITH 3-STATE OUTPUTS

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

PARAMETER TEST CONDITIONS MIN MAX UNIT
Vik Input clamp voltage Ip = ~18 mA -1.5 \
VoH High-level output voltage ViL = 0.8V, ViH = 2V, loH = -20 mA 2.5 4
VoL Low-level output voltage Vi =08V, ViH = 2V, loL = 48 mA 0.5 \
Vop: Differential output voltage R = 100 Q, See Figure 1 2 \
h nitude of
avgp Chense inmagnity : AL = 1000,  See Figure 1 04| Vv
differential output voltage
Voc Common-mode output vol(aga2 Ry = 100 0, See Figure 1 3 \%
Change in magnitude of .
alvog, Cnengein meg . | RL=1000 See Figure 1 04| v
common-mode output voltage
Vo =6V 100
[ t t with power off vV =0 A
le} Qutput current with pow: cC Vo = —0.25V o0 m
, High-impedance-state Output enables Vo = 2.7V 100
0z output curront 8t 0.8 V Vg = 0.5V 2100
Input current at maximum
I V) = 65V 100 uA
input voltage
IH High-level input current V=27V 50 HuA
T8 Low-level input current Vi =06V -400 WA
los Short circuit output current’ V=2V -40 -140 mA
Outputs disabled 105
Ice Supply current (all drivers) mA
Qutputs enabled, No load 85

Ta|Vopiand 41Voc! are the changes in magnitude of Vop and V(. respectively, that occur when the input is changed from a high

level to a low level
*in EIA Standard RS-422-A, Voc. which is the average of the two output voltages with respect to ground, is called output offset voltage, Vps.

§Onlv one output at a time should be shorted and duration of the short-circuit should not exceed one second.

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

PARAMETER TEST CONDITION MIN MAX | UNIT
tpLH  Propagation delay time, iow to-high-level output 20 ns
tpHL  Propagation delay time, high-to-low-level output C_L = 15 pF, See Figure 2 20 ns

Skew 6 ns
tTD Differential-output transition time Cp — 15 pF, See Figure 3 20 ns
tpzH  Output enable time to high level 30 ns
tpzL  Output enable time to low level T CL = 50 pF,  See Figure 4 30 ns
tpHz  Output disable time from high level 25 ns
tprz  Output disable time from low level ~ 30 ns

PARAMETER MEASUREMENT INFORMATION

T l 50 0
Voo —

\
I 3son |Voc
$

FIGURE 1. DIFFERENTIAL AND COMMON-MODE OUTPUT VOLTAGES

¥ 1
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MC3487
QUADRUPLE DIFFERENTIAL LINE DRIVER WITH 3-STATE OUTPUTS

PARAMETER MEASUREMENT INFORMATION

———————— 3v
INPUT 15V 15V
| ov

_———————— q 5V lﬂPLH-{ bo——d—tpy

]
I 200 2 + —— — Vou
1
' + w1 Y OUTPUT | s v 15V
GENERATOR 50 ' ! I : (.
| | | | Vou
|

(See Note A) Q 1CL = 15pF 1

| Skow fae : Sktw-f‘.’

PRt
e

A 1(See Note 8) ’:
av! 1 b k—-—'PHL—-i to—tp —e]
e - (Ses Note C) == | | Vo
z ouwurw
- — = -VoL
TEST CIRCUIT VOLTAGE WAVEFORM
FIGURE 2. PROPAGATION DELAY TIMES
p— Y
- lmtm—/___\~
100 2 ov
GENERATOR -
t —
(See Note A) | 8500 outeuT TOTH =T T e
1 Fe0% X!
3v c CL = 15 pF ouTPUT | l
= | P I (Ses Note B) 10%
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 3. DIFFERENTIAL-OUTPUT TRANSITION TIMES
F--—--- 1 5V
H ] ouTPUT
| | sw3 sw1 32000
Dor3v | -
! Ci =50 pF 1k ¥
(s % ¥ (Ses Note C)
GENERATOR (See Note B) v
(See Note A) =
o
{swz
TEST CIRCUIT =
ouTPUT 3V ouTPUT 3v
ENABLE 1.5V ENABLE 15V
INPUT 1 ov ov—/!
PHZ - o e PUT OV
! zosv ! SW1 closed
ouTe SV SW1 closed T s
uT ' SW2 closad outPuY T %Y sw2open
| ~15V I VoL
PLZh e ~15V PZH - e Vou
W1 cl d
OUTPUT- —//_ Io.svgm €losed ouUTPUT 15V SW1open
VoL SW2 closed

VOLTAGE WAVEFORMS
FIGURE 4. DRIVER ENABLE AND DISABLE TIMES

NOTES: A. The input pulse is supplied by a generator having the following characteristics: t;, < 5 ns, tf = 5ns, PRR < 1 MHz, duty
cycle = 50%, Z, = 50 Q

. Cy includes probe and stray capacitance.

C. All djodes are 1N916 or 1N3064

©
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SN65076B, SN75076B
DIFFERENTIAL BUS TRANSCEIVERS
JANUARY 1990

Bidirectional Transceiver

Designed for Multipoint Transmission in
Noisy Environments Such as Automotive
Applicationg
3-State Driver and Receiver Outputs
Individual Driver and Receiver Enables

® Wide Positive and Negative Iinput/Output
Bus Voltage Ranges

® Driver Output Capability. . . £ 10 mA Max

® Thermal Shutdown Protection
©® Driver Positive and Negative Current
Limiting

® Receiver Input Impedance . . . 12 kQ Min
® Receiver Input Sensitivity . . . £200 mV
@ Receiver Input Hysteresis . . . 50 mV Typ
® Operates from Single 5-V Supply
® Low Power Requirements

{escription

The SN..5076B and SN760768B differential bus
transceivers are monolithic integrated circuits
designed for bidirectional data communication
on multipoint bus transmission lines. They are
designed for noisy environments, where a low-
impedance termination to ground is required.

The SN65076B and. SN75076B combine a
differential line driver and a differential input line
receiver, both of which operate from a single 5-V
power supply. The receiver has an active-low
enable. The driver differential outputs and the
receiver differential inputs are connected
internally to form differential input/output (1/0)
bus ports that are designed to offer minimum
loading to the bus whenever the driver is disabled
or Vcc = 0. These ports feature wide positive
and negative common-mode voltage ranges
making the device suitable for party-line
applications.

D OR P PACKAGE
{TOP VIEW)

R Us vee
RE[]2 1JA
o(s e[J8
GND[Js  s[]GND

FUNCTION TABLE

(DRIVER)
INPUT OUTPUTS
D A B
H HoL
oL Lt Rt

TThese levels assume that the
open-collector outputs (A) and
the open-emitter outputs (B) are
connected to a pullup and pull-
down resistor, respectively.

FUNCTION TABLE (RECEIVER)

DIFFERENTIAL INPUTS | ENABLE | OUTPUT
A-B RE R
Vip 202V L L
-0.2V <Vjp <02V L ?
Vips -0.2V L H
X H z

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

logic symbolt

RE EN1

X q
R —v1 .D"[

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

IEC Publication 617-12.

logic diagram (positive logic)

03
RE -2 ,
+——A
R o 6 BUS
p————a—b——B

UM DATA 1
Y o spechicauny p
1 Producion procaiving due
parameion

B Tixas
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SN65076B, SN75076B
DIFFERENTIAL BUS TRANSCEIVERS

description (continued)

The driver is designed tu handle loads up to 10 mA of sink and source current. The driver features positive-
and negative-current limiting and thérmal shutdown for protection from line fault conditions. Thermal
shutdown is designed to occur at a junction temperature of approximately 150°C in the P package and
170°C in the D package. The receiver features a minimum input impedance of 12 k{l, an input sensitivity
of £200 mV, and a typical input hysteresis of 50 mV.

The SN650768B is characterized for operation from —40°C to 105 °C and the SN750768B is characterized
for operation from 0°C to 70°C.

Vo _EQUIVALENT OF EACH INPUT TYPICAL OF A /O PORT
-— ——— Vcc
_— 16.8 ki
nom feson Y
NOM __
960 12
nom Y
——
- - —1 ——GND
INPUT/QUTPUT
Oriver Input: Req = 3 k52 NOM PORT
TYPICAL OF B /0 PORT TYPICAL OF RECEIVER OUTPUT
-- -——V, — =% Vcc
ce 85 0
NOM
16.8 ki2 -
nom fos00 ¥
NOM
960 01 ouTPUT
nNom ¥
r _—
- pe GND
INPUT/OUTPUT
PORT

B 1,
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SN65076B, SN75076B
DIFFERENTIAL BUS TRANSCEIVERS

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

Supply voltage, VCC (see Note 1) A 7V
Voltage at any bus terminal. . ................ . -10Vto 15V
Enable input voltage . . . .. . . e 55V
Continuous total power dissipation (see Note 2) See Dissipation Rating Table
Operating free-air temperature range: SN65076B......................... —40°C to 105°C

SN75076B .. ................ e 0°C to 70°C
Storage temMperature fange . . ... ....... ...ttt -65°C to 1560°C
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds ... ................ 260°C

NOTES: 1. All voltage values, except differential input/output bus voltage, are with respect to network ground terminal.

DISSIPATION RATING TABLE

PACKAGE Ta s 25°C DERATING FACTOR Ta = 70°C Ta = 105°C
POWER RATING ABOVE Ty = 25°C POWER RATING POWER RATING
D 725 mW 5.8 mW/°C 464 mwW 261 mW
P 1100 mW 8.8 mW/°C 702 mW 396 mW

recommended operating conditions

MIN  TYP MAX UNIT

Supply voltage, Ve 4.75 5 5.25 v
12
Voltage at any bus terminal (separately or common mode), V| or V|c 7 Vv
High-level input voltage, V|4 D and RE 2 \%
Low-level input voltage, V|| D and RE 0.8 \
Differential input voltage, V|p (see Note 2) +12 \
Driver (A) -10 mA
High-level output current, IoH
Receiver -400 L
Driver (B} 10
Low-level output current, loy mA
~r Receiver 8
SN650768 ~40 105
Operating free-air temperature, T, —[ °C
perating " temperature, TA I"sN750768 0 70

NOTE 2: Differential-input/output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B.

® 1
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SN65076B, SN75076B
DIFFERENTIAL BUS TRANSCEIVERS

DRIVER SECTION

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

PARAMETER TEST CONDITIONS MIN TYP!  mAX UNIT
ViK input clamp voltage I = ~18 mA -1.5 V.
Vo Output voltage Vi =2V, Ilp = 0 o 6 \
VoD1 Differential output voltage g =0 1.5 6 \
Vop2 Differential output voltage See Figure 1 1.5 5 \
Vg = 12V 1
o Qutput current Vi =08V ] 0 mA
[vo = -7V -0.8
hH High-level input current V) =24V 20 A
Iy Low-level input current Vi =04V -400 KA
Vg = -7V — 250
I Short: it output current Vo = 0 150 A
ort-circuit ou! urren m
0s pu Vo - Voo 250
Vo = 12V 250
Icc Supply current (total package) No load 30 mA
TAll typical values are at Vec = 6 V and Ta = 25°C.
driver switching characteristics, VCC = 5V, Ta = 25°C
PARAMETER . TEST CONDITIONS MIN TYP MAX UNIT
t Differential-output turn-on time 60 90 ns
on - P See Figure 3
toff Dilterential-output turn-off time 75 110 ns

B 15
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SN65076B, SN75076B

DIFFERENTIAL BUS TRANSCEIVERS

RECEIVER SECTION

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

PARAMETER TEST CONDITIONS MIN TYP!  MAX UNIT
V1  Ditferential-input high-threshold voltage Vo =27V, {[o} = ~0.4 mA 0.2 \
VL  Differential-input low-threshold voltage Vg = 0.5V, o = 8mA -0.2% \
Vhys Hvs\eresis§ 50 mV
ViK Enable-input clamp voltage I} = -18 mA -1.5 \
Vip = -200mV, Igy = -400 4A,

igh- | output volta: 2.7 \%

VoH High-leve ::u put voltage See Figure 2
Vip = -200mV, IoL - 8 mA,
V Low-level output voltage 0.45 \
oL ow-level outpu 9 See Figure 2
1oz High-impedance-state output current Vo = 04Vto24V +20 A
. Line input . Other input = OV, V| = 12,V A
curren;

' ine input cu See Note 3 Vi= -7V ~0.8
i8] High-lavel enable-input current ViH = 2.7V 20 rA
TN Low-level enable-input current Vi = 04V -100 nA
I Input resistance 12 [31]
los Short-circuit output current -15 -85 mA
Icc Supply current (total package) No load 30 mA

T All typical values are at Veg = 5V, T = 25°C.

$The algebraic convention, in which the less-positive (more-negative) limit is designated minimum, is used in this data sheet for threshold

voltage levels oniy.

SHysteresis is the difference between the positive-going input threshold voitage. VT 4, and the negative-going input threshold voltage, VT — .
NOTE 3: This applies for both power on and power off.

receiver switching characteristics, Vcc = 5V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tpLH  Propagation delay time, low-to-high-level output Vip =0t 3V, 21 35 ns
tpHL  Propagation delay time, high-to-low-level output Cp = 15 pF, See Figure 4 23 35 ns
t Qutput enable time to high level 10 20 ns

PZH i - Ll CL = 15 pF, See Figure 5

tpzL  Output enable time to low level . 12 20 ns
1, Output disable time from high level 20 35 n:
EHZ et g CL = 15pF,  See Figure 5 S
tpLz  Output disable time from low level 17 25 ns

342
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SN65076B, SN75076B
DIFFERENTIAL BUS TRANSCEIVERS

PARAMETER MEASUREMENT INFORMATION

5V
910 ¢
' L) A Vio
Vop2 %450 02 Von
* e B T..OL ‘-lo"
isw i VoL
L L4 L4
FIGURE 1. DRIVER Vop2 FIGURE 2. RECEIVER VgH AND VoL
5V ——— 3V
é 910 01 INPL:jl—.S_V—\\-.S—V_
\ A E i ov
%450 i otwur fon —je-p b toft
GENERATOR ° 1 ! L
(See Note A) so@ @ AGEE B | = ~3.5V
910 0 N CL = 50 pF OUTPUT  50% 50%
= %ﬂ {See Note B) ==1V
TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 3. DRIVER DIFFERENTIAL-OUTPUT DELAY TIMES

—— — — 3V
INPUT 15V 15v
GENERATOR B
| | ov
|

(See Note A)
CL=15pF be—d—tpHL
(See Note B) PLH —H— Iy
| ) OH
v
0 = ouTPUT 13v 13v
Vou
TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 4. RECEIVER PROPAGATION DELAY TIMES

NOTES: A. The input pulse is supplied by & generator having the following charactenistics. PRR s 500 kHz, 50% duty cycle, t; s 6 ns,
tf s 6ns, Zoyy = 50 0
B. C_ includes probe and jig capacitance.
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SN65076B, SN75076B
DIFFERENTIAL BUS TRANSCEIVERS

PARAMETER MEASUREMENT INFORMATION

GENERATOR
(See Note A)

1N916 OR EQUIVALENT

S3

£
= TEST CIRCUIT =
————— v —————3V
INPUT ———=15V INPUT ————15v
! $1t016V S1to-15V
| 0V S2 open 0V S2 closed
tpzH - §3 closed | $3 open

VoH
QuTPUT

S1to15V
S2 closed
83 closed

VoH
OUTPUT
— — —— =13V

OUTPUT

S1to-15V
S2 closed

S3 closed
ov

—_——— %13V

OUTPUT

VOLTAGE WAVEFORMS

FIGURE 5. RECEIVER OUTPUT ENABLE AND DISABLE TIMES

NOTES: A. The input pulse is supplied by a generator having the following characteristics; PRR < 500 kHz, 50% duty cycle, tr < B ns,

tf s 6ns, Zoyt = 50 Q.
B. C_ includes probe and jig capacitance.

* 1
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SN65076B, SN75076B
DIFFERENTIAL BUS TRANSCEIVERS

VoH—High Level Qutput Voltage—V

VOL—Law_-LeveI Output Voltage—V

TYPICAL CHARACTERISTICS

RECEIVER HIGH-LEVEL OUTPUT VOLTAGE

vs
HIGH-LEVEL OUTPUT CURRENT

T T T
Vip=02V |

TA =25°C

N /VCC-S. 5V

1 1
\*/ vVee=5V
vVeec =475V
NN

NN

\N

0 -10 -20 -30 —40 -50

1oH —High-Level Output Current—mA

FIGURE 6

RECEIVER LOW-LEVEL OUTPUT VOLTAGE

Vs

RECEIVER LOW-LEVEL OUTPUT CURRENT

0.6

05

04

03

0.2

0.1

Vec =5V
Ta=25°C //
V

//

e

0 5 10 15 20 25 30

loL—Low Level Output Current—mA

FIGURE 8

VoL —Low-Level Output Voltage —V

RECEIVER HIGH-LEVEL OUTPUT
Vs
FREE-AIR TEMPERATURE

T T
mcc -5V
FViD = 200 mVv
4| 10H = -440 4A

1

VOH — High-Level Output Voltage —V

o]
-40 -20 O 20 40 60 80 100 120
Ta—Free-Air Temperature — °C

. FIGURE 7

RECEIVER LOW-LEVEL OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE

0.6 Vo = 5V T ‘]
ViDp = =200 mV |
0.5-loL = 8 mA

0.4

0.3 $

0.2

0.1

0 |
-40 -20 0 20 40 60 80 100 120
TA —Free-Air Temperature — °C

FIGURE 9
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SN65076B, SN75076B
DIFFERENTIAL BUS TRANSCEIVERS

TYPICAL CHARACTERISTICS

V(o—Output Voltage—V

RECEIVER OUTPUT VOLTAGE RECEIVER OUTPUT VOLTAGE
Vs vs
ENABLE VOLTAGE ENABLE VOLTAGE
Mp-02v. ' 6 ! I ' T
10 =% Vce = 5.25 V Vip=-02V
™ Load = 8 k{2 to ground Load = 1k to V¢C
= 25° 5 + o
af-Ta=25C — Vgg=5.25 V—| Ta=25°C
| Vee=4.75V |
| I I > Ver=5
. ] 1 L o4 cc=5Vv
Ve =5V —] 3
3 Vee =475V —{ 8
o
2 3
3
a
2 S
9 2 ——
o
>
1 1
0 0 |
0 0.5 1 15 2 25 3 0 0.5 1 15 2 25 3
V|—Enable Voltage—V V|—Enable Voltage—V
FIGURE 10 FIGURE 11

TYPICAL APPLICATION

Vee Vee
; . ;
A4 r -

P4

b3

>
>

e
ﬁ
e

FIGURE 12. TYPICAL APPLICATION CIRCUIT

*p Texas
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SN751177, SN751178

DUAL DIFFERENTIAL DRIVERS AND RECEIVERS

FEBRUARY 1990

e Meets EIA Standards RS-422-A, RS485

e Meets CCITT Recommendations V.10,
V.11, X.26, X.27

e Designed for Multipoint Bus Transmission
on Long Bus Lines in Noisy Environments

e Driver Common-Mode Output Voltage
Range of -7Vto 12V

e Driver Positive- and Negative-Current
Limiting

e Thermal Shutdown Protection

e Driver 3-State Outputs Active-High Enable

e Receiver Common-Mode Input Voltage
Range of —12Vto 12V

e Receiver Input Sensitivity ... 1200 mV

e Receiver Hysteresis ... 50 mV Typ

e Receiver High-Input-impedance ...
12 kQ Min

e Receiver 3-State Outputs Active-Low
Enable for SN751177 Only

e Operates from Single 5-V Supply

description

The SN751177 and SN751178 dual differential
drivers and receivers are monolithic integrated
circuits that are designed for balanced multipoint
bus transmission at rates up to 10 M bits per
second. They are designed to improve the
performance ot tull-duplex data communications
over long bus lines and meet EIA standards
RS-422-A, RS-485 and several CCITT
recommendations.

The SN751177 and SN751178 driver outputs
provide limiting for both positive and negative
currents and thermal shutdown protection from
line fault conditions on the transmissipn bus line.

The receiver features high input impedance of
12 kQ, an input sensitivity of +200 mV over a
common-mode input voltage range of -12 V to
12 V and typical input hysteresis of 50 mV. Fail-
safe design ensures that if the receiver inputs are
open, the receiver outputs will always be high.

The SN751177 and SN751178 are characterized
for operation from —20°C to 85°C.

SN751177
N PACKAGE
(TOP VIEW)
1w U] vee
1A[J2  1s[]1D
R3  14f]1y
RE[Js 13[]1z
2R[]s 12|JoOE
2a(lse  11f|Jez
28[}7 1o[]ay
GND[]s  s[]2D
SN751178
N PACKAGE
(TOP VIEW)
. U'S:}Vcc
1A (]2 s|]1D
1R[]3 14]1Y
1DE[J4  13[]1Z
2R(]s 12[]2DE
2ale  11[J2z
28([]7  10o[]2y
GND (|8 9l]20

SN751177, SN751178
FUNCTION TABLE OF EACH DRIVER

|T¢_PUT ENABLE | OUTPUT

D DE Y z

I H H H L

L L LH

(m X X z oz
SN751177

FUNCTION TABLE OF EACH RECEIVER

(DIFFERENTIAL INPUTS | ENABLE | OUTPUT
A-B RE R
i Vip 2 02V H H
-02V<Vp < 02V L L
Vip 2 0.2V X X
X H z
SN751178

FUNCTION TABLE OF EACH RECEIVER

[ DIFFERENTIAL INPUTS | OUTPUT
A-B R
Vip 2 0.2V H
-02V<Vip < 02V ?
Vip 2 -02V L

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

muwcn JH DATA Informatian 18 current a4 ol puticatiun dole Products
specitications per the termi 4 Instrum, 0
».w» o procensing dued nul iy Ine,
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SN751177, SN751178
DUAL DIFFERENTIAL DRIVERS AND RECEIVERS

logic symbolst

SN751177
pE 12_Jen
RE EN2
14
1o 15 > v 1y
1w 13 1z
2
3 o [~<—~ 1A
1R e v2 q 1 18
20 -2 Bty
5 R I <[~<._5 2A
v lt 7. 2B
SN751178
e 2 fen D> v|l—1% vy
1 13 v 131z
2
3 o l:»—<— 1A
1R —Se
R Al s
208 2N D v 1% 2y
20 9 v LA 2Z
6
e—— 2A
2R 5 I <1[ .
k1 2B
tThese symbols are in accordance with ANSI/IEEE Std 91-1984
and {EC Publication 617-12

schematics of inputs

1DE
1D

vy

SN751177

logic diagrams (positive logic)

e 14
2
2
a_@: :
-1~ 10
% 1
6
5 7
SN751178
4
14
15 13
2
o
1
12
10
9 1
6
. )
7

1Y
1Z
1A
1B

EQUIVALENT OF DRIVER OR ENABLE INPUT EQUIVALENT RECEIVER INPUT
———— - - vVee —tg -
—_—
h 4
INPUT |
i y
v h 4
h 4 ,
DRIVER INPUT: Heq = 6 k2 NOM m
ENABLE INPUT: Req = 4 k(2 NOM 7
All resistor values are nominal
o
‘v. Texas
INSTRUMENTS




SN751177, SN751178
DUAL DIFFERENTIAL DRIVERS AND RECEIVERS

schematics of outputs

TYPICAL OF ALL DRIVER QUTPUTS TYPICAL OF ALL RECEIVER OUTPUTS
- Vee - Vee
8542
N NOM

¢—— OUTPUT

4

— OQUTPUT

-~ GND

All resistor values are nominal.

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

Supply voltage, Voo (see Note 1). ... ... 7V
Input voltage, DE, RE, and D inputs . ... ...\ttt e 7V
Input voltage range, receiver Aor Binputs. . ... ... ... . -25Vto 25V
Receiver differential input voltage range (see Note 2) .. ........................ ....=25Vto25V
Output voltage range,Driver ... ... .. .. . -10Vto 15V
Receiver low-level Output CUMTENt. . .. ..o o 50 mA
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3) ............ 1150 mwW
Operating free-air temperature range, TA ... ... .o ~20°C to 85°C
StOrage temperature TaNGE . . . . . ..ottt e —65°C to 150°C

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

NOTES: 1. All voltage values,except ditferential input voltage, are with respect to the network ground terminal.
2. Differential input voltage is measured at the noninverting terminal with respect to the inverting terminal
3. For operation abave 25°C free-air temperature, derate to 736 mW at 70°C at the rate of 9.2 mW/°C.

recommended operating conditions

MIN  NOM  MAX | UNIT
| Supply voltage, Ve T 475 5 5.25 v
High-level input voltage, V|4 DE, AE, and D inputs 2 \
Low-level input voltage, Vi 0.8 \
Common-mode output voltage, Voi (see Note 4) -7 12 \
High-level output current, oy Driver - 60 mA
Low-level output current, g 60 mA
Common-mode input voltage, V|c t12 \
Differential input voltage, Vip Receiver 112 \
High-level output current, Iy - 400 HA
Low-level output current, lo 16 mA
Operating free-air temperature, TA -20 85 °C

NOTE 4: The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet for
common-mode output and threshold voltage levels only

“FTEXAS
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SN751177, SN751178

DUAL DIFFERENTIAL DRIVERS AND RECEIVERS

DRIVER SECTIONS

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

PARAMETER TEST CONDITIONS _MIN TYPt  max [ uniT
Vik Input clamp voltage lj = —18mA I T 4
VoH _ High-level output voltage Vg =2V, V=08V, lgy = ~-33mA 3.7 v |
VoL Low-level output voltage ViH =2V, V) =08V, Igy = 33mA 1.1 \Y
[Vop1! Differential output voltage lp=0 15 6
2
| RL = 100 €, See Figure 1
[Vopz! Differential output voitage 12 Vop1 Y
RL = 549, See Figure 1 15 5
Vop3__ Differential output voltage _See Note 5 15 5 Y
Ao Change in magnitude of ditferential +02 v
output voltage (see Note 6)
vog  Jemmen-mode aulput voltage RL = 54001004, See Figure 1 -1 3| v
(see Note 4) . ]
Change in magnitude of common-mode
AlVocl
output voltage (see Note 6) . -
[le) Output current with power off Vge = 0. N Vo = ~-7Vwo 12V
oz High-impedance-state output current Vo = -7Vt 12V
iy High-level input current ViH = 27V
i, Low-level input current ViL_ =04V
o Vo = -7V
Short-circuit output current
los (see Note 7) Vo = Ve
Vo = 12V
[ outputs enabled 80
! No load
cc Supply current . e [ outputs disabled 50
1Al typical values are at Voo = 5Vand Tp = 25°C

NOTES: 4.

common-mode output and threshold voltage levels only.
5. See EIA Standard RS-485 Figure 3.5, Test Termination Measurement 2.
6. A|Vopl and A|VQoc| are the changes in magnitude of Vop and Vg, respectively, that occur when the input is changed from

a high level to a low level.

The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet for

7. Not more than one output should be shorted at a time and the duration of the short-circuit should not exceed one second.

driver switching characteristics at Voc = 5V, Ta = 25°C (unless otherwise noted)
PARAMETER TESTCONDITIONS | MIN__ TYP _ MAX | UNIT |
DD Differential output delay time RL = 54 Q, CL = 50pF, 20 25 ns
Tp Differential output transition time See Figure 3 27 35 ns
tpLH  Propagation delay time, low-to-high-level output R = 27Q, CL = 50pF, 20 25 ns
tpHL  Propagation delay time, high-to-low-level output . | See Figure 4 20 25 ns
R, = 1104, - F,
tpzH  Output enable time to high level L . o CL - %o 80 120 ns
See Figure 5 . .
=11 = 50 pF
tpzL  Output enable time to low level AL g, C 0 pF. 40 60 ns
See Figure 6
. R = 1104, CL = 50pF,
tpHz  Output disable time from high level L L P 90 120 ns
See Figure 5 o
tpLz  Output disable time from low level AL - 1og, CL = S0pF. 30 45 ns
See Figure 6

3 Tixas
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SN751177, SN751178
DUAL DIFFERENTIAL DRIVERS AND RECEIVERS

SYMBOL EQUIVALENTS

DATA SHEET PARAMETER RS-422A RS-485
Vopil Vo . Vo
IVopal Vi(R_ = 1009) Vi(RL = 549
v Vi (Test termination
l 003' measurement 2)
AlVopl VAl = [Vl | Vil = 1Vl |
Voc Vos! Vosl
AlVogl Vos - Vosl Vos - Vo
los l'sal. lspl
'o Ixal lxpl lia lin

RECEIVER SECTIONS
receiver electrical characteristics over recommended ranges of common-mode input voltage,

supply voltage, and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYPT  MAX | UNIT
VfH Ditferential input high threshold voltage Vo =27V, lp = -0.4mA 0.2 \2
V1L Differential input low threshold voltage (see Note 4) | Vo = 0.5V, lo = 16 MA -02 Vv
,Vhys_,'[‘l’_u!, eresis (see Note 8) - 50 mV
Vik  Enable clamp voltage !SN751177 I} = —18mA -15 Y
VOHr High-level output voltage R ' Vip = 200mV, Igy = —400 pA 27 \
VoL Low-level output voltage Vip = —200mV I[:gt : ?Gmr:A O;Z \
i ’ |gnv|mpedance—sla|a oulpulrciufremiii] SN751177 mVO =04Vto24V 120 pA
[ Line input current (see Note 9) Other input V=12V ! mA
atov Vi = -7V -08
iy High-level enable input current [sN751177| iy = 27V 20 WA
iL  Low-level enable input current ]SN751177 VL = 04V - 100 HA
los ™ Short-circuit 6ulpul current (see Note 7) - 15 -85 mA
Icc Supply current No load, outputs enabled 80 110 | mA
f Input resistance 7“ 12 ke
1Al typical values are at Voo = 5Vand Tp = 25°C

NOTES: 4.

common-mode output and threshold voltage levels only.
7. Not mare than one output should be shorted at a time and the duration of the short-circuit should not exceed one second
8. Hysteresis is the difference between the positive-going input threshold voltage, V., and the negative-going input threshold

voltage, V1_.

9. Refer to EIA standards RS-422-A, RS-423-A, RS-485-A for exact conditions.

receiver switching characteristics at Vo = 5V, TA = 25°C (unless otherwise noted)

The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet for

PARAMETER TEST CONDITIONS MIN  TYP  MAX | UNIT |
| tpLn_Propagation delay time. low-to-high-ievel output | Vip = 15V 1015V, 20 35 ns
tpHL Propagation delay time, high-to-low-level output CL = 15pF, See Figure 7 } 22 35 ns
tpzH Output enable time to high level 17 25 ns
tpzL. Output enable time to low level 20 27 ns
[ Thrz_Output disable time from high level SN751177| CL = 15pF. See Figure 8 5 0 ns
tpz Output disable time from low level 30 40 ns
* TExas
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SN751177, SN751178
DUAL DIFFERENTIAL DRIVERS AND RECEIVERS

PARAMETER MEASUREMENT INFORMATION

FIGURE 1. DRIVER TEST CIRCUIT, Vop AND Vo ¢

VoL
* s e\ 3v
2 l = 50 pF )
SRL= a0 s:e Note B) OUTPUT £15V 15V
| 1\ | put | ‘ ov
| 3v - - i [
DD 4> -too L5y
1A 90% |
GENERATOR 80% I 0%
(see Note A) 50 (2 OUTPUT ! ; 10% |\ E .25V
|
ttp ™ > -trp
(a) DRIVER TEST CIRCUIT (b) DRIVER VOLTAGE WAVEFORMS
FIGURE 3. DRIVER DIFFERENTIAL OUTPUT DELAY AND TRANSITION TIMES
23v.  —_—_——_—— = — = = v
1.5 v 15V
A= 270 INPUT | ov
AA-—CV\O__ tpLH —N-H N"F tPHL

OUTPUT

GENERATOR av
(see Note A) 50 Q . CL= 15pF

T——— VoH
23V

see Note B
1 ( ) OUTPUT VoL
B z PHL «—H N——% tPLH
ouTPUT I I VoH
23V 23V
———=— VoL

(a) DRIVER TEST CIRCUIT

(b) DRIVER VOLTAGE WAVEFORMS

FIGURE 4. DRIVER PROPAGATION DELAY TIMES

NOTES: A. The pulse generator has the following characteristics: PRR < 1 MHz, 50% duty cycle, Zo = 50 ., t, < 6ns, < 6ns..

B. C_ includes probe and jig capacitance

B 1
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SN751177, SN751178
DUAL DIFFERENTIAL DRIVERS AND RECEIVERS

PARAMETER MEASUREMENT INFORMATION

————— 3v
ouTPUT m
0VOR3V INPUT : : ov
CL = 50pF AL = 1100 j>t tpzy. | o5V
CENERATOR | £ 504 (ssonoie®) | Al .
(soe Note &) = ouTPUT | PN
= 23V I
(I Vot ~ 0
tPHZ 4>
() DRIVER TEST CIRCUIT (b) DRIVER VOLTAGE WAVEFORMS
FIGURE 5. DRIVER ENABLE AND DISABLE TIMES
sve o av
st égL; 1o 1 15V | 15V
uTPUT ov
0VOR3V INPUT =, |
l 1 tpzL » - —»ttpLz
CL = 50 pF | |
GENERATOR 500 (see Note B) I ouTPUT | | sV
(see Note A)
= = { = voL
05V
(a) DRIVER TEST CIRCUIT (b) DRIVER VOLTAGE WAVEFORMS
FIGURE 6. DRIVER ENABLE AND DISABLE TIMES
oyrper /T N\ T T T 3

GENERATOR 15V

l 15V 15V
(see Note A) sou oy L CL= 15pF INPUT | I

ov
l (see Note B) |

tPLH ¥ - tpHL
I |
T~ Vo
13V 13V
OuTPUT VoL

(a) RECEIVER TEST CIRCUIT (b) RECEIVER VOLTAGE WAVEFORMS

FIGURE 7. RECEIVER PROPAGATION DELAY TIMES

NOTES: A. The puise generator has the following characteristics: PRR s 1 MHz, 50% duty cycle, Zo = 5040t < 6ns. tf < 6ns
B. C_ includes probe and jig capacitance.

EXAS
INSTRUMENTS



SN751177, SN751178
DUAL DIFFERENTIAL DRIVERS AND RECEIVERS

PARAMETER MEASUREMENT INFORMATION

st
15V
-1.5V—0 o— 5V
CL = 15pF
(see Note B)
1N916 OR EQUIVALENT
GENERATOR
(see Note A)
s s3
(a) RECEIVER TEST CIRCUIT
———— 3V ———— 3V
 ——— 15V Voo -
5V s170-15V
INPUT I ov INPUT | 0V S2CLOSED

| | S3 OPEN

tpzH M 1 tpzL ¥ &
| |
OUTPUT | VoH T — =4SV
15V - — 15V
[ _ _ _ v ouTPUT VoL

———= grsv /N - 3V s1T0-15V
52 CLOSED S2 CLOSED
| oy S3CLOSED INPUT oy S3CLOSED

|
|
ez ¥ &
|

VOH | —— — = =13V
05V
ouTPUT VoL

=13V
(b) RECEIVER VOLTAGE WAVEFORMS

FIGURE 8. RECEIVER OUTPUT ENABLE AND DISABLE TIMES

OUTPUT

NOTES: A. The pulse generator has the following characteristics: PRR < 1 MHz, 50% duty cycle, Zg = 50, t < 6ns, tf < 6ns.

B. C_ includes probe and jig capacitance..

Texas
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SN75146
DUAL DIFFERENTIAL LINE RECEIVER

® Moeets EIA Standards RS-422-A and
RS-423-A

® Meets EIA Standards RS-232 and
CCITT V.28 with External Components

Meets Federal Standards 1020 and 1030
Built-in 5-MHz Low-Pass Filter

Operates from Single 5-V Power Supply
Wide Common-Mode Voltage Range
High Input impedance

TTL-Compatible Outputs

8-Pin Dual-In-Line Package

Pinout Compatible with the nA9637 and
nA9639

description

The SN75146 is a dual differential line receiver
designed to meet EIA standards RS-422-A and
RS-423-A. The receiver is designed to have a
constant impedance with input voltages of
+ 3 volts to + 25 volts allowing it to meet the
requirements of EIA standard RS-232-C and
CCITT recommendation V.28 with the addition
of an external bias resistor. This receiver is
designed for low-speed operation below
365 kilohertz, and has a built-in 5-megahertz
low-pass filter to attenuate high-frequency
noise. The inputs are compatible with either a
single-ended or a differential line system and the
outputs are TTL compatible. This device
operates from a single 5-volt power supply and
is supplied in both the 8-pin dual-in-line and small

outline packages.

The SN75146 is characterized for operation from

0°C to 70°C.

FEBRUARY 1986
D, JG. OR P PACKAGE
(TOP VIEW)
vee VT s une
out 2 701N
200t 3 sQamn+
GND[Ja sj)ain-
logic symbolt
o0
un o 18 @ Lour
un- 2 v
(6)
an. B 3)
= 20
an - A8 ] ut

! This symbol is in accordance with ANSIHEEE Std 91-1984 and
IEC Pubhication 617-12

logic diagram

)
1IN+ 8
(2)
10uUT
7
1IN—- )
Pl
(3)
o 2007
an- B

PIROUUCTION DATA i1smation Iy curtent as of pubication date Pioducty

contarm 1o specitications per 1he teems ol Teass Inshuments standard

wartanly Production rocessing dows nat necessarily Includs testing of all
.
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SN75146
DUAL DIFFERENTIAL LINE RECEIVER

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Vee - -
> R1 —— 4% V¢
50 i NOM

NS -

7.4 R1

740 1} NOM

ourtpPuT

7.4 ki) NOM
INPUT ————-’\Nv——Jv

740 0 NOM
\ 4

777

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

Supply voltage, VcC (see Note 1) .. .......... -05Vto7V
INPUT VOITAGE .« . . o o e +25V
Differential input voltage (see Note 2] . ... ... ... ... .. .. ... +25V
Output voltage (see Note 1) ... ... . -0.5 V to 5.
Low-level OUtpUt CUMTENT . . . . .o e 50 mA
Continuous total dissipation at {(or below) 25°C

D package L 725 mwW

JG package . . ... 825 mW

Ppackage ... ... .. 1000 mW
Operating free-air temperature range . . . . ... ... ...t 0°C to 70°C
Storage temperature fange . . ... ... ...uo ot i s -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and P package ....... 260°C

NOTES: 1. All voitage values, except differential input voltage, are with respect to the network ground terminal.
. Ditferential input voitage is measured at the noninverting input with respect to the corresponding inverting input

wN

. For operation above 25°C free-air temperature, derate the JG package to 528 mW at 70 °C at the rate of 6.6 mW/°C, the

D package to 464 mW at 70°C at the rete of 5.8 mW/°C, and the P package to 640 mW at 70°C at the rate of 8 mW/°C.

The SN75146 chips are glass mounted in the JG package

recommended operating conditions

MIN  NOM MAX UNIT
Supply voltage, Voc 4.75 5 5.25 v
Common mode input voltage, V|c 7 v
Operating froe-air temporature, Ta 0 25 70 °C

@ Texas
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SN75146
DUAL DIFFERENTIAL LINE RECEIVER

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

PARAMETER TEST CONDITIONS MIN TYP!  MAX UNIT
v Threshold voltage (V- d VT o) ~02! 02 1y
T reshold voltege TVT + anc v - See Note 4 -0.4? 0.4
Vhys Hysteresis (VT4 ~ V1) 70 mvV
Vis Input bias voltage =0 2 2.4 \2
VoH  High-level output voltage Vip =02V, o = -1mA 2.5 35 \
VoL Low-level output voltage Vip = -0.2V, o = 20 mA 0.35 0.5 v
V) =3Vtio25V
T Input resistance See Note 6, ! ° or 6 7.8 9.5 k0
V= -3Vt -25V
Vcc =0t055V, [V =10V 1.1 3.25
I Input current mA
! put cu Ses Note 6 [Vi= oV 16 -3.25
108 Short-circuit output curront$ Vo = 0, Vip = 0.2V =40 -76 - 100 mA
Icc Supply current Vip = -0.56V No load 36 60 mA

T All typical values are at Vcc = 65V, To = 26°C.
$The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for
threshold levels only,
§0nly one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
NOTES: 4. The expanded threshold parameter is tested with a 600-0) resistor in series with each input.
5. 1; is defined by AVj/Al;.
6. The input not under test is grounded.

switching characteristics, VCC = 5V, TA = 25°C

PARAMETER TEST CONDITION MIN  TYP MAX | UNIT
t Propagation delay time, low-to-high-level output 100 150 300 | ns
PLH i Y on-ove id CL = 30 pF, See Figure 1
tpHL  Propagation delay time, high-to-low-level output 100 150 300| ns

PARAMETER MEASUREMENT INFORMATION

Vees ouUTPUT Jcer
405 V———
020 INPUT
INPUT —g (see Note B)
510 L g -05V ' 1
re— tpL 1 e tpHL

----- Vo
CL=30pF 3

QUTPUT
{see Note A} 3.92k02

Vou

TEST CIRCUIT VOLTAGE WAVEFORM

NOTES: A. C_ includes probe and jig capacitance.
B. The input pulse is supplied by a generator having the following characteristics: t, s 5 ns, ty < 5 ns, PRR s 300 kHz,
dutv cycle = 50%.

FIGURE 1. TRANSITION TIMES




SN75146
DUAL DIFFERENTIAL LINE RECEIVER

TYPICAL CHARACTERISTICS

QUTPUT VOLTAGE QUTPUT VOLTAGE
Vs Vs
DIFFERENTIAL INPUT VOLTAGE DIFFERENTIAL INPUT VOLTAGE
4 T T T T —
Veg =475V Vec=525V .
_TA=25°C L TA =25 C: !
r T i :
> 3 : —— 3 1
[l > | 1
A Hivic=o | | 1|vic=0 )
g T 1 3 1 L
£ 1 IVic=t7V =2 ' yVic=t7V
> | °
2 2 t T 72 l :
3 ' I 3 i ] !
5 ! | £ Vic =17 v, 1
? | ' 9 ' |
Qo Vic =17V} ' o : Vic=0|t
> H T > i 1
' Vic=0|1 | !
) : : 1
'
1 1 H
0 0
-100 -50 0 50 100 —-100 -50 0 50 100
V|p-Differential Input Voltage—mV V|p-Differential Input Voltage- mV
FIGURE 2 FIGURE 3

TYPICAL APPLICATION DATA

+12V

JL

1/2 SN75146

1/2 uA9636

-12V
{See Note A)

NOTE A: In order to meet the input-impedance and open-circuit-input voltage requirements of RS-232-C and CCITT V.28 and guarantee
open-circuit-input failsafe operation, R and V are selected to satisfy the following equations:

R
V=-11-33 — volts
i

R
3kil 5 ﬁ—- s 7k
R+ 1

FIGURE 4. RS-232-C SYSTEM APPLICATIONS

D Tixas
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SN75146
DUAL DIFFERENTIAL LINE RECEIVER

TYPICAL APPLICATION DATA

Y TWISTED PAIR ’ +5V

JL ' S

1/2 uA863BAC 1/2 SN75146

il
—
f

i

L

1/2 SN75146

FIGURE 5. RS-422-A SYSTEM APPLICATIONS
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SN75151, SN75153
QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS

OCTOBER 1986

Meets FIA Standard RS-422-A SN76161
DW, J, OR N PACKAGE
High-lmpedance Output State for Party-Line (TOP VIEW)
Operation
@ High Output impedance in Power-Off 1CE; f(g) ZEC
Condition 120 18[] av
® Low Input Current to Minimize Loading 1csa  17Jaz
® Single 5-V Supply EEE: :g] gc
® 40-mA Sink- and Source-Current Capability 2z 14% 3C
. - 2v[Js 133z
® High-Speed Schottky Circuitry 2afe 123y
® Low Power Requirements . GND[J1o  11[]3A
description SN75163
J OR N DUAL-IN-LINE PACKAGE
These line drivers are designed to provide (TOP VIEW)
differential signals with high current capability
on balanced lines. These circuits provide strobe 1At Uhe vee
and enable inputs to control all four drivers, and IAJUERREISEY
the SN75151 provides an additional enable input 1z{3 1a[day
for each driver. The output circuits have active cclys 13[4z
pull-up and pull-down and are capable of sinking 2z E 5 12 j S
or sourcing 40 milliamperes. 2vy{e mnpaz
2a(]7  wo[d3y
The SN75151 and SN75153 meet all GND (e of] 3A
requirements of EIA Standard RS-422-A and
Federal Standard 1020. They are characterized
for operation from 0°C to 70°C.
FUNCTION TABLES
SN75151 SN75153
INPUTS OUTPUTS INPUTS OUTPUTS
ENABLE ENABLE STROBE  DATA v 2z ENABLE STROBE DATA v z
cc C S A cc S A
L X 3 X z z L X X PN
X L X X z z H L X L H
H H L X L H H X L L H
H H X L L H H H H H L
H H H H H L

1. P1oJuCtioN procevaing Guss not necas
e
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SN75151, SN75153
QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS

logic symbolst

SN75161 SN75163
g 1B re= s 12 =
cc (5) G2 cc 14) EN
1c 4 28 D T—2L 1y 1Ay , [ v (Z’ v
PAL 1 B N I I (6) 1z
2¢ 18 8,y i 8,y
a2 k@, — he (8) 5,
a3c 14 12 4, @ uo .
32 10 SULE]P 3 —— an g,
(16) 18) 8! 04,
an 19 K07 o, aA ——] SULEp
tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
logic diagrams (positive logic)
8N76161 SN76153
s 18! s 12
(5)
cc —4 (4)
(4) cc
1c 2
2 y 2 .y
3
1a -1 Bl 4z 14 2 B4z
1O
(8)
2c
) (LI 4 8 Ly
7 7 (5)
Pyl T 22 2a 2 22
—
3¢ ——
12) 1
q 02 3y [ 19 4y
13 9 11
I (11) (13) 3z 3 (9) (11 3z
(16)
T D o
18
(AL ua L.
(17
JPRL ! 4z an 15 31 4,
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SN75151, SN75153
QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS

schematic

STROBE §

COMMON TO ONE

OTHER CHANNEL
r-1

Vce % ’ 7\1 ]

22 k@2

TO THREE |
OTHER DRIVERS | INPUT A

CL on

$-OUTPUT Z

3

OUTPUT Y -¢
IETwT
\q .

rt

ENABLE C
(SN75151 22 ka
ONLY) — — — ¢ — {g4
Te
J¢

-+
COMMON !
ENABLE ! d J\j
cc PR S
|

[

TO THREE -

OTHER DRIVERS

All resistor values shown are nominal.

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

Supply voltage, VCC (see NOte 1) .. ..o ot 7V
INPUt VOIAgE . . . . . e 55V
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2):

DWopackage ................ ... ........ e 1125 mwW

Jpackage . .. e e 1025 mW

N opackage . . . . e 1150 mW
Operating free-air temperature range . . ... ... .v vt it i 0°C to 70°C
Storage temperature range . ... . ... ...ttt -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW or N package . ... ... 260°C

NOTES: 1. All voltage values, except differential output voltage Vgp, are with respect to network ground terminal.
2. For operation above 25°C free-air temperature, derate the DW package at the rate of 9 mW/°C, the J package at the rate
of 8.2 mW/°C, and the N package at the rate of 9.2 mW/°C. In the J package, the chips are glass mounted.
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SN75151, SN75153
QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, Vcc 4.75 5 6.25 \
High-level input voltage, V|4 2 \
Low-lgvel input voltage, V)i 0.8 v
Common-mode output voltage, Vog -0.25 6 Vv
High-level output current, Igy - 40 mA
Low-level output current, Ig| 40 mA
Operating free-air temperature, Ta 0 70 °C
electrical characteristics over recommended operating free-air temperature range {(unless otherwise
noted)
PARAMETER TEST CONDITIONS ! MIN  TYP}  MAX | UNIT
Vee = MIN, cC, s -2
Vv Input clamp voltage v
K P P volteg W= -12mA All others 09 -15
Vee = MIN, Ion = -20 mA 25
VoH High-level output voltage ViL = MAX, v
Vig -~ 2V IoH = -40 mA 2.4
V = MIN, ViL = MAX,
VoL Low-level output voltage cc L 0.5 v
Vig =2V, oL = 40 mA
[Vop1!| Differential output voltage Vee = MAX, Io=20 3.4 2vgp2 \
|Vop2!| Differential output voltage Vce = MIN 2 2.8 \
Ch: i tude of
A[Vgp! . onae in magnituds o Vee = MIN +001 204 | v
differential output vohage’
R = 100 0,
Vi Common-mode output voltage 1 Veg = MAX See Figure 1 1.8 3 \
oc P 9 Vee = MIN 9 16 3
Change in magnitude of
AlVgg| - ange in magnitude . Vee = MIN or MAX £002 104 | V
common-mode output voltage
Vo = 0.5V - 20
Oft-state (high-impedance- Vee = MAX,
oz Vg = 25V 20 uA
state) output current Enable at 0.8 V
Vo = V¢e 20
Vo = 6V 0.1 100
io Output current with power oft Veg = 0 Vo = -0.25V -0.1 -100 uA
Vo = -025V 106V +100
Input current at
W put curr Ve = MAX, Vi =55V 01 | ma
maximum input voltage
; Mo toval ot . Vee = MAX, C(151), A 20 A
H igh-level input curren: V- 24V s 50 "
' Lowlovel ot . Vee = MAX, Cr151), A ~0.36 A
- n, urrel m.
iL ow-level input ¢ V| = 04V ccs 16
los Short-circuit output current ¥ Vee = MAX -50 -90 -150 mA
) Supply curront (both drivers! Vce = MAX, [ Outputs disabled 30 60 |
T v
cc upply cu No load [ Qutputs enabled 60 80

1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

% All typical values are at TA =

25°C and Vg = 5 V except for Voc. for which Ve is as stated under test conditions.

54|Vop| and A]VQoc]| are the changes in magnitudes of Vop and Vog. respectively, that occur when the input is changed from a high

level to a low level.
1n E1A Standard RS-422-A, Vo, which is the average of the two output voltages with respect to ground, is called output offset voltage, Vos.
#0nly one output should be shorted at a time, and duration of the short-circuit should not exceed one second.

* 1
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SN75151, SN75153
QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS

switching characteristics, VCC = 5 V, TA = 0°C to 70°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
tpLH Propagation delay time, low-to-high-level output [ C| = 30 pF, R = 100 0, See Figure 2, 15 30 ns
tpHL Propagation delay time, high-to-low-level output | Termination A 16 30 ns
tPLH onpaga(fan delay time, lo.w'to'h»gh—lavel output CL = 30 pF. Ses Figure 2, Termination B 13 26 ns
tpHL Propagation delay time, high-to-low-level output 13 25 ns
tTLH Transition time, low-to-high-level output CL = 30 pF, R = 100 0, See Figure 2, 12 20 ns
tTHL Transition time, high-to-low-level output Termination A 12 20 ns
tpzH Outut ensble time to high level CL = 30 pF, R = 601, See Figure 3 18 35 ns
tpzL Output enable time to low level CL = 30 pF, RL = 111 R, See Figure 4 20 35 ns
tpHz Output disable time from high level C = 30 pF, R = 601, See Figure 3 18 30 ns
tpLz Output disable time from low level CL = 30 pF, RL = 1110, See Figure 4 13 30 ns

Overshoot factor RL = 100 Q, See Figure 2, Termination C 10 %

TAll typical values are at Ta = 25°C.

PARAMETER MEASUREMENT INFORMATION

3 50 0

| 1 Vopz ¢—mM8M ——
\
3500 vic

FIGURE 1. DIFFERENTIAL AND COMMON-MODE OUTPUT VOLTAGES

3 Texas
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SN75151, SN75153

QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS

PARAMETER MEASUREMENT INFORMATION

PULSE
GENERATOR
{See Note A}

CL = 30 pF
(See Note B)
Y

z =

C_ = 30 pF
(See Note B)

TERMINATION A

Y OUTPUT

Z QUTPUT

NOTES: A. The pulse generator has the following characteristics: Zgt
B. Cy includes probe and jig capacitance.

R{ = 100 ¢

1 kQ

1

L_-—

CL = 30 pF ]

(See Note B)

CL = 30 pF
(See Note B) j'\

TERMINATION B

TEST CIRCUITS

VOLTAGE WAVEFORMS

Y OuTPUT
Z QUTPUT

SRL = 100§

=
©L

TERMINATION C

r OVERSHOOT
100% — f- -

vt
LOVERSHOOT

= 501, PRR < 10 MHz

FIGURE 2. tpLH, tPHL. tTLH. tTHL. AND OVERSHOOT FACTOR
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SN75151, SN75153

QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS

PARAMETER MEASUREMENT INFORMATION

PULSE c 2 of
GENERATOR L - pl
(See Note A) ’_]__\lSnu Note B)

_I_cL - 30 pF

7L (See Note B)

5V
TEST CIRCUIT

s 5ned  M— sSm-D: —
[

| ¥s0% 50% -f-—--——-av
INPUT : 1.6V 1.6V |
] |

10% J———100 ns—— 10% ov

[ tpzH l
l _ % Vo

ouTPUT

‘PHZ—L—D‘
VOLTAGE WAVEFORMS

FIGURE 3. tpzH AND tpHz

NOTES: A. The pulse generators have the following characteristics: Zgyy = 650 @, PRR < 600 kHz.
B. Cj includes probe and jig capacitance.

QUTPUT

R = 600

‘Q? TEXAS
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SN75151, SN75153
QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS

PARAMETER MEASUREMENT INFORMATION

INPUT ——==19
PULSE r

GENERATOR CL = 30 pF

(See Note A) ’__D (see Note B)

RL = 11110

OUTPUT

C = 30 pF
{see Note B)

|
i
|
|
|

T
T

sV
| |
OUTPUT 16V Ifo.sv
. 2

——?—VOL

VOLTAGE WAVEFORMS
FIGURE 4. tpz| AND tp 7

NOTES: A. The pulse generators have the following characteristics: Zoyt = 50 41, PRR s 500 kHz.
8. Ci includes probe and jig capacitance.

‘mes
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SN75151, SN75153
QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS

TYPICAL CHARACTERISTICS
Y OUTPUT VOLTAGE

vs
DATA INPUT VOLTAGE

5 T
No Load l
TA = 25°C \'/CC - 56V
4 T T
>‘ ! Vee =5V
) [L \'Icc - '4.5 v
8 AT
£ 3
3
>
5
a
s 2
|
o
>
1 1
ok
0 1 2 3
V)—Data Input Voltage—V
FIGURE 5
Y OR Z QUTPUT VOLTAGE Y OR Z OUTPUT VOLTAGE
vs Vs
ENABLE INPUT VOLTAGE ENABLE INPUT VOLTAGE
4 6 T T -— ——
Lnadl =470 ‘ﬂ \[/ l5 5V Vge = 5.5V Load = 470 (0 to Vcc
f— to Gi d ICC-IA Ta ~ 25°C
See Note 3 vVee = 5V See Note 4
>| 3—Ta = 25°C t t >I
£ Vee = 45V 3
e 2
° o
> 2 >
2 2
5 5
s i
o o
> >
1
0 oL
[¢] 1 2 3 0 1 2 3
Vi—Enable Input Voitage—V V|—Enable Input Voltage—V
FIGURE 6 FIGURE 7

NOTES: 3. The A input is connected to V¢ during the testing of the Y outputs and to ground during testing of the Z outputs
4. The A input is connected to ground during the testing of the Y outputs and to V¢ during the testing of the Z outputs.

B 1,
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SN75151, SN75153
QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE OUTPUT CURRENT
*[Ved =8 v M ] ) Ta'= 25°C
cc = ™~ A=
> See Note 3 > [~ Ycc . 5,51 See Note 3
s L LT
) -3 ~_VYee
s £ 3 ~Sv
5 3 ~
> ™ l\'\'\
< 4 i ™~ VCC -4l ~
2 IoH = -20 mA 3 \[\V \
3 3 A — 3, ™
% 10H = -40 mA =
> >
3 3
£ 2 £
2 o
I I
| | 1
I 1 X
o o
> >
ol S O O
V] 10 20 30 40 50 60 70 80 0 -20 ~40 —60 —80 -100
Ta—Free-Air Temperature — °C IoH — High-Level Output Current—mA
FIGURE 8 FIGURE 9
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE OUTPUT CURRENT
0.6 1.0 T
Vee =5V TA = 25°C
>} loL = 40 mA >| 0-9 F566 Note 4
o 05 FSse Note 4 ® g
b= o R
3 g /
S o 0.7
> 04 >
‘a’ § 0.6 3 1,/
5 5 %)
o 03 o 05 ¢ -
® K NG N
g 3 os "
g g C
3 0.2 — ‘ 3 03 V/ NC
- -
[ L 02| A
3 0.1 3 rd
> > 01
0 (o)) S— |
0 10 20 30 40 s0 60 70 80 0 20 40 60 80 100 120
T —Free-Air Temperature foL—Low-Level Output Current—mA
FIGURE 10 FIGURE 11

NOTES: 3. The A input is connected to V¢ during the testing of the Y outputs and to ground during testing of the Z outputs.
4. The A input is connected to ground during the testing of the Y outputs and to Vcc during the testing of the Z inputs.
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SN75151, SN75153
QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS

TYPICAL CHARACTERISTICS

SUPPLY CURRENT SUPPLY CURRENT
vs vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
80 80 T T 1
| i l // No Load
70 t —t t t 70 | A inputs open or grounded
« A Inputs Grounded / < Outputs disabled
E 60 £ 60}Tp = 25°C
L ’ |
13 €
50 — 50
§ VA Inputs Open g
o O a0 /
40 - 7
> 2
2 k 5 yd
g 30 @ 30
1 | ' Jd
o 20 8 2 e
o / No Load /
10 Outputs enabled — 10
TA = 25°C
0 1 0
0 1 2 3 4 5 6 7 8 [} 1 2 3 4 5 6 7
Vcc—Supply Voltage—V Ve —Supply Voltage—V
FIGURE 12 FIGURE 13

NOTES: 3. The A input is connected to V¢ during the testing of the Y outputs and to ground during testing of the Z outputs
4. The A input is connected to ground during the testing of the Y outputs and to V¢ during the testing of the Z inputs
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SN55157, SN75157
DUAL DIFFERENTIAL LINE RECEIVER
SEPTEMBER 1986

® Meets EIA Standards RS-422-A and SN55157 . . . JG PACKAGE
RS-423-A SN75157 ... D. JG, OR P PACKAGE
(TOP VIEW)
® Meets Federal Standards 1020 and 1030
N+ [ UsJvee
® OQOperates from Single 5-V Power Supply 10UT (]2 7 g 1IN -
® Wide Common-Mode Voltage Range 20UTL) 612N+
GND [ ]a 5{J2IN-
® High Input Impedance
® TTL-Compatible Outputs logic symbol?t
® High-Speed Schottky Circuitry
oo
® 8-Pin Dual-In-Line Package une 2
[N = 1our
® Similar to uA9637AC except for Corner 1IN- 6]
Vcc and Ground Pin Positions ;':i ) B sour

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

The SN75157 is a dual differential line receiver {EC Publication 617-12.
designed to mest EIA standards RS-422-A and .

RS-423-A and Federal Standards 1020 and logic diagram
1030. It utilizes Schottky circuitry and has TTL-

compatible outputs. The inputs are compatible TiN+ (2

with either a single-ended or a differential-line 1our
system. The device operates from a single 5-volt 1IN-

power supply and is supplied in an 8-pin dual-in-

line package and small outline package. 2IN+ {6)
(3)
The SN55157 is characterized over the full 5) 20uT

military temperature range of —55°C to 125°C. 2IN-
The SN75157 is characterized for operation from
0°C to 70°C.

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS

Vee

—_———— Ve
1 B.
3
>
9

p 50 52 NOM

8 kSl
INPUT

OUTPUT

CURRENT
SOURCE

Texas
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SN55157, SN75157

DU

AL DIFFERENTIAL LINE RECEIVER

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

Supply voltage, VCC (see Note 1) . ... ... i i -06Vto7V
INPUL VOILAGE . . . o o o +15 V
Differential input voltage (see Note 2) . +15V
Output voltage (see Note 1) ... .. ... -0.5Vtob5V

50 mA

Low-level OUtPUL CUMTBNT . . . . o ottt e e e e e e
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3):
SN55157 JG package
SN75157 D package . . .......oii i e

JG package . ..

P package . . ... e
Operating free-air temperature range: SN55157 ... ... ... ... ... ... ..... -55°C to 125°C
SN75157 . 0°C to 70°C
Storage temperature range .. . ................ e ~65°C to 160°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds JG package . ........... 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D or P package ......... 260°C

NOTES: 1. All voitage values, except differential input voltage, are with respect to the network ground terminal.

2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input.

3. For operation above 25 °C free-air temperature, derate the SN55157 JG package to 672 mW at 70°C at the rate of 8.4 mW/°C,
the SN75157 JG package to 528 mW at 70°C at the rate of 6.6 mW/°C, the D package to 464 mW at 70°C at the rate
of 5.8 mW/°C, and the P package to 640 mW at 70°C at the rate of 8.0 mW/°C. In the JG package, SN55157 chips are
alloy mounted and SN75157 chips are glass mounted.

recommended operating conditions

MIN NOM MAX (UNIT

Supply voltage, Vcc

4.75 5 5.25 v

Common-mode input voltage, V|C +7 v
! . [ sN55157 -55 25 125
Operating free-air temperature, TA | SN75T57 o 75 - °C

electrical characteristics over recommended ranges of supply voltage, common-mode input voltage,

and operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS LA UNIT
See Note 4
\'As Threshold voltage (VT 4 and V1 _) 02 02 v
See Note 5 -0.4 0.4
Vhys Hysteresis (VT4 - V1_) 70 mV
VoH  High-level output voitage Vip = 0.2V, g = -1mA 25 35 \4
VoL  Low:-level output voltage Vip = -0.2V, Io = 20 mA 0.35 05 \
" Input current Vec =065V, [V =10V 11 325]
See Note 6 [vi=~-10v 16-3.25
los Short-circuit output current? Vo = 0, Vip =02V -40 -75 -100| mA
Icc Supply current Vip = 0.6V, No load 35 50 mA

TAll typical values are at Vee = 5V, Ta = 26°C.

tonly
NOTE

one output should be shorted at a time, and duration of the short-circuit should not exceed one second
S: 4. The algebraic convention, where the less-positive (more-negative) limit is designated as minimum, is used in this data sheet
fof threshold levels only.
5. The expanded threshold parameter is tested with a 500-1) resistor in series with each input.
. The input not under test is grounded.

o
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SN55157, SN75157
DUAL DIFFERENTIAL LINE RECEIVER

switching characteristics, VCC = 5V, TA = 25°C

PARAMETER TEST CONDITION MIN  TYP MAX | UNIT

t Propagation delay time, low-to-high-level output 15 25
PLH pag v w0 MR eve outpy CL = 15 pF, See Figure 1 3 5% e
ns

[tPHL _ Propagation delay time, high-to-low-level output

PARAMETER MEASUREMENT INFORMATION

Vcee ou

INPUT -1

510

TPUT Vees

3920

3.92 k§2

TEST CIRCUIT

NOTES: A. Ci includes probe and jig capacitance.
B. The input pulse is supplied by a generator having the following charactenstics: t, = 5 ns, tf s 5 ns, PRR < 5 MHg,

duty cycle = 50%.

(see Note B)
-05V

OUTPUT

INPUT

VOLTAGE WAVEFORMS

FIGURE 1. TRANSITION TIMES

TYPICAL CHARACTERISTICS

QUTPUT VOLTAGE OUTPUT VOLTAGE
Vs vs
DIFFERENTIAL INPUT VOLTAGE DIFFERENTIAL INPUT VOLTAGE
4 ™ 4 v T T 1
IR “ Vec =525V |
vVec=4.75V | J Ta=25°C 1 T
FTa=25°C bt - FTA R [
f r ; - | | n;
| ! I _ S A Y - .
7° o 5 |
g ilvic=o | L : : HVies Lol
SR S LS e - | . bm
5 T T S0 ] ey
| | | S | | | |
22 — - S I 22—t | | H B
3 ! | | | 3 . ) i i Col !
g [ | ‘ ! i 2 lvic=1t7v]| [
- . — — —
8 ! i — % oy
Vic=1*7ViI 1 | ! Vic=0{1] !
s At ] S H- I i 1c T
| Vic=0: i | o ] ' i
: ! | IR ! | |‘ |
r i i 1 H“'}' e | IS ‘[“""
1 J 1 H | I J !
. r I s s
- 100 50 0 50 100 ~100 -50 0 50 100
Vip-~Differential Input Voltage—mV Vip—Differential Input Voltage- mV
FIGURE 2 FIGURE 3
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SN55157, SN75157
DUAL DIFFERENTIAL LINE RECEIVER

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
5.0 0.6
.5 | Vec=5V _| Vec=5V
> Vip=0.2V > g5l_ViD=-02V ;
| o | . o
e 4.0 - TA=25C — 3 TaA=25C
] ) L]
S 35 K
> \\ > 04 -
g 3.0 \ - 2 /
3 25 I 3 03
3 2.0 \ 9
£ 2 0.2 p
S
i; 1.5 "'T
I 1.0
g 1 N ;:; 0.1 —
05 \
0 N 0 P G W—|
0 -10 -20 -30 —-40 -50 -60 -70 -80 0 5 0 15 20 25 30 35 40
IoH—High-Level Output Current—mA IgL—Low-Level Output Current—mA
FIGURE 4 FIGURE 5

SUPPLY CURRENT
vs
SUPPLY VOLTAGE
100

T

I i
No load
90 |
nputs open
80 |- TA=25°C

70

60

¥ 7
-

Icc—Supply Current—mA

20 4

/

10
0 ]
0 1 2 3 4 5 6 7 8
Vcc—-Supply Voltage—V
FIGURE 6
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SN55157, SN75157

DUAL DIFFERENTIAL LINE RECEIVER

1/2 SN75158

TYPICAL APPLICATION DATA

TWISTED PAIR

+5V

JL

uy

s
p

1/2 SN75157

FIGURE 7. RS-422-A SYSTEM APPLICATIONS

be

+5V

l 1/2 SN75167

3 1
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SN55158, SN75158
DUAL DIFFERENTIAL LINE DRIVERS

SEPTEMBER 1986

® Moeets EIA Standard RS-422-A SN55158 . . . JG PACKAGE
SN75158 . .. D, JG, OR P PACKAGE
® Single 5-V Supply (TOP VIEW)
® Balanced-Line Operation 1z [ 8] vee
® TTL-Compatible 1y 2 7] 2z
. ) s sJav
® High Output Impedance in Power-Off GND (4 5[] 24
Condition
® High-Current Active-Pullup Outputs
® Short-Circuit Protection
® Dual Channels
® Input Clamp Diodes
description
The SN55158 and SN751568 are dual complementary-output line drivers designed to satisfy the
requirements set by the EIA Standard RS-422-A interface specifications. The outputs provide
complementary signals with high-current capability for driving balanced lines, such as twisted pair, at normal
line impedance without high power dissipation. The output stages are TTL totem-pole outputs providing
a high-impedance state in the power-off condition.
The SN55158 is characterized for operation over the full military temperature range of —65°C to 125°C.
The SN75158 is characterized for operation from 0°C to 70°C.
logic symbolt logic diagram (positive logic)
(2)
> 3 v
) qy 1A &1}
(3) 1z
1A — n
IS 9z
i6) 15}
(5) 2y (5) 2y
2A A (1) o, 2A o,

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

PHODUCTION DATA (nformetian is current as of putlicativn da!
« V10 apecilications per Ihe terms of Teres

¥ Prosuciion procesting dous not necesiar

o0
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SN55158, SN75158
DUAL DIFFERENTIAL LINE DRIVERS

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL QUTPUTS 1
vVee - -_— Vee
INPUT <
3 9.u NOM
1
——— OUTPUT
GND - -
—_—— GND

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

Supply voltage, VCC (see Note 1) . ... ... . L 7V
Input voltage . . . ... ...
Continuous total power dissipation (see Note 2)
Operating free-air temperature range: SN55168

-55°C to 125°C

SN75168 . ... 0°C to 70°C
Storage temperature range . . ... .. ... ... -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package......... 260°C

NOTES: 1. All voltage values except differential output voltage Vop are with respect 1o network ground terminal. Vpp is at the Y output
with respect to the Z output.

2. In the JG package, SN55158 chips are alloy mounted and SN75158 chips are glass mounted

DISSIPATION RATING TABLE

PACKAGE TA < 25°C DERATING FACTOR Ta = 70°C Ta = 125°C
POWER RATING ABOVE Ty = 25°C POWER RATING POWER RATING
D 725 mW 5.8 mw/°C 464 mW N/A
JG (SN55158) 1050 mW 8.4 mw/°C 672 mW 210 mW
JG (SN75158) 8256 mW 6.6 mW/°C 528 mw N/A
P 1000 mW 8.0 mwW/°C 640 mW N/A
recommended operating conditions
SN55168 SN75168 UNIT
MIN NOM MAX MIN NOM  MAX
Supply voltage, Ve 4.5 5 6.5 | 4.75 5 5.26 \
High-level input voltage, Vi 2 2 \
Low-level input voltage, V)i 0.8 0.8 \
High-level output current, IoH -40 - 40 mA
Low-level output current, Ig 40 40 mA
Operating free-air temperature, Ta ~ 55 125 0 70 °C
*) TExas
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SN5

5158, SN75158

DUAL DIFFERENTIAL LINE DRIVERS

electrical characteristics over operating tree-air temperature range {unless otherwise noted)

PARAMETER TEST CONDITIONS SNS5158 SN75158 UNIT
MIN TYPH MAX | MIN FyP! MAX
Vik Input clamp voltage Vee = MIN,  p = -12mA -09 -15 09 -15]| V
Vee = MIN, Vi = 0.8V,
\ High-level output voltage 2 3.0 2.4 3.0 \
OH igh-level output voltag Vi - 2V, lon = -40 mA
v Low-level it Vee = MIN. vy = 0.8V, 02 04 02 04|V
o oltage . . N .
oL ow-level output voltag: Vi - 2V, loL - 40 mA
iVop1 Differential output voltage Ycc = MAX, Ig = 0 3.5 2Vgp2 3.5 2Vop2 \
:Vopz Differential output voltage Vee - MIN 2 3.0 2 3.0 v
hange in magnitude of
aivgp) Chenee in magnite . Vee = MIN +0.02 $0.4 1002 +04| V
differential output voltage
Ve - MAX AL~ 1004, 19 3 1.8 3
Voc Common-mode output voltage‘ cc See Figure 1 - v
vee - MIN 1.4 3 1.5 3
Change in magnitude of
aVoe 9e 1 magnity 5| vec = MIN or MaX 001 =04 4001 04 | V
common-mode output voltage
Vg - 6V 01 100 0.1 100
0 Output current with power off | Vec = 0 [Vg - -0.25 V 0.1 100 01 100 | kA
Vo = -0.2510 6 V + 100 + 100
! Input current at maximum
i Vee = MAX, V) = 65V 1 1| mA
input voltage
Iy High level input current Vee - MAX, V| - 24V 40 40 | A
m Low-level input current Vce - MAX, V) - 04V 1 -1.6 1 1.6 | mA
10s Short-circuit output current? | Ve = MAX 40  -90 -150 | -40 -90 -150 [ mA
Vee = MAX,  Inputs grounded,
lcc Supply currant (hoth drivers) cc puts grou 37 50 37 50 | ma
No load, Ta - 25°C

1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions

* Al typical values are at Ve

5 Vand Tp = 25°C except for Voc. for which V¢ is as stated under test conditions.

54alvop! and a{Voc| are the changes in magnitudes of Vop and V@ . respectively, thut occur when the input is changed from a high

level to a low level
§1n EIA Standard RS- 422-A, Vg, which is the average of the two output voltages with respec: to ground, is calied output offset voltage, Vog
"Onlv one output should be shorted at a time, and duration of the short-circuit should nc: exceed one second

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

TEST SN55158 SN75158
PARAMETER UNIT
CONDITIONS MIN TYP MAX MIN TYP MAX

tpL 4 Propagation delay time, low-to-high-level output See Figure 2, 16 25 16 25| ns

tpH Propagation delay time, high-to-low-level output Termination A 10 20 10 20| ns

tpLy Propagation delay time, low-to high-level output See Figure 2, 13 20 13 20| ns

tpHL  Propagation delay time, high-to-lowlevel output Termination B 9 15 9 15 ns

treH  Transition time, low-to-high-level output See Figure 2, 4 20 4 20 | ns

tTHL Transition time, high-to-low-level output Termination A 4 20 4 20 | ns
e Figure 2,

Overshoot factor Sea Figur 10 0] %
Termination C



SN5Y158, SN7/5158
DUAL DIFFERENTIAL LINE DRIVERS

PARAMETER MEASUREMENT INFORMATION

P

Voo2 1
3500
T voc

FIGURE 1. DIFFERENTIAL AND COMMON-MODE OUTPUT VOLTAGES

INPUT
PULSE Y OUTPUT
GENERATOR
(See Note A) Z OUTPUT
Y Y —
CL = 16 pF
A (See Note B)
10003 CL=30pF z 100 03
z 4 (See Note B) Cp = 16 pF l b
| (See Note B)’_D
TERMINATION B
TEST CIRCUIT

TERMINATION A

‘% 50

o

-

z
TERMINATION C

OVERSHOOT

<5 m-.: — —» == 5ns
| |
) e —— 3
1 SF90% 90% K | v
INPUT K15V 1.6 v
10% ! : 10% ov
)
je—>—tpHL
|

DIFFERENTIAL
OUTPUT

OVERSHOOT

VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zo = 50 0, ty, = 26 ns, PRR < 10 MHz

B. C_ includes probe and jig capacitance.
FIGURE 2. SWITCHING TIMES
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SN55158, SN75158
DUAL DIFFERENTIAL LINE DRIVERS

TYPICAL CHARACTERISTICSt
OUTPUT VOLTAGE OUTPUT VOLTAGE
vs vs
DATA INPUT VOLTAGE DATA INPUT VOLTAGE
6 T T 6 T l T
No load Vee =5V
Ta = 25°C No load
5 5
> - o
> vee - 5.5V | TA 1f5 ¢
o 4 g 4 -
|| g !
3 ° ¥
3 3 Vec =5V >, — %
é Vgce = 45V é Ta = 25°C
3 3 \
? 2 -1 — 12 T, fo— [
= -55°C
o S Ik
1 S — 1 J
o _ N
[} 1 2 3 4 0 1 2 3 4
V)—Data Input Voltage—V V|—Data Input Voltage—V
FIGURE 3 FIGURE 4
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL QUTPUT VOLTAGE
vs vs
OUTPUT CURRENT OUTPUT CURRENT
5 0.4 T
Ta = 25°C i { Th = 2500
I [ T —t-
\% - 55V
4 CcC
>I / | > 03
® Vee = 5V o
o0 f=
2 3 = -
3 N 3
5 - 5 02
2 N 2
3 2 o N 3
1 Vge = 45V L /
T
> \| > o //
1 — \\ —
o J S N R
o o S 0 10 20 30 40 50 60 70 80
o -20 -40 -60 -80 -100 -120

IoH — Output Current—mA loL—Output Current—mA

FIGURE 5 FIGURE 6

tData for temperatures below 0°C and above 70°C are applicable to SN65158 circuits only

* 1

EXAS
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SN55158, SN75158

DUAL DIFFERENTIAL LINE DRIVERS

TYPICAL CHARACTERISTICSt

OUTPUT VOLTAGE

PROPAGATION DELAY TIMES

\2 Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
4.0 T T 30— T
Vee=5V 1 Veg = 5V -1
35 \ - 20 mA) See Figure 2
vou\or N L Rt ~
~ -a0m | — » 25 [ Termination A
> 3.0 +——T_vonton = 1 H
o 4t é
@ —— —
> o e £ 20
g 2.5 bt £ ///
> Ey J__ PLH ]
s 2.0 - —f— @ 15 '
g s
3 | | —t
3 15 R 2 tPHL
| g 10— s
o L)
> 1.0 S o B g
0.5 * 5
PR e
VOL“O‘L = 40 mA)
0 I I N 0 S
-75 -50 -25 0 25 50 75 100 125 -75 -50 -26 0 25 50 75 100 125
Ta—Free-Air Temperature — °C Ta —Free-Air Temperature — °C
FIGURE 7 FIGURE 8
SUPPLY CURRENT SUPPLY CURRENT
(BOTH DRIVERS) (BOTH DRIVERS)
Vs VS
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
80— 71— T T T T T 42 S N — S
kg 1 a4z T
No Ioadrn ’ ' | ' Vr.r*.l- 5|V 1 T
JOFTa = 25°C 1 Llnpu( grounded l
. 40 [ Outputs open B t
« 60— B < | ! |
E o 1
€ - 38— i
s 50 fmef S P N
5 5 | |
o (8] ~ |
> 40 > 36 ‘l - -
: :
30 El
2 9 3a [~¥ -
Q
o 20 — ; |
32}
10 o/ e ;
ol _ L~ 30l _ . .
0 1 2 3 4 5 6 7 8 -75 -50 -25 0 25 50 75 100 125
Ve — Supply Voltage—V T —Free-Air Temperature — °C
FIGURE 9 FIGURE 10
"Data for temperatures below 0°C and above 70°C are applicable to SN55158 circuits only.
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SN55158, SN75158

DUAL DIFFERENTIAL LINE DRIVERS

Icc—Supply Current—mA

TYPICAL CHARACTERISTICS

SUPPLY CURRENT
(BOTH DRIVERS)
vs
FREQUENCY

100

8

o

Vce =5V

FRL = o

CL = 30 pF

[ Inputs: 3-volt square wave
| TA = 25°C

T T T

60

a0 |-

20

0.1

S A

0.4 1 4 10
f—Frequency — MHz
FIGURE 11

40

100
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SN75159

DUAL DIFFERENTIAL LINE DRIVERS WITH 3 STATE OUTPUTS
SEPTEMBER 1986

® Meets EIA Standard RS-422-A D, J, OR N PACKAGE
TOP VIEW)
® Single 5-V Supply {

. Nc [Ty Uha Vee
® Balanced Line Operation 12(2 [ 2z
® TTL-Compatible 13 2[d2v

1A [Ja 1[] 28
® High-impedance Output State for Party-Line 18(]s 1] 2A
Applications 16N (s o] 26n
® High-Current Active-Pull-Up Outputs GND (7 s[JNC
® Short-Circuit Protection NC - No internal connection
® Dual Channels
® Clamp Diodes at Inputs
description

The SN75169 dual differential line driver with three-state outputs is designed to provide all the features
of the SN75158 line driver with the added feature of driver output controls. There is an individual control
for each driver. When the output control is low, the associated outputs are in a high-impedance state and
the outputs can neither drive nor load the bus. This permits many devices to be connected together on
the same transmission line for party-line applications.

The SN751569 is characterized for operation from 0°C to 70°C.

logic symbolt logic diagram (positive logic)
&0
(6]
1EN ———EN
= v B3 .y
18 181 o b2 4,
2en 12 112)
(10) — 2Y
24 a3
28 (11) P 22

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

PRUDDCTION DATA tntgcmatio
Conturnr 10 apecilications per
wartanty Produchion processing o
prrameions
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SN75159
DUAL DIFFERENTIAL LINE DRIVERS WITH 3 STATE OUTPUTS

schematic (each driver)

INPUT B INPUT A — TO OTHER
(14 (6, 11) (4, 10) (> DRIVER
Vee

S
90 T Soun

3. 12) ° o 13

ouTPUT ouTPUT
v z

RR)

V,
Va4 ki 4
o
»t
(6. 9)
OUTPUT ————4
CONTROL x
\
anp 7! _

V ... Vcc bus

Resistor values shown are nominal

Q’Tms
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SN75159
DUAL DIFFERENTIAL LINE DRIVERS WITH 3 STATE OUTPUTS

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

Supply voltage, VCC (see Note 1) . . .. ... .. e 7V
Input voltage . . .. ... . 55V
Off-state voltage applied to open-collector outputs . . . ... ... ... ... ... 12V
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2):

D opackage . ... ... 950 mwW

Jdpackage . . ... 1025 mwW

N package ... ... ... . . . 1150 mW
Operating free-air temperature range . . ... .............. e, 0°C to 70°C
Storage temperature range . . . ... ... . ... -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C

NOTES: 1. All voltage values except differential output voltage VoD are with respect to the network ground terminal. VQp is at the Y
output with respect to the Z output.
2. For operation above 25°C free-air temperature, derate the D package to 608 mW at 70°C at the rate of 7.6 mW/°C, the
J package to 666 mW at 70 °C at the rate of 8.2 mW/°C, and the N package to 736 mW at 70 °C at the rate of 9.2 mW/°C.
In the J package, SN75159 chips are glass mounted.

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Vcc 4.75 65 5.25 v
High-level input voltage, V|4 T R 2 %
Low-level input voltage, V| 0.8 \
High-level output voltage, IgH - B - 40 mA
Low-level output current, Iop 40 mA
Operating free-air temperature, TA 0 70 °C

Texas
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SN75159

DUAL DIFFERENTIAL LINE DRIVERS WITH 3 STATE OUTPUTS

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

PARAMETER TEST CONDITIONS MmN TYPt  MaX UNIT
VIK Input clamp voltage Veec = 475V, || = -12mA -09 -15 Vv
Vee = 475V, vy =08V,
VOH High-level output voltage Vi = 2V, lon = -40 mA 2.4 3.0 \
\ Low-level output voltage Vee = 475V, ViL = 08 V. 0.25 \%
oL tow P 9 Vin = 2 V. loL = 40 mA : 04
VoK Output clamp valtage Vee = 6.25V, Ig = -40 mA -1.1 -15 \
Vo Output voltage Voo - 475V 10525V, Ig = 0 0 6| V
[VOD1! Differential output voltage Vec =625V, g =0 3.5 2Vgpy |V
|Vop2! Differential output voltage Vee = 475V 2 3.0 v
~ Change in magnitude of
alVvool differential output voltage Vee = 475V £0.02 +04 v
Voc Common-mode output voltage S 522 -_ i:: x AL =004 See Figure 1 :: 2 \%
Change in magnitude of V =475V
Alvocl common-mode output vollagct mCSCvZS \% £001 04 v
Vo - 6V 0.1 100
lo Output current with power off | Vcc = 0 Vg = ~0.25V ~0.1 -100 A
Vg = -0.25Vto6V +100
TA = 25°C, Vo = 0to Voo +10
Off-state (high impedance- vee = 5.25 V, Vo - 0 i
loz Qutput controls Vo = 04V +20 A
state) output current Ta = 70°C
at 0.8 v Vo = 2.4V +20
Vo = Ve 20
I nput current at Vee = 525V, Vi =55V 1| mA
maximum input voltage
I High-level input current Vee = 525V, V) = 2.4V 20 | uA
e Low-level input current Vijc =526V, V=04V -1 ~-16 mA
10 Short-circuit output currenty | Ve - 5.26 V 40 -90 -150 | mA
icc Supply current (both drivers) \T/;’C '_2:02: Ve Inputs grounded,  No load. 47 65| ma

T All typical values are at Vo = 5 V and T

25°C oxcapt for Vog. for which Ve is ns statod under test conditions.

ta|Vop! and a|Voc/| are the changos in magnitudes of Vop and VQc. respectively, that occur when the input is changed from a high

level to & low lovel.

§1n EIA Standard RS-422-A, Voc. which is the average of the two output voltages with respect to ground, is called output offset voltage, Vog
1Onlv one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
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SN75159
DUAL DIFFERENTIAL LINE DRIVERS WITH 3 STATE OUTPUTS

switching characteristics over operating free-air temperature range, VCC = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
tpLH_Propagation delay time, low to high-lovel output] Ci = 30 pF, R = 100 0, See Figure 2, 16 25 ns
tpHL Propagation delay time, high-to-low level output| Termination A 1 20 ns
tPLH Propagulron delay lfme, Icrw—(o high-level output CL = 15 pF. See Figure 2. Tern . 8 13 20 ns
tpHL Propagation delay time, high-to-low-level output 9 15 ns
tyLH Transition time, low-to-high-level output CL = 30 pF, R = 100 1, See Figure 2, 4 20 ns
tTHL_Transition time, high-to-low-level output Termination A 4 20 ns

TPZH Output enable time to high level C_ =~ 30 pF, R_ = 1800, See Figuro 3 7 20 ns
tpz| Output enable time to low level C_ = 30 pF, R_ = 250 {1, See Figure 4 14 40 ns
tpHz Output disable time from high level C_ = 30 pF, R_ = 180 0, See Figure 3 10 30 ns
tpLz Output disable time from low level CL = 30 pF, R = 250 (I, See Figure 4 17 35 ns

Overshoot factor RL = 100 {1, See Figure 2, Termination C 10 %

T All typical values are at Ta = 25°C.

SYMBOL EQUIVALENTS

DATA SHEET PARAMETER RS-422-A
Vo Voa: Vob
Vool Vo
[Vob2] Vit
AlvVopo| F Vil = vl |
Voc [Vos!
AlvVoci | Vos = Vos |
los llsal. llsbl
lo I1xa!. tIxbl

PARAMETER MEASUREMENT INFORMATION

Vob2

FIGURE 1. DIFFERENTIAL AND COMMON-MODE OUTPUT VOLTAGES

® T

EXAS
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SN75159
DUAL DIFFERENTIAL LINE DRIVERS WITH 3 STATE OUTPUTS

PARAMETER MEASUREMENT INFORMATION

1k

5V ———————— [ T T T 7
i 1
INPUT ! |
PULSE ' [ Y OUTPUT
GENERATOR } Z OUTPUT
(See Note A)
50 0 —— ——
YJ c J8 YL v
L= 2 RL = 10010 C_ = 15 pF
- 100 2
27— oF 3 2 I (see Note B) R
(See =
CL = 15 pF 2
Note BI (See Note B) L
TERMINATION A TERMINATION B TERMINATION C
TEST CIRCUITS
OVERSHOOT
100% T"

ont_]

OVERSHOOT

VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following charactenstics: Zgyy = 50 @, PRR = 10 MHz
B. C includes probe and jig capacitance

FIGURE 2. tpLH. tPHL. tTLH. tTHL, AND OVERSHOOT FACTOR

TeExas
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SN75159
DUAL DIFFERENTIAL LINE DRIVERS WITH 3 STATE OUTPUTS

PARAMETER MEASUREMENT INFORMATION

INPUT

PULSE
GENERATOR
{See Note A)

CL -
30 pF
(See
= Note B)

OUTPUT

Ry = 180 (1

TEST CIRCUIT

sSn-—ﬂ e 55nl—01 k—

Lol —|— — —av

| Aoo% 0% X |

INPUT | A1V 15VX%
10% “'——’00 ns =" Y 10% ov

J—>- PZH |
| |
— — L VoH
QUTPUT 1/ | .—\ 7
7( 15V | ; QV
(PHZ —t— Vort « 0V
VOLTAGE WAVEFORMS

NOTES: A. The puise generator has the following characteristics: Zo,y = 50 1, PRR < 500 kHz
B. C( includes probe and jig capacitance

FIGURE 3. tpzH AND tpH2z
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SN75159

DUAL DIFFERENTIAL LINE DRIVERS WITH 3 STATE OUTPUTS

PULSE
GENERATOR
(See Note A)

PARAMETER MEASUREMENT INFORMATION

INPUT

INPUT

OUTPUT

= Note B)

VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zoyt = 50 Q, PRR< 500 kHz.
C. C_ includes probe and jig capacitance.

FIGURE 4. tpzi AND tpLz

RL = 260 41

ouTPUT
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SN75159
DUAL DIFFERENTIAL LINE DRIVERS WITH 3 STATE OUTPUTS

Vo —Output Voltage—V

Vo —Output Voltage—V
w

4.0

3.5

3.0

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE QUTPUT VOLTAGE
vs Vs
DATA INPUT VOLTAGE DATA INPUT VOLTAGE
T 6
No load vee = 5'\, [
Ta = 25°C No load
1) + ——
/—Vcc - 525V 70°C
e L e I
—ix
LU

\—Vcc -5V
|
\—V(;CI - 476V

: 1

Vo —Output Voltage—V
w
i |

0o
0 1 2 3 4 o 1 2 3 4
V)—Data Input Voltage —V Vi—Data Input Voitage —V
FIGURE 5 FIGURE 6
QUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
A% Vs
FREE-AIR TEMPERATURE OUTPUT CURRENT
5 ——
Vee =5V I Ta = 25°C
VOH (loH = -20 mA) |
| Voulon = -40mA 5 4
— NNV
cc =
o
£, L
>
F RN
& |vec=475V \
9
X
S
1
VoL (lgL = 40 mA)
1 o L
1] 25 50 75 1] -20 -40 -60 -80 -100 -120
Ta—Free-Air Temperature — °C IoH— Output Current—mA
FIGURE 7 FIGURE 8

* Texas
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SN75159

DUAL DIFFERENTIAL LINE DRIVERS WITH 3 STATE OUTPUTS

TYPICAL CHARACTERISTICS

LOW-LEVEL OUTPUT VOLTAGE

Vs
OUTPUT CURRENT

SUPPLY CURRENT
(BOTH DRIVERS)
Vs
SUPPLY VOLTAGE

0.6 80 -
l T T j
TA = 25°C l No load [
70— Ta = 25°C
0.5 7
> vece = 475V T 0
2 04 Yz I
g 4 £ 50
3 5
o
‘é_ 0.3 ; > 40
2 / Vge = 5.25 Vv a
N N o 3 30
3 / g
s / S 20 -
0.1} i /
/ 10 o/ -
0 0 ]
0 20 40 60 80 100 120 0 1 2 3 4 5 6 7 8
loL—Output Current—mA Vcc—Supply Voltage—V
FIGURE 9 FIGURE 10
SUPPLY CURRENT SUPPLY CURRENT
(BOTH DRIVERS) (BOTH DRIVERS)
vs vs
FREE-AIR TEMPERATURE FREQUENCY
56 100 :
Ve = BV Voe = 5V m
54 | Inputs gr d RL = o
N - F
52| Vo load 80 CL = 30p
< « Inputs: 3-volt square wave
€ 50| £ | Ta = 25°C LA
) I AT
s 48 e § 60 —
3 \ 5 L
S ~ R (8] — .- 1 4
> 46 -\ 2 s b
& a
a 44 a 40 4 H
> >
@ @
l) 42— — (I_; . e
o
- 40 2 20
38 H
36 0 i L1l
o 25 50 75 01 04 1 a 10 40 100
TA—Free-Air Temperature— °C f— Frequency — MHz
FIGURE 11 FIGURE 12
. TExAs
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ON/JO10Y
DUAL DIFFERENTIAL LINE DRIVERS WITH 3 STATE OUTPUTS

Propagation Delay Times from Data Inputs —ns

(=]

TYPICAL CHARACTERISTICS

PROPAGATION DELAY TIMES
FROM DATA INPUTS

See Figures 3 and 4

vs
FREE-AIR TEMPERATURE 30
o
"
c
I S S— ’L 25 —
1
- =
— - ] 2
o
o
2
- —1 3
—_— c
- L]
tPHL o
R | . ] -l
o
[~
w
— <
a
N S S 5
‘\ vee =5V o
- ,,,,_,,,_,,,,,M_T CL = 30 pF
Ll [RL=1000]
0 25 50 75

TA—Free-Air Temperature — °C

Ta—Free-Air Temperature — °C

FIGURE 13

FIGURE 14

OUTPUT ENABLE AND DISABLE TIMES
vs
FREE-AIR TEMPERATURE
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SN75172

QUADRUPLE DIFFERENTIAL LINE DRIVER

APRIL 1988

Meets EIA Standards RS-422-A and RS-485

J OR N PACKAGE
(TOP VIEW)

Meets CCITT Recommendations V.11 and

It is designed to meet the requirements of EIA
Standards RS-422-A and RS-485 and CCITT
Recommendations V.11 and X.27. The device
is optimized for balanced multipoint bus
transmission at rates of up to 4 megabaud. Each
driver features wide positive and negative
common-mode output voltage ranges making it
suitable for party-line applications in noisy
environments.

X.27 1Ay UseJvee
. 1Yz 1s[04A
® Designed for Multipoint Transmission on 1z(Qs  1aJav
Long Bus Lines in Noisy Environments ENABLEG[Js 13[] 4z
® 3-State Outputs 2z[]s  12{JENABLEG
2¥[Js n[J3z
® Common-Mode Output Voltage Range of 2a 07 10[] 3y
-7Vtoi2V GND (s 9[]3A
® Active-High and Active-Low Enables
DW PACKAGE
® Thermal Shutdown Protection :OP VIEW)
® Positive- and Negative-Current Limiting AT T vee
® Operates from Single 5-V Supply 12 19[]4A
NC[3  8[]ay
® Low Power Requirements 12[0s 1Ne
® Functionally Interchangeable with ENABLE G5 16]]4Z
AM26LS31 2z[fe 15[ JENABLE G
NC[]7  14[]3z
description 2Y[Js  13[JNC
. . 2A(]e 12[]3Y
The SN75172 is a monolithic quadruple onoio 113A
differential line driver with three-state outputs.

NC —No internal connection

The SN75172 provides positive- and negative-current limiting and thermal shutdown for protection from
line fault conditions on the transmission bus line. Shutdown occurs at a junction temperature of
approximately 150°C. This device offers optimum performance when used with the SN75173 or SN75175

quadruple differential line receivers.

The SN75172 is characterized for operation from 0°C to 70°C.

FROUUCTION OAIA totarmanan s
conlorm 10 apacitications par 1he

ol pubiication date Products
ol indarg
Hng of s
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SN75172
QUADRUPLE DIFFERENTIAL LINE DRIVER

logic symbolt FUNCTION TABLE
(EACH DRIVER)
L@ =1 o INPUT ENABLEES OUTPUTS
— A le Y 2z
g b2 '_j H |H x| H L
e 2 Wl oln
1a v v L
v b (3) 12 L X L L H
© X |v Wl z 2z
28 D) 2y
N (5) 22 H = high level
(10) L = low level
3 19 | 3 X = irrelevant
I (11) 32 Z = high impedance (off)
aa 118) 2 ay
— A3,

T This symbol Is in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12.
Pin numbers shown are for J and N packages.

logic diagram (positive logic)

4)

G
_ a2
G
)
2)
") 12y
1A 3)
Y
6
7 L6 oy
2 5)
2z
1
1
9 _( 0 3y
3A 11)
SRLLLEFY
14)
(15) L ay
4 (13)
az

‘VTEXAS
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SN75172
QUADRUPLE DIFFERENTIAL LINE DRIVER

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL QUTPUTS

vVee 3 4 - - = Vee
Regq

INPUT
OouUTPUT

Data inputs: Req = 3 kil NOM
Enable inputs Req = 8 k(i NOM

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

Supply VOItage, VCC - - o« o e oo
Input voltage . . . ... 5.
Continuous total dissipation

5V

See Dissipation Rating Table

Operating free-air temperature range . . .. .......................... . .. .. .. 0°C to 70°C
Storage temperature range -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW or N package ... . ... 260°C

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

DISSIPATION RATING TABLE

PACKAGE Ta < 25°C DERATING FACTOR Ta = 70°C
POWER RATING ABOVE Ty = 25°C POWER RATING
ow 1125 mW 9.0 mw/°C 720 mwW
J 1025 mW 8.2 mw/°C 656 mwW
N 1150 mW 9.2 mW/°C 736 mW

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, Vcc 4.75 5 5.25 v
High-level input volitage, Viy 2 \
Low-level input voltage, V) - 0.8 i
Common-mode output voltage, Voc -71012 \
High-level output current, 'OH -60 mA
Low:-level output current, Ig( 60 mA
Operating free air temperature, Tp 0 70 | oc |
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SN75172
QUADRUPLE DIFFERENTIAL LINE DRIVER

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

PARAMETER TEST CONDITIONS MIN  Typ! MAX | UNIT
ViK Input clamp voltage Ij = -18 mA - 1.5 \
Vo Output voltage g = 0 0 6 v
[Vopi|  Differential output voltage Ip =0 1.5 6 \
. RL = 1004, See Figure 1 % Vo1
|Vopal Differential output voltage 2 v
L R = 540, See Figure 1 1.5 2.5 5 \Y
Vop3 Differential output voltage See Note 2 1.5 5 Vv
Vool Change in magnitudo of . £0.2 v
differential output voltage
Voc Common-mode output voltage § RL = 64 01 or 100 @, See Figure 1 f? \2
alvocl Change in magnitude of \ £0.2 v
common-modo output voltage
_lo Output current with power off Vee = 0, Vo - 7Vtoi12v 1+ 100 nA
0z High-impedance-state output current Vo = -7Vt 12V 1 100 nA
[IT%] High-level input current Vp =27V 20 A
I8 Low-level input current Vi =05V 360 uA
Vg = -7V - 180
los Short-circuit output current Vo = Vcc 180 mA
Vg = 12V 500
Icc Supply current (all drivers) No load [ Outputs enablcd 38 60 mA
[ Outputs disabled 18 40
T Al typical values are at Vo = 6V and T = 25°C.

*4|Vop| and a[Voc]| are the changes in magnitude of Vop and V(. respectively, that occur when the input 8 changed from a high

level to a low level.
$1n EIA Standard RS-422-A, Vpc. which is the average of the two output voltages with respect to ground, is called output offset voltage. Vpog
NOTE 2: See EIA Standard RS-485 Figure 3-5, Test Termination Measurement 2.

SYMBOL EQUIVALENTS

DAIA SHEET PARAMETER RS-422.A RS 485
Vo Voa: Vob Voa Vob
1Vop1! Vo Vo
IVoD2| Ve (RL = 100 ) Vi (R, - 54 1)
Vop3l V¢ (Test Termination)
Moasuremont 2)
3 Voo Al AR
Voc [Vos! Vos!
alVoc| i Vos -~ Vos |  Vos -~ Vos |
los !'sal ilsb)
o lxa i xb! hia- lib
Texas
INSTRUMENTS
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SN75172
QUADRUPLE DIFFERENTIAL LINE DRIVER

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

PARAMETER TEST CONDITIONS MIN TYP  MAX UNIT
DD Differential-output delay time RL = 540, Ses Figure 2 45 65 ns
7D Differential-output transition time 80 120 ns
tpzH  Output enable time to high level R, - 1100, See Figure 3 80 120 ns
tpzL  Output enable time to low level R_ = 11010, See Figure 4 45 80 ns
tpHz  Output disable time from high level RL = 1109, See Figure 3 78 118 ns
tpLz  Output disable time from low level RL = 1100, See Figure 4 18 30 ns

PARAMETER MEASUREMENT INFORMATION

V
Nl;u
fE,

Vop2 | S
R
3 Ivoc

FIGURE 1. DIFFERENTIAL AND COMMON-MODE OUTPUT VOLTAGES

——— 3V
°
INPUT 15V 15V
l = 50 pF
L CL=50p \ ! ov
1

Sh - (See Nota B) |

|
S
t
GENERATOR 5 0 540 ouTPUT 00 —H¢ 'I e " ‘0o
(Ses Note A} | T TR
- ouTPUT  50% A X 50%
3v !

™l
E

botow s -25V
trp - e (30
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 2. DRIVER DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES
NOTES: A. The input pulse 1s supplied by a generator having the following characteristics: t; s S ns, tf = 5 ns, PRR = 1 MHz, duty

cycle = 50%, 2, = 50 0
B. Ci includes probe and stray capacitance

B 1

EXAS
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SN75172
QUADRUPLE DIFFERENTIAL LINE DRIVER

PARAMETER MEASUREMENT INFORMATION

meT A INPUT 16V 16V
l I Ss1 | | ov
oVor3v | ouTPUT le——tpzy | 0.5V
| ! Y 3 Vou
PUT
| ouTPU 23v N\
GENERATOR | A= 1100 : : Votf = OV
(SEE NOTE A) L -
————dc - 50pF R —tpHz
(SEE NOTE B)
v
= (SEE NOTE C) = =
TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 3. tpzH AND tpHZz

GENERATOR
(SEE NOTE A)

CL = 50 pF OUTPUT
L — — — — disee nOTE B)

NOTES: A.

@

3v
= (SEE NOTE C) =

TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 4. tpzL AND tpLz

The input puise is supplied by a generator having the following charactenstics: tf s 5ns, ty < 5 ns, PRR s 1 MHz, duty
cycle = 50%, Z5,¢ = 50 (1
Cy include probe and jig capacitance

. To test the active-low enable G, ground G and apply an inverted waveform to G

*p Texas
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SN75172
QUADRUPLE DIFFERENTIAL LINE DRIVER

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE

vs
HIGH-LEVEL OUTPUT CURRENT
® \
5 4.5 -vec = 5V |
| Ta = 25°C
g 4
g —
235 ~ -
>
s g —~ _
a
5
O 25 —
®
3 2
=
215
z
|
r 1
o
05 L
0 Ll
0 -20 -40 -60 -80 -100 -120
IoH—High-Level Output Current—mA
FIGURE 5
DIFFERENTIAL OUTPUT VOLTAGE
Vs
OUTPUT CURRENT
a4 T

vee -

w
o

T
|
|
|
N

Ta = 25°C

w

RN

1
i

5V

N
o

|
TV__ —
{

}m N

@

-

|

Vpp — Differential Output Voltage—V
N

©
o

(=]

!

o

4
10 20 30 40

|0 —Output Current—mA
FIGURE 7

50 60 70 80 90 100

VoL —Low-Level Output Voltage—V

Ig —Output Current—pA

LOW-LEVEL QUTPUT VOLTAGE
Vs
LOW-LEVEL OUTPUT CURRENT

bt
B
|

4_V(;(;-Sviw o I R
Ta = 25°C
3.5 - -
3 S - N S
2.5 —

P
S\
[N

1.___./7/ - —f
0.5 i S ,,",,,,,
|
0 ,,Ak[ L S
0 20 40 60 80 100 120
lgL—Low-Level Output Current—mA
FIGURE 6
QUTPUT CURRENT
Vs
OUTPUT VOLTAGE
50 1 1
Output Disabled |
40FTa = 25°C
30
20
10 }
o ‘--Vc? - l0 A\
\% -5V
10 ”/ TCC
-20 ” -
-30
-40
-50

-25-20-15-10-5 0 5 10 15 20 25
V( — Output Voltage —V

FIGURE 8
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SN75172
QUADRUPLE DIFFERENTIAL LINE DRIVER

TYPICAL CHARACTERISTICS

SUPPLY CURRENT SUPPLY CURRENT
Vs Vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
T R
90 [— No Load No Load,
Qutputs Enabled 25 }— Inputs Open A t——
< 80 - Ta = 25°C < Output Disabled }
E E - o
L VL oSl AR S RS —
§ oo / |
3 INPUTS 3 | /
o © JUUSRS DU S
> %0 ! oPEN |, 1%
g 40|— | L4 INPUTS g |
3 GROUNDED 3 ol | e |
I 30 | 10 } T
Q |
ke » / 8 |
P I / 7 . AR
) [
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Ve —Supply Voltage—V Vcc—Supply Voltage—V
FIGURE 9 FIGURE 10
TYPICAL APPLICATION
1/4 SN75173 1/4 SN75174
22
LAY
> S
° C °
¥ N |
L ’
1/4 SN75173 1’4 SN75175
UP TO 32
DRIVER/RECEIVER PAIRS
e o o
1/4 SN75172 1/4 SN75173 1/4 SN75173 1/4 SN75174
NOTE A: The line length should be terminated at both ends in its charactenistic )impedance Stub fengths off the main line should be kept
as short as possible.
FIGURE 11

{'f EXAS
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SN75173
QUADRUPLE DIFFERENTIAL LINE RECEIVER

JULY 1990
® Meets EIA Standards RS-422-A, RS-423-A, D. J, OR N PACKAGE
and RS-485 (TOP VIEW)
® Maeets CCITT Recommendations V. 1), 18 UisJvee
V.11, X.26, and X.27 1Az 1s[]4B
o . 1w(s  wedaa
® Designed for Multipoint Bus Transmission on cOs 1:0av
Long Bus Lines in Noisy Environments 2y s 200G
® 3-State Outputs 2a(Js  n[Jay
28(]7  10[]3A
® Common-Mode Input Voltage GND |8 9[]3B
Range ... -12to 12V
® Input Sensitivity . . . £200 mV logic symbolt
® Input Hysteresis . . . 50 mV Typ
. cl__f >
® High Input Impedance . . . 12 kQ Min . 12) EN
® Operates from Single 5-V Supply r
® Low Power Requirements - ov v [
® Plug-in Replacement for AM26LS32 B ﬂL—b]
6
e 2a &L (5)
description 28 2o 2y
The SN75173 is a monolithic quadruple 3A ho | (11)
differential line receiver with 3-state outputs. it 3B JLINN N 3Y
is designed to meet the requirements of EIA 4A na_ (13
Standards'RS-422-A, RS-423-A, and RS-485 a8 1180 0 — 4y
and several CCITT recommendations. The
device is optimized for balanced multipoint bus 1This symbol is in accordance with ANSI/IEEE Std 91-1984 and
transmission at rates up to 10 megabits per IEC Publication 817-12.
second. The four receivers share two ORed
enable inputs, one active when high, the other logic diagram (positive logic)
active when low. The device features high input @)
impedance, input hysteresis for increased noise G
immunity, and input sensitivity of +200 mV g2
over a common-mode input voltage range of
- 12to 12 V. Fail safe design ensures that if the 1ad2
inputs are open circuited, the outputs will always n |3 1Y
be high. The SN75173 is designed for optimum 18
performance when used with the SN75172 or )
SN75174 quadruple differential line drivers. 2A 5)
——2Y
The SN75173 is characterized for operation from 28 (]
0°C to 70°C.
2a 101 1
(11) 3y
38 (9)
(14)
4A 13,y
4B (15)

FIOUUL TSN DATA mformation i cuirenl a6 of pubiicativn date Produts
0 1pecicancns per the lerms of Teray Inylruments sianderd
F1uduthiurt procesving doed nul aacesnnty include teating of ol

TEXAS
3-102 INSTRUMENTS




SN75173

QUADRUPLE DIFFERENTIAL LINE RECEIVER

FUNCTION TABLE (EACH RECEIVER)

[

H
L
X
?

z

schematics of inputs and outputs

irrelevant
indeterminate
high impedance (off)

DIFFERENTIAL ENABLES OUTPUT
A-B G [ Y
H X H
Vip 202V X L H
-0.2V<Vp<02V H X !
X L ?
H X L
Vip s -0.2V x L L
X L H z
= high level
low level

EQUIVALENT OF A OR B INPUT
Vee

100 k@2

NOM

16.8 k(!
NOM

960 0
NOM

INPUT

100 kQ
NOM

EQUIVALENT OF G OR G INPUT

Vee -

8.3 ki
NOM

INPUT

TYPICAL OF ALL OUTPUTS

————%Vcc
85 0
$ NOM

QUTPUT

3-103




SN75173
QUADRUPLE DIFFERENTIAL LINE RECEIVER

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

Supply voltage, VCC (588 NOtE 1) . .. o oottt 7V
Input voltage, A or Binputs . . ... ... P +25V
Differential input voltage (see Note 2) ............. [ e e +25V
Enable input voltage ....... e A
Low-level output Current .. ... ... ...t 50 mA
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3):
D package . . ... e e 950 mW
JPACKAGE .« . 1025 mW
N package .. 1150 mW
Operating free-air temperature range . . . . ... .o vttt e 0°C to 70°C
Storage temperature FaNEE . .. .. ... .ottt —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C

NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal.
2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input.
3. For operation above 25°C free-air temperature, derate the D package to 608 mW at 70°C at the rate of 7.6 mW/°C, the
J package to 656 mW at 70°C at the rate of 8.2 mW/°C, and the N package to 736 mW at 70 °C at the rate of 9.2 mW/°C.
In the J package, SN75173 chips are glass mounted.

recommended operating conditions

MIN  NOM MAX UNIT
Supply voltage, Vo 4.75 5 65.25 v
Common-mode input voltage, V|c +12 A\
Differential input voltage, Vip +12 v
High-level input voltage, V|4 2 \4
Low-level Input voltage, V)i 0.8 Vv
High-level output current, IgH - 400 nA
Low-level output current, Ig 16 mA
Operating free-air temperature, Ta o] 70 °C

“'fTEXAs
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SN7J1/73
QUADRUPLE DIFFERENTIAL LINE RECEIVER

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

PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
VTH Differential-input high-threshold voltage | Vo = 2.7 V, lp = -0.4mA 0.2 \
V1L Differential-input low-threshold voltage | Vg = 0.5V, o = 16 mA -0.27 \2
ths Hys(eresis§ 50 mV
ViK Enable-input clamp voltage I} = -18 mA -1.5 v
VOoH High-level output voltage Vip = 200 mV, IoH = -400 kA 2.7 \2
VoL Low-level output voltage Vip = =200 mv, LIOL - 8mA 045 v
[loL = 16mA 0.5
loz High-impedance state output current Vo = 04Vto24V +20 uA
| Line input current Other input 8t O V, l V) =12V 1 A
See Note 4 [Vi=-7Vv -0.8
IH High-level enable-input current ViH = 2.7V 20 »A
e Low-level enable-input current ViL = 04V - 100 HA
[ Input resistance 12 kQ
los Short-circuit output current -15 -85 mA
Icc Supply current Outputs disabled 70 mA

TAll typical values are at Vo = 5V, Ta = 25°C.
tThe algebraic convention, in which the less positive {more negative) limit is designated minimum, is used in this data sheet for threshold

voltage levels only.
iHysmresls is the difference between the positive-going input threshold voltage, VT 4, and the negative-going input threshold voitage,

V-

See Figure 4.
1No( more than one output should be shorted at a time and the duration of the short circuit should not exceed one second.

NOTE 4: Refer to EIA Standard RS-422-A and RS-423-A for exact conditions.

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tpLH Propagation delay time, low-to-high-level output | Vip = -1.5V to 1.6 V, C = 16 pF, 20 35 ns
tpHL  Propagation delay time, high-to-low-level output | See Figure 1 22 35 ns
tpzH Output enable time to high level CL = 15 pF, See Figure 2 17 22 ns
tpzL  Output enable time to low level CL = 15 pF, See Figure 3 20 25 ns
tpr1z  Output disable time from high level Cy = 5pF, See Figure 2 21 30 ns
tpLZ Output disable time from low level CL =.5pF, See Figure 3 30 40 ns

‘Q?Tms

INSTRUMENTS
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SN75173
QUADRUPLE DIFFERENTIAL LINE RECEIVER

PARAMETER MEASUREMENT INFORMATION

F===n —————15V
GENERATOR ! ! INPUT ov ov
Ses Note A) _
(See Note OUTPUT - : | _ﬂl h_‘ 15V
1 tPLH -3 :‘_ ! PHL
\ CL = 15 pF 1 ———— VoH
[} (See Note B) OUTPUT
|
-d 7 ' Vou
2v =
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 1. tpLH. tPHL
—— - Vee
r .: OuUTPUT s1
15V 2 kil
] I —av
| | INPUT 13V
| | .
| ' (S ‘l\.‘ te —-ov
00 Note < tpzH 'PHZ
| | B) .'5 0¥ (see Note C) "r_ ots v
= A RV
L -d OuTPUT ! oH
$1 open F1.3V ¥ 57 closed
GENERATOR L oy 1.4V
(See Note A) (See Note D) L

50 @

TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 2. tpHz. tpZH

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duty cycle = 50%,
tr s 6ns, tf 5 6ns, Zoyy = 60 Q.
B. Ci includes probe and jig capacitance.
C. All diodes are 1N916 or equivalent.
D. To test the active-low enable G, ground G and apply an inverted input waveform to G.

TExas
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ON/D1/3

QUADRUPLE DIFFERENTIAL LINE RECEIVER

NOTES: A.

PARAMETER MEASUREMENT INFORMATION

——-

1
!
|
|
|
|
|

(See Note D)
60 1

TEST CIRCUIT

I CL
(See Note 3
B) 1

vVce

(See Note C)

{sz

FIGURE 3. tpzL, tpLZ

tr s 6ns, ty s 6ns Zgy = 500
B. C includes probe and jig capacitance.
C. Ali diodes are 1N918 or equivalent.
D

INPUT 13V

tPzL
82 opan."

:" —q' e tpLz
[

$2 closed

OUTPUT %1.3v —;A:—--mtv
-x— Vo

05V

VOLTAGE WAVEFORMS

The input pulse is supplied by 8 generator having the following characteristics: PRR s 1 MHz, duty cycle = 50%,

. To test the active-low enable G, ground G end apply 8n inverted input waveform 1o G.

Vo —Output Voitage—V

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE
vs
DIFFERENTIAL INPUT VOLTAGE

3 T T T
vee =5V io=0 TA = 25°C
i §
) ,L 4
vic = || Vic = Vic =
-12 VT 0 T T12v T
I | 1 '
3 Vi-—HVr- t V-
VT4 VT4 VTsd
2 S—
1
(]
-125 =75 -25 0 25 50 75 100 125
V|p — Differential Input Voltage —mV
FIGURE 4

HIGH-LEVEL OUTPUT VOLTAGE
vs
HIGH-LEVEL OUTPUT CURRENT

[ Vio - 02'v

I Ta = 25°C |

VQH—High-Level Output Voltage--V

-50

Io0H —High-Level Output Current—mA
FIGURE 5

B 1

EXAS
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SN75173
QUADRUPLE DIFFERENTIAL LINE RECEIVER

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE LOW-LEVEL OUTPUT CURRENT
5.0 0.6 T T
Vee = 5V /
4.5 > °
> TA = 25°C
| | 0.5 A /
g 4.0 S V>
S s
5 —— 5
g 3.6 —— S o4
5 5
3 30 g
5 =
3 25 S o3 A
3 E i
K 2.0 K] /
£ 15 £ 02 )
g | s
! 1.0fVcc =5V =
% Vip = 0.2V E 0.1
> 05r gy = -440 4A
0 | | | [} |
0 10 20 30 40 50 60 70 80 0 5 10 15 20 25 30
Ta—Free-Air Temperature— °C IgL—Low-Level Output Current—mA
FIGURE 6 FIGURE 7
LOW-LEVEL OUTPUT VOLTAGE OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE ENABLE G VOLTAGE
0.5 5Mip =02V
> A o] |-Load = 8 kQ to ground — e
| Ta = 25°C
% 0.4 —— > 4 Vee = 5.25 V]
= 1 |
s [ 3 LAY .t
5 03 I — | £ 3 cc Vee = 4.75 V]
s >
o 5
K] e
>
3 0.2 OT 2
3 — S S—
5 g
L, 01fvec =5V 1
S Vip = -0.2V
loL = 8 mA
oL | | 0 J
0 10 20 30 40 50 60 70 80 0 o5 1 15 2 25 3
Ta—Free-Air Temperature— °C Vi—Enable G Voltage—V
FIGURE 8 FIGURE 9

QP TExas
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SN75173
QUADRUPLE DIFFERENTIAL LINE RECEIVER

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE
vs
ENABLE G VOLTAGE

INPUT CURRENT
vs
INPUT VOLTAGE

1.0
— NYXAX
6 I I Vip = -0.2V vee = BV \\\
Vce = 6.25 v Load = 1 kil to Vgc 0.75 | Ta = 25°C \ N
EEEL SRR
> vee = 4.75 V q 05 e
‘I, Vcc =5V E \\ e
g 4 L o25© N -
: : T ]
E
33 s ° L] N
3 2 /<< NN
o £ -0.25 \
5 ? l - \
> = -0.5}— \ THE UNSHADED
1 /Q AREA CONFORMS TO
-0.75 FIGURE 3.2 OF *i
K EIA RS-485
0 10 \ A A NN ARNA Y
[} 0.5 1 1.6 2 25 3 -8 -6 -4 -2 0 2 4 6 8 10 12
V|—Enable G Voltage —V Vi—Input Voitage—V
FIGURE 10 FIGURE 11
TYPICAL APPLICATION
1/4 SN76172 1/4 SN76176
[ L
23 i <
2 S
g 1F o
[ 4
UP TO 32 L

1/4 SN76173

1/4 SN76172  1/4 SN76173

DRIVER/RECEIVER PAIRS

1/4 SN76173

1/4 SN76174

1/4 SN75174

NOTE: The line should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short

as possible.
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SN75174
QUADRUPLE DIFFERENTIAL LINE DRIVER

MAY 1988

® Meets EIA Standards RS-422-A and RS-485 J OR N PACKAGE

Recommendations V.11 and X.27. The device
is optimized for balanced multipoint bus
transmission at rates up to 4 megabaud. Each
driver features wide positive and negative
common-mode output voltage ranges making it
suitable for party-line applications in noisy
environments.

The SN75174 provides positive- and negative-
current limiting and thermal shutdown for
protection from line fault conditions on the
transmission bus line. Shutdown occurs at a
junction temperature of approximately 150°C.
This device offers optimum performance when
.used with the SN75173 or SN75175 quadruple
differential line receivers.

The SN75174 is characterized for operation from
0°C to 70°C.

~UNCTION TABLE (EACH DRIVER)

and CCITT Recommendations V.11 and (TOP VIEW)
x.27 1A [ Usel] vee
® Designed for Multipcint Transmission on Y[z s 4A
Long Bus Lines in Noisy Environments 12 s 1a[] 4y
1,2EN [Ja 13[]-42
® 3-State Outputs 2z [Js  12[] 3.4EN
® Common-Mode Output Voltage Range of 2y (e a1 32z
-7Vto12V 2a[}7  10[] 3Y
A
® Active-High Enable GNO (s s13
® Thermal Shutdown Protection DW PACKAGE
@ Positive- and Negative-Current Limiting {TOP VIEW)
® Operates from Single 5-V Supply 1a [ U2 Vee
1wy [z 19[] aa
°
Low Power Requirements NC E 3 18[] 4y
® Functionally Interchangeable with MC3487 12 17[] NC
1,2eN[]s 18] 4z
description 2z(Je  15[] 3.4 EN
The SN75174 is a monolithic quadruple 25 E; :;% zf:
differential line driver with three-state outputs. 2a s 12 av
It is designed to meet the requirements of EIA ono[fio 1] 2a
Standards RS-422-A and RS-485 and CCITT

NC —No internal connection

logic symbolt

1.2EN 1) EN

(1

|2 4y
du

d 9

2a 12

6) 5y

I (5) 57

3.aen 12 fey

3A (9

(10) 3y
(11 3z

44

an (15)

14) 4y
30 4,

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and

IEC Publication 617-12.

INPUT ENABLE QUTPUTS
Y r4
H ‘H H L
L H L H
X L z z
= TTL high level, X = irrelevant,
L = TTL low level, Z = High impedance (off)

Texas
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SN75174
QUADRUPLE DIFFERENTIAL LINE DRIVER

logic diagram, each driver (positive logic)

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Vee ¢ -—- -—- Vee
Regq
INPUT T
b
] ¢————— OUTPUT
Data Inputs: Req = 3 kil NOM -=- GND
Enable Inputs: RBQ = 8 kil NOM

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

Supply voltage, VCC (see Note 1) . ... ... ... . . 7V
Input voltage . . . ... .. .. e 5.5V
Continuous total dissipation . . . . ... ... . . ... .. See Dissipation Rating Table
Operating free-air temperature range . . . ... ............... ... 0°C to 70°C
Storage temperature range . .. ... ... ... ......ooa -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW or N package . .. ... 260°C

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

DISSIPATION RATING TABLE

PACKAGE Ta s 26°C DERATING FACTOR Ta = 70°C
POWER RATING ABOVE Tp = 26°C POWER RATING
ow 11256 mw 9.0 mw/°C 720 mwW
J 1025 mW 8.2 mw/°C 656 mW
N 1150 mW 9.2 mW/°C 736 mW

B Tixas
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SN75174
QUADRUPLE DIFFERENTIAL LINE DRIVER

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, Vc¢ 4.75 5 5.25 \
High-level input voltage, Vi 2 Vv
Low-Level input voitage, V)i 0.8 \2
Common-mode output voltage, VoC -71012] V
High-level output curent, igH -60 mA
Low-level output current, Ig| 60 mA
Operating free-air temperature, Ta ) 70 °C
electrical characteristics over recommended ranges of supply voltage and operating free-air temperature
(unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
ViK Input clamp voltage I} = -18 mA -1.5 i
VOH High-level output voltage ViH =2V, ViL =08V, 3.7 \
IoH = -33 mA
VoL Low-level output voltage ViH =2V, ViL = 08V, 1.1 \Y
oL = 33 mA
Vo QOutput voltage lp=0 0 6 \
|Vop1!| Differential output voltage lp=0 1.5 6 \
) ) RL = 1001, See Figure 1 % Voo1 v
|Vop2| Differential output voltage 2
RL = 6410, See Figure 1 1.5 2.5 5 \
Vob3 Differential output voltage See Note 2 1.5 5 \Z
Change in magnitude of
AIVODI itarential 1 itage ¥ 0.2 v
ifferential output voltage
Voc Common mode output voltage R = 64 Qor 100 @, See Figure 1 i? v
alvoel Change in magnitude of : +0.2 v
common mode output voltage
o Output current with power off Vee =0, Vg =~-7Vtoi2V +100 rA
loz High-impedance-state output current | Vg = -7 Vto 12 V + 100 A
hH High-level input current Vy =27V 20 uA
L Low:-level input current Vp =05V - 360 A
Vo = -7V ~250
los Short-circuit output current Vo = Vce 180 mA
Vo = 12V 500
. . Outputs enabled 38 60
icc Supply current (all drivers) No load } Outots deabiod m 70 mA

T Al typical values are atVee = 5 Vand Tp = 25°C.

‘A!VOD\ and A|VQc| are the changes in magnitude of Vgp and VOC. respectively, that occur when the input is changed from a high
level to a low level.

NOTE 2: See EIA Standard RS-485 Figure 3.5, Test Termination Measurement 2.

X

Texas
3112 INSTRUMENTS



SN75174
QUADRUPLE DIFFERENTIAL LINE DRIVER

switching characteristics, Vcc = 5 V. TA = 25°C

PARAMETER TEST CONDITIONS MIN TYP  MAX UNIT
0D D!Nevamfal-umput delay l‘lms RL = 540, See Figure 2 45 65 ns
tTD Differential-output transition time 80 120 ns
tpzH  Output enable time to high level RL = 1100, See Figure 3 80 120 ns
tpzL  Output enable time to low level R = 11011, See Figure 4 55 80 ns

TPHZ Outut disable time from high level R_ = 1100, See Figure 3 75 115 ns
[tpLz _ Output disable time from low level RL = 1100, See Figure 4 18 30 ns

SYMBOL EQUIVALENTS

DATA SHEET PARAMETER RS-422-A RS-485
Vo Voa- Vob Voa: Vob
Vool Vo Vo
1Vopa2| V¢ (R = 100 0) Vi (R = 54 @

Vi (Test Termination

IVooal Moasurement 2)
4{vVool [Vil = (%] Al
voc [Vos| [Vos|
aVocl | Vos = Vos ! | Vos = Vos |
los lsal. itsbl
'o i'xal: i'xbl lia- lib

PARAMETER MEASUREMENT INFORMATION

VWA~
E-]
&

[ AL -
4 OUTPUT
> 54 Q
GENERATOR
{See Note A}
° CL = 50 pF
{See Note B)
L o _
TEST CIRCUIT

VOLTAGE WAVEFORMS

NOTES: A. The input pulse is supplied by a generator having the following.characteristics: t; s 6 ns, ty < 5 ns, PRR s 1 MHz,
duty cycle = 50%, Zg = 50 0.
B. C_ includes probe and stray capacitance.

FIGURE 2. DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES

3 15
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SN75174
QUADRUPLE DIFFERENTIAL LINE DRIVER

PARAMETER MEASUREMENT INFORMATION

[
S1
3VoroVv OUTPUT
|
| RL = 1100
GENERATOR s0l—— — _ _J CL=50pF
(See Note A) (See Note B) =
= OUTPUT
23v, |
= Voff ~ 0V
tPHZ —je—b] oft
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 3. tpzi4 AND tpHz
5V
————— 3v
r—- =" RL = 1100
s1 t INPUT
0OVto3dV ouTPUT
! ov
| ¢, - 50 pF (pn—k—b‘ L—q—lPLz
GENERATOR s00l- — — — _J (See Note B) |
(See Note A) =
OUTPUT ¥
= —F- Vo
TEST CIRCUIT

VOLTAGE WAVEFORMS
FIGURE 4. tpzL AND tpLz

NOTES: A. Theinput pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 60%, t; < 5ns,
tf s 6ns, Zg = 601

B. C_ includes probe and stray capacitance.

* Tixas
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SN75174
QUADRUPLE DIFFERENTIAL LINE DRIVER

VoH— High-Level Output Voltage—V

Vop — Differential Output Voltage —V

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT

° I S
4.5 Vee = 5V 5 45 LVcc =5V
TA = 25°C ] Ta = 25°C
4 — & 4
©
35 e~ 3 35 /
3 \\ :.é' 3 //
2.5 N 3 25
H
2 3 2 /
3
1.5 o 15
——/
-l
1 L —
o gl
0.5 >
0 0
0 -20 -40 -60 =-80 -100 -120 0 20 40 60 80 100 120
IgH—High-Levei Output Current—mA loL—Low-Level Output Current—mA
FIGURE 5 FIGURE 6
DIFFERENTIAL OUTPUT VOLTAGE OUTPUT CURRENT
Vs vs
QUTPUT CURRENT QUTPUT VOLTAGE
¢ N I,
o J L Output disabled
35 MR 0 1A = 250C
\\ A 30
3
\\ Tx 20
N -
25 ~ < £ T S S
N £ < Veg =0V
2 ~ o 0 + +
5
1.5 g -10 -~——-~l ! 1
' 3 Ve = 5V
| -20
1 °
\ -30
0.5 \ -40
( -50 —
0 10 20 30 40 50 60 70 80 90 100 -26-20-15-10-5 0 5 10 15 20 25
10— Output Current—mA Vo —Output Voltage—V
FIGURE 7 FIGURE 8
R Texas
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SN75174
QUADRUPLE DIFFERENTIAL LINE DRIVER

TYPICAL CHARACTERISTICS

SUPPLY CURRENT SUPPLY CURRENT
Vs VS
SUPPLY VOLTAGE SUPPLY VOLTAGE
100 30 -
] UL |
90 |— No Load No Load,
Outputs Enabled 25 | Input Open -
« 80 Ta=25°C « Output Disabled
E 50 L] £ Ta = 25°C
l | [ | 20 |
§ £
I3 60 1 / @
5 INPUTS OPEN 5
S 5o Yy S gl
= / >
8 a
g a0 + a |
a ¥ INPUTS a 10 )
& 30 +— GROUNDED IR
°o A J O
20 7 - = 5 . |
10 T |
0 0 |
o 1 2 3 4 5 6 71 8 o 1 2 3 4 5 6 7 8
Vcc—Supply Voltage—V Ve —Supply Voltage—V
FIGURE 9 FIGURE 10

TYPICAL APPLICATION

1/4 SN76172 1/4 SN76174

Dt

1/4 SN76173 - - 1/4 SN75175
UP TO 32

DRIVER/RECEIVER PAIRS
o o o

~
P

VWA
A
VV

]

1/4 SN75172 1/4 SN75173 1/4 SN75173 1/4 SN75174

NOTE: The line length should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept
as short as possible.

FIGURE 11
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SN75175
QUADRUPLE DIFFERENTIAL LINE RECEIVER
SEPTEMBER 1989

Meets EIA Standards RS-422-A, RS 123-A,
and RS-485

Meets CCITT Recommendations V.10,
V.11, X.26, and X.27

Designed for Multipoint Bus Transmission on
Long Bus Lines in Noisy Environments

3-State Outputs

Common-Mode Input Voltage Range
-12Vto 12V

+200 mV
50 mV Typ
12 kQ Min

Input Sensitivity . . .
Input Hysteresis . . .
High Input Impedance . . .
Operates from Single 5-V Supply
Low Power Requirements

Plug-in Replacement for MC3486

description

The SN75175 is a monolithic quadruple
differential line receiver with 3-state outputs. It
is designed to meet the requirements of EIA
Standards RS-422-A, RS-423-A, and RS-485
and several CCITT recommendations. The
device is optimized for balanced multipoint bus
transmission at rates up to 10 megabits per
second. Each of the two pairs of receivers has
a common active-high enable.

The receivers feature high input impedance,
input hysteresis for increased noise immunity,
and input sensitivity of +200 mV over a
common-mode input voltage range of +12 V.
The SN75175 is designed for optimum
performance when used with the SN75172 .or
SN75174 quadruple differential line drivers.

The SN75175 is characterized for operation from
0°C to 70°C.

FUNCTION TABLE (EACH RECEIVER)

mnsne:'riA; INPUTS ENABLE ou:Pur
Vipz 0.2V H H
02V <V <02V H ?
Vip 2 -0.2V H L
X L z

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

tow level, 7 = indeterminate,
high impedance (off)

D. J. OR N PACKAGE

(TOP VIEW)
18y Ue[d vee
1a2 1s{]4B
s 1a{JaA

12eNn[Je 13[4y
2v (s 12[]3.4€
2afe  n[Ja3v
2807 wofd3A
GND (s 9] 38
logic symbolt
1,2en 48 EN
1a 12 oo
18 .‘ﬂ...b.}
2A (6)
28 121N
3.aen U2 fey
34 1O oo
18 9~
aA (14)
48 15) .|

N

(3)

(6)

(1)

(13)

1Y

3y

ay

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

IEC Publication 617-12

logic diagram (positive logic)

3.4EN

3A
38

4A
48

PHOO JCTION DATA Information s current a4 of pubiication date Products

W 10 Apecilications per Ihe teims of Ingtiuments sisndard
¥ Production procesniny Goes nol necessarily Inciude testing of oil
o
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SN75175
QUADRUPLE DIFFERENTIAL LINE RECEIVER

schematics of inputs and outputs

EQUIVALENT OF EACH A ORB INPUT | EQUIVALENT OF EACH ENABLE INPUT | TYPICAL OF ALL OUTPUTS
Vee —-—— !
- p—o Vee
85 0 NOM
Vee - 3
8.3kQ
NOM ===
168k fo50
NOM
INPUT—An—g NOM o Yy
oo - INPUT 1 ouTPUT
NOM . 4

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

Supply voltage, VCC (see Note 1) ... .. ..o
Input voltage, AorBinputs ... ........ ... .... S

Differential input voltage (see Note 2)
Enable input voltage . . ..
Low-level output current
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3):

Dopackage . . ... ..., 950 mwW
Jpackage ... 1025 mW
N Package . ... ... . 1160 mW

0°C to 70°C

Operating free-air temperature range .. .. ..................... i
Storage temperature range . . ... .. ... -65°C to 150°C

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ........... -300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ....... -260°C
NOTES: 1. All voitage values, except differential input voltage, aro with respect to network ground terminal

2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input.

3. For operation above 25°C free-air temperature, derate the D package to 608 mW at 70°C at the rate of 7.6 mW/°C, the
J package to 656 mW at 70°C at the rate of 8.2 mW/°C, and the N package to 736 mW at 70°C at the rate of 9.2 mW/°C.
In the J package, SN75175 chips are glass mounted

® Texas
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SN/2175
QUADRUPLE DIFFERENTIAL LINE RECEIVER

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Vcc 4.75 5 5.26 v
Common-mode input voltage, V|c +12 v
Differential input voltage, Vip ) +12[ V
High-level enable input voltage, V|4 2 \
Low level enable input voltage, V| 0.8 v
High-level output current, gy -400 | uA
ILow-level output current, Ig| 16 | mA
Operating free-air temperature, T 4] 70| °C

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

Itage,

PARAMETER TEST CONDITIONS MIN TYP! MAX [UNIT
v Difterential-input high-threshold v 27v l o 0.2 v
TH voltage 0= ' 0 = -04mA :
v Differential-input low-threshold v 0.5V | 16 mA 0.2% v
T voltage 0= ’ o = m )
Vhys Hysteresis 50 mVv
ViK Enable-input clamp voltage Iy 18 mA 1.5 Vv
VOH High-level output voltage Vip = 200 mv, loH = -400 uA, See Figure 1 2.7 \2
! = B8 mA 0.45
VoL Low-level output voitage Vip = -200 mV, See Figure 1 l Igt — 16mmA 05 \Z
| High-impedance-state v 0.4V1024V 20 A
= 0. o +
0z output current o s
Other input at 0 V, [vi=r12v 1
[} Line input current mA
See Note 4 [Vi= -7V -0.8
hH High-level enable-input current VIH = 2.7V 20 | pA
[ Low-level enable-input current ViL =04V 100 | uA
r Input resistance 12 kQ
los Short-circuit output current -15 85 | mA
Icc Supply current Outputs disabled 70 | mA

T All typical values are at Vo = 5V, Ta = 25°C.
$The algebraic convention, in which the less postitive (more negative) limit is designated as minimum, is used in this data sheet for threshold

voltage levels only.

§Hyslemsis is the difference between the positive-going input threshold voitage, VT 4, and the negative-going input threshold voitage,

VT -. See Figure 4.

1Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second.
NOTE 4: Refer to EIA standards RS-422-A, RS-423-A, and RS-485 for exact conditions

switching characteristics, VCC = 5V, TA = 25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX [ UNIT
1 Propagation delay time, low-to-high-level output 22 5
PLH 9 Y d 9 i CL = 15pF.  See Figure 2 35 ns
tPHL Propagation delay time, high-to-low-level output 25 35| ns
1| Output enable time to high level 13 3
PZH 9 CL - 16pF,  See Figure 3 0 ns
tpzL Output enable time to low level 19 30 | ns
t Output disable time from high level
PHZ ekl d CL = 15pF,  See Figure 3 26 35) ons
tpLz QOutput disable time from low level . 25 35 ns
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SN75175
QUADRUPLE DIFFERENTIAL LINE RECEIVER

PARAMETER MEASUREMENT INFORMATION

e
v viL [

FIGURE 1. VOH. VoL

GENERATOR
(see Note A)

QUTPUT

CL =15 pF
(se0 Note B)

1.3V
OuUTPUT
VoL
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 2. PROPAGATION DELAY TIMES
NOTES: A. Theinput pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, t, < 6 ns,

tf s 6ns, Zoyp = 50 Q.
B. CL includes probe and stray capacitance

B 7
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SN75175
QUADRUPLE DIFFERENTIAL LINE RECEIVER

PARAMETER MEASUREMENT INFORMATION

15V sw1
ouTPUT sw2
15V ——0
o—5V
>
::Skn (see Note C)
(see Note B)
sw3
GENERATOR 3
{see Note A) :»51 a =
L
TEST CIRCUIT
PZL
tPZH 3v

INPUT - — 15V
INPUT -
15V swito 15V /1l _ _gvSWlto -1.6V
1 ov SW2open [} SW2 closed
.‘ = tpz SW3 closed —»| | PZL SW3 open
1
Vou +—-asv
ouUTPUT -=15V
VoL
tPLZ
3v v 3v

SW1to—-15V
SW2 closed
— — —(QV SW3 closed

SWito 156V
SW2 closed

I
M——tpL2Z

| — — —14V
VoL

VOLTAGE WAVEFORMS

FIGURE 3. ENABLE AND DISABLE TIMES

NOTES: A. The input pulse is supplied by a generator having the toliowing charactenstics: PRR 5 1 MHz, duty cycie = 50%, ty < 6 ns,
ty < 6 ns, Zoye = 50 0.
B. C| includes probe and stray capacitance.
C. All diodes are 1N916 or equivalent.

B 1
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SN75175

QUADRUPLE DIFFERENTIAL LINE RECEIVER

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE
vs
DIFFERENTIAL INPUT VOLTAGE

HIGH-LEVEL OUTPUT VOLTAGE
vs
HIGH-LEVEL QUTPUT CURRENT

T ——— 5 T T
Vee=5V 10=0 Ta=25°C | Vip=02V
i > Ta=25°C |
4 T S 4
> vic= lIVic=] | vi =] £
. -1zvffo 12V P R
3 -
s 3 VT 3 3
ST T IR
5 VT+ VT+ [VASE s o N
: T+ s ! \\/ Ve =5.25V
3 2 2 2 N [
Q : NN P Vec=5V
S £ W 475V N
; cc . k
1 g 1 \
> \
. . N
-125-100-75-50-25 0 25 50 75 100 125 0 -5 -10 —15 —20 —25 —30 —35 —40 —45 -50
V|p—Differential Input Voltage—mV IoH—High-Level Output Current—mA
FIGURE 4 FIGURE 5
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE LOW-LEVEL OUTPUT CURRENT
5 0.6 T
Vee=5V /
o
>| | >| 05 TA=25C /
4 : v
S S o4
g3 H
5 2
S 3 03 =
3 T e
3 2 H
< < /
£ z 0.2
3 sy
1
T 1F -
5 Vec=5V 2 01
> | Vip=0.2V >
10H = —440 uA
0 1 L I 0
0 10 20 30 40 50 60 70 80 0 1 10 15 20 25 30
Ta—Free-Air Temperature—°C 1oL, —Low-Level Output Current—mA
FiIGURE © FIGURE 7
*p Texas
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QIN/DI/D
QUADRUPLE DIFFERENTIAL LINE RECEIVER

vs

TYPICAL CHARACTERISTICS
LOW-LEVEL OUTPUT VOLTAGE

FREE-AIR TEMPERATURE

OUTPUT VOLTAGE
vs
ENABLE VOLTAGE

0.5 5 - -
Vee =6V Vip=02V
S Vip = -0.2V Load = 8 kS2 to ground “
." 04 oL = 8 mA 4~TA=25°C __V| B
o cc=525V
£ > T T
g 1 1 v |
> g | |
Vee =5 V—1
5 03 '_3' 3 cc Vee =4.75 V |
g S
3 >
° L
s
s
_I-.: 0.2 (1?1 2
H o
3 >
- 0.1 1
o
>
(] 0
0 10 20 30 40 50 60 70 80 0 0.5 1 15 2 2.5 3
Ta—Free-Air Temperature—°C Vi—Enable Voltage—V
FIGURE 8 FIGURE 9
OUTPUT VOLTAGE SUPPLY CURRENT
vs (ALL RECEIVERS)
ENABLE VOLTAGE vs
6 I T T T SUPPLY VOLTAGE
= 100 [~
Vee =525V Vip=-02V No load
5 1 1 Load = 1°kﬂ to Vge ] 90 I Inputs open
I 1 Ta=25"C TA =25° /
> Vec=4.75V 80 T
| = <
L4 Vee=5V £ 0 thouTPurs DISABLED‘//
% © ' //
> @ 60 { /
§° 3 o I /
3 o /
[=3
?o 2 g 40 -———t- { 4 i
> 9 /OUTPUTS ENABLED
o 30 i ~
°© | W
1 20
10 B -
o |
0 0.5 1 15 25 3 o Ll B
V|—Enable Voltage—V 01 2 3 4 5 6 7 8
Vcc—Supply Voltage—V
FIGURE 10 FIGURE 11
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SN75175
QUADRUPLE DIFFERENTIAL LINE RECEIVER

TYPICAL CHARACTERISTICS

INPUT CURRENT
vs
INPUT VOLTAGE

<
E
|
-
c
2
5
(&}
-
3
£
|
-8 6 4 -2 0 2 4 6 8 10 12
V|—Input Voltage—-V
FIGURE 12
TYPICAL APPLICATION
1/4 SN75172 1/4 SN75174
4 5
2 3
° — f p
) LA 1
< p
N UP TO 32 -
DRIVER/RECEIVER PAIRS
1/4 SN75173 1/4 SN76175
L] [ ] [ ]
1/4 SN75172 1/4 SN756173 1/4 SN75173 1/4 SN75174
FIGURE 13
NOTE. The hne should be tarminated at both ends in its characteristic impedance. Stub lengths off the man line should be kept as short
as possible
*p Texas
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SN/51/6A
DIFFERENTIAL BUS TRANSCEIVER
AUGUST 1989

Bidirectional Transceiver

Meets EIA Standards RS-422A and CCITT
Recommendations V.11 and X.27

@ Designed for Multipoint Transmission on
Long Bus Lines in Noisy Environments

3-State Driver and Receiver OQutputs
Individual Driver and Receiver Enables

Wide Positive and Negative Input/Output
Bus Voltage Ranges

Driver Output Capability. . . £ 60 mA Max

® Thermal Shutdown Protection

® Driver Positive and Negative Current
Limiting

® Receiver Input impedance . . . 12 k2 Min

@ Receiver Input Sensitivity . . . +200 mV

® Receiver Input Hysteresis . . . 50 mV Typ

® Operates from Single 5-V Supply

® Low Power Requirements

description

The SN75178A differential bus transceiver is a
monolithic integrated circuit designed for
bidirectional data communication on multipoint
bus transmission lines. It is designed for
balanced transmission lines and meets
EIA Standard RS-422A and CCITT
Recommendations V.11 and X.27.

The SN75176A combines a 3-state differential
line driver and a differential-input line receiver
both of which operate from a single 5-V power
supply. The driver and receiver have active-high
and active-low enables, respectively, that can be
externally connected together to function as
direction control. The driver differential outputs
and the receiver differential inputs are connected
internally to form differential input/output (I/0
bus ports that are designed to offer minimum
loading to the bus whenever the driver is disabled
or Vcc = 0. These ports feature wide positive
and negative common-mode voltage ranges
making the device suitable for party-line
applications.

DORP
DUAL-IN-LINE PACKAGE

(TOP VIEW)

R
RE
DE

o[

N O N ®
>

2o N -

FUNCTION TABLE (DRIVER)

INPUT | ENABLE OUTPUTS
D DE A 8
H H H L
L H L H
X L z z

FUNCTION TABLE (RECEIVER)

DIFFERENTIAL INPUTS ENABLE OUTPUT
A-B RE R
Vip>02V L H
-02V<V|p<02V L ?
Vip< =02V L L
X H Z
H = high level, L = low level, ? = indeterminate,
X = irrelevant, Z = high impedance (off)
logic symbol
DE ji— EN1
RE E_b.‘guz
o4 e e SPALIp
19 P~ «g
d
|—e—
LTI T3 g[

logic diagram (positive logic)
oe 2.

(4)

18,
(1)
R o It }BUS
b g

PROUUCTIGN DATA informatiun s current 4s of puuilcstion dale Producis
Conform ta specifications par INe tetmp of Teuss natiuments s1anduid
Production processing does not ascessiily Incluge lesting of all
.
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SN75176A
DIFFERENTIAL BUS TRANSCEIVER

description (continued)

The driver is designed to handle loads up to 60 mA of sink or source current. The driver features positive-
and negative-current limiting and thermal shutdown for protection from line fault conditions. Thermal
shutdown is designed to occur at a junction temperature of approximately 150°C. The receiver features
a minimum input impedance of 12 k2, input sensitivity of 200 mV, and a typical input hysteresis of 50 mV.

The SN75176A can be used in transmission line applications employing the SN75172 and SN75174
quadruple differential line drivers and the SN75173 and SN75175 quadruple differential line receivers.

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF A AND B 1/0 PORTS TYPICAL OF RECEIVER OUTPUT
vee - -- -=vce —— g vee
R 85 q
oq
[ Nom
- 16.8 k2 -
INPUT ——’ Yy nom Seson X
L NOM L
J“_< 960 22 OUTPUT
v Nom Y
F - -
) 4 -- {
Vo - ps GND
Oriver Input: Req = 3 ki2 NOM INPUT/OUTPUT
Enable Inputs: Req = 8 k2 NOM PORT

* Tixas
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SN75176A
DIFFERENTIAL BUS TRANSCEIVER

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

Supply voltage, VCC (see Note 1) . .. ... ... . i e 7V
Voltage at any bus terminal. . .. ............ ... .......... P -10Vto 15V
Enable input voltage . . . . .. ........................ N 55V
Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2):

Dopackage .. ... ... e 725 mW

Ppackage.......... ... ... ... .. . ... ., P 1000 mW
Operating free-air temMperature ranNge . . . . .. ... v v v v v n ettt 0°C to 70°C
Storage temperature raNge . . .. ... ... ... .....uue it -65°C to 160°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . ... ................ 260°C

NOTES: 1. All voltage values, except differential input/output bus voltage, are with respect to network ground terminal.
2. For operation above 26 °C free-air temperature, derate the D package to 464 mW at 70°C at the rate of 5.8 mW/°C and
derate the P package to 640 mW at 70°C at the rate of 8.0 mW/°C.

recommended operating conditions

MIN NOM MAX UNIT

Supply voitage, Vcc 4.75 5 6.25 \4
Voltage at any bus terminal (separately or common-mode), Vior Vic -7 12 \
High-level input voltage, Vi [ 0. DE, and RE 2 v
Low-level input voltage, Vi l D, DE, and RE 0.8 v
Differential input voltage, V|p (see Note 3) +12 \
High-level output current, IgH Driver - 60 mA
Receiver -400 HA
Low-level output current, Ig| Oriver 60 mA
Receiver 8
Operating free-air temperature, T 0 70 °C

NOTE 3: Differential-input/output bus volitage is measured at the noninverting terminal A with respect to the inverting terminal B.

* Tixas
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SN75176A
DIFFERENTIAL BUS TRANSCEIVER

DRIVER SECTION

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

PARAMETER TEST CONDITIONS MIN _ TYP' MAX UNIT
ViK input clamp voltage I = =18 mA -1.5 v
v High-level output voltaga Vin = 2V, Vie = 08V, 37 v
-le A
OH igh-level outpu ] loH = -33 mA
Vih = 2V, ViL=08V,
Low-level output voltage 1.1 Vv
VoL ow-level outpu g loL = 33 mA
|Vop1|  Differential output voltage lo=0 2Vop2 \
R = 100 Q, See Figure 1 2 2.7
V Differential output voltage v
IVoozl O P 9 RL = 540, See Figure 1 15 24
Alv Change in magnitude of 0.2 v
Vool differential output voltage* *0.
Voc Common-mode output voltage§ RL = 54 Qor 100 0, See Figure 1 3 v
AV, Change in magnitude of 0.2 v
I OC| common-mode output voltaget =0
Output disabled, [vo =12V 1
I tput t A
o Output curren See Note 4 [ Vg = -7V -0.8 m
WH High-level input current Vi =24V 20 KA
T8 Low-level input current V=04V -400 A
Vg = -7V - 250
los Short-circuit output current Vo = Vce 250 mA
Vg = 12V 500
Outputs enabled 35 50
| Supply current (total package) No load L A
cc upply curr pockaq [Outputs disabled 26 40 |
tAll typical values are at Vece = 5Vand Tp = 25°C.

*A|Vop| and A|VQg]| are the changes in magnitude of Vop and Vo respectively, that occur when the input is changed from a high

level to a

low level.

5in EIA Standard RS 422A, Vg, which is the average of the two output voltages with respect to ground, is called output offset voltage, VQos.
NOTE 4: This applies for both power on and power off. Refer to EIA Standard RS-422A for exact conditions.

driver switching characteristics, Vcc = 5V, Ta = 25°C

3-128

PARAMETER TEST CONDITIONS MIN TYP  MAX | UNIT

t Diff tial-output delay ti 4

DD n eren fa utput delay ,’me R = 600, See Figure 3 0 60 ns
tTD Differential-output transition time 65 95 ns
tpzH  Output enable time to high level R = 11010, See Figure 4 55 90 ns
tpzL  Output enable time to low level RL=1101Q, See Figure 5 30 50 ns
tpHz  Output disable time from high level RL = 1100, See Figure 4 85 130 | ns
tpLz  Output disable time from low level R = 1101, See Figure 5 20 40 ns
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SN75176A
DIFFERENTIAL BUS TRANSCEIVER

RECEIVER SECTION

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

PARAMETER TEST CONDITIONS MIN_TYPt  MAX | uNIT
VTH Differential-input high-threshold voltage | Vg = 2.7 V, g = -0.4 mA 0.2 \
VTL Differential-input low-threshoid voltage | Vg = 0.5V, Ig = 8 mA —0.2¢ \
VT4 - VT Hysteresis ¥ 50 mvV
VIK Enable-input clamp voltage I} = ~18 mA -1.5 \2
VoH High-level output voitage Vip = =200mV, IgH = -400 sA, 2.7 v
See Figure 2
VoL Low-level output voitage Vio : ~200mv, foL = 8 maA, 0.45 v
See Figure 2
0z High-impedance-state output current Vo = 04Vto24V L + 20 nA
. Other input = OV, | V| - 12V 1
0 Line input current See Note 4 } VY oY) mA
[T High-level enable-input current ViH = 27V 20 uA
T8 Low-level enable-input current Vi = 04V - 100 A
f Input resistance 12 (3]
& Short-circuit output current - 15 -85 mA
Icc Supply current (total package) No load ] Outputs enabled 35 50 mA
] Outputs disabled 26 40

Al typical values are at Vcc = 5 V, To = 25°C.

tThe algebraic convention, where the | positive (more-neg, ) limit is g . is used in this data sheet for common-
mode input voltage and threshold voltage levels only.

sHvstarasns is the difference between the positive-going input threshold voitage, VT +. and the negative-going input threshold voltage,
VT —. See Figure 4.

NOTE 4; This applies for both power on and power off. Refer to EIA Standard RS-422A for exact conditions.

receiver switching characteristics, VcC = 5V, TaA = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tpLH  Propagation delay time, low-to-high-level output Vip = -1.5Vto15V, 21 35 ns
tpHL Propagation delay time, high-to-low-level output CL = 15 pF, See Figure 6 23 35 ns
t Output enable time to high levol s
PZH utput enable time to high lev CL = 15 pF, Seo Figure 7 10 30 ns
tpzL  Output enable time to low level 12 30 ns
t Output disable t f high level
PHZ utpu !sa e time from high level CL = 15 pF, See Figure 7 20 35 ns
tprz  Output disable time from low level 17 35 ns
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SN75176A
DIFFERENTIAL BUS TRANSCEIVER

PARAMETER MEASUREMENT INFORMATION

:E Ry
v <2 Vip
oD2 q¥——T VaoH
3 Ry T “IOH
33 Voc oL
-.L- ov VoL

+

FIGURE 2. RECEIVER VQH AND VoL

I‘ ——— 3V
ICL San T INPUT ; 15V N
3
= 1608 ourpur ! ! ov
GENERATOR
t
(See Note A) 50 0 DD —H le»—1op

| |
TS . —— 25V
Feox X
3v l. cL CL=15pF ourpm
= j: (See Note B) botex ) ~-25V
= t1p - M -+l tTo
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 3. DRIVER DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES

FIGURE 1. DRIVER Vgp AND Voc

OUTPUT

————— 3v
weut fisv o asv
0Vor3v | i ov

RL = [ENERE A
CL = 50 pF 1o | 'S
Q — - vou
(See Note B) | | —_
GENERATOR ouTPuT ¥
23V | I
(See Note A)
tpHz —jo-9| Votf ~ 0V
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 4. DRIVER ENABLE AND DISABLE TIMES
s5v . e———————— 3v
| ]
ouTPUT | | ov
3Vor0V tpz L ——>| :

C =50 pF
(See Note B)

le—tp 2

:

5V
ouTPUT 3v 05V

GENERATOR
(See Note A)

3~ Vou
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 5. DRIVER ENABLE AND DISABLE TIMES
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, 50% duty cycle, t; <6 ns,

tf <6 ns, Zoyy = 50 Q.
B. Ci includes probe and jig capacitance.

B 1
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SN75176A
DIFFERENTIAL BUS TRANSCEIVER

PARAMETER MEASUREMENT INFORMATION

GENERATOR ouTPUT

(See Note A)

CL =15 pF
(See Note B)

TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 6. RECEIVER PROPAGATION DELAY TIMES

2k

>
': 5k 1N916 OR EQUIVALENT
<

GENERATOR ) CpL = 16 pF
> 50 2 L P
(See Note A) b3 (See Note B)
s3
= TEST CIRCUIT =
————— 3v
INPUT ———=—15V
S1to-15V
| 0V S2closed
i S$3 open

tpzL—hH

! Vo i
— —— ~a5V
ouTPUT 15V oUTPUT |
e —— — oV 15V

Vou
—— —3V
S1to15V S1to-15V
S2 closed INPUT S2 closed
$3 closed $3 closed
| ov
|
Lz ——d
Vou : —— — ~13V
OUTPUT % 05V \
———— »1.3V VoL

VOLTAGE WAVEFORMS
FIGURE 7. RECEIVER OUTPUT ENABLE AND DISABLE TIMES
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, 60% duty cycle, t; <6 ns,

tf <8 ns, Zoyy = 6001
B. Cl_ includes probe and jig capacitance.
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SN75176A

DIFFERENTIAL BUS TRANSCEIVER

VOH — High Level Output Voltage—V

Vop — Differential Output Voltage—V

TYPICAL CHARACTERISTICS

DRIVER HIGH-LEVEL OUTPUT VOLTAGE
vs
DRIVER HIGH-LEVEL OUTPUT CURRENT

5 T
Vce=5V |

45 o
Ta=25C

4
35 P~

3 \\\
25 N
2 \
15
1

0.5
0

0 -20 -40 -60 -80 -100 -120

IgH—High Level Output Current—mA

FIGURE 8

DRIVER DIFFERENTIAL OUTPUT VOLTAGE
vs
DRIVER OUTPUT CURRENT

4 1
35 18 e T
3 \\
25 \\\
2 \\‘
1.5
1
|

)
0 10 20 30 40 50 60 70 80 90 100
10 — Output Current—mA

FIGURE 10

VoL — Low Level Output Voltage—V

VoL—Low-Level Output Voltage—V

DRIVER LOW-LEVEL OUTPUT VOLTAGE
vs
DRIVER LOW-LEVEL OUTPUT CURRENT

5
V(;(J‘= 5V j

I Ta=25°C

w
w o
N

11 —

05

[}
0 20 40 60 80 100 120
oL — Low Level Qutput Current—mA

FIGURE 9

RECEIVER LOW-LEVEL OUTPUT VOLTAGE
vs
RECEIVER LOW-LEVEL OUTPUT CURRENT

0.6
vee=5V /
Ta=25°C
0.5 yd
v

04

02 //

0.1

0 5 10 15 20 25 30
loL—Low Level OQutput Current—mA

FIGURE 11

B Tixas
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SN75176A
DIFFERENTIAL BUS TRANSCEIVER

VoL—Low-Level Output Voltage—V

0.5

04

0.3

0.2

TYPICAL CHARACTERISTICS

RECEIVER LOW-LEVEL OUTPUT VOLTAGE

vs

FREE-AIR TEMPERATURE

T
Vee =5V
Vip=-02V
[ loL=8mA
[t
i J—
0 10 20 30 40 50 60 70 80

TA—Free-Air Temperature—°C

FIGURE 12

V0o —Output Voltage-V

RECEIVER OUTPUT VOLTAGE

vs

ENABLE VOLTAGE

Vip=02V
[~ Load = 8 kQ2 to ground
o
4f-Ta=25C — Vcg = 5.25 v—
i T Cm—
8! A\ =5V —1
2 3 cc Vg =475V |
>
5
g
$ 2
o
>
1
0
0 05 1 15 2 25 3

RECEIVER OUTPUT VOLTAGE

Vs

ENABLE VOLTAGE

V|—Enable Voltage—V

FIGURE 13

I I
Vee=5.25V

T T
Vip=-0.2V

i i

TA=25"v

Vec =475V

|
Vee=56V

Load = 1k§2 to V¢

0.5 1

1.5 2 25

V|—Enable Voltage—V

FIGURE 14.
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SN75176A
DIFFERENTIAL BUS TRANSCEIVER

TYPICAL APPLICATION
SN75176A

SN75176A
> K+
3

UP TO 32
TRANSCEIVERS

N
N

VW
J
3

NOTE: Tha line should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short

as possible.

{'f Texas
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS
SEPTEMBER 1989

Bidirectional Transcelver

Meets EIA Standards RS-422-A and RS-485
and CCITT Recommendations V.11 and
X.27

® Designed for Multipoint Transmission on
Long Bus Lines in Noisy Environments

® 3-State Driver and Receiver Outputs
Individual Driver and Receiver Enables

Wide Positive and Negative Input/Output
Bus Voltage Ranges

Driver Output Capability. . . £ 60 mA Max

Thermal Shutdown Protection

® Driver Positive and Negative Current

Limiting
® Receiver Input Impedance . . . 12 k{2 Min
® Receiver Input Sensitivity . . . £ 200 mV
® Receiver Input Hysteresis . . . 50 mV Ty
® Operates from Single 5-V Supply
® Low Power Requirements
description

The SN65176B and SN75176B differential bus
transceivers are monolithic integrated circuits
designed for bidirectional data communication
on multipoint bus transmission lines. They are
designed for balanced transmission lines and
meet EIA Standard RS-422-A and RS-485 and
CCITT Recommendations V.11 and X.27.

The SN65176B and SN75176B combine a
3-state differential line driver and a differential
input line receiver both of which operate from
a single 5-V power supply. The driver and
receiver have active-high and active-low
enables, respectively, that can be externally
connected together to function as a direction
control. The driver differential outputs and the

D, JG, OR P PACKAGE
(TOP VIEW)

R U s vee
RE[]2 7[]8
DE([]3 6[JA

o]«  s[JGnD

FUNCTION TABLE (DRIVER)

INPUT ENABLE OUTPUTS
2] DE A 8
H H H L
L H L H
X L r4 Z

FUNCTION TABLE (RECEIVER)

DIFFERENTIAL INPUTS ENABLE QUTPUT
A-B RE
Vip>02V L H
-02V<V|p<02V L ?
Vip< -02V L L
X H z
H = high level, L = low level, ? = indeterminate,
X = irrelevant, Z = high impedance (off)
logic symbolt
oe 2 EN1
fe 2 EN2
1 r
i4) e v &
b — )
19 <+~
d | «J
AL g[

' This symbol is 1y accordance with ANSIIEEE Std 91-1984 and
IEC Publication 617-12.

logic diagram (positive logic)

receiver differential inputs are connected DE
internally to form differential input/output (1/0)
bus ports that are designed to offer minimum p -4l
loading to the bus whenever the driver is disabled ’
or Vcc = 0. These ports feature wide positive a2
and negative common-mode voltage ranges DU
making the device suitable for party-line R () o BUS
applications. b ool g
*3 Texas
INSTRUMENTS
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SN65176B, SN75176B

DIFFERENTIAL BUS TRANSCEIVERS

The driver is designed to handle loads up to 60 mA of sink or source current. The driver features positive-
and negative-current limiting and thermal shutdown for protection from line fault conditions. Thermal
shutdown is designed to occur at a junction temperature of approximately 150°C. The receiver features
a minimum input impedance of 12 kQ, an input sensitivity of £200 mV, and a typical input hysteresis

of 50 mV.

The SN65176B and SN75176B can be used in transmission line applications employing the SN75172 and
SN75174 quadruple differential line drivers and SN75173 and SN75175 quadruple differential line receivers.

The SN651768B is characterized for operation from —40°C to 105°C and the SN75176B is characterized

for operation from 0°C to 70°C.

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT

TYPICAL OF A AND B I/O PORTS

TYPICAL OF RECEIVER OUTPUT

3-136

Vee - -- ==V -——— v
R.q ce 85 N ce
_NOM
- 16.8 k2 -
INPUT —«—‘ 4 NOM 3 960 &2 b 4
- NOM _
‘;‘_4 9260 N v QUTPUT
NOM
F 3 ¥ ——— -
Y -- 4
” R /;,7 GND
Driver Input: R,q = 3 k21 NOM INPUT/OUTPUT
Enable Inputs: R.q =8 k2 NOM PORT
“9 Texas
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

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

Supply voltage, VcC (see Note 1) e
Voltage at any bus terminal. .. .................... ...,

Enable input vOItBEE . . . . ... . . e 5.5V
Continuous total power dissipation (see Note 2) ... ............... See Dissipation Rating Table
Operating free-air temperature range: SN65176B............... ......... -40°C to 105°C

SN75176B ....... 0°C to 70°C
Storage temperature NG . . .. ... ............oooi -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds D or P package. ... .. 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C

NOTES: 1. All voltage values, except differential input/output bus voltage, are with respect to network ground terminal.
2. In the JG package, the chips are glass mounted.

DISSIPATION RATING TABLE

PACKAGE Ta = 25°C DERATING FACTOR Ta = 70°C Ta = 105°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING
D 725 mW 5.8 mW/°C 464 mW 261 mW
JG 825 mW 6.6 mw/°C 528 mW 297 mW
P 1100 mW 8.8 mw/°C 702 mW 396 mW

recommended operating conditions

MIN TYP MAX UNIT

Supply voltage, Vcc 4.75 5 5.25 v

Voltage at any bus terminal (separately or common mode), Vj or V|C j: v

High-level input voltage, Vi D, DE, and RE 2 \2

Low-level input voltage, V| D, DE, and RE 0.8 \

Differential input voltage, V|p (see Note 3) +12 v

High-level output current, IoH Driver 60 mA

Receiver -400 A

Low-ievel output current, QL Driver 607 mA
Receiver 8

Operating free-air temperature, Ta l SNES1768 40 105 °C
[ SN751768 0 70

NOTE 3: Differential-input/output bus voitage is measured at the noninverting terminal A with respect to the inverting terminal B.
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

DRIVER SECTION

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

PARAMETER TEST CONDITIONS! MIN TYP! MAX UNIT
VK Input clamp voltago I = -18 mA -1.6 \%
Vo Output voltage I =0 (o] 6 v
|Vopi1! Differential output voltage lp =0 ° 1.5 6 v
%V
RL = 100Q, See Figure 1 001
‘VODZ\ Differentisl output voltage 2 v
RL = 541, See Figuro 1 1.5 2.5 5 \%
Vop3 Differential output voltage See Note 4 1.5 5 A\
A|Vop| Change in magnitude of 02 v
Voo differential output voltage$ +0.
Voc Common-mode output voltage RL = 54 or 100 @, See Figure 1 +? Y
Change in magnitude of
alVoc 9 s 02 | Vv
common-mode output voltage
QOutput disabled, Vg = 12V 1
o Output current P l Q mA
See Note 5 [Vo= -7V -0.8
IIH High-level input current Vi =24V 20 A
he Low-level input current V) =04V -400 A
Vo = -7V ~250
Vo =0 -150
los Short-circuit output current Q mA
Vo = Voo 250
Vg = 12V 250
Outputs enabled 42 55
I Supply current (total package) No load l mA
cc upply cu P 9 lOu(puls disabled 26 35

t The power-off measurement in EIA Standard RS-422-A applies to disabled outputs only and is not applied to combined inputs and outputs.
# All typical values are at Voo = 6V and Ta = 25°C
§A|VOD] and A|Vqc| are the changes in magnitude of VOp and Vo  respectively, that occur when the input is changed from a high
level to a low level.
NOTES: 4. See EIA Standard RS-485 Figure 3.5, Test Termination Measurement 2.
6. This applies for both power on and off; refer to EIA Standard RS-485 for exact conditions. The RS-422-A limit does not apply
for a combined driver and receiver terminal.

driver switching characteristics, VCC = 5V, TaA = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
toD D?”ment!al-ou(put delay. (vime‘ AL = 540, See Figure 3 15 22 ns
tTp Differential-output transition time 20 30 ns
tpzH Output enable time to high level RL = 11040, See Figure 4 85 120 ns
tpze  Output enable time to low level RL = 1101, See Figure 5 40 60 ns
tpHz  Output disable time from high level RL = 1104, See Figure 4 150 250 ns
tpLz  Output disable time from low level RL = 1104, See Figure 5 20 30 ns

TExas
INSTRUMENTS
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SYMBGOL EQUIVALENTS

DATA SHEET PARAMETER RS-422-A RS-485
Vo Voa: Vob Voa: Vob
|Voo1l Vo
1Vop2| Vi (R = 100 ) Vi (R_ = 54 )
Vop3! Vi (Test Termination
Measurement 2)
alvoo! HVd - W] Ve - 1Vl
Voc 1Vos!
A|Voc| | Vos ~ Vos | | Vos = Vos |
los Ilsal. [lsbl
'o lixal: I'xbl

RECEIVER SECTION

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

PARAMETER TEST CONDITIONS MIN TYPT MAX [ UNIT
V14  Differential-input high-threshold voltage Vo = 2.7V, o = -0.4mA Q0.2 \2
V1L Differential-input low-threshold voltage Vo = 0.5V, g = 8 mA 0.2} \
Vhys Hysteresis$ 50 mv
ViK Enable-input clamp voltage h = -18 mA -1.5 v
Vip = =200 mV, | = -4 A,
VOH  High-level output voltage D OH 00 4 2.7 v
See Figure 2
Vip = —200 mV, loL = 8 mA,
V Low-level output voita .45 v
oL Vel output voltage See Figure 2 °
loz High-impedance-state output current Vo =04Vto24V 120 A
N Other input = 0V, V; =12V 1
Iy Line input current mA
Sce Note 6 V= -7V -0.8
[IT¥) High-level enable-input current ViH = 2.7V 20 A
he Low-level enable-input current Vi = 04V - 100 wA
fi Input resistance 12 k2
los Short-circuit output current -15 -85 mA
I Suppl 1 (total package) No load [ Outbuts enabled 42 % | A
U current (total o loa m
cc PPl packe [Gutputs disabied 26 35

T Al typical values are at Ve = 5V, Ta = 25°C.

$The algebraic convention, in which the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common-
mode input voltage and threshold voltage levels only.
§Hyslsmsis is the difference between the positive-going input threshold voltage. VT 4. and the negative-going input threshold voltage,
V7 _. See Figure 4.

NOTE 6: This applies for both power on and power off. Refer to EIA Standard RS-485 for exact conditions.

receiver switching characteristics, Vcc = 5V, Tp = 25°C

PARAMETER TEST CONDITIONS MiN TYP  MAX UNIT
tpLH  Propagation delay time, low-to-high-level output Vip=0to3V, 21 35 ns
tpyL Propagation delay time, high-to-low-level output Cp = 15 pF, See Figure 6 23 35 ns
t Output enable time to high level } 10 20

PZH DU i 9 CL = 16pF,  See Figure 7 ns
tpz  Output enable time to low level 12 20 ns
t Output disable time from high level 20 35 ns
PHZ i - n g CL = 15 pF, See Figure 7
tprz  Output disable time from low level 17 25 ns
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DIFFERENTIAL BUS TRANSCEIVERS

PARAMETER MEASUREMENT INFORMATION

o,
i°? Vio
Voo2 q)—f- Vou
>R g
33 Vvoc ?*.OL ‘—IQH
4 Vou
- L

FIGURE 1. DRIVER Vop AND VoC
FIGURE 2. RECEIVER VoH AND VL

a ——— 3V
[ INPUT 15V 15V
CL =50 pF
L=>e i ov
|

p: Ry = (See Note B) |
GENERATOR 500 540 ouTPUT 'DD‘*’: k":—‘DD
(See Note A) i s — 25V
iy o OUTPUT  50% ! R s0%
= 1ok ~_25V
tro - e - b 1pp
TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 3. DRIVER DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES

QUTPUT  peee—— e 3V
INPUT 15V 15V
OVor3V | ov

|
RL = fo—sbtpzy 1 08V

| CL=50pF 110 0 : ——LVOH
GENERATOR (See Note B) ouTPUT I X°F
(See Note A) 23V 11
tpHz —je| Vot 0V
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 4. DRIVER ENABLE AND DISABLE TIMES
sv... p———————— 3v
RL=11040 INPUT 15v 15v
| 1
ouTPUT | ! ov
3VoroVv tPZL H :
CL =50 pF : J—>ttpLz
(Ses Note B) ) : sV
GENER
ATOR ouTPUT 23V 05V
(See Note A) = _%_
—3~ Vo
- VOLTAGE WAVEFORMS

TEST CIRCUIT
FIGURE 5. DRIVER ENABLE AND DISABLE TIMES

TES: A. The input puise is suppiied by a generator having the following characteristics: PRR s 1 MHz, 60% duty cycls,
tf < B ns, Zoyy = 6O N
B, C_ includes probe end jig cepacitance.

B 1
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

PARAMETER MEASUREMENT INFORMATION

OuUTPUT

GENERATOR
(See Note A}

CL = 15pF
(See Note B)

TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 6. RECEIVER PROPAGATION DELAY TIMES

15V S1

CL = 15 pF |

1N916 OR EQUIVALENT

b:
/-l\ <
(See Note B)
GENERATOR $ 50 -
(See Note A) b3 i
s3
e
= TEST CIRCUIT =
______ 3v —— — — —3V
INPUT —=—=—=15V INPUT ————15V
| S1101.6V Slto-15V
| 0V S2 open 0V S2closed
. s €3 closad | S3 apan
tpzH — — §3 clossd P
|
I von
OuTPUT 15V
ouTPUT
— —— — 0oV

STto15V Sito-15V
$2 closed $2 closed

S3 closed S3 closed
ov

Vo | — — — =13V
—— —— =13V Voi

VOLTAGE WAVEFORMS
FIGURE 7. RECEIVER OUTPUT ENABLE AND DISABLE TIMES
NOTES: A. The input puise is supplied by a generator having the following characteristics: PRR s 1 MHz, 50% duty cycle, t; < 6 ns,

tf < 6ns, Zgy = 50 .
B. C includes probe and jig capacitance

B Texas
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

TYPICAL CHARACTERISTICS

DRIVER HIGH-LEVEL OUTPUT VOLTAGE DRIVER LOW-LEVEL QUTPUT VOLTAGE
vs vs
DRIVER HIGH-LEVEL OUTPUT CURRENT DRIVER LOW-LEVEL OUTPUT CURRENT
5 T 5 T
Vee =5V Vee=5V
> 4. Al 45
] 48 Ta =25°C > Ta = 25°C
g S g, a
S 35 [~ 3 3s //
§ 3 \\ 5 3
5 NN g /
S 25 N 3 25
(3 -_—
3 2 3 2
= 3 y
£ Q
5 16 3z 15
fxl; ; 3 ; _/L—-/
5 g osl_1
s 05 S os
[} J 0 J
0 -20 -40 -60 -—-80 -100 —-120 0 20 40 60 80 100 120
IoH—High-Level Output Current—mA IgL—Low-Level Output Current—mA
FIGURE 8 FIGURE .

DRIVER DIFFERENTIAL OUTPUT VOLTAGE
vs
DRIVER OUTPUT CURRENT

4
S [
vece=5V
| |
3 35 J Ta=25°C
s 3 ~
5 25 N
o
g N
o 2 Ny
=
€
g 15
Q
£
Q
' \
S os
> \

0
0 10 20 30 40 50 60 70 80 90 100
1Q — Output Current—mA

FIGURE 10
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

VOH—High Level Output Voltage—V

VoL-—Low-Level Output Voltage -V

TYPICAL CHARACTERISTICS

RECEIVER HIGH-LEVEL OUTPUT VOLTAGE
vs
HIGH-LEVEL OUTPUT CURRENT

Vs
FREE-AIR TEMPERATURE

RECEIVER HIGH-LEVEL OUTPUT

s 1T 5 T T, T
Vip=02V | Ve =5V
Ta = 25°C > ViD = 200 mv
4 o alloH = =440 4A
g i
N S
3 N 53
N s
N Ve =6.25V o
2 N/ I 1 | ®
k Vee=5V E 2
Vcc =475V N\ 'E,
1 N =
N\ z!
2
0 \N
0 -1 -20 -30 -40 -50 0
IoH—High-Level Output Current—mA -40 -20 O 20 40 60 80 100 120
Ta—Free-Air Temperature — °C
FIGURE 11 FIGURE 12

RECEIVER LOW-LEVEL OUTPUT VOLTAGE
vs
RECEIVER LOW-LEVEL OUTPUT CURRENT

vs
FREE-AIR TEMPERATURE

RECEIVER LOW-LEVEL OUTPUT VOLTAGE

0.6 0.6~
vVee =5V / vVee = 5V
Ta=25°C e > Vip = -200 mV
)5 oL = A
v Lo5rloL = 8m
o
1]
04 S04
i
0.3 2 g e —
/ 303 —
K]
>
0.2 / 3
/ 302
o
-
0.1 |
20.1
>
0
0 5 0 15 20 25 30 o
loL—Low Level Output Current—mA -40 -20 O 20 40 60 80 100 120

FIGURE 13

Ta—Free-Air Temperature — °C

FIGURE 14
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

TYPICAL CHARACTERISTICS

RECEIVER OUTPUT VOLTAGE RECEIVER OUTPUT VOLTAGE
Vs Vs
ENABLE VOLTAGE ENABLE VOLTAGE
Mpa02v " 6 ! I ! J
| vio ok 4 Vge=5.25V Vip=-02V
Load = 8 kil to groun 5 y 1 Load = 1 kS2 to Ve
4l-Ta=25°C — Vg =5.25 V—| I | Ta=25°C
> | l : S Vge=4.75V :
& Vcc.lg,v/w‘ | | L4 Vec=5V
s 5 Voo =475V g
S 5
- > 3 —
5 -
g 3 '
g * 3
5 7 2
> >
1 ] ]
0 0
0 05 1 15 2 25 3 0 05 1 15 2 25 3
V)—Enable Voltage—V V|—Enable Voltage—V
FIGURE 15 FIGURE 16
TYPICAL APPLICATION
SN651768B, SN651768B,
SN761768 SN751768
‘¢
5§
< ‘b
4 <
3 3
t $§- {
>
UP TO 32
TRANSCEIVERS
e o

FIGURE 17. TYPICAL APPLICATION CIRCUIT

NOTE: The line should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short
as possible.
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SN75177B, SN75178B
DIFFERENTIAL BUS REPEATERS
JANUARY 1990

Meets EIA Standards RS-422-A and RS-485
and CCITT Recommendations V.11 and
X.27

Designed for Multipoint Transmission on
Long Bus Lines in Noisy Environments

3-State Outputs

Bus Voltage Range . . . -7 Vto 12V
Positive and Negative Current Limiting
Driver Output Capability . . . 60 mA Max
Driver Thermal Shutdown Protection
Receiver input impedance . . . 12 k2 Min
Receiver Input Sensitivity . . . +£200 mV
is...50 mV Typ

Recei Input Hy

Operates from Single 5-V Supply

Low Power Requirements

description

The SN75177B and SN75178B differential bus
repeaters are monolithic integrated devices each
designed for one-way data communication on
multipoint bus transmission lines. These devices
are designed for balanced transmission bus line
applications and meet EIA Standard RS-422-A
and RS-485 and CCITT Recommendations V.11
and X.27. Each device is designed to improve
the performance of the data communication over
long bus lines. The SN756177B and SN75178B
are identical except for the complementary
enable inputs, which allow the devices to be
used in pairs for bidirectional communication.

SN75177B ... D, JG, OR P PACKAGE

(TOP VIEW)
vee [t 8f]A
T2 70J8
EN[]3 s[]z
GND 4 s[]y

SN75178B . . . JG OR P PACKAGE

(TOP VIEW)
vee[r Usga
T2 708
EN[]3 (]2
GND[]a  s[]Y

SN751778 FUNCTION TABLE

DIFFERENTIAL INPUTS | ENABLE OUTPUTS
A-B EN T z
Vip 202V H H H L
-0.2V < Vip < 0.2V H ? ? ?
Vip s 02V H L L H
X L z z z
SN751788 FUNCTION TABLE
DIFFERENTIAL INPUTS | ENABLE OUTPUTS
A-B EN T 2z
Vip 202V L H L
-02V <Vp<02V L ? ? ?
Vip s 0.2V L L L H
X H z 2z z

ks

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

x

The SN751778 and SN75178B feature positive- and negative-current limiting 3-state outputs for the
receiver and driver. The receiver features high input impedance, input hysteresis for increased noise
immunity, and input sensitivity of +200 mV over a common-mode input voitage range of ~7 Vto 12 V.
The driver features thermal shutdown for protection from line fault conditions. Thermal shutdown is designed
to occur at a junction temperature of approximately 150°C. The driver is designed to drive current loads

up to 60 mA maximum.

The SN75177B and SN75178B are designed for optimum performance when used on transmission buses
employing the SN75172 and SN75174 differential line drivers, SN76173 and SN75175 differential line

receivers, or SN75176B bus transceiver.

PRODUCTION GATA Information it curtent 84 of pubiicalion dale Products
Contarm 1o kpecilications per the teims of Tress Inslruments biandacd
watcanly Production processing does nol necessaity Inciude testing of sit
pacametors
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SN75177B, SN75178B
DIFFERENTIAL BUS REPEATERS

logic symbolsT logic diagrams (positive logic)

SN751778 SN761778B
(3)

5 EN
en B len

8 | . 5 a
) I=a 6)

B ——I I (6) ,

T2 < B

e (2) RECEIVER DRIVER

SN751788B

SN751788

[
EQ—AEN

A8 o (5)
g 1wl T ) S
;2

RECEIVER DRIVER

. . —_———
tThese symbols are in accordance with ANSI/IEEE Std 91-1984 T
and IEC Publication 617-12,

schematics of inputs and outputs

EQUIVALENT OF DRIVER OR ENABLE INPUT TYPICAL OF ALL DRIVER OUTPUTS

Vee - - Vee
Req
INPUT —9
ouTPUT
¢ -
#¢ ¢
X 3
b -
Driver input: Rgq = 3 ki2 NOM —_—— GND
Enable input: R.q = 8 k{2 NOM 777 ;

EQUIVALENT OF EACH RECEIVER INPUT TYPICAL OF ALL RECEIVER OUTPUTS

Vee """

- t— Vce
85 0
h NOM
960 0 -
NOM A 4
INPUT —m—————d .
16.8kQ ouTPUT
Nom 960 @ v
NOM -

TEXAs
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SN75177B, SN75178B
DIFFERENTIAL BUS REPEATERS

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

Supply voltage, VCC (see Note 1) . . . ... .. . 7V
Voltage range at any bus terminal . . . ... .. ... ... .. ... L -10Vto 156V
Differential input voltage (see Note 2) . ............... ... ... ... .. 225V
Enable iNput VOIIBEO . . . . . ... oottt e o 55V
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3):

D package 725 mW

JG package 825 mw

P opacKage . . . . e 1000 mw
Operating free-air temperature range 0°C to 70°C
Storage temperature range .. .............. ~65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package .. ....... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .. .......... 300°C

NOTES:

1.
2.
3.

All voltage values, except differential input voltage, are with respect to network ground terminal.

Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input.

For operation above 25°C free-air temperature, derate the D package to 464 mW at 70°C at the rate of 5.8 mW/°C, the
JG package to 528 mW at 70 °C at the rate of 6.6 mW/°C and the P package to 640 mW at 70 °C at the rate of 8.0 mW/°C.
In the JG package, SN76177B and SN75178B chips are glass mounted.

recommended operating conditions

MIN NOM MAX UNIT

Supply voltage, Vcc 4.75 5 5.25 v
High-level input voltage, V4 ‘ EN or EN 2 \
Low-level linput voltage, Vi | ENorEN 08 v
Common-mode input voltage, Vic -7t 12 v
Differential input voltage, Vip +12 v
High-levei output current, I Driver _50 mA

Receiver - 400 HA
Low-level output current, Ig| Driver £0 mA

Receiver 8
Operating free-air temperature, Ta 0 70 °C

tThe algebraic convention, whare the less-positive {more-negative) limit is designated minimum, is used in this data sheet for common-
mode input voltage and threshold voitage.

B Tixas
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SN75177B, SN75178B
DIFFERENTIAL BUS REPEATERS

DRIVER SECTION

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

PARAMETER TEST CONDITIONS MIN TYP!  MAX UNIT
ViK Input clamp voltage ) = —18 mA -1.5 Vv
Vo Output voltage o =0 [o] 6 4
IVop1l Differential output voltage o =0 1.5 6 \
AL = 100 Q. See Figure 1 % Voo v
|Vop2l  Differential output voitage 2
RL = 54 Q, See Figure 1 1.5 2.5 \
|Vop3|  Differential output voltage See Note 4 1.5 5 \4
Change in magnitude of
4|vool differential output vohage‘ RL = 54 tor 100 0, 0.2 v
See Figure 1 3
Voc Common-mode output voltage 1 v
alVocl Change in magnitude of . +0.2 v
common-mode output voltage
o Output current Vcc =0, Vo - -7Vt 12V +100 A
oz High-impedance-stage Vo = -7Vt 12V £100 A
output current
U] High-level input current V) =24V 20 A
e Low-level input current Vi =04V - 400 uA
Vo = -7V - 250
los Short-circuit output current Vo = Vce 250 mA
Vo = 12V 250
Icc Supply current (total package) No load [ Qutputs enabled 57 70 mA
| Outputs disabled 26 35

tAll typical values are at Vcc = 5 V and Tp = 25°C.
’A]Vool and A|VQc| are the changes in magnitude of Vop and Voc. respectively, that occur when the input is changed from a high

fevel to a low level.
NOTE 4: See EIA Standard RS-4856 from Figure 3.5, Test Termination Measurement 2.

driver switching characteristics, VCC = 5V, TaA = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

1 Diff tial-output delay t 15 22

DD ifferen fB outpu elay time RL = 54 n’ See Figura 3 ns
1D Differential-output transition time 20 30 ns
tpZH Output enable time to high level RL = 1100, Sea Figure 4 85 120 ns
tpzL Output enable time to low level R = 11002, See Figure 5 40 60 ns
tPHZ Output disable time from high level R_ = 1109, See Figure 4 150 250 ns
tpLZ Output disable time from low level RL = 1100, See Figure 5 20 30 ns

INSTRUMENTS
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SN75177B, SN75178B
DIFFERENTIAL BUS REPEATERS

SYMBOL EQUIVALENTS

DATA SHEET PARAMETER RS-422-A RS-485
Vo Voa Vob Voa: Vob
Vool Vo Vo
IVopal Vi (RL — 100 ) Ve (RL - 54 )
Voosl Vi (Test termination
Measurement 2)
AlVop| IV - 1V Ve = 1V |
voc [Vosi 1Vos|
AlVocl| | Vos = Vos | | Vos -~ Vos |
los l1sal- [lsbl
o IIxal. Txbl ha: b

RECEIVER SECTION

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

PARAMETER TEST CONDITIONS MIN TYP! MAX UNIT
V1  Differential-input high-threshold voltage Vo = 2.7V, o = -04 mA 0.2 \4
VTy  Differential-input low-threshold voltage Vg = 0.5V, 1o = 8 MA -0.2! v
Vhys Hysteresis§ 50 mV
VIK. Enable-input clamp voltage I = —18 mA -1.5 \2
VoH High-ievel output voltage Vip = 200 mV. lon = -400 4A. 2.7 \
See Figure 2
VoL Low-level output voltage Vio = -200mV. o = 8 mA, 0.45 \Y
See Figure 2
o 20
loz High-impedance-state output current Vo = 04Vito24V -400 uA
h Line input current Other input at O V. I Vi= 12V ! mA
See Note 5 [vi=-7v -0.8
I High-level enable-input current _Vin=27Vv_ o 20 uA
Iy Low-lavel enable-input current Vi = 04V -200 nA
T Input resistance 12 K
los Short-circuit output current 15 -85 mA
Icc Supply current (total package) No load LOU!pms enabled 57 9 mA
| Outputs disabled 26 35

tan typical values are 8t VCe = 5V, Ta = 25°C

3The algebraic convention, where the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common-
mode input voltage and threshold voltage levels only

§Hystavesis is the difference between the positive-going input threshold voltage. VT ., and the negative going input threshold voltage.
VT -. See Figure 12.

NOTE 6: Retor to EIA Standard RS-422 for exact conditions.

receiver switching characteristics, VCCc = 5V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
tpLH__ Propagation delay time, low-to-high-level output Vip= -16Vto 16V, 19 35 ns
tpHL  Propagation delay time, high-to-low-level output Cp = 15 pF, See Figujo 6 30 40 ns
t Output ble time to high levol 10 20 s
PZH utput enable time to higl CL = 15 pF, Seo Figure 7 ns
tpzL  Output enable time to low level 12 20 ns

t i f high level 5 3
tpHz  Output drsabls time from high leve CL = 15 pF, See Figure 8 25 5 ns
tpLz  Output disable time from low level I L 17 25 ns
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SN75177B, SN75178B
DIFFERENTIAL BUS REPEATERS

PARAMETER MEASUREMENT INFORMATION

I
$7+ Vip
Vob2 1f—f- VoH ‘
< Ru Tﬁo‘_ —loH
3 Voc
T2 Vou

i

FIGURE 1. DRIVER Vop AND Voc FIGURE 2. RECEIVER VgH AND VoL

] ——— 3V
C_ =50 pF
L INPUT 15V 15V
Ry = :: (Sea Note B) d h
5409 ouTPUT | ! ov
50 0 ! !
oD —-H le-»—tpp
) ! L ~asv
¥ 90% X
= OuUTPUT 50% | 1% 50%
)
pore% ~-25V
oM b=
VOLTAGE WAVEFORMS

GENERATOR
{See Note A)

TEST CIRCUIT
FIGURE 3. DRIVER DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES

3v

OUTPUT  (sN75178A)
INPUT 15V 18V
| ov

(SN75177A) |
0sVv

Il-—v:—ivzu |

OVor3V

R =
Cy =50 pF 110 92 -t VoH
GENERATOR SN751788 (See Note B) P | | ——T
(Ses Note A) 500  Enableis = = 23v 1|
active low tpuz - Vott OV
TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 4. DRIVER ENABLE AND DISABLE TIMES (tpzH. tPHZ)

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t; <6 ns,

tf s6ns, Zgyp = 50 b
B. C_ includes probe and jig capacitance
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SN75177B, SN75178B
DIFFERENTIAL BUS REPEATERS

PARAMETER MEASUREMENT INFORMATION

(SN76178A) av
R = : (
1100 INPUT 15V XLGV
OUTPUT  (SN751774) : |
1

5V

ov

3Vorov pzL Hl
CL = 16 pF ! Je—>teLz
(See Note B) ! ! 5V
GENERATOR 500 SN751788 | |
(Ses Note A) Enable is = OUTPUT 23V { osv
active low _-?: VoL

TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 5. DRIVER ENABLE AND DISABLE TIMES (tpz|. tpLz)

GENERATOR

OuTPUT
(See Note A) soq

CL = 15 pF
(See Note B)

TEST CIRCUIT

VOLTAGE WAVEFORMS
FIGURE 6. RECEIVER PROPAGATION DELAY TIMES

NOTES: A. The input pulse is supplied by a generator having the following characteristics. PRR = 1 MHz, 50% duty cycle, t; <6 ns,
tf <6 ns, Zoyp = 50 0

B. C includes probe and jig capacitance

) 7
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SN75177B, SN75178B
DIFFERENTIAL BUS REPEATERS

PARAMETER MEASUREMENT INFORMATION

16V 51 ouTPUT

b
:; 5ka (Sea Note C)
GENERATOR b - !
(See Note A) :' §0 9 CL = 16 pF (See Note B)
s3 -
TEST CIRCUIT
{SN761778) v (SN751778) 3v
S1t0 16V S1to-15V
INPUT 16V S2 open INPUT 15V $2 closed
\ S3 closed | S3 open
(SN761788) | ov (SN761788) : ov

OUTPUT
OUTPUT

(SN761778) 3v (SN751778) 3v
S1to 1.5V STto-15V
INPUT S2 closed INPUT S2 closed
| S3 closed | S3 closed
(SN761788) | ov (SN761788) | ov
|

tPHZ “‘H' tpLZ —k—'ﬂ

— — — ~13V

VoH

QuUTPUT OUTPUT

VoL

- — —— 13V
VOLTAGE WAVEFORMS

NOTES: A. Theinput pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, t; = tf = 6ns,

2, = 50 0.
B. Cp includes probe and jig capacitance.
C. All diodes are 1N916 or equivalent

FIGURE 7. RECEIVER ENABLE AND DISABLE TIMES

+p Texas
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SN75177B, SN75178B
DIFFERENTIAL BUS REPEATERS

VOH — High Level Output Voltage—V

Vop - Differential Output Voltage—V

4 1
vee =5V -

35 N Ta=25°C

3

~
\\

25 \\

2 N
1.5

1 \
05 \

TYPICAL CHARACTERISTICS

DRIVER HIGH-LEVEL OUTPUT VOLTAGE
vs
HIGH-LEVEL OUTPUT CURRENT

T
Vee=5V |
TaA =26°C

45

35 P~

25 N

1.6

05
0

0 -20 -40 -60 -80 -100 -120
IoH—High Level Output Current—mA

FIGURE 8

DRIVER DIFFERENTIAL OUTPUT VOLTAGE
vs
DRIVER OUTPUT CURRENT

0
0 10 20 30 40 50 60 70 80 90 100
10 — Output Current—mA

FIGURE 10

VoL — Low Level Qutput Voltage—V

DRIVER LOW-LEVEL OUTPUT VOLTAGE
vs
LOW-LEVEL OUTPUT CURRENT

T
_Vcc - 5°V
Ta=26°C

45

35 /
; [
[

25

15
1 ]

//

05

0 20 40 60 80 100 120
oL — Low Level Output Current—mA

FIGURE 9

RECEIVER QUTPUT VOLTAGE
vs
DIFFERENTIAL INPUT VOLTAGE

5 - ~—
Vec=5V Io=0 Ta=25°C
) )
. I 1
> T I
1 Vic= I Vic=| | Vic=|
3 ~12vifov 12V
s, VR | S| |
3 T ]VT-TE Vi- |
5 VT+ VT+ vr+[ ]
g2
9
o
>
1
L
0 1 1 1
-126 -75 -25 0 25 50 75 100 125

V|D — Differential Input Voltage—mV

FIGURE 11
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SN75177B, SN75178B
DIFFERENTIAL BUS REPEATERS

VoH—High Level Output Voltage—V

TYPICAL CHARACTERISTICS

RECEIVER HIGH-LEVEL OUTPUT VOLTAGE
vs
HIGH-LEVEL OUTPUT CURRENT

5 LA
Vip=02V |
Ta =25°C
4
\
3 \\
\\ \" 525V
2 \\A/ CCI o )
SN\ _}-Veec=5V
vcec =475V
1 \%
N\
0 NN

0 -10 -20 -30 —40 -50
IgH—High-Level Output Current—mA

FIGURE 12
RECEIVER LOW-LEVEL OUTPUT VOLTAGE

vs
LOW-LEVEL OUTPUT CURRENT

VoH—High-Level Output Voltage—V

RECEIVER HIGH-LEVEL QUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE

5
4.
3
2
1+Veec=5V
| Vip=0.2V
IQH = —440 uA
L L 1

0 10 20 30 40 50 60 70 80

Ta—Free-Air Temperature—°C

FIGURE 13

RECEIVER LOW-LEVEL OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE

3-154

0.6 . 05 —
Vee =5V / Vee=5V

2 TA = 256°C / > Vip=-02V
) 05 -yip = 0.2V v 3 04 loL=8mA
g s
G 3
2 04 2
a 3 03
3 03 A 3
E 4 202
g 0.2 / g
7 7
) 0.1

0.1 3
30
S s

0 4 0
0 5 10 15 20 25 30 0 10 20 30 40 50 60 70 80
IoL~—Low Level Output Current—mA Ta—Free-Air Temperature—"C
FIGURE 14 FIGURE 15
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SN75177B, SN75178B
DIFFERENTIAL BUS REPEATERS

APPLICATION INFORMATION

SN761778
SN7561768

> > < < v
< < > >
S AT RT RT RTS

]

SN751788

SN761768

SN751768

NOTE: The line should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short
8s possible.

FIGURE 16. TYPICAL APPLICATION CIRCUIT
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SN75179B
DIFFERENTIAL DRIVER AND LINE RECEIVER PAIR

AUGUST 1989

® Meets EIA Standards RS-422-A and RS-485 D. JG. OR P PACKAGE
and CCITT Recommendations V.11 and (TOP VIEW)
X.27 veeTTs] A
® Bus Voltage Range . . . =7 Vto 12V R[J2 7008
o[]s 6]z
® Positive and Negative Current Limiting GND s sy
@ Driver Output Capability . . . 60 mA Max
® Driver Thermal Shutdown Protection FUNCTION TABLE (DRIVER)
® Receiver Input Impedance . . . 12 kQ Min '"';UT OliTP‘;TS
® Receiver Input Sensitivity . . . £200 mV H H L
® Receiver Input Hysteresis . . . 50 mV Typ L L H
® Operates from Single 5-V Supply FUNCTION TABLE (RECEIVER)
® Low Power Requirements DIFFERENTIAL INPUTS OUTPUT
d L A-8 R
escription Vio 207V a
The SN75179B driver and bus recsiver circuit is -02V<Vp< 02V ?
a monolithic integrated device designed for Vip s -0.2V L

balanced transmission line applications and
meets EIA Standards RS-422-A and RS-485 and
CCITT Recommendations V.11 and X.27. It is
designed to improve the performance of full-
duplex data communications over long bus lines.

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

logic symbol?

. s q (8)
The SN75179B driver outputs provide limiting a2 o —‘—(; A
for both positive and negative currents. The <1 g
receiver features high input impedance, input
. ) L L [ (6)
hysteresis for increased noise immunity, and p 3 L(JZ
input sensitivity of + 200 mV over a common- —Y
mode input voltage range of —12 V to 12 V.
The driver provides thermal shutdown for This symbol is in accordance with ANSI/IEEE Std 91-1984 and
protection from line fault conditions. Thermal IEC Publication 817-12.
shutdown is designed to occur at a junction
temperature of approximately 150°C. The logic diagram
device is designed to drive current loads of up
to 60 mA maximum. @ LLINPN
2
. . . R
The SN751798 is characterized for operation (LIS
from 0°C to 70°C.
o ©_,
o
(5) v
PROVUCTION DATA information is current as of publication dals Producty
all LY I Instruments slanderd
oy iy nclude tovling of a1 @ TD(AS
INSTRUMENTS
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SN75179B
DIFFERENTIAL DRIVER AND LINE RECEIVER PAIR

schematics of inputs and outputs

EQUIVALENT OF DRIVER INPUT TYPICAL OF ALL DRIVER OUTPUTS

Vce -—- —-== Vee

Req
INPUT —4
OUTPUT
¢ _———
Lol
X 4
4 ---
7 - GND
Driver input: Raq = 3 k) NOM
EQUIVALENT OF EACH RECEIVER INPUT TYPICAL OF ALL RECEIVER OUTPUTS
v ——-- —_———— 4+ — Vee
ce 850 O
b NOM
960 9 -
NOM Yy
INPUT —eooo————g _——
6.8k OUTPUT
NOM 9:" a v —

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

Supply voltage, VCC (see Note 1)
Voltage at any bus terminal. . .. ... ... ... ... . ...

Differential input voltage (see Note 2) .. ... ... ... ..ttt +25 V
Continuous total dissipation at (or below 25°C free-air temperature (see Note 3):

D PaCKaAgE . . . 725 mW

JG package . ... e 825 mW

P opackage . . . . e e 1000 mW
Operating free-air temperature range . . . ........ B e 0°C to 70°C
Storage temperature range . . ... ..............oiiinn... - -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ......... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package . ........... 300°C

NOTES: 1. All voitage values, except differential input voltage, are with respect to network ground terminal.
2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input.

3. For operation above 25 °C free-air temperature, derate the D package to 464 mW at 70°C at the rate of 5.8 mW/°C , the
JG package to 528 mW at 70 °C at the rate of 6.6 mW/°C and the P package to 640 mW at 70 °C at the rate of 8.0 mW/°C..

In the JG package SN751798, chips are glass mounted.

Texas
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SN75179B
DIFFERENTIAL DRIVER AND LINE RECEIVER PAIR

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Ve 4.75 5 5.25 \
High-level input voltage, V|4 I Driver 2 v
Low-level input voltage, V) | Driver 08 v
Common-mode input voltage, V|c -7t 12 \
Differential input voltage, Vip +12 \%
. Driver - 60 mA
High-level output current, lgy Rocomar 300 A
Driver 60

Low-level output current, i Receiver 3 mA
Operating free-air temperature, Tp 0 70 °c

tThe algebraic convention, where the less-positive (more-negative) limit is designated minimum, is Used in this data sheet for common-
mode input voltage and threshold voltage.

DRIVER SECTION

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

PARAMETER TEST CONDITIONS MIN _TYpt  MAX | UNIT
ViK Input clamp voltage I = -18 mA -1.5 \
Vo Qutput voltage o =0 0 6 Vv
|Vop1| Differential output voltage lp =0 1.5 6 \
. RL = 1000, See Figure 1 %Voo1 \
|Vopa|  Differential output voltage 2
RL = 54 1, See Figure 1 1.5 2.5 \
|Vopal Differential output voltage See Note 4 1.5 5 v
AlVoo! Change in magnitude of . c02 v
' differential output voltage?
Voc Common-mode output voltage RL = 54 1 or 100 Q, See Figure 1 *? \
alVocl Change in magnitude of . £0.2 v
common-mode output voltage
o Output current Vee = 0, Vo= -7V1012V +100 A
%] High-level input current V) =24V 20 A
L Low-level input current Vi =04V - 200 uA .
los Short-circuit output current Vo= -7V - 250 mA
Vo - Vccor 12V 250
Icc Supply current (total package) No load 57 70 mA

Al typical values are at Vee = 5Vand Tp = 25°C.

$A|Vop| and A|Voc| are the changes in magnitude of VoD and VQ ., respectively, that occur when the input is changed from a high
level to a low level.

NOTE 4: See EIA Standard RS-485, Figure 3.5, Test Termination Measurement 2.

driver switching characteristics, VCC = 5V, TA = 25°C

PARAMETER TEST CONDITIONS MIN TYP  MAX [ UNIT
1, Differential-output delay ti 15 22
DD ifferential-output delay \me‘ RL = 540, See Figure 3 ns
o Differential-output transition time 20 30 ns

¥ Toas
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SN751798B
DIFFERENTIAL DRIVER AND LINE RECEIVER PAIR

SYMBOL EQUIVALENTS

DATA SHEET PARAMETER RS-422-A RS-485
Vo Voa: Vob Voa: Vob
[Vopil Vo Vo
Vopa2| Vi (R_ = 100 0) V{(RL = 64 0)
Vi (Test termination
Vooal Measurement 2)
AlVool | Vel = [Val | [ IVil - [l |
voc Vos| - [Vos!
Alvoc| Vos ~ Vosl [Vos ~ Vosl
los I'sal. I'sbl
o [Ixal- lixbl lia: lib

RECEIVER SECTION

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

PARAMETER TEST CONDITIONS MIN_ TPt MAX [ UNIT
VTH Ditferential-input high-threshold voltage Vo = 2.7V, o = =0.4 mA 0.2 Y
VTL Differential-input low-threshold voltage Vg = 05V, o = 8 mA -0.2% Vv
Vhys Hysteresisd 50 mvV
Vip = 200 mV, IOH = —-400 A,
Vv High-level output voltage 2.7 v
OH ahiave output volteg See Figure 2
Vip = -200 mv, loL = 8 mA,
Vi Low-level output volt .45 \2
oL ow-level output voltage See Figure 2 N (]
o Other Input at OV, | V| = 12V 1
[ Line input current mA
! ne fnput cu See Note 5 [vi=-7v ~08
T Input resistance 12 kQ
i0s Short-circuit output current -15 -85 mA
Icc Supply current (total package) No load 57 70 mA

Al typical values are at Vcc = 5V, Ta = 26°C.
The aigebraic convention, where the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common-

mode input voltage and threshold voltage levels only.
QHvsleresis is the difference between the positive-going input threshold voltage, VT 4, and the negative-going input threshold voltage, VT —.
NOTE 5: Refer to EIA Standard RS-422-A for exact conditions.

receiver switching characteristics, Vcc = 5V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
tpiy  Propagation delay time, low-to-high-level output Vip= -15Vtwl5yV, 19 35 ns
tpHL  F 'l delay time, high-to-low-level output Cp = 15 pF, See Figure 4 30 40 ns
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SN75179B
DIFFERENTIAL DRIVER AND LINE RECEIVER PAIR

PARAMETER MEASUREMENT INFORMATION

4L RL
27 Vio
Vob2 ?—r VoH
$ RTL‘ vac Tu l_'o“
3 T Vou oL
= J-_ 1 1 L
FIGURE 1. DRIVER Vop AND Voc FIGURE 2. RECEIVER VoH AND VoL
L v
2R = CL =50 pF INPUT 15V 15V
P o640 (See Note B)| ' ! ov
GENERATOR 500 outPuT : !
(See Note A) l DD —-¥ j->—top
- ' L .25V
90% |
L ouTPUT  50% 4| 1% 50%
botox ~-25V
tro-¥ e 1pp
TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 3. DRIVER DIFFERENTIAL-QUTPUT DELAY AND TRANSITION TIMES

——— — 3V
| INPUT 15V 15V

GENERATOR —g;—B__?_ouwm _)/_\—

(Ses Nota &) ! ov

15V —=0 7 cL-so.:F—L | Ik—ﬂ—lpm
(Ses Note B) tPLH —H—b |
= | N\~ — VoH
= ouTPUT 13v 13v
VoL

TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 4. RECEIVER PROPAGATION DELAY TIMES

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR s 1 MHz, 50% duty cycle, t; < 6 ns,
tf s Bns, Zo = 50 0.
B. C includes probe and jig capacitance.

¥ 1
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ON/JO1/9B

DIFFERENTIAL DRIVER AND LINE RECEIVER PAIR

TYPICAL CHARACTERISTICS

DRIVER HIGH-LEVEL OUTPUT VOLTAGE
Vs
HIGH-LEVEL OUTPUT CURRENT

PRIVER LOW-LEVEL OUTPUT VOLTAGE
vs
LOW-LEVEL OUTPUT CURRENT

5 T s T I
4.5 vee = 5V as5f-Vcc =5V
> TA = 25°C > Ta = 25°C
|
® q ® 4
g ~ g /
s 35 5 35
> > l
- P =
é 3 E’} 3 r
3 25 ™ 3 25
: 2 § 2
< 3 /
S 15 3 15
T
[ T =
I -
o o
> 05 > 05
/] 0
0 -20 -40 -60 -80 -100 -120 V] 20 40 60 80 100 120
loH — High-Level Output Current—mA loL —Low-Level Output Current—mA
FIGURE 5 FIGURE 6
DRIVER DIFFERENTIAL OUTPUT VOLTAGE RECEIVER OUTPUT VOLTAGE
vs ' Vs
OUTPUT CURRENT DIFFERENTIAL INPUT VOLTAGE
4 I ] 5
Vee = 5V lo=0 TA = 25°C
>I 35 Vec=5Vv] | 1 1
o
I ~ Ta = 25°C I l
-3 4 1 T
g 3 >
S ~ | Vic - ...V'C s qvie-f |
> \\ Y -12v]lov 12v
2 2.5 \\ % 3 Vi- RVr- 4+—-vr_ {+—
3 v v p v
s z T+ ly YT+ = 2 T+‘£__
® =3
E e
§ 15 8 2
2 i
= o
8 >
5 \ 1
o
S os T
0 - 0
0 10 20 30 40 50 60 70 80 90 100 -125 -75 -25 0 25 50 75 100 125
10 —Output Current—mA lip - Differential Input Voltage — mA
FIGURE 7 FIGURE 8
*p TExas
INSTRUMENTS
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SN75179B
DIFFERENTIAL DRIVER AND LINE RECEIVER PAIR

VoH—High-Level Output Voitage—V

VoL —Low-Level Output Voltage—V

TYPICAL CHARACTERISTICS

RECEIVER HIGH-LEVEL OUTPUT VOLTAGE
vs
HIGH-LEVEL OUTPUT CURRENT

5 T T T
Vip = 0.2V ]
Ta = 25°C

4

W\
3
\\\ v 5.25 V
2 \\\\“&/C(\:/cc -5V
1 Vge = 475V \'\\
N
0 NN

0 -10 -20 -30 -40
IgH— High-Level Output Current—mA_

-50

FIGURE 9

RECEIVER LOW-LEVEL OUTPUT VOLTAGE
Vs
LOW-LEVEL OUTPUT CURRENT

VoH— High-Level Output Voltage—V

RECEIVER HIGH-LEVEL OUTPUT VOLTAGE
Vs
FREE-AIR TEMPERATURE

[FVcc =5V
- Vip = 02V

IoH = - 440 yA
0 1 1 1

0O 10 20 30 40 50 60 70 80
Ta—Free-Air Temperature °C

FIGURE 10

RECEIVER LOW-LEVEL OUTPUT VOLTAGE
Vs
FREE-AIR TEMPERATURE

3-162

0.5
0.6
Vee = 5V / Vee = 5V
Ta = 25°C >‘ IVu) - 8— 0‘.\2 Vv
0.5 | oL = 8 m
v g 0.4
]
°
0.4 z -
g 0.3
0.3 Va 3
i
/ 2 02
0.2 3
/ 3
|
- 0.1
0.1 ;3
0 0=
0 5 10 15 20 25 30 0 10 20 30 40 50 60 70 80
lgr —Low-Level Output Current—mA TA —Free-Air Temperature— °C
FIGURE 11 FIGURE 12
TEXAS
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SN75ALS170
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

SEPTEMBER1990
® Three Bidirectional Transcelvers Dg::sgvgﬁ
® Driver Meets EIA Standards RS-422A and U
RS-485 and CCITT Recommendations V.11 10(] 4 204 18
and X.27 and ANSI Standard X3.131-1986 1DIR[] 2 19 1A
NC|] 3 18[] NC
® High-Speed Advanced Low-Power Schottky ano{l s 17 Ne
Circuitry NCE 5 16]] Veo
® Designed for 25-MBaud Operation in Both 2D s 15]] 28
Serial and Parallel Applications 2DIR[] 7 14]] 2A
NC[ls 13{] 38
® Low Skew...6 ns Max 30(l e 12[] 3A
® Designed for Muitipoint Transmission on 3oIR{ 10 nfInc
Long Bus Lines in Nolsy Environments NC-No internal connection
® Low Supply Current Requirements
90 mA J PACKAGE
0 mA Max (TOP VIEW)
® Wide Positive and Negative Input/Output U
Bus Voltage Ranges 10{] 1 1a[] 18
1DIR[] 2 13f) 1A
® Driver Output Capacity . .. + 60mA
pul =apaclly...« GNDfJs  12flvee
* Thermal Shutdown Protection 2D{] 4 E:
2DIR 2A
¢ Driver Positive and Negative Current SDE Z 'g % 3B
Limiting 3DIRE 7 8l 3A
® Recelver Input Impedances . . . 12 k2 Min
® Receiver Input Sensitivity . . . + 300 mV Max Function Table

each dri
® Receiver Input Hysteresis . .. 60 mV Typ ( river)

INPUT OUTPUTS
® Operates from a Single 5-V Supply . DIR
%) A B
® Glitch-Free Power-Up and Power-Down h " " L
Protection L H L H
* Features Independent Direction Controls X L 4 4
for Each Channel
i Function Table
description (each receiver)
The SN75ALS170 triple differential  bus DIFFERENTIAL INPUTS DIR | OUTPUT
transceiver is a monolithic integrated circuit A-B R
designed for bidirectional data communication on Vipz03V L H
multipoint bus transmission lines. Itis designed for -03V<V|p<03V L ?
balanced transmission lines and the driver meets Vips-03V L L
EIA Standards RS-422.A and RS-485 and CCITT X H 4
recommendations V.11 and X.27 and ANSI H = high level, L = low level, ? = indeterminate;
Standard X3.131-1986. X = irrelevant, Z = high impedance (off)

PHOUUCTION DATA tnformation Iy currant ss of pubiicetion
contaim fo epactiications por Ihe leims of Teser Instrum
worranly, P10Juchion processing durs nul necessanty includs lesting of o
parametes

TeExas
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SN75ALS170
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

description (continued)

The SN75ALS170 operates from a single 5-V power supply. The drivers and receivers have active-high and
active-low enables, respectively, which are internally connected together to function as a direction control. The
driver differential outputs and the receiver differential inputs are connected internally to form differential
input/output (I/0) bus ports that are designed to offer minimum loading to the bus when the driver is disabled
or Vg = 0. These ports feature wide positive and negative common-mode voltage ranges making the device

suitable for party-line applications.

The SN75ALS170 is characterized for operation from 0°C to 70°C.

logic symbolt

logic diagram (positive logic)

2
2 19 R — 1
1018 ———¢——{EN v —a——— 1A 1DIR = NLIPYN
1D 9 »2% 18 1D 20 o
LINen [ |e—
fog
v o
7 14
20R — EN 7 f—— -1 2a ,
o i » 15 25 2DIR —-46 14,
20
LIS en o [ | «— 15 28
S L4
10
3DIR EN v 12 32 o
302 v 13 38 o
30IR ——4
LD en le— 9 12 34
v o 3D 13
« 38
! This symbol is in accordance with ANSI/IEEE Std 91-1984 and 2
IEC Publication 617-12.
Pin numbers shown are for DW package
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SN75ALS170
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF A AND B 1/0 PORTS TYPICAL OF RECEIVER OUTPUT
Vee ——9 v p— — —— % Vcc
cc 85
180 k2 NOM
NOM [
CONNECTED —
INPUT —¢ ON A PORT
[ Yy ! $3k
:'__ - : Aorg  {NOM ouTPUT
] 18 k(1
™M —
1{ iE é - N.o. -
] - —
]
i 1
o |
Driver Input: Req = 12 ki NCM ! 180 k2
Enable inputs: Req = 8 kil NOM NOM 1.1 k82
CONNECTED 2 NOM
ON B PORT L

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

Supply voltage, Voo (S NOte 1) ... . e 7V
Voltage range atany busterminal ............. ... ... . ... i -10Vto 15V
Enableinputvoltage ........... ... ... ... .. 55V
Continuous total power dissipation ................ ... ..., See Dissipation Rating Table
Operating free-air temperature range .... 0°Cto70°C

- 65°C to 150°C

Storage temperature range

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

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package .

NOTE 1: All vottage values, except differential /O bus voltage, are with respect to network ground terminal.
DISSIPATION RATING TABLE

Tas25°C DERATING FACTOR TA=70°C
PACKAGE A= A
POWER RATING ABOVE Tp =25°C POWER RATING
bw 1125 mw 9.0 MW/ C 720 mW
J 1025 mW 8.2 mW/°C 656 mW
recommended operating conditions
i T T MINT TYPT MaAX UNIT
Supply vollage, Voo 175 5 525 v
5
Voltage at any bus lerminal (separately or common mode). Vj or Vic e —17;— v
Highlevelinputvoltage,Vik _ |D.DIR_ v
Low-level input voltage, Vi lD, DIR o8| v |
Differential input vonagé. VIp (see Note 2) o 12 vV
S - - S U——
Driver 60 mA
High-fevel output current, oy == }b—"7-—"—"—" -
igh-level autput cu OH Receiver 400 A
Driver T 60
-level output nt, | b — — -
Low-level output current, I Rocoiver ol mA
Operating free-air temperature, T ) 70 C
NOTE 2: Differential-input/output bus voltage is measured at the noninverting terminal A with respect to the mverting terrminal B
|
INSTRUMENTS 3165



SN75ALS170

TRIPLE DIFFERENTIAL BUS TRANSCEIVER

DRIVER SECTION

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

PARAMETER TEST CONDITIONSt MIN  TYP! MAX | UNIT
VIK Input clamp voltage = -18mA -1.5 v
Vo Output voltage Io=0 0 6 \
Vee =475V,
VOH High-level output voltage ViH=2V, IOH = ~55mA 27 v
ViL=08V B
Vee =475V, ViH=2V,
- tput volt. v
VoL Low-level iu pul ilorage ViL - 0.8V, loL = 55 mA 1.7 )
|v\/0D1 { Differential output voltage o =0 1.5 6 \
. 1/2 Vi
RL = 100 02, See Figure 1 /2 Voot
| Vop2! Ditferential output voltage 2 v
See Figure 1 1.5 25 5 v
Vobpa Oifferential output voltage See Figure 2 15 5 v
Change in magnitude of
\ * \
alVool differential output vo\lage§ 02
Voc Common-mode output voltage Rl =54 (or 100, See Figure 1 p— ﬁ: v
alVoc| Change in magnitude of 0.2 v
common-mode output vo!lage§
Output disabled, [Vo =12V 1
| tput current mA
0. Output curre See Note 3 [Vo=-7v Z08
hH High-lavel input current Vi =24V 20
i Low-level input current V=04V -400
Vo=-7V -250
Vo=0 -150
[ hort-circuit output 19 mA
os Short-circuit output curren Vo = Voo 350
Vo = 12V ] 250
) Supply current No load Outputs enabled 69 90 mA
cC Upply curren Outputs disabled 57 78

t The power-off measurement in EIA Standard RS-422-A applies to disabled outputs only and is not applied to combined inputs and outputs.
4 All typical values are at Voo = 5 Vand Ta = 25°C.
§Sa|voplanda| Voc | are the changes in magnitude of Vop and Vg respectively, that occur when the input is changed from a high level
to a low level
¥ Duration of the short-circuit current should not exceed one second.
NOTE 3: This applies for' both power on and off; refer to EIA Standard RS-485 for exact conditions. The RS-422-A limit does not apply for a
combined driver and receiver terminal.

B 1
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SN75ALS170
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

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

PARAMETER TEST CONDITIONS MIN_ TYPT MAX | UNIT
RL =540, Ci = 50 pF, 3 8 13
t Differential-output delay time See Figure 3 ns
00 put detay ALy = A3 = 16511, Rl =751, B . 13
See Figure 6
o , Cy = 50 pF. ' 6
ee Figure
Skew (|t ~4 . ns
(ItppK-tooL |) ALy = ALg = 165 00 ey ; .
Cp = 60 pF, See Figure 6
R = CL = 50 pf
sL F54 n.a CL = 50 pF, s o 13
7D Differential-output transition time 290 Tgure @ ———e e ——— - ns
RLy = Rig = 165 11, RLo = 7541 3 s 13
See Figure 6
\pzH  Output enable time to high level "~ SeeFigure 4 30 50 ns
tPzL Oulput enable time to low level See Figure 5 30 50 ns
PHZ Output disable time from high level See Figure 4 3 8 13 ns
tpLZ Oulput disable time from low level See Figure 5 3 8 13 ns
PDE Differential-output enable time Ry = R g = 16511, Ry 75 4). 8 30 45 ns
tppz  Difforontial-output disable time Ci = 60 pF, Soe Figure 7 B 10 15 ns
t All typical values are at VGG = 5V and Tp = 25°C.
SYMBOL EQUIVALENTS
" DATA SHEET PARAMETER | "~ Rss22A | Rs-aes
Vo n Voa. Vob . Voa. Vob
| Voo1 | e Vo o No
| Voo | Vi (RL = 100 1) R )
Vi (Test Termination
v, t
IVoos | Measurement 2)
Viest - Vist
S1Vool IR
o Yoel o West
alVocl [ Vos ~Vos | _
_ __los o lsalflshi -
.0 VLT
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SN75ALS170
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

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

PARAMETER TEST CONDITIONS MIN  TYet  MAX | UNIT

VTH Differential-input high-threshold voltage Vo =27V, o =-04mA 0.3 v

VTL Differential-input low-threshold voltage Vo =05V, Io =8mA -0.3% v

Vhys __ HysteresisS . 60 my

VIK Enable-input clamp voltage Iy = —18 mA 15

. Vip = 300 mV, IOH = —400 pA,
h-level output volt 1D OH g 27

VoH High-level output voltage Soe Figure 8
Vip =-300mV, oL = 8 mA,

VoL Low-level output voitage See Figure 8 0.45 \
Vo =24V 20

loz High-impedance-state output current Vg —04V ~a00 HA
Otherinput =0V, [V =12V 1

[ i mA

| Line input current See Note 4 [VI Y Y

IH High-level enable-input current VIH=27V 20 MA

WL Low-level enable-input current VjL=04V -100 MA

f Input resistance 12 k0

los Short-circuit output current Vip = 300 mV, Vo=0 -15 —85 mA

Outputs enabled 69 90
) t No | I
lcc Supply curren o load [Outputs disabled 57 78 mA

$ The algebraic convention, in which the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common-mode
input voltage and threshold voltage levels only.

§ Hysteresis is the difference between the positive-going input threshold voltage, VT +, and the negative-going input threshold voltage, V7.
See Figure 4.

NOTE 4: This applies for both power on and power off. Refer to EIA Standard RS-485 for exact conditions.

receiver switching characteristics over recommended ranges of supply voltage and operating
free-air temperature

PARAMETER TEST CONDITIONS MIN  TYPt MAX | UNIT
tppH Propagation delay time, low-to-high-level output 9 14 19 ns
tpHL  Propagation delay time, high-to-low-level output ;le[:a :i —u'r;asgv o 1.5V, Cp=15pF, 9 14 19 ns

Skew ([ tpLH —tPHL|) a 2 6 ns
t Out le ti hi 14
PZH utput enable l!me to high level CL = 15 pF, See Figure 10 7 ns
tpzL  Output enable time to low level 7 14 ns
[ Output disable time from hi 20
PHZ utput disable time from high level CL = 15 pF, See Figure 10 35 ns

8 17 ns

tprz  Output disable time from low level

1 All typical values are at Vgg = 5V, Ta = 25°C.

Texas
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SN75ALS170
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

PARAMETER MEASUREMENT INFORMATION

WA
Ed
-

!

<
o
2]

N

Voo2

I~

i~

FIGURE 1. DRIVER Vop AND VQC

37511
VT $e00 {
003 3 F—f—
T
375N -

FIGURE 2. DRIVER VQD3

_ ——— 3V
CL=S0pF I H i ov
R = (See Note B) H '
GENERATOR 50 544 ouTPUT ‘ooH —H-H ""r- tooL
(See Note A)

L ! L a5y
F90% 90%Y
e QUTPUT s0% F, 1% 50%
v 10% 1y 10%
= |

! T-25Vv
o e -+ e

tto

TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 3. DRIVER DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES
NOTES: A. The input pulse is i
Z,=50Q.
B. C includes probe and jig capacitance.

bya having the f

PRR = 1 MHz, 50% duty cycle, t = 6 ns, if = 6 ns,
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SN75ALS170
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

PARAMETER MEASUREMENT INFORMATION

OUTPUT

————— 3v
INPUT 15V 15V
OVor3V ]

|
AL - I*—.f—'vzu | osv

110 2 — —

C =50pF

GENERATOR (See Note B) ouUTPUT 3y : l _
(See Note A) :
tpHz —jo-o] Voff = 0V
TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 4. DRIVER ENABLE AND DISABLE TIMES

5V v

RL=1100 uNPurm
! ov

'
ouTPUT :
|

Je——ttpLz
| 5V
ouTPUT 23 05V

3VorOV

Cy = 50 pF
(See Note B}

<
N
-

GENERATOR
(See Note A)

5

__1: Vou
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 5. DRIVER ENABLE AND DISABLE TIMES
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, 50% duty cycle, t, < 6 ns, If < 6 ns,

Z5=50Q.
B. C includes probe and jig capacitance.

Texas
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OSN/DALDT/U
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

PARAMETER MEASUREMENT INFORMATION
5VQ st
ovo

1 CL = 60 pF

ALy = 1esag (See Note B)

Rz = 7598 oytput
GENERATOR
(See Note A)
B! l
RL3 = 1650 Cp = 60 pF
= — (See Note B)
5vVo N
ov s2
TEST CIRCUIT
— — —3V SltobV — — — 3V S1toO0V
WPUT 15V 15V S2w00V INPUT 15V 15V S2t108V
| | ov | | ov
opH | tﬂ— -» b—lom 20V tooH }o— -» _l:_—‘_D?L 2oy
LY ~2.
outpur OV _Ji 90% 90% N o v outpuT . OV fi 90%90%Ty oy
10%, | | 10% .y 10% /- NI0% Loy
-2, -2,
'm—" o— —a bt lm—’l -— — k—lro
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS

FIGURE 6. DRIVER DELAY AND TRANSITION TIMES WITH
DOUBLE-DIFFERENTIAL-SCSI TERMINATION FOR THE LOAD

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR s 1 MHz, 50% duty cycle, trs6ns, tf<6ns,
Z5=50Q.
B. Cy includes probe and jig ca

% 13
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SN75ALS170
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

PARAMETER MEASUREMENT INFORMATION

s2
5V

ovo

i

Ryq =~ 16502 C_ = 60 pF (See Note B)
<
3v—o 1 2
SR2 759  output
ov )
.
GENERATOR S R -1650 “T"CL = 60 pF (See Note B)
(See Note A) 500 gsyo =
4 ovo s3
—— 3V S1to3V —— —3V Stto oV
m S2t0 0V 15V 1.5V S2t05V
INPUT —/| | OV s3wsv INPUT-/| | ov S3wov
1
tpoE-M |4 - | "12’13 v tpoE B le- - le-tppz
. 2
|/ \| OUTPUT ~—{ g v oV =1V
ouTPUT ov oVi_=~ -1V

——= -23V

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t; < 6 ns, tf < 6 ns,

Zp=50Q.
B. Ci includes probe and jig capacitance.

FIGURE 7. DRIVER DIFFERENTIAL-ENABLE AND DISABLE TIMES WITH A DOUBLE-SCSI TERMINATION

{ VoH
T%?“OL ‘—lou
VoL

_—E-_ = = =

FIGURE 8. RECEIVER VgH AND VoL

Vio

Texas
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SN/DALS1/U
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

PARAMETER MEASUREMENT INFORMATION

——— — 3V
INPUT 15V 15V
P
(See Note A)

Cp =15 pF

(See Note B) |

TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 9. RECEIVER PROPAGATION DELAY TIMES

1N916 OR EQUIVALENT

GENERATOR

>
(See Note A} $oou
s3
= TEST CIRCUIT =
—————— v —— — — —3V
S1w0 1.5V
INPUT — ——=1.5V $2 open INPUT ————15V
| S3 closed S0 15V
| ov 0V 52 closed
PZH M — L L S3 open
i Pz —¥
1 VoH |
— — — =45V
OuTPUT 15V |
ouTPUT
—— — — oV 15V
Vou
—— — 3V
S1to 15V Slto-15V
S2 closed * INPUT 15v S2 closed
S3 closed | S$3 closed
| ov
I
Lz —je—p|
: — — — 1.3V
Vou
VOLTAGE WAVEFORMS
FIGURE 10. RECEIVER OUTPUT ENABLE AND DISABLE TIMES
NOTES: A. The input pulse is supplied by a having the g istics: PAR s 1 MHz, 50% duty cycle, 1; = 6 ns, = 6ns,
Z,=50Q.

8. Cy includes probe and jig capacitance.
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SN75ALS170
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

TYPICAL CHARACTERISTICS

DRIVER HIGH-LEVEL OUTPUT VOLTAGE DRIVER LOW-LEVEL OUTPUT VOLTAGE
vs vs
DRIVER HIGH-LEVEL OUTPUT CURRENT DRIVER LOW-LEVEL OUTPUT CURRENT
5 T s T
vec=5V vec=5V
> 45 cC . 45 |-
i Ta=25°C . Ta=25°C
2 4 s 4
= S
S 3s [~ 3 35 /
5 I 5 [
a 3 ~] 5 3
- a
5 E
6 25 N 3 25 /
[3 —
3 2 2 2
- 5 J
£ Q
S 15 3 15 —
b4 o
[ T ]
3 o e
S os S os
0 0
0 -20 -40 -60 -80 -100 -120 0 20 40 60 80 100 120
IoH —High-Level Output Current—mA 1oL — Low-Level Output Current —mA
FIGURE 11 FIGURE 12

DRIVER DIFFERENTIAL OUTPUT VOLTAGE
vs

DRIVER OUTPUT CURRENT

4
> vee=5V
{:-, 351 T =25°C
5 3
> ~
22 ™ AN
3
° N
o
H
$ 15
5
b
e
' \
S o0s
> \

0
0 10 20 30 40 S0 60 70 80 90 100
10 — Output Current—mA

FIGURE 13
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SN75ALS170
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

VOoH—High Level Output Voltage—V

VoL —Low-Level Output Voluge—\{

TYPICAL CHARACTERISTICS

RECEIVER HIGH-LEVEL OUTPUT VOLTAGE

vs

HIGH-LEVEL OUTPUT CURRENT

5 L
ViD= 0.3V ]
Ta = 25°C
4
N
3 \\
\\ V 525V
2 \\/ I
k/ cc=
Vecc =475V N
1 k\
R
0 N\
0 -10 -20 -30 —40 -50

10H—High-Level Output Current—mA

FIGURE 14

RECEIVER LOW-LEVEL OUTPUT VOLTAGE

vs

RECEIVER LOW-LEVEL OUTPUT CURRENT

0.6

05

04

03

0.2

0.1

vee = 5V
'r:c-zs"c //
 Vip = -300 mV V
/j
/
4
0 5 10 15 20 25 30

1oL —Low Level Output Current—mA

FIGURE 16

RECEIVER HIGH-LEVEL OUTPUT VOLTAGE

VOH —High-Level Output Voitage—V

0.6

o
o

o
IS

©
N

VoL —Llow-Level Output Voltage -V
=] °
- w

vs

FREE-AIR TEMPERATURE
Vce =5V

[ ViD = 300 mV
| lIoH = —440 4A

0o
40 -20 O 20 40 60 80 100 120

Ta—Free-Air Temperature — °C

FIGURE 15

RECEIVER LOW-LEVEL OUTPUT VOLTAGE

vs
FREE-AIR TEMPERATURE

Vcc =5V
Vip = -300 mv

oL = 8 mA

]
-40-20 0 20 40 60 80

Ta —Free-Air Temperature— °C
FIGURE 17

100 120
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SN75ALS170
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

TYPICAL CHARACTERISTICS

RECEIVER OUTPUT VOLTAGE
vs
ENABLE VOLTAGE

Vip =03V

I Load = 8 k{2 to ground
TA = 25°C

4 Voo = 5.25 V
1

| N
3}——vce = 4.75 VN

\Vcc =5V

Vo —Output Voltage -V

0 0.5 1 1.5 2 25
Vi|—Enable Voltage —V
FIGURE 18

RECEIVER OUTPUT VOLTAGE
vs
ENABLE VOLTAGE

Vip = 03V
Load = 1 k2 to Vgg| _VCC = 5.25V

o

- o
Ta = 25°C 5—t !

Vge = 475V

4 A

vVce = 5V/

VQ — Output Voltage -V
w

V] 0.5 1 1.5 2 25
V|—Enable Voltage —V
FIGURE 19
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SN75ALS170
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

APPLICATION INFORMATION
1/3 SN75ALS170 1/3 SN75ALS170

55—
::(Sn s
® Note A) <
} %
[ ]
UP TO 32
TRANSCEIVERS
L

FIGURE 20. TYPICAL APPLICATION CIRCUIT
NOTE A:

The line should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short as
possible.

4VT0525V 4VT0525V
330 llé 330 2
1

B

150 03 150 0

330 02 P % 330 0
uPTO 8

TRANSCEIVERS
LN J

A
W

>

i
i

FIGURE 21. TYPICAL DIFFERENTIAL SCSI APPLICATION CIRCUIT
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SN75ALS170
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

APPLICATION INFORMATION

—{ * 3 2 i)
m = : i e RS~ v i
s ™oy
. 3 I e (S e U
2 $ 10 1 N 1 5 oue
3 12 " ] -oam
13 L{-—E‘Eu ] r[
SN741500 as
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1 .
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b > I o
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T v
74800 . 0
™ on
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5101 N v
2 5 oma
w02 il < N |
* ° 2 _oma
) 5 o [
Ll PR
I}
] SHTSALSTI0 .
Sewieees w 2 o
SNT4L804 T 5 T B e
o sl
SR
s
1 v 1 2 omo
om0
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& s o
* - L
R S >
1
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ae 2 ™ 2 aex
= L s Ak
ED IE Wy i
58 v
o * o~ g SR
sn1 T [ e e A
e ™
o0 . ! x[
i )
. wsa
Acx v >y 5
roscsiaus | ATH - -ms¢
CONTAOLLER ) TanaErT K ,[
-3 |
SN75ALS170
co 2 e no
o i
sl N T
o i = o
ssvour LE? S|
BSYW . M »
SELOUT ' s 5w
seam v -vo
0
 — L
e ’ o
1™ Ty :;:
i 5
vee Loly 5
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5] sz
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N
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b 7 20
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-
' |
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1" v%:‘: “su
6
)
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FIGURE 22. TYPICAL DIFFERENTIAL SCSI BUS INTERFACE IMPLEMENTATION
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SN75ALS171
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

OCTOBER 1990
® Three Bidirectional Transceivers DW OR J PACKAGE
(TOP VIEW)
¢ Driver Meets EIA Standards RS-422A and U
RS-485 and CCITT Recommendations V.11 1R( 20[ 18
and X.27 and ANSI Standard X3.131-1986 1DE[] 2 19[] 1A
® High-Speed Advanced Low-Power Schottky G;g E i :: % SEE
Circuitry eNo (s i Vee
® Designed for 25-MBaud Operation in Both 2R(l6 15[} 28
Serial and Paraliel Applications 20E[]7  14f]2A
20fls 1338
® Low Skew...6 ns Max 3R] 120 3a
* Designed for Multipoint Transmission on sEfl10  nfle0

Long Bus Lines In Noisy Environments
FUNCTION TABLE (EACH DRIVER)

® Features Independent Driver Enables and —INBUT ENABLE OUTPUTS
Combined Receiver Enables F o oE CoE y B

® Wide Positive and Negative Input/Output H H H H L
Bus Voltages Ranges L H H L H

X L X z z

® Driver Output Capacity . .. + 60mA X X L 2z z

Thermal Shutdown Protection
FUNCTION TABLE (EACH RECEIVER)

® Driver Positive and Negative Current DIFFERENTIAL INPUTS | ENABLE | OUTPUT
Limiting A-B Pl A "
® Receiver Input Impedances . .. 12 kQ Min Vip 203V L H
-03V <Vp <03V L ?
* Recelver Input Sensitivity . . . + 300 mV Max Vips -03V L L
X H z

® Receiver Input Hysteresis . . . 60 mV Typ

igh level, L = low level. ? = indelerminate,
ani, £ = high impedance (off)

/ Suppiy

¢ Giitch-Free Power-Up and Power-Down

Protection

k-l

® Low Supply Current Requirements
90 mA Max

description

The SN75ALS171 triple differential bus transceiver is a monolithic integrated circuit designed for bidirectional
data communication on multipoint bus transmission lines. It is designed for balanced transmission lines and
the driver meets EIA Standards RS-422-A and RS-485 and CCITT recommendations V.11 and X.27 and ANSI
Standard X3.131-1986.

The SN75ALS171 operates from a single 5-V power supply. The drivers and receivers have individual active-
high and active-low enables, respectively, which can be externally connected together to function as a
direction control. The driver differential output and the receiver differential input pairs are connected internally
to form differential input/output (I/O) bus ports that are designed to offer minimum loading to the bus when the
driver is disabled or VCC is at 0 V. These ports feature wide positive and negative common-mode voltage
ranges making the device suitable for party-line applications.

The SN75ALS171 is characterized for operation from 0°C to 70°C.

PROUUCHON DAVA Inf
contorm to apaciil

18 Curtent 04 of publication date Pruducly
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Wiclude too T
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SN75ALS171

TRIPLE DIFFERENTIAL BUS TRANSCEIVER

logic symbolt

logic diagram (positive logic)

17
CDE 17| GS CDE 2—1
10e 2 SEN1 10E ——
20¢ 1 SEN2 10—
30 1% | 5en3 e
AE 18 INlena s w o
Y C R 20 BUS
103 "ot T 7 ‘:D_ "
‘o 18 208 —
1 ! 02
1R —e—va .D’[
q
> 2¢ LLIPYY 14
8
P a— 15 6 2A
2v 28 2R o 15 BUS
- b 28
6
I e
v 3o ——
3p 11 b 3¢ <+ :; 3A 3D
3¢ < ki)
l 12
1 |«
s 9 3a
3RT—e— e H[ 3R 13 BUS
b 38

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

IEC Publication 617-12.

schematics of inputs and outputs °

EQUIVALENT OF EACH INPUT

vee —mp—————

INPUT —4—(

> — —

I I

Driver Input: Req = 12 k2 NOM
Enable Inputs: R,q = 8 ki NOM

TYPICAL OF A AND B 1/O PORTS

vVee p— -
180 ki
NOM
CONNECTED
ON A PORT
33k
-- 2 NOM

A ORB
18 k2
NOM

180 k2
NOM

CONNECTED
ON 8 PORT

TYPICAL OF RECEIVER OUTPUT
——— o
Vee

85 2
NOM

OUTPUT

3-180
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SN75ALS171
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

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

Supply voltage, Voc (seeNote 1) ...................... A P 7V
Voltage range at any bus terminal e -10Vto 15V
Enableinputvoltage .............................. 55V
Continuous total power dissipation .. .. See Dissipation Rating Table
Operating free-air temp 1 - T T 0°Cto 70°C
Storage temperature range  .................ouniiniiiaiiii e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW package ................... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: Jpackage ..................... 300°C
NOTE 1: All voltage values, except diferential VO bus voltage, are with respect to network ground terminal.
DISSIPATION RATING TABLE
TA=25°C DERATING FACTOR Ta=70°C
PACKAGE POWER RATING ABOVE Tp = 25°C POWER RATING
DW 1125 mwW 9.0mW/°C 720 mW
J 1025 mW 8.2mwWrC 656 mW
recommended operating conditions
MIN  TYP  MAX]| UNIT
Supply voltage, Vcc 4.75 5 525 V
Voitage at any bus terminal (separately or common mode), V| or Vic -7 12 \
High-level input voltage, Vi [ D.CDE, DE, and RE 2 v
Low-level input voltage, Vj_ | D. CDE, DE, and RE 08| Vv
Differential input voltage, V|p (see Note 2) BB
Driver -60| mA
High-level output current, IoH Receiver 400 pA
Driver 60
Low-level output current, g Recerver ry mA
Operating free-air temperature, TA 0 70 °C

NOTE 2: Differential-input/output bus voitage is measured at the noninverting terminal A with respect to the inverting terminal B.

*» Texas
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SN75ALS171
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

DRIVER SECTION

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

PARAMETER TEST CONDITIONST MmN TYRPE Max | uNIT |
VIK Input clamp voltage | = ~18mA -15 v
Vo Output voltage lo=0 0 6 v
Ve =475V,
VOH High-lovol output voltago ViH =2V, IOH = 55 mA 27 v
VL =08V
Vee =475V, ViH=2V,
-lavel output volt: \Z
VoL Low-level output voltage Vi = 08V, IoL = 55 mA 1.7
[Vop1| Differential output voltage I0=0 15 6| V|
) 1/2Vop)
RL = 10041, 00 Fi 1 — )
|Vop2| Ditferential output voitage L S qure 2
RL = 54 O, See Figure 1 | 15 25
Vob3a Differential output voltage Vigst = ~7 Vto 12V, See Figure 2 15 o
A1Vop| Change in magnitude of
differential output voitage$
Voc Common-mode output voltage RL =54 Q0r100(}, See Figure 1 A*? \2
Change in magnitude of
AV, -
IVocl common-mode output voltage$ =02 v
Qutput disabled,
I Output current
0 putcut See Note 3
D and DE
[ High-level enable-input current
IH g inpu COE
DandDE | _ o
hiL Low-level enableo-input current C[‘:I’ZI"A =04V
los Short-circuit output current? 0=> S ——
Vo =Vce
) Vo = 12V
o ) RN ~|Oulputs enabled |
| Suppl t No load ]
cc kA o loa IOulpuls disabled

t The power-of measurernent in EIA Standard RS-422-A applies to disabled outputs only and is not applied to combined inputs and outputs.
t Al typical values are at Vg = 5V and Ta = 25°C
LY Vop | and & | Vog | are the changes in magnitude of Vop and Vg respectively, that occur when the input is changed from a high level
to a low level
“ Duration of the shor-circuit current should not exceed one second
NOTE 3: This applies for hoth power on and off, refer o EIA Standard RS-485 for exact conditions. The RS-422-A limit does nol apply for a
combined driver and receiver terminal

Texas
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OSN/OALST/
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

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

PARAMETER TEST CONDITIONS MIN  TYPt  MAX | UNIT
RL =540, Cp = 50 pF, 3 s 13
See Figure 3
oD Differential-output delay time RL1 = Ryg = 16512, Rl =751, ns
Cp = 60 pF, VIERM =5 V. 3 8 13
See Figure 6
T AL = 54 0, CL = 50 pF. | 6
See Figure 3
Skew ({tppH-'oot |) P P T ‘ : ns
CL = 60 pF, See Figure 6
R =540, CL = 50 pF. 3 R 13
See Figure 3
ITp Differontial-output transition time VRLT——-F\L;; = 165 41, Rz = 7514, ns
CL = 60 pF, VTIERM = 5V. 3 8 13
See Figure 6
tpZH Otflpui enable time to high level RL = 11012, See Figure 4 30 50 ns
};ﬂ‘vqom;;d(“eﬁa_t;lg time to low level R JI Se’e’Flguve 5 30 50 ns
pPHZ “Output disable time from high level " See Figure 4 T3 8 13| ns
tpLz _ Oulput disable time from low lovel RL=-11000 See Figure 5 3 8 13 ns
tppe  Differential- hable time ALy = Rz = 1650 Ro-756 | 8 30 45| ns
PDZ " Different T C ~ 60 pF, See Figure 7 TTsTTH0 151 ns |
1 All typical values are at Voo = 5V and Tp = 25°C
SYMBOL EQUIVALENTS
~ DATA SHEET PARAMETER " Rs-422.A Rs-a85
Vo _Voa Vob o Voa Vob
| Voo | I T Vo
| Vop2 | Vy (R = 100 42) 54 1))
Vi (Test Termunation
IVooa | (h(;asuremem 2)
Viest . Vst _
e BWVoOl ol i
. Voc_ S
__Alvocl - Vos L
los _Isal I1sb | . . o
lo xal ol ha. iy

B 1
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SN75ALS171

TRIPLE DIFFERENTIAL BUS TRANSCEIVER

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

PARAMETER TEST CONDITIONS MIN  TYPt Max | UNIT

VTH Differential-input high-threshold voltage Vo =27V, lo=-04mA 0.3 v

VTL Differential-input low-threshold voltage Vo =05V, lo=8mA -0.3t v

Vhys Hysteresis$ 60 mv

VIK Enable-input clamp vollage Ih=-18mA -1.5 \

. Vip =300 mV, IOH = —400 pA,
- i .

VOH High-level output voltage See Figure 8 27 v

Vip =-300mV, loL = 8 mA
| I 3

VoL Low-level output voltage See Figure 8 0.45 v

loz High-impedance-state output current Vo =04Vio24V +20 MA
Otherinput =0V, [V =12V 1

! i it

| Line input current See Note 4 IVI m—— o8 mA

[ High-level enable-input current VIH=27V 60 pA

TR Low-level enable-input current ViL=04V -300 A

fi Input resistance 12 kil

los Short-circuit output current Vip =300 mV, Vo =0 -15 -85 mA

Outputs enabled 69 90
[ I t No load I mA
cc Supply curren o foa [Outputs disabied 57 78

t All typical values are at Vo = 5 V. Ta = 25°C.

1 The algebraic convention, in which the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common-mode

input voltage and threshold voltage levels only.

§ Hysteresis is the diference between the positive-going input threshold voitage, VT 4., and the negalive-going input threshold voltage, V1.
NOTE 4: This applies for both power on and power off. Refer to EIA Standard RS-485 for exact conditions.

receiver switching characteristics over recommended ranges of supply voltage and operating

free-air temperature

PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT
-‘PLH- Propagation delay time, Iow-lo-mgh—lovel output 9 14 19 ns
: - Vip- -15V10 15V, Cp = 15pF,
PHL  Propagation delay timo, high-to-low-level output Soe Figure 9 9 14 19 ns
Skew ([tpLH - tPHLI) 9 2 6 ns
tpzH  Output enable l?me to high level CL = 15 pF. See Figure 10 7 14 ns
tpzL  Output enable time to low level 7 14 ns
{pH_Z__Ou!pulidls:ablur!!me’!!cmrhiglz level o |C=15pF, Soo Figuro 10 |—— _»__30_3751_ _ns
tpLz  Output disable lime from low lovol 8 17 ns

t All typical values are at Vg = 5 V., Tp = 25°C.

3-184
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SN75ALS171
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

GENERATOR
(See Note A)

NOTES: A. The input puise is

PARAMETER MEASUREMENT INFORMATION

i

Vooz —F
R

| 3IF ‘iir_c

FIGURE 1. DRIVER Vop AND Voc

375 0

3
<
Voba 3eon nh—T—-

3750

FIGURE 2. DRIVER VQp3

Cy = 50 pF
(See Note B)

TEST CIRCUIT

AL =
156 outPuT tooH el ‘“I'*'nm
l e
N ouTPUT  sox ff| 1k 50%
v c-25V
iTp > W - [375)

VOLTAGE WAVEFORMS

FIGURE 3. DRIVER DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES

Z,=50Q.
B. Cy includes probe and jig capacitance.

having the ing ics: PRR < 1 MHz, 50% duty cycle, t; = 6 ns, {f s 6 ns,

bya
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SN75ALS171
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

PARAMETER MEASUREMENT INFORMATION

OuUTPUT je——— 3v

INPUT 15V 15v
O0Vor3V |

| N
R = k—-’{— PZH | osv

CL =50 pF
L 11090 | _ it Von
GENERATOR (See Note B) ouTPUT FRTF
(See Note A) 23v 1
tpHz —jo-9 Voif =0V
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 4. DRIVER ENABLE AND DISABLE TIMES
sv.  e—————— - 3v
|
ouTPUT I | ov
3Vorov KPZL_HI :
Cy = 50 pF : Je—4-tpL 2
{Sea Note B) | I sv
GENERATOR |
ouTPUT 23v 05V
(See Note A) = ¥
i Vou
- TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 5. DRIVER ENABLE AND DISABLE TIMES

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR s 1 MHz, 50% duty cycle,ty s6ns, s 6ns,
2y =50 Q.
B. Cy includes probe and jig capacitance.

Texas
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(SR N RV YN

TRIPLE DIFFERENTIAL BUS TRANSCEIVER

PARAMETER MEASUREMENT INFORMATION
5VQ s

ovo
C_ = 60 pF
= “T (See Note B}

RLy = 1664

>

ALz =751 oyrpur

GENERATOR
(See Note A)
B.
RL3 - 16503 Cy - 60 pF
= L3 j_: (See Note B)
5 Vo -
ov s2
S1to0V

TEST CIRCUIT
— — —3V SltwsV ——— 3V
S2t0V 'NPM S2to 5V

| ov

|
t tooL
ooH— M- o 23v

INPUT 15V 15V
ov
I - —— ~2.
ov Z90%90% X oy
OUTPUT ! !
1 19%_29v

|

‘ODH [ -1,

- 5o ;:% +o~:—m' 2oV
oV
°“""m"*
| | = -23V | |

o4 - 0 L R L)

VOLTAGE WAVEFORMS

VOLTAGE WAVEFORMS
FIGURE 6. DRIVER DELAY AND TRANSITION TIMES WITH
DOUBLE-DIFFERENTIAL-SCSI TERMINATION FOR THE LOAD

$2
5V
Ry = 165 ¢ = TCL = 60 pF (See Note B}
<

3v—o
gﬂu =751 OUTPUT

“T" CL = 60 pF (See Note B)

GENERATOR Rz = 16503
(See Note A) 500 g5yvo
1 ov 6 s3
— — -3V Stw3V —— — 3V S1wo0V
INPUT —/} | oV S3tsV NeuT-/| ov S3t60V
PDE 9| & - jeteDz PDE—§| l— -  letppz
- 23v ouTPUT ov ovl =1v
= -23V

ouTPUT ov ov ~ -1V
FIGURE 7. DRIVER DIFFERENTIAL-ENABLE AND DISABLE TIMES WITH ‘A DOUBLE-SCSI TERMINATION

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR s 1 MHz, 50% duty cycle, t; = 6 ns, i < 6 ns

Zo=50Q.
B. Cy includes probe and jig capacitance.

b Texas
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SN75ALS171
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

PARAMETER MEASUREMENT INFORMATION

Vio

?+ '0L ‘ —lox

VOL

TPUT
GENERATOR ouTPy

FIGURE 8. RECEIVER VOH AND V0|_
(See Note A)
CL = 15pF

— — — — 3V
'I‘Nl
(See Note B) l PLH ey
OoH
h N ouwuﬂ

TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 9. RECEIVER PROPAGATION DELAY TIMES

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t; <6 ns, lf < 6 ns,
Q

B. C includes probe and jig capacitance.
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DN/DALDI/
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

PARAMETER MEASUREMENT INFORMATION

1N916 OR EQUIVALENT

GENERATOR

(See Note A)
s3

TEST CIRCUIT

S1ww15V

INPUT — ———15V S2 open INPUT —_————15V
I S3 closed Stto-15Vv
| ov 0 V S2 closed
wzn ¥ e ! $3 open
|

| Von |
———— 45V
ouTPUT 15v 1
ouTPUT
 —— — oV 15v

Vou
—— —3V
S1t015V S1to-15V
S2 closed INPUT $2 closed
S3 closed $3 closed
| ov
|
Lz —e—p|
|
Vou | — — — 13V
ouTPUT osv
— — —— 13V Vou

VOLTAGE WAVEFORMS
FIGURE 10. RECEIVER OUTPUT ENABLE AND DISABLE TIMES

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR s 1 MHz, 50% duty cycle, t; < 6 ns, tf < 6 ns,
Q

B. Ci includes probe and jig capacitance.
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SN75ALS171
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

TYPICAL CHARACTERISTICS

DRIVER HIGH-LEVEL OUTPUT VOLTAGE DRIVER LOW-LEVEL OUTPUT VOLTAGE
vs vs
DRIVER HIGH-LEVEL QUTPUT CURRENT DRIVER LOW-LEVEL OUTPUT CURRENT
5 T 5 T
vec=5V Vec=5V
> 45 cc . as -
T Ta=25°C > Ta=25°C
g 4 e 4 _
8 -\\ g .
S 35 3 35 /
- \ > l
2 — -
g 3 \\ 3 3 [
o 25 3 25
E ®
3 2 i’ )
= :
o 15 3 15
g ——
I S L —1
| 1 "‘ 1 ]
I - -~
L os S os
0 0
0 -20 -40 -60 -80 -100 -120 0 20 40 60 80 100 120
IoH —High-Level Output Current—mA ioL — Low-Level Output Current - mA
FIGURE 11 FIGURE 12

DRIVER DIFFERENTIAL OUTPUT VOLTAGE
vs
DRIVER OUTPUT CURRENT
4
I
vce=5V
N TA=25°C

VoD - Differential Output Voltage—V
N

1
05 \\

0
0 10 20 30 40 50 60 70 80 90 100
10 — Output Current—-mA

FIGURE 13
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SN75ALS171

TRIPLE DIFFERENTIAL BUS TRANSCEIVER

VOH—High Level Output Voltage—V

TYPICAL CHARACTERISTICS
RECEIVER HIGH-LEVEL OUTPUT VOLTAGE

RECEIVER HIGH-LEVEL OUTPUT VOLTAGE

vs

HIGH-LEVEL OUTPUT CURRENT

5 T
Vip =03V i
TA = 25°C
4
\
3 \\
\\ Ve =525
=525V
o R ke v
k/ cc=
Vee =475 VRN
1 \
N
0 NN
0 -1 -20 -30 -40 -50

10H —High-Level Output Current—mA

FIGURE

14

RECEIVER LOW.-LEVEL OUTPUT VOLTAGE

vs

RECEIVER LOW-LEVEL OUTPUT CURRENT

VOH —High-Level Output Voltage —V

vs

FREE-AIR TEMPERATURE

5 T T T

Veec =5V

Vip = 300 mV
4| IOH = -440 xA

—""‘—’-—

3
2
1
o —J
-40 -20 O 20 40 60 80 100 120

Ta —Free-Air Temperature — °C

FIGURE 15

RECEIVER LOW-LEVEL OUTPUT VOLTAGE

Vs

FREE-AIR TEMPERATURE

0.6 v 0.6
vVee = 5V / Vee = 5V

3 TA = 25°C /1 > Vip = -300 mV
3 95T vip=-300mv v 105] IoL = 8 mA
- o
° -]
s 2

04 ° .
= >04
a 5
3 o3 A S
s Vd oo03 1
s by
3 /] $
3 02 3
L 302
1, S
3 0.1 1,
> ;: 0.1

0
0 § 10 15 2 25 30 o ]
loL—Low Level Output Current—mA -40 -20 0 20 40 60 80 100 120
Ta—Free-Air Temperature — °C
FIGURE 16 FIGURE 17
-
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SN75ALS171

TRIPLE DIFFERENTIAL BUS TRANSCEIVER

RECEIVER QUTPUT VOLTAGE

ENABLE VOLTAGE

Vs

TYPICAL CHARACTERISTICS

vs

RECEIVER OUTPUT VOLTAGE

ENABLE VOLTAGE

SMip =03V ViD = 03V
Load = 8 kil to ground Load = 1 kit to Vg VCC = 5.25V
Ta = 25°C 5|Ta = 25°C
4 vee - 525V
> 1 > vee = 475V
] 1
3 % s 4 7
2 3 Vee = 4.75V C = Vee = 5V
; Vce = 5V S s
E S
5 2 5
<)
< >
o]
s S
1 1
0 o
o 0.5 1 15 2 25 3 0 0.5 1 1.5 2 25 3

V|- Enable Voltage -V

FIGURE 18

V| Enable Voltage V

FIGURE 19

1/3 SN75ALS171

APPLICATION INFORMATION

=

1/3 SN75ALS171

< (See

2 Note A)

N

UP TO 32
TRANSCEIVERS
LN ]

NOTE A: The line should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short

as possible.

FIGURE 20. TYPICAL APPLICATION CIRCUIT
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SN75ALS171
TRIPLE DIFFERENTIAL BUS TRANSCEIVER

APPLICATION INFORMATION

S5V 5V
330 1 %330 u
£
R
2
150 1 150 0
LC
)4
S
130 “i 1/3 SN75ALS171 %330 a
= - =

UP TO 8 E
TRANSCEIVERS
LN}
9

TYPICAL DIFFERENTIAL SCSI APPLICATION CIRCUIT

FIGURE 21.

‘v Texas
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SN65ALS172, SN75ALS172

QUADRUPLE DIFFERENTIAL LINE DRIVERS

JULY 1991

* Meets EIA Standards RS-422-A and RS-485

* Meets CCITT Recommendations V.11 and
X.27

* High-Speed Advanced Low-Power Schottky
Circuitry

* Designed for 20-MBaud Operation in Both
Serlal and Parallel Applications

* Designed for Multipoint Transmission on
Long Bus Lines in Noisy Environments

® Low Supply Current Requirements
60 mA Max

* Wide Positive and Negative Input/Output
Bus Voltages Ranges

® Driver Output Capacity . .. 60 mA
® Thermal Shutdown Protection

® Driver Positive and Negative Current
Limiting

® Functionally interchangeable with SN75172

description

The SN65ALS172 and SN75ALS172 are
quadruple line drivers with 3-state differential
outputs. They are designed to meet the
requirements of EIA Standards RS-422-A and
RS-485 and CCITT Recommendations V.11 and
X.27. These devices are optimized for balanced
multipoint bus transmission at rates of up to
20 megabaud. Each driver features wide positive
and negative common-mode output voltage
ranges making them suitable for party-line
applications in noisy environments.

The SN65ALS172 and SN75ALS172 provide
positive- and negative-current limiting and thermal
shutdown for protection from line fault conditions
on the transmission bus line. Shutdown occurs at
a junction temperature of approximately 150°C.

The SN65ALS172 is characterized for operation
from -40°C to 85°C and the SN75ALS172 is
characterized for operation from 0°C to 70°C.

N PACKAGE
(TOP VIEW)
1A} 1 ™ 18] Vee
1Y} 2 15{] 4A
1Z{] s 1a]] 4Y
ENABLE G [] 4 13[) 42
2Z[]s 12[] ENABLE G
2v[ls 1{]3Z
2A(l7 10} 3Y
GND[] 8 9] 3A
DW PACKAGE
(TOP VIEW)
1A Y 20f] Vee
1Y [ 2 19 ] 4A
NC [ 3 18 ] a4y
12{] 4 17[I NC
ENABLEG[] 5 16]) 4z
2z[le  15[]ENABLEG
NC(] 7 1a]) 3z
2Y(ls 13]INC
ZAE 9 12flay
GND[l 10  1fl3A

NC-No internal connection

FUNCTION TABLE (EACH DRIVER)

INPUT ENABLES OUTPUTS
A G G Y z
H H X H L
L H X L H
H X L H L
L X L L H
X L H z z
H = high level, L =low level, X =irrelevant,

Z = high impedance (off)

PHODUCTION DATA informstion I8 curenl 8 of publicstiun date Products
conform 10 apecitications per the terms of Tesss instruments standard
warranty. Proguction piocesaing 4ons nol necessarlly include lesling of oit
paramelors.
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SN65ALS172, SN75ALS172
QUADRUPLE DIFFERENTIAL LINE DRIVERS

logic symbolt
4 xz1
G
12 EN
e
L 2
1 > vl v
7y 3
v L& 1z
7 2y
2a 5 .
10
-l ay
" a2z
14
w Y
>—— a4z

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

IEC Pubhication 617-12.
Pin numbers shown are for the N packages.

schematics of inputs and outputs

logic diagram (positive logic)

EQUIVALENT OF EACH INPUT

Vee -
35 k2 NOM
INPUT— h 4
b —
i<
A 4
i

- Vee

.

TYPICAL OF ALL OUTPUTS

OUTPUT

Texas
INSTRUMENTS
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SN65ALS172, SN75ALS172
QUADRUPLE DIFFERENTIAL LINE DRIVERS

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

Supply voltage, Vog (see Note 1) ... . . e 7V
Inputvoltage, V| ................ ettt 7V
Output voltage range, Vg ........ -9Vt 14V
Continuous total dissipation ... See Dissipation Rating Table
Operating free-air temperature range: SNBSALS172 ...................... ... —40°C to 85°C
SN75ALS172 ... 0°Cto 70°C
Storage temperaturerange .................c00een.. EEERRTER —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ............................... 260°C
NOTE 1: All voitage values are with respect to network ground terminal.
DISSIPATION RATING TABLE
Ta=25°C DERATING Ta=70°C Ta =85°C
PACKAGE POWER RATING FACTOR POWER RATING POWER RATING
oW 1125 mW 9 mW/rC 720 mW 585 mW
N 1150 mw 9.2mwWrC 736 mW 598 mW
recommended operating conditions
MIN NOM MAX| UNIT
Supply voltage, Vcc 4.75 5 525| V
High-level input voltage, Vi 2 v
Low-level input voltage, V| 08 v
Common-mode output voltage, Voc '_‘g
High-level output current, igH -60 mA
Low-level output current, Ig|_ 60| mA
tinc froo-ai T [ SnesaLs172 ~40 85| |
Operating free-air temperature, TA [ SN75ALS172 0 70 C
TExas
INSTRUMENTS
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SN65ALS172, SN75ALS172
QUADRUPLE DIFFERENTIAL LINE DRIVERS

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

[ PARAMETER TEST CONDITIONS MIN_ TYPT  MAX] UNIT
VIK Input clamp voltage Ij=-18mA -15 \
Vo Output voltage lo=0 0 6 \
[Vop1! Differential output voltage Io=0 1.5 6 \

1/2VaDp1
R =100
|Vop2| Differential output voltage L See Figure 1 2 v
RL=54Q 1.5 25 5
IVop3| Differontial output voltage Soe Note 2 15 5 A
Change in magnitude of
V0Dl g rerential output voltage* 02|V
Voo Common-mode output voltage$ RL=54Q0r100Q.  SeeFigure 1 ‘13 v
Change in magnitude of
AlVocl common-mode output voltage? 0.2 v
o QOutput current with power off Vee =0. Vo= -7Vto12V +100 nA
oz High-impedance-state oulput current Vo= -7Vtoi12Vv 100 A
hH High-level nput current Vi-27V 20 nA
I Low-level input current Vi-05V - 100 HA
los Short-circuit output current Vo= -7Vt012V +250 mA
[ Qutputs enabled 38 60
Icc Supply current (all drivers) No load ﬂ\puls Gisabled 8 20 mA
driver switching characteristics over recommended ranges of supply voltage and operating
free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt  MAX]| UNIT
top Differential-output delay time RL=54Q, Cy =50 pF, See Figure 2 9 15 22 ns
tpzH  Output enable time 1o high level RL=110Q, CL = 50 pF, See Figure 3 30 45 70 ns
tpzy  Output enable time to low level RL=110Q, Cy_=50pF, See Figure 4 25 40 65 ns
tpHz  Output disable time from high level RL=110Q, CL =50 pF, See Figure 3 10 20 35 ns
tpLz  Output disable time from low level RL=110Q, C =50 pF, See Figure 4 10 30 45 ns

Al typical vaiues are at Voo = 5 V and TA = 25°C.

$A|Vopl and A|V g are the changes in magnitude of Vop and Voc respectively, that occur when the input is changed from a high lovel to
alow level

§1n EIA Standard RS-422-A, Voc. which is the average of the two output voltages with respect to ground, is called output offset voltage, VQos.

NOTE 2: See EIA Standard RS-485, Figure 3-5, Test Termination Measurement 2

* 1
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SN65ALS172, SN75ALS172
QUADRUPLE DIFFERENTIAL LINE DRIVERS

PARAMETER MEASUREMENT INFORMATION

R
2
— Vob2
4_?& L8 T—
2 Voc
L

Figure 1. Differential and Common-Mode Output Voltages

v ———
Y input Aisv X 1.5V
0 | |

e )
i e % AL =
Generator 500 } h = saq - “—twon ¥ 4-1opL
(see Note A) 3V —— | l Z  outputz |
+G | cL=< cL=15pF \[ )<
= JV(L _____ a4 T (see Note B) Output Y
VOLTAGE WAVEFORMS

TEST CIRCUIT
NOTES: A. Theinput pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, Z = 50 €, duty cycle = 50%, tf = S ns

tr=5ns.
B. C includes probe and stray capacitance.

Figure 2. Propagation Delay Times

*9 Texas
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SN65ALS172, SN75ALS172
QUADRUPLE DIFFERENTIAL LINE DRIVERS

PARAMETER MEASUREMENT INFORMATION

[ ——————

Output
| s1 Pt e 3v
ovVorav — Inputm
° | | ov
Generator 50 Q CL =50 pF RL = | |
— | | 05V
(see Note A) be—— e ——. (866 Note B) 1M0Q —» M- tpzy |
3v T = | T —__*: VoH
- (see Note C) Output 2.3V [
[ Vott~0
tpHz M
TEST CIRCUIT VOLTAGE WAVEFORMS
Figure 3. tpzy and tpyz
5V
: ?:b:sz _______ v
;———-———1[ Input 1.5V X158V
S1 | | oV
ovorav | —O——¢ Output | ) I
P : © tpzL —H— ¥ N—"" tPLZ
woonotan | 3k | oL w0l T \ 23V l sV
( ) | L—===———J (see Note B) Output __+_
3V = —_——a— V
L (see Note C) X oL
= 05V
TEST CIRCUIT VOLTAGE WAVEFORMS

Figure 4. tpz and tp; 7

NOTES: A. The input pulse is supplied by a generator having the following charactenstics: PRR = 1 MHz, 7,
tr = 5ns.
B. Cpincludes prabe and stray capacitanca
C. To test the active-low enable G, ground G and apply an inverted input waveform to G

Texas
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SN75ALS173
QUADRUPLE DIFFERENTIAL LINE RECEIVER
SEPTEMBER 1991

® Meets EIA Standards RS-422-A, RS-423-A, D OR N PACKAGE
and RS-485 (TOP VIEW)
® Meets CCITT Recommendations V.10, V.11, U
X.26, and X.27 1Bl = el Voo
+20, and 2. 1A[] 2 15[] 4B
* Designed for Multipoint Bus Transmission 1v(ls 14[] 4A
on Log Bus Lines in Nolsy Environments GE 4 13 % 4y
2y [l s 12[]] G
® 3-State outputs 2A[] 6 1y
* Common-Mode Input Voltage Range of 2B[l7  1of] 3’;
-12Vto12V GND ] 8 o[] 3
® Input Sensitivity ... +200 mV
logic symbolt
® input Hysteresls ... 50 mV Typ
4
* High Input Impedance . . . 12 k2 Min G = =1 eN
® Operates from Single 5-V Supply ¢ T r
* Low Supply Current Requirement n 2 4 &b v 3y
1
27 mA Max 18 . ]
description 2: 3 5 Ly
28 —IN
The SN75ALS173 is a monolithic quadruple a2 "
differential line receiver with 3-state outputs. It is 9 » |——— 3Y
designed to meet the requirements of EIA 38 1
Standards RS-422-A, RS-423-A, and RS-485 and A 15 13 ay
several CCITT recommendations. Advanced 4B

Low-Power Schottky technology provides high + . ]

speed without the usual power pena"y_ The four This symbol is |r1 ‘a_cc.o:dance with ANSV/IEEE Std 91-1984 and
receivers have an ORed pair of enables in

common. Either G being high or G being low

enables all of the receivers. The device features logic diagram (positive logic)

high input impedance, input hysteresis for 4
increased noise immunity, and input sensitivity of G @
+200 mV over a common-mode input voltage G
range of ~12Vto12V. 3
! 2
The SN75ALS173 is characterized for operation 1A " 3 1w
-from 0°C to 70°C. 1B
3
6
2a 5
7 — 2y
3
10
3A 1
9 — a3y
38
14
4A 13
15 ay
48
-
45 o
‘::vv;:“n'vly"vlm:n:hon aracessing doss nat mycessenly includs fesiing af i TEXAS
INSTRUMENTS
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SN75ALS173

QUADRUPLE DIFFERENTIAL LINE RECEIVER

FUNCTION TABLE (EACH RECEIVER)

DIFFERENTIALINPUTS | ENABLES | OUTPUT
A-B G G Y
H
Vipz0.2V ; )If H
?
~02V<Vjp<02V aox ;
Vip=-02v Hox oL
X L H z
Open Circuit ;’ )L( ':{

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

X = irrelevant, Z = high impedance (off)

schematics of inputs and outputs

EQUIVALANT OF EACH A OR B INPUT

°

Vee

GN

1.7kQ

-

h 4

EQUIVALANT OF G OR G ENABLE INPUT

GND—

TYPICAL OF ALL QUTPUTS
— Vec

Output

GND

B Tixas

INSTRUMENTS
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SN75ALS173
QUADRUPLE DIFFERENTIAL LINE RECEIVER

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

Supply voltage, Voo (see Note 1) ..........ooviviiiinnnn,
Input voltage, AorBinputs .............

Differential input voltage (see Note 2)
ENable iNPUE VOIRAGE . ... .ttt et e e
Low-level OULPUL CUITENE .. ... i i

Continuous total dissipation .......... ... . o i See Dissipation Rating Table
Operating free-air temperature range, Ta P 0°Cto 70°C
Storage temperature FaNGE . ... ...ttt ~65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............... ... 260°C

NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal.
2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input.

DISSIPATION RATING TABLE

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

recommended operating conditions

MIN  NOM  MAX | UNIT
Supply voltage, Voo 4.75 5 5.25 \
Common-mode input voltage, V|c £12 \2
Differential input voltage, V|p +12 Vv
High-level enable-input voltage, V)4 2 \2
Low-level enable-input voltage, V| 0.8 \2
High-level output current, IgH —-400 PA
Low-level output current, Ig 8 mA
Operating free-air temperature, Ta 0 70 °C

TEXAS
STRUMENTS
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SN75ALS173
QUADRUPLE DIFFERENTIAL LINE RECEIVER

electrical characteristics over recommended ranges of common-mode Input voltage, supply
voltage and operating free-air temperature (unless otherwise noted) (see Note 3)

PARAMETER TEST CONDITIONS MmN TYPt mMAx] uNIT
VT4 Positive-going threshold voitage 02 mV
VT- Negative-going threshold voltage -0.2¢ mV
Vhys Hysleres4s§ 50 mV
VIK Enable-input clamp voltage Ih=-18mA -15 \
VoH  High-level output voltage Vip =200 mV, IQH = -400 A, See Figure 1 2.7 \2
VoL  Low-level output voltage V|p = -200 mV, loL =8 mA, See Figure 1 0.45 \
[eV4 High-impedance-state output current {Vg = 0.4V1t02.4V 220 HA
I Line input current Otherinputat0V,  Soe Note 3 [u-12v 1 Y
' [Vi=-7v -08
IH High-level enable-input current ViH=27V 20 )
he Low-level enable-input current ViL=04V ~100 WA
[ Input resistance 12 kQ
los Short-circuit output current See Note 4 -15 -85 mA
Ioc Supply current (total g No load, outputs enabled 16 24 mA
No load, outputs disabled 18 27
switching characteristics, Voc =5V, Tp = 25°C
PARAMETER TEST CONDITIONS MIN TYPT  mAax | uniT
tpLH  Propagation delay time, low-to-high-level output ViD=-25Vt025V, 9 18 27 ns
tpHL  Propagation delay time, high-to-low-level output CL =15pF, See Figure 2 9 18 27 ns
tpzH  Output enable time to high level CL=15pF, Seo Figure 3 4 12 18 ns
tpzL  Oulput enable time to low level CL=15pF, See Figure 4 6 13 21 ns
tpHz  Output disable time from high level CL = 15pF, Sce Figure 3 10 21 27 ns
ipLz  Output disable time from low level C| =15 pF, See Figure 4 8 15 25 ns

1Al typical values are at Voo = 5 V and Ta = 25°C
1 Thealgebraic convention, in which the less positive (more negative) imitis designated as minimum, is used in this data sheet for threshold voltage
levels only.
Hysteresis is the difference between the positive-going input threshold voltage. VT, and the negative-going input threshold voltage, V1_.
NQTES: 3. Referto EIA Standards RS 485 for exact conditions
4. Not more than one output should be shorted at a time and the duration of the short-circuit should not exceed one second

PARAMETER MEASUREMENT INFORMATION

2V

?IOL

¢ loH
(+) =)

Lo ]

Figure 1. Vo, VoL

Texas
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SN75ALS173
QUADRUPLE DIFFERENTIAL LINE RECEIVER

PARAMETER MEASUREMENT INFORMATION

Generator r = 25V
Note A o s
(see Note A) 50Q | Output Inpu:__/l[o-v—\L
| | ~-25V
Cy =15pF

= I | "1™ (see Note B) PLH *'Jl f— —"! M= tprL
= | ¢——— Vou

I I Output _/1_3_\/__——\1
[ | VoL

2v e
TEST CIRCUIT VOLTAGE WAVEFORMS
Figure 2. tp H, tpHL
Vee
Output 2kQ
25V — o s1 § et /s TN T 3v
|- oo npu 13V 13V
| | ov
Dt
== t —bi= tpHz M —
= I (see Note B) h 4 PZH | ! 05V
I = Y (see Note C) ! |[ ©
| ——t— v,
Output " VOH
. y Stopen J 13V S1 Closed
> ————a0V ~1.4V
Generator
(see Note A) (see Note D) =

TEST CIRCUIT

NOTES: A.
25-500Q

. CLincludes probe and jig capacitance.
All diodes are 1N916 or equivalent

ocoo=

VOLTAGE WAVEFORMS

Figure 3. tpyz, tpzH

The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duty cycle = 50%,t, s 6 ns, tf s 6 ns

To test the active-low enable G, ground G and apply an inverted input waveform to G.

B Tixas
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SN75ALS173
QUADRUPLE DIFFERENTIAL LINE RECEIVER

PARAMETER MEASUREMENT INFORMATION

Vee

Output 2k

25V —
————— 3v
Input 1.3V 1.3V
= (see Note B) | | oV
|
see Note C |

( ) PZL —b - »H‘ }4— tpLz

$2 Open | | $2 Closed

Generator

I | -14v
Output 13V ﬂ
— - -V
(see Note A) (see Note D) S2 £ o
.5V
50 Q o

TEST CIRCUIT VOLTAGE WAVEFORMS

Figure 4. tpz, tp 2

NOTES:® A The mput pulse is supplied by a generator having the following charactenstics. PRR = 1 MHz, duty cycle = 50%. 1, s 6 ns, tfs6ns
Z5-50Q.
B Cy includes probe and jig capacitance
C. All diodes are 1N916 or equivalent
D. To test the active-low enable G, ground G and apply an inverted input waveform to G.

3 Tixas

INSTRUMENTS 3905



SN65ALS174, SN75ALS174
QUADRUPLE DIFFERENTIAL LINE DRIVERS

JULY 1991
* Meets EIA Standards RS-422-A and RS-485 N PACKAGE
0P VIE
® Meets CCITT Recommendations V.11 and i i
x.27 1A Uw]vcc
* High-Speed Advanced Low-Power Schottky 1;% 2 15 i]] :C
Circuit 1Z{} 3 14
v 1,2EN(] 4 13[] 42
® Designed for 20-MBaud Operation in Both 2z[ls 12[] 3.4EN
Serial and Parallel Applications 2v(|s nfjaz
* Designed for Multipoint Transmission on ngﬂ 7 1of) gx
Long Bus Lines In Noisy Environments 8 op)
* Low Supply Current Requirements DW PACKAGE
60 mA Max (TOP VIEW)
® Wide Positive and Negative Input/Output nel U v
Bus Voltages Ranges Al ; 23 i VCC
1 cc
® Driver Output Capacity . ..x60 mA 1] 3 18] 4A
ay
® Thermal Shutdown Protection EN ABL!;éE ; :; } e
® Driver Positive and Negative Current ZZE 6 15 % ENABLE G
Limitin 2v{]7 14]) 32
9 2Afls  13flay
® Functionally Interchangeable with SN75174 GND [l o 12[] 3A
GND[J10 nfINC
description

The SN65ALS174 and SN75ALS174 are NC—No internal connection

quadruple line drivers with 3-state differential

outputs. They are designed to meet the FUNCTION TABLE OF EACH DRIVER
requirements of EIA Standards RS-422-A and INPUT OUTPUTS
RS-485 and CCITT Recommendations V.11 and A ENABLES Y Z
X.27. These devices are optimized for balanced H H H L
multipoint bus transmission at rates of up to L H L H
20 megabaud. Each driver features wide positive X L 4 4
and negative common-mode output voltage H = high level, L =low level, X = irrelevant,
ranges making them suitable for party-line Z = high impedance (off)

applications in noisy environments.

The SN65ALS174 and SN75ALS174 provide positive- and negative-current limiting and thermal shutdown for
protection from line fault conditions on the transmission bus line. Shutdown occurs at a junction temperature
of approximately 150°C.

The SN65ALS174 is characterized for operation from —40°C to 85°C and the SN75ALS174 is characterized
for operation from 0°C to 70°C.

PHULUCTION DATA tntormation Iy current o8 of publicalion date Produciy

contorm 10 specitications tom Inatrn nderd

watranly. PLoduction piocessing dass Aol necesserily inchude testing pet ms

paramaters l U E




SN65ALS174, SN75ALS174
QUADRUPLE DIFFERENTIAL LINE DRIVERS

loglc symbolt logic diagram (positive logic)
4 4
12EN —'lEN l 1.2EN _D_
2
’
3 1Y 2
" — v 3 = 3 1Y
v Pl 1z
2A L 5 v 6
7 2y
>~ 22 2A 5
22
12
34 EN —[ EN |
12
10 34EN ————-[:)——
am 2 > v
vp— az LI
14 9
18 ay 3A "
"y 13 3z
P 4z 14
15 ay
aA 13
az
1 This symbol is in accordance with ANSI/IEEE Std 81-1984 and
IEC Publication 617-12,
schematics of inputs and outputs
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Vee ——— Vee
35 k2 NOM
INPUT—Y \ 4
> = OUTPUT
T
-
]r Y
Y
m
GND
“P Texas
INSTRUMENTS
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SN65ALS174, SN75ALS174
QUADRUPLE DIFFERENTIAL LINE DRIVERS

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

Supply voltage, Vcc (see Note 1) ....... e e e e e e e 7V
INPUEVORAGE, V| i i i i i e i i e 7V
Output VOAGE ranNge, VO ..o vvvitieee ittt e -9Vto14V
Continuous total dissipation ............coiiiiiiiiiiiiiin e, See Dissipation Rating Table
Operating free-air temperature range: SNE65ALS174 .............ooviiiiiiiiiinnnnn, -40°C to 85°C
SN7S5ALSTI74 ... e 0°C to 70°C

StOrage temMPErature FANGE .. .. .......ceeuenoneman et anmeneneieeatumueeroracnenns -65°C to 150°C
260°C

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

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

DISSIPATION RATING TABLE

PACKAGE TAs25°C DERATING Ta=70°C Ta=85C
POWER RATING FACTOR POWER RATING POWER RATING

bw 1125 mwW 9 mwrC 720 mW 585 mwW

N 1150 mW 9.2 mWrC 736 mW 598 mW

recommended operating conditions

MIN NOM MAX | UNIT
Supply voliage, Vo 4.75 5 5.25 \2
High-level input voltage, Vi 2 \
Low-level input voltage, V| 0.8 v
Common-mode output vottage, Vo ‘_15 v
High-level output current, Iy -60 | mA
Low-level output current, Ig 60| mA
) ] | _SNesALS174 -40 85
Operating free-air temperature, Ta [ SN75ALS174 0 70 *Cc

B 1
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SN65ALS174, SN75ALS174
QUADRUPLE DIFFERENTIAL LINE DRIVERS

electrical characteristics over recommended ranges of supply voltage and
temperature (uniess otherwise noted)

operating free-air

PARAMETER TEST CONDITIONS MIN  TYPT MmAX| UNIT
ViK Input clamp voltage | =-18 mA -1.5 \
Vo Output voltage lo=0 0 6 Vv
|Vop1| Differential output voltage lo=0 1.5 6 Vv
1/2vap1
RL=100Q
|Vop2| Difterential output voitage L See Figure 1 2 v
RL=540Q 15 25 5
|Vopa| Ditferential output voltage See Note 2 1.5 5 \
Change in magnitude of
0.2 \2
4|Vool differential output voltage* *
= 3
voc Common-mode output voltage$ R =54Q0r100Q, SeeFigure 1 :1 v
Change in magnitude of
.2 \%
AIVoCl common-mode output voltage? =0
10 Output current with power off Vee =0, Vo= -7Vtoi12V 2100 pA
oz High-impedance-state output current Vo= -7Vt 12V +100 pA
hH High-level input current V=27V 20 HA
L Low-level input current V=05V -360 HA
los Short-circuit output current Vo= -7Vto12V 2250 mA
I Outputs enabled 38 60
Icc Supply current (all drivers) No load [ Outputs disabled ) 20 mA

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

PARAMETER TEST CONDITIONS MmN TYPT  MAX] UNIT
DD Differential-output delay time R =540, CL = 50 pF, See Figure 2 9 15 22 ns
1pzH  Output enable time to high level RL=110Q, CL =50 pF, See Figure 3 30 45 70 ns
tpz  Output enable time to low level RL=110Q, C|_ =50 pF, See Figure 4 25 40 65 ns
tpHz  Output disable time from high level R =1101Q, Cy = 50 pF, See Figure 3 10 20 35 ns
4 Output disable time from low level RL =110 Q, Cy =50 pF, Sea Figura 4 10 30 45 ns

1 Al typical values are at VoG = 5 V and Tp = 25°C.

s 4|Vopl and A V| are the changes in magnitude of Vop and VO respectively, that occur when the input is changed from a high level o

a low level.
§In EIA Standard RS-422-A, Voc. which is the average of the two output voltages with respect to ground, is called output offset voltage, VOg.
NOTE 2: See EIA Standard RS-485, Figure 3-5, Test Termination Measurement 2.

*9 TExas
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SN65ALS174, SN75ALS174
QUADRUPLE DIFFERENTIAL LINE DRIVERS

PARAMETER MEASUREMENT INFORMATION

Figure 1. Differential and Common-Mode Output Voltages

v 3V ——=—,
Input ;f‘ 1.5V 5& 1.5V
0 | |

i — +— topm — }‘—‘ topL
— Z OutputZ |
CL CL=15pF \/ ){
_____ I (see Note B) Output Y

TEST CIRCUIT VOLTAGE WAVEFORMS

Generator
(see Note A)

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, Z, = 50 R, duty cycle = 50%, ty < 5 ns,
tr=5ns.
_B. C includes probe and stray capacitance.

Figure 2. Propagation Delay Times

B 1
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SN65ALS174, SN75ALS174
QUADRUPLE DIFFERENTIAL LINE DRIVERS

PARAMETER MEASUREMENT INFORMATION

TEST CIRCUIT

VOLTAGE WAVEFORMS

Figure 4. tpz) and tp| 7

st Output av
OVorav - input %1.5V 1.5V
| 1 ov
° | |
osV
Generator s0q 100 —» M tpzH : _}
(see Note A) | —-Y— vy
Output [
= 2av [ Vot =0
tpHz ¥ &
TEST CIRCUIT VOLTAGE WAVEFORMS
Figure 3. tpzy and tpyz
5V
RL= - v
_____ noa Input ;}‘ 15V 5k1,5V

Output | I oV

OVordv — | |

tpzL —H— > tp1z
|
Generator 23V : sv
(see Note A) Output v voL
=
= oSV

NOTES: A. Theinput pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, Z, = 50 Q, duty cycle = 50%, tts5ns,

x5

ns.

B. C includes probe and stray capacitance.
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SN75ALS175
QUAD DIFFERENTIAL LINE RECEIVERS
DECEMBER 1991

® Meets EIA Standards RS-422-A, RS-423-A, N OR NS PACKAGE
and RS-485 (TOP VIEW)
®* Meets CCITT Recommendations V.10, V.11, s U 16]] Ve,
X.26, and X.27 1a(] 2 151 4B
* Designed for Multipoint Bus Transmission [l 1a[] 4A
on Long Bus Lines in Noisy Environments 1.2EN[] 4 13f] 4Y
2v[]s 12[] 3,4EN
* Low Supply Current Requirement 2a[] 6 [l av
27 mA Max 28[| 7 10[] 34
* Common-Mode Input Voltage Range of GND ] 8 sf] 38

-12Vto 12V
FUNCTION TABLE (EACH RECEIVER)

® Input Sensitivity ... +200 mV
DIFFERENTIAL INPUTS | ENABLE | OUTPUT
* Input Hysteresis ... 50 mV Typ A-B EN Y
. Vipz02V H H
* High Input Impedance . .. 12 k&2 Min S02V<Vip<02V " ,
* Operates From Single 5-V Supply Vio ‘;02 v *L‘ 'Z-
QOpen Circuit H H

description
H = high level, L = low level, ? = indeterminate;

The SN75ALS175 i1s a monolithic quadruple X = rrelevant, Z = high impedance (off)

differential line receiver with 3-state outputs. It

is designed to meet the requirements of EIA Standards RS-422-A, RS-423-A, and RS-485 and several CCITT
recommendations. Advanced Low-Power Schottky technology provides high speed without the usual power
penalty. Each of the two pairs of receivers has a common active-high enable. The device features high input
impedance, input hysteresis for increased noise immunity, and input sensitivity of =200 mV over a
common-mode input voltage range of —-12Vto 12 V.

The SN75ALS175 is characterized for operation from 0°C to 70°C.

aeae Products
s s1angard
Lsetestngotall

retessar
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SN75ALS175

QUAD DIFFERENTIAL LINE RECEIVERS

logic symbolt

4
1,2EN {EN l
2
1n = } e
1 v
1B ——D
6
m =
28 ——I
12
34EN ——-»A-IEN l
10
an 10 [ s
9 v
B — D
14
A -
15
4B o>

logic diagram (positive logic)

3,4EN

3A
kl:}

aA
48

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

IEC Publication 617-12

schematics of inputs and outputs

EQUIVALANT OF EACH A OR B INPUT

Vee

Vee (A)

or et

GND (B) (
GND—*—————-‘—J—i -

77

EQUIVALANT OF EACH ENABLE INPUT

Vee

EN __
Input

TYPICAL OF ALL OUTPUTS

— Vcc
70 Q

o
J“;K

“ ——  Output

Texas
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SN75ALS175
QUAD DIFFERENTIAL LINE RECEIVERS

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

Supply voltage, Voo (see NOte 1) o 7V
Input voltage, Aor Binpuls ... ... =14V
Differential input voltage (see Note 2) . =14V
Enable input voltage . ... ... 7V
Low-level OUtPUL CUITENt . e 50 mA
Continuous total dissipation ........... ... i See Dissipation Rating Table
Operating free-air temperature range, Ta  ................, e 0°Cto 70°C
Storage temperature range .. ........ .ottt --65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ................ ... ... ......... 260°C

NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal

2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input

DISSIPATION RATING TABLE

Ta<25C DERATING FACTOR Ta=70C
PACKAGE POWER RATING ABOVE Tp = 25°C POWER RATING
N 1150 mW 9.2 mW/°C 736 mwW
NS 625 mw 50 mwW/C 400 mW

recommended operating conditions

MIN  NOM MAX | UNIT
Supply voltage, Vcc 475 5 525 \
Common-mode input voltage, V|c 12 2
Differential input voltage, V|p 12 \
High-level enable-input voltage, V|4 2 2
Low-level enable-input voltage, V| 08 \2
High-level output current, o 400 NA
Low-lavel output curront, 1oy 8 mA
Operating free-air temperature, Ta 0 70 "7(';"_
Texas
INSTRUMENTS
3-214



SN75ALS175
QUAD DIFFERENTIAL LINE RECEIVERS

electrical characteristics over recommended ranges of common-mode input voltage, supply
voltage and operating free-air temperature (unless otherwise noted) (see Note 3)

PARAMETER TEST CONDITIONS MIN_ TYPT  MAX| UNIT
VT, Posttive-going threshold voltage 200 mvV
Al 9 9
VT_  Negative going threshold voltage -200t mv
Vhys Hysleresls§ 50 mvV
ViK Enable-input clamp voltage lj = -18 mA ~1.5 \
Vi High level output voltage Vip = 200 mV, [ = 400 pA, See Figure 1 2.7 \
OH 9! 1D OH 9
Vi Low-level output voltage Vip = - 200 mV, ! =8 mA, See Figure 1 0.45
VoL D oL g
I High impedance-state output current Vo= 04Vi024V 220 HA
[oF4 o
[vi-12v 1
Iy Line input current Other input at 0 V, See Note 3 IV 7V 08 mA
== ~0.
[IT™] High-level enable-input current VIHE) - 27V 20 nA
he Low-level enable-input current VILLE) -04V 100 HA
fn Input resistance 12 kQ
10s Short-circuit output current Vo = 0. See Note 4 15 -85 mA
No | tputs enabl 16 2
Icc Supply current (total o load, Outputs enabled mA
No load, Outputs disabled 18 27

Al typical values are at Ve - 5 V. Ta = 25°C
# Thealgebraic convention, in which the less positive (more negative) limit is designated as minimum. is used in this data sheet for threshold voltage
levels only.
8§ Hysteresis 1s the difference between the positive-going input threshold vollage, VT4, and the negative-going mput threshold voltage, V_.
NOTES: 3. Refer to EIA Standards RS-485 for exact conditions
4. Not more than one output should be shorted at a tme and the duration of the short-circuit should not exceed one second

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

B PARAMETER TEST CONDITIONS MIN_ TYPT  MAX | UNIT
tpH  Propagation delay time, low-lo-high-level output Vip=-25Vto25V, 9 18 27 ns
tpHy  Propagation delay ime, high-to-low-level output CL = 15pF, See Figure 2 9 18 27 ns
t Output enable time to high level 4 12 18 ns

Pz - ey 9 CL=15pF. See Figure 3 — — —
ipzL ~ Output enabie iime io fow level 8 i3 2i ns
tpHz  Output disable time from high leve! 10 21 27 ns

L\p‘_z Output disable time from low level CL=15pF. See Figure 3 8 15 25 ns

t All typical values are at Veg = 5V, T = 25°C.

3 1
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SN75ALS175
QUAD DIFFERENTIAL LINE RECEIVERS

PARAMETER MEASUREMENT INFORMATION

Vio

Figure 1. Vou, VoL

Generator | 1 owpm o av
(see Note A) g S0 ] Input 15V N 15V
| ‘ ov

e |
i 1.5V ‘ CL=15pF =< PLH *’“_.: AL 1___ Vou
2y —
TEST CIRCUIT VOLTAGE WAVEFORMS

Figure 2. Propagation Delay Times

NOTES: A The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duly cycle = 50%, t =ty = 6 ns
B. C( includes probe and jig capacitance

Texas
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SN75ALS175
QUAD DIFFERENTIAL LINE RECEIVERS

PARAMETER MEASUREMENT INFORMATION

15V —Q SWi1 Output
2 kQ sw2

-5V —o —— 0’7 ——e—— 00— 5V
Y
5t cL-tsprek sk Y eenNoeO)
(see Note B) A 4
-e

Generator =

(see Note A) i 514
TEST CIRCUIT
av v
Input U: 15V Input _\_/—_———— 1.5V
+———— 0V SWito15V t-——-

OV swito-15v

|}—c\
1)
=2
«w

| SW2 Open tpzL ——¥ SW2 Closed
4 —le—i PZL
PZH | ’: SW3 Closed o SW3 Open
Vou b~ 45V
Output —— 15V Output 15V
AV VoL
tPZH tpzL
v v v
Input 1.5V Input 1.5V
| — =~~~ 0V SWito15V i TTTTT OV swito-1sVv
| SW2 Closed 1 - P— SW2 Closed
I‘—’t‘* tPHZ SW3 Closed PZL | | SW3 Closed
| VoH | ——— 14V
Output 0.5V Output 05V
——— 14V VoL
tPHZ PLz

VOLTAGE WAVEFORMS
Figure 3. Enable and Disable Times
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duly cycle = 50%, t; = t{ = 6 ns.

B. Ci includes probe and jig capacitance.
C. All diodes are 1N916 or equivalent.
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SN65ALS176, SN75ALS176, SN75ALS176A, SN75ALS176B
DIFFERENTIAL BUS TRANSCEIVERS

AUGUST 1991
*  Meets EIA Standards RS-422A and RS-485 e °(“T;’PP\’,‘I‘;@)“°E
and CCITT Recommendations V.11 and
X.27
R[] 1 Yo Vee
* Designed and Tested for Data Rates Up to RE(} 2 7[l8
35 MBaud DE[} s sl]A
. D 4 5[] GND
* SN65ALS176 Operating Temperature ~40°C L
to 85°C
FUNCTION TABLE (DRIVER)

* Three Skew Limits Avallable: " INPUT ENABLE OUTPUTS
‘ALS176...10ns D DE A B
'ALS176A...7.5ns H H H L
. L H L H
ALS176B...5ns X ! Lo

®* Designed for Muiltipoint Transmission on

Long Bus Lines in Noisy Environments FUNCTION TABLE (RECEIVER)
* Low Supply Current Requirements DIFFERENTIAL INPUTS ENABLE OUTPUT
A-B RE R
30 mA Max Vips 02V T T
® Wide Positive and Negative Input/Output ‘0~2vV <Vip<02V L ?
Bus Voltage Ranges 10 ‘;0‘2 v ; Lz
*  Thermal Shutdown Protection Inputs open L H
H = high level, L = low level, ? = indeterminate,
® Driver Positive and Negative Current X = irrelevant, Z = high impedance (off)
Limiting
« Recsiver Input Hysteresi AVAILABLE OPTIONS
ecelver Input Hysteresis tomax — tomin PACKAGE
® Glitch-Free Power-Up and Power-Down Ta tekum? SMALL Ol?JTLINE PLASTIC DIP
Protection ©) ®)
. . 0°C 10 SN75ALS176D | SN75ALS176P
Receiver Open-Circuit Fail-Safe Design to 75 SN75ALS176AD | SN75ALS176AP
70°C S SN75ALS176BD | SN75ALS176BP.
description -40°C
The SN65ALS176 and SN75ALS176 series to 10 SNE5ALS176D | SN65SALS176P
Differential Bus Transceivers are monolithic 85°C
integrated circuits designed for bidirectional data "Lhedo Paci;age i(s aVa‘gslesffg?;gng;?eledA Add the suffix R to
e ey ol the device type, (e.g., SN7 .
?Ommumcat'on on ":lumpO'm bus transmission sk | IM) is the greater of 1) the difference between the maximum
lines. They are designed for balanced trans- and minimum specified values of tpLH (or tppH). and 2) the
mission lines and meet EJA Standards RS-422-A difference between the maximum and minimum specified values
. of tpy (or tppy). This is the maximum range that the driver or
and RS-485 and CCITT recommendations V.11 receiver delay time will vary over temperature, Vcc, and
and X.27. device-to-device.

The SN65ALS176 and SN75ALS 176 series combine a 3-state differential line driver and a differential input line
receiver, both of which operate from a single 5-V power supply. The driver and receiver have active-high and
active-low enables, respectively, which can be externally connected together to function as a direction control.
The driver differential outputs and the receiver differential inputs are connected internally to form a differential
input/output (/O bus port that is designed to offer minimum loading to the bus whenever the driver is disabled
or Ve = 0. This port features wide positive and negative common-mode voltage ranges making the device
suitable for party-line applications.

The SN65ALS176 is characterized for operation from —40°C to 85°C and the SN75ALS176 series is
characterized for operation from 0°C to 70°C.




SN65ALS176, SN75ALS176, SN75ALS176A, SN75ALS176B
DIFFERENTIAL BUS TRANSCEIVERS

logic symbolt

logic diagram (positive logic)

3)
oe 2 N DE
RE 2 nen2
o 4
(@) > e ALY
o ——| o 7e 2
19 B €
(1)
q R
| )
[ LU VP _cr[

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

Publication 617-12.

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT

Vee r— _____
Req
INPUT —-4,—< 1[
- ——
4
 y b
y

Driver Input: Req = 3ki2 NOM
Enable Inputs: Req = 8 kit NOM

TYPICAL OF A AND B 1/0 PORTS
Vce - -
180 k0
NOM
| CONNECTED
| ON A PORT
X $3ki
- \ rAoms {NOm
| 18 k!
i NOM
1S S
| - -
I
i
o [
K 1 180 k2
NOM 1.1 kil
CONNECTED 2 NOM
ON B PORT __

TYPICAL OF RECEIVER OUTPUT
I — Vce

85
NOM

OUTPUT

R Tixas
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SN65ALS176, SN75ALS176, SN75ALS176A, SN75ALS176B
DIFFERENTIAL BUS TRANSCEIVERS

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

Supply voltage, Ve (see Note 1) ........ e e 7V
Voltage range at any busterminal ..............cooiiiiiiiii i B -7Vt 12V
Enableinputvoltage ............ ..o, P 55V
Continuous total power dissipation ........... ... See Dissipation Rating Table
Operating free-air temperature range, ToA: SN6SALS176 .............. ... ....oovunn, —40°C to 85°C
SN75ALS176 Series . 0°Cto 70°C
Storage temMPErature FaNGE ... .........out ittt ittt -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ............................... 260°C
NOTE 1: All voltage values, except differential I/0 bus voltage, are with respect to network'ground terminal.
DISSIPATION RATING TABLE
Ta =25°C DERATING FACTOR Ta =70°C Ta = 85°C
PARAMETER POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING
D 725 mwW 5.8 MW/°C 464 mW 377 mW
P 1000 mW 8.0 mW/°C 640 mW 520 mW

recommended operating conditions

MIN  TYP MAX| UNIT
Supply voltage, Vo 4.75 5 526 \
12
Voltage at any bus terminal (separately or common mode), V| or V|c 7 "
High-level input voltage, V|4 D, DE, and RE 2 v
Low-level input voltage, V/_ [ D, DE, and RE 08 v
Differential input voltage, V,p (soe Note 2) 112 A
Driver -60 mA
High-level output current, IoH Receiver 400 Iy
Driver 60
Low-level output current, I Receiver 8 mA
. . SN65ALS176 -40 85
Operating free-air temperature, To °C
SN75ALS176 0 70

NOTE 2: Differential-input/output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B.

TEXAS
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SNbOALS1/b, SN/DALS176, SN7SALS176A, SN75ALS1768B
DIFFERENTIAL BUS TRANSCEIVERS

DRIVER SECTION

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

PARAMETER TEST CONDITIONST MIN Typt MAX | UNIT
Vik input clamp voltage lj=-18 mA -1.5 \'2
Vo Output voltage Io=0 0 6 \
|Vop1| Differential output voltage I0=0 1.5 6 \
RL=100Q, See Figure 1 1/2VoD1
| Vop2| Differential output voltage 2 \
RL=54Q, See Figure 1 1.5 25 5 \Z
Vop3a Differential output voltage Viest =—7 V10 12V, See Figure 2 1.5 5 \
a1Vop | :;:2?3;::;?@@ of differential 02 v
Voc Common-mode output voltage R =54Q0r100Q, SeeFigure1 _? \"
alVocl f:r:rrf:n{r:nr::tgrgs:sslc\’/'ol|age§ =02 v
Output disabled, [vo=12Vv 1
lo Output current See Note 3 r\/o -7V —08 mA
4 High-level input current Vi=24V 20 pA
hL Low-level input current V=04V —400 HA
Vo=-4V [SN65ALS 176 250
Vo=-6V [SN7sALS176
los Short-circuit output current Vo=0 -150 mA
Vo = Vq
vg - e(\:/C 250
[ Outputs enabled 23 30
lcc Supply current No load [Outputs disabled 19 26| MA

1 The power-off measurement in EIA Standard RS-422-A applies to disabled outputs only and is not applied to combined inputs and outputs.

t All typical values are at Vog = 5V and Tp = 25°C.

§4|Vop |and &| Vg | are the changes in magnitude of Vop and Vi, respectively, that occur when the input is changed from one logic state

10 the other.
NOTE 3: This applies for both power on and off; refer to EIA standard RS-485 for exact conditions. The RS-422-A limit does not apply for a

combined driver and receiver terminal.

B 1
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SN65ALS176, SN75ALS176, SN75ALS176A, SN75ALS176B
DIFFERENTIAL BUS TRANSCEIVERS

driver switching characteristics over recommended ranges of supply voltage and operating
free-air temperature

SN65ALS176
PARAMETER TEST CONDITIONS MIN TYPt max| uNIT
oD Differential output delay time 15 ns
tsk(p)  Pulse skew (| tppL - tpoH|) RL=54Q, C_=50pF SeeFigure3d 0 2 ns
tTp Differential output transition time 8 ns
tPZH Output enable time to high level RL=110Q, Ci =50pF, See Figure4 80 ns
tpzL Output enable time to low level R_=110Q, C =50pF, See Figure5 30 ns
tPHZ Output disable time from high level RL=110Q, Ci =50pF, SeeFigure4 50 ns
tpLz Output disable time from low level R_=110Q, Ci =50pF,  See Figure 5 30 ns
SN75ALS176, SN75ALS176A, SN75ALS176B
PARAMETER TEST CONDITIONS MIN TYPT  max | uNiT
'ALS176 3 8 13
top Differential output delay time 'ALS176A 4 7 15 ns
'ALS176B RL=54Q, C_ =50pF, SeeFigure3 5 8 10
tsk(p) _ Pulse skew (| tppL —tDDH| ) 0 2 ns
7D Differential output transition time 8 ns
tPZH Output enable time to high level RL=110Q, C| =50pF See Figure 4 23 50 ns
tpzL Output enable time 1o low level RL=110Q, Cp=50pF See Figure 5 14 20 ns
tPHZ Output disable time from high level RL=110Q, CL=50pF, See Figure4 20 35 ns
tpLz Output disable time from low level R =110, Ci =50pF, See Figure 5 8 17 ns

1 Al typical values are at Voo = 5V, Ta = 25°C.

SYMBOL EQUIVALENTS

DATA SHEET PARAMETER RS-422-A RS-485
Vo Voa Vob Voa: Vob
| Voot | Vo Vo
[voD2| Vi (RL = 1009) Vi (RL=549)
\Z rmination
IVooal ‘Mzzss::n?;m (2;)
AlVop| Ve =1Vl 1Vt |- Vel
Voc 1 Vos | I Vos |
A{Vocl | Vos = Vos | | Vos ~ Vos |
'os Isal llsbl
o] IxallIxbl lia: lib

Texas
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SN65ALS176, SN75ALS176, SN75ALS176A, SN75ALS176B
DIFFERENTIAL BUS TRANSCEIVERS

RECEIVER SECTION

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

PARAMETER TEST CONDITIONS MIN TYPT  Max] uNIT
VTH Differential-input high-threshold voltage Vo =27V, o =-04mA 0.2 v
V1L Differential-input low-threshold voltage Vo =05V, lo=8mA —0.2¢ v
Vhys HysleleS|s§ 60 mvV
VIK Enable-input clamp voltage lj=-18 mA -15 \"
VOH High-level output voltage \SIL[; ;izxof:en;\/.y 1oH = ~400 kA, 2.7 v
Vip = -200 mV, loL=8mA,
VoL Low-level output voltage S::Z Figuro 6 oL 0.45 Vv
loz High-impedance-state output current Vo=04Vto24V +20 nA
] Line input current Otner input = 0V, LVI =12y ! mA
See Note 4 Vi=-7V -0.8
hH High-level enable-Input current ViH=27V 20 nA
I Low-level enable-input current ViL=04V -100 nA
T Input resistance 12 20 kQ
los Short-circuit output current Vip =200 mV, Vo=0 -15 -85 mA
lcc Supply current No load l Outputs enabled s 30 mA
| Outputs disabled 19 26

T All typical values are at VG = 5 V, Ta = 25°C.

* The algebraic convention, in which the less-positive (more negative) limit is designated minimum, is used in this data sheet for common-mode

input voltage and threshold voltage levels only.

§ Hysteresis is the difference between the positive-going input threshold voltage, VT, and the negative-going input threshold voltage, V1_. See

Figure 4.

NOTE 4: This applies for both power on and power off. Refer to EIA Standard RS-485 for exact conditions.

recelver switching characteristics over recommended ranges of supply voltage and operating

free-air temperature

SN65ALS176
PARAMETER TEST CONDITIONS MIN TYPT  MAX | uNIT
tpd Propagation time § 25 ns
Vip=-15Vto 15V, C_=15pF, See Figure?7
Isk(p) _ Pulse skew (| tPHL ~tPLH [) 0 2 ns
tPZH Output enable time to high leve! 1 18 ns
tpzZL Output enable time to low level CL =15 pF, See Figure 8 " 18 ns
tPHZ Output disable time from high level ' 50 ns
tpLz Output disable time from low level 30 ns
SN75ALS176, SN75ALS176A, SN75ALS176B
PARAMETER TEST CONDITIONS MmN TYPT  MAXT] uNiT
'ALS176 9 14 19
tod Propagation time ALS176A ViD=-15V10 1.5V, CL=15pF. SeeFigure7 10.5 14 18 ns
'ALS1768B 1s 13 16.5
'sk(p) _Pulse skew (| tPHL - tPLH]) 0 2 ns
tPzH Output enable time to high level 7 14 ns
tpzL Output enable time to low level CL=15pF, Sea Figure 8 20 35 ns
PHZ Output disable time from high level 20 35 ns
Pz Output disable time from low level 8 17 ns

1 Al typical values are at Vog = 5 V, T = 25°C.
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SN65ALS176, SN75ALS176, SN75ALS176A, SN75ALS176B
DIFFERENTIAL BUS TRANSCEIVERS

PARAMETER MEASUREMENT INFORMATION

Figure 1. Driver Vgop and Vo

375 ()
AAA

L
Vops 3600

:

=<
3
4

375 ()
Figure 2. Driver Vop3

-

.

——— 3V
°
_T_ INPUT 15V 15V
CL = 50 pF \ :
(see Note B)
GENERATOR s

| ov
! . DL
50 0 OU”’UT 'DDH _h_ﬂl h‘“— (see Note C)
(see Note A) (see Note C) o — — 225V
I ouTPUT  50% A, 0%
L v } Potow |

|

tro N— k— 11D
TEST CIRCUIT VOLTAGE WAVEFORMS
NOTES: A i
Z5=50Q

The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t; < 6 ns, tf = 6 ns,
B. Cy includes probe and jig capacitance.
c.

tDD = 'DDH ©7 1DDL

Figure 3. Driver Differential-Output Delay and Transition Times
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SN65ALS176, SN75ALS176, SN75ALS176A, SN75ALS176B
DIFFERENTIAL BUS TRANSCEIVERS

PARAMETER MEASUREMENT INFORMATION

ouTPUT —— - —— 3V
$1 INPUT 15V 15V
|

| ov
05V
AL = k——*l—!nn !
1100 | —

| =
23v 1o

tprz —je-o Vott >0V

OVor3vVv

C_ = 50 pF
(see Note B)

GENERATOR
(see Note A)

Vo
ouTPUT

TEST CIRCUIT

VOLTAGE WAVEFORMS
Figure 4. Driver Enable and Disable Times

——————— 3v
Y 5V -
L= 1100 INPUT 15 \ 5v
|

s1 ouTPUT | ! ov

IVorov [Ty pvu—| :
|
CL = 50 pF X et tpL2

5V
R
GENERATOR (see Note B) | ! 5V
50 23v 06V
(see Note A) = QUTPUT ‘_ 5

TEST CIRCUIT

VOLTAGE WAVEFORMS
Figure 5. Driver Enable and Disable Times
NOTES: A. The input puise is supplied by a generator having the following characteristics: PRR s 1 MHz, 50% duty cycle, t; s 6 ns, i = 6 ns,
25 =50 Q.
B. C( includes probe and jig capacitance.

Vio
Vo

?HOL ¢‘|OH

Vou
L

Figure 6. Receiver Voy and VoL
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SN65ALS176, SN75ALS176, SN75ALS176A, SN75ALS176B
DIFFERENTIAL BUS TRANSCEIVERS

PARAMETER MEASUREMENT INFORMATION

OUTPUT

GENERATOR
(see Note A}

CL = 15 pF

{see Note B) I
ov

= OuTPUT

tPLH (see Note C)
(see Note C) - —— — VOH

1.3v

VoL
TEST CIRCUIT VOLTAGE WAVEFORMS

Figure 7. Recelver Propagation Delay Times

2 kit 52
Oo— 5V

>
< 5 kil 1N916 OR EQUIVALENT
<

GENERATOR

§
<
(see Note A} 3 504

TEST CIRCUIT =

S1t0 1.5V
1.5V S2 open INPUT —=——=—15V
S$3 closed S1to ~156V
| 0V S2closed
| S3 open
tpzL —hd
1 — a5V
ouTPUT !
ouTPUT 15V
Vou

S1t015V S1to-15V
INPUT S2 closed INPUT S2 closed
$3 closed S3 closed
13v

ouTPUT ouTPUT

VOLTAGE WAVEFORMS
Figure 8. Receiver Output Enable and Disable Times
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR s 1 MHz, 50% duty cycle, t; < 6 ns, tf < 6 ns,
Z5=50Q.
B. C includes probe and jig capacitance.
C. tpd = tPLH O tPHL
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SNLOALS1/b, SN/HALS176, SN75ALS176A, SN75ALS176B
DIFFERENTIAL BUS TRANSCEIVERS

VoH — High-Level Output Voltage —V

DRIVER HIGH-LEVEL QUTPUT VOLTAGE

DRIVER HIGH-LEVEL OUTPUT CURRENT

vs

TYPICAL CHARACTERISTICS

Vs

DRIVER LOW-LEVEL OUTPUT VOLTAGE

DRIVER LOW-LEVEL OUTPUT CURRENT

5 T 5 T
Vcec=5V vece=5V
45 = 45
Ta=25°C 3 Ta=25°C
4 — ® 4
\ 2
35 P~ — § s //
3 < i3 /
25 \\ ERrY) — -
; T ~/
K
15 3 15 /
1 ) 1 ’_,/
-
0.5 S os B —
0 o y
0 -20 -40 -60 -80 -100 —120 0 20 40 60 80 100 120

IoH—High-Level Output Current—mA

Figure 9

Vop — Differential Output Voltage—V

loL — Low Level Output Current

Figure 10

DRIVER DIFFERENTIAL OUTPUT VOLTAGE

Vs

DRIVER OUTPUT CURRENT

T
Vec=5V |
RN Ta=25°C| |
3
\\

25 \\\

2 \ . —
15 44— 4
1 | -
\

0

0 10 20 30 40 50 60 70 80 90 100

10 — Output Current—mA

Figure 11

mA

* 1
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SN65ALS176, SN75ALS176, SN75ALS176A, SN75ALS176B

DIFFERENTIAL BUS TRANSCEIVERS

VoL —Low-Level Qutput Voitage—V

TYPICAL CHARACTERISTICS

RECEIVER HIGH-LEVEL OUTPUT VOLTAGE

5
>
[}
@
& a4
3
>
2 3
2
]
o
z 2
<
£
2
:f
[
o
>
0

vs

HIGH-LEVEL OUTPUT CURRENT

T 17 T )
Vip=02V
Ta =25°C
N
\\ 1 _
Ve =525 V
N\ [ S67 > Y
Ve =5V 1
vee =4.75 V \
\\
N
0 -10 -20 -30 40 -50

IoH—High-Level Output Current—mA

Figure 12

RECEIVER LOW-LEVEL OUTPUT VOLTAGE

Vs

RECEIVER LOW-LEVEL OUTPUT CURRENT

0.6

05

04

03

0.2

0.1

Vce =5V I
Vip = =200 mV
‘"Tl\ = 25°C /Z
e
//
0 5 10 15 20 25 30

lo—Low-Level Output Current—mA

Figure 14

VoL —Low-Level Output Voltage —V

VoK — High-Level Output Voltage—V

RECEIVER HIGH LEVEL OQUTPUT

Vs
FREE-AIR TEMPERATURE

T T T ]
Ve =5V
[ ViD = 200 mv -
| IloH = —-440 uA |
1 — I R B
S .
—
40 -20 0 20 40 (;O BO‘ 100 1720

Ta—Free-Air Temperature — °C

Figure 13

RECEIVER LOW-LEVEL OUTPUT VOLTAGE

Vs
FREE-AIR TEMPERATURE
06 — S
Vip = -200 mV
0.5tloL = 8 mA
0.4 — -
]
0.3 =
0.2 -
0.1
o N N Y
-40 -20 ©0 20 40 60 80 100 120

Ta—Free-Air Temperature — °C

Figure 15
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SNLYALS1/b, SN/DALS1/b, SN/DALS1/bA, SN/DALD1 /LD
DIFFERENTIAL BUS TRANSCEIVERS

TYPICAL CHARACTERISTICS

RECEIVER OQUTPUT VOLTAGE RECEIVER OUTPUT VOLTAGE
Vs vs
ENABLE VOLTAGE ENABLE VOLTAGE
6 T T
5 Vip =02V Vip = -02V
Load = 8 kil to ground Load = 1 ki to VcC Vge = 5.25 Vv
Ta = 25°C 5+Ta = 25°C  — !
4 Vge = 525V ‘
> 1 > vgce = 475V
| |
3 X g 4 7
s 3 vee = 4.75 VR s Vee = 5V
S Vee = 5V s, s
H H
3 2 F
o
9 > 2
(] ]
> >
! 1
[ 0
0 0.5 1 15 2 25 3 0 0.5 1 1.5 2 25 3
V|- Enable Voltage - V V| - Enable Voltage - V
Figure 16 Figure 17

APPLICATION INFORMATION

N
N

AAA
AAA

UP TO 53
TRANSCEIVERS
o o0

Figure 18. Typical Application Circuit

NOTE: The line should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short as
possible.
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SN65ALS180, SN75ALS180

DIFFERENTIAL DRIVER AND RECEIVER PAIRS

DECEMBER 1989

® Meets EIA Standards RS-422-A and RS-485
and CCITT Recommendations V.11 and X.27

e High-Speed Advanced Low-Power Schottky
Circuitry

® Designed for 25-MBaud Operation in Both
Serial and Parallel Applications

® Low Skew between Devices . .. 6 ns Max
o Low Supply Current Requirements
30 mA Max

® Individual Driver and Receiver I/O pins with
Dual V¢c and Dual GND

® Wide Positive and Negative Input/Output
Bus Voltage Ranges

® Driver Output Capacity ... =60 mA

® Thermal Shutdown Protection

® Driver Positive and Negative Current
Limiting

® Receiver Input Impedances . .. 12 kQ Min

® Receiver Input Sensitivity . . . 200 mV
Max

® Recelver Input Hysteresis . .. 60 mV Typ
® Operates from a Single 5-V Supply

® Glitch-Free Power-Up and Power-Down
Protection

escription

The SN65ALS180 and SN75ALS180 Differential
Driver and Recelver Pairs are monolithic
Integrated circuits designed for bidirectional data
communication on multipoint bus transmission
lines. They are designed for balanced
transmission lines and meet EIA Standards
RS-422.A°  and RS-485 and CCHT
recommendations V.11 and X.27.

The SN65ALS180 and SN75ALS180 combine a

D OR N PACKAGE

{TOP VIEW)

ne (T Uia Vce
R[2 131 ] Vee
RE[]s  12[JA
pE(Ja n[d8
o(s 1wJz
GND (s 184
GND []7 8{] NC

NC - No internal connection

FUNCTION TABLE (DRIVER)

INPUT ENABLE
D DE
H H
L H
L x

FUNCTION TABLE (RECEIVER)

DIFFERENTIAL INPUTS | ENABLE OuTPUT
A-B RE R
Vip2 02V L H
-0.2V < V|p < 0.2V L ?
Vip s 0.2V L L
X H z

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

logic symbolt

> 9)
DE 41 EN1 19 i Y
5 10
o 81 of 0,
@ q 12
AE ——Den2 E[——( - A
@2 (an
R—<e—{v2 K18

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

IEC Publication 617-12.

logic diagram (positive logic)

3-state differential line driver and a differential (4)
input line receiver both of which operate from a DE ©
single 5-V power supply. The driver and recelver (5) v
HE . o (10)
have active-high and active-low enables, z
respectively, which can be externally connected R
together to function as a direction control. The (2) (12)
driver differential outputs and the receiver R ol oan
differentiai inputs are connected to separate pins 8
for greater flexibility and are designed to offer
meruuc:lunyl.n‘u 4.:mm.mml; ; .‘,v y-..m:u:‘nn e vmd:nl;
contarm o 4peciiications yor of Tetat Instiumens iands
;:'v‘v:v.l'y":mnucnanunnﬁnv  necessarlly include testing of el w Tms
INSTRUMENTS
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SN65ALS180, SN75ALS180
DIFFERENTIAL DRIVER AND RECEIVER PAIRS

minimum loading to the bus when the driver is disabled or VGG = 0. These ports feature wide positive and
negative common-mode voltage ranges making the device suitable for party-line applications.

The SN65ALS180 is characterized for operation from - 40°C to 85°C and the SN75ALS180 is characterized

for operation from 0°C to 70°C.

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT RECEIVER A INPUT RECEIVER B INPUT
VEE — @ e
cc ol vee Vee
Req [
p: 180 1 —_——
< NOM
3k
INPUT —4¢ ) 4 $3ku NOM
2 NOMm
1,. -
y 18 kit 18 kit
NOM
% i[ INPUT “:?M INPUT
1 | I
"
Driver and Driver Enable Inputs:
Req = 12 kit NOM
Receiver Enable Input: 180 ki
Req = 30 kit NOM Nom 1.1 k0
M
1.1 k0 NO!
NOM
DRIVER QUTPUT TYPICAL OF RECEIVER OUTPUT
e am— v,
_— vce Vasn CC
NOM
OuTPUT
;— ouTPUT
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SN65ALS180, SN75ALS180
DIFFERENTIAL DRIVER AND RECEIVER PAIRS

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

Supply voltage, Vcc (seeNote 1) ......... ... ... ..., e e
Voltage atany busterminal . ... ... . it i -10Vto 15V

A"

Enable input VOIage . . . . o i e 55V
Continuous total power dissipation . ............ ... .. i, See Dissipation Rating Table
Operating free-air temperature range, TA: SN65ALS180 . . . . ......... ... ... ..., . =40°C to 85°C
SN75ALS180 . ... ..ot 0°C to 70°C
Storage temperature range . .. ... ... e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) fromcasefor 10seconds .. ............ ... ....... 260°C
NOTE 1: All voltage values, except differential I/O bus voltage, are with respect to network ground terminal.
DISSIPATION RATING TABLE
PACKAGE TA s 25°C DERATING FACTOR Ta = 70°C Ta = 85°C
POWER RATING  ABOVETA = 25°C  POWER RATING POWER RATING
D 950 mW 7.6 mW/°C 608 mW 494 mW
N 1150 mW 9.2 mW/C 736 mW 598 mW
recommended operating conditions
MIN  TYP MAX | UNIT
Supply valtage, Voo 4.75 5 525 Vv
Voltage at any bus terminal (separately or common mode), V| or V|c 1§ A
High-level input voltage, ViH [D. DE, and RE 2 \%
Low-level input voltage, Vi ]D. DE, and RE 0.8 Y
Ditterential input voltage, V|p (see Note 2) *12 v
High-evel output current, | Driver —80 mA
9 et output current, IoH Receiver —400 MA
Low-level output t, | Driver 80 mA
output current, oL Receiver 8
) [SN65ALS 180 -40 85 [
Operating free-alr temperature, Ta [SN75ALS1BO ) 70 C

NOTE 2: Differential-input/output bus voltage is measured at the noninverting terminal A/Y with respect to the inverting terminal B/Z.

TeExas
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SN65ALS180, SN75ALS180
DIFFERENTIAL DRIVER AND RECEIVER PAIRS

DRIVER SECTION

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

PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
ViIK Input clamp voltage lf = —18 mA -15 \
Vo Output voltage lo=0 0 6 \
|Vop1| Differential output voltage Io=0 15 6 v
) 1/2Vop1
= 1
|Vopz2| Differential output voltage Ry = 1004, See Figure 2 v
RL =54 Q, See Figure 1 1.5 25 5 Vv
Vobna Differential output voltage Viest = =7 V10 12V, See Figure 2 1.5 5 \4
Change In magnitude ot
AV, %02 \2
IVoo| differential output voltage$
+3
Voc Common-mode output voltage RL=540Q0r1000, See Figure1 -1 v
Change in magnitude of
AV +0.2 v
[Voc| common-mods output voltage$
Output disabled, Vo =12V 1
[ Output current mA
0 utput curren Soe Note 3 Vo= -7V ~08
I High-level input current V=24V 20 MA
liL Low-level input current Vi=04V -400 A
Vo =-7V SN75ALS180 250
Vo = -6V SNB5ALS 180
Vo=0 All -150
los Short-circuit output current? Vg Voo A mA
Vo=8V SNE5ALS180 250
Vo =12V SN75ALS180
Outputs enabled 23 30
[f Supply current No load mA
ce UpPly curre o loa 1 Outputs disabled 19 26

1 The power-off measurement in EIA Standard RS-422-A applies to disabled outputs only and is not applied 1o combined inputs and outputs.
§A|Vopiand A | Voc | are the changes Iin magnitude of Vop and Vo respectively, that occur when the input is changed from a high level
to alow level.
§ Duration of the short circuit should not exceed one second.
NOTE 3: This applies for both power on and off; refer to EIA Standard RS-485 for exact conditions. The RS-422-A limit does not apply for a
combined driver and recelver terminal.

driver switching characteristics over recommended ranges of supply voltage and operating free-
air temperature

PARAMETER TEST CONDITIONS MIN  TYP¥ MAX | UNIT

tpp Differential-output delay time 3 8 13 ns

Skew (I tDDH~tDOL|) :t:;;ufz g CLTSORR i 6 ns
trp  Differential output transition time 3 8 13 ns
tpz1_Output enabie time to high level RL= 1104, See Figuro 4 23 50 | ns
tpZL Output enable time to low level RL =110Q, See Figure 5 19 24 ns
tpHz Output disable time from high level R =1109, See Figure 4 8 13 ns
tprz Output disable time from low level RL=1100Q, See Figure 5 8 13 ns

# All typical values are at Voc = 5V and Tp = 25°C.

Texas
INSTRUMENTS 3.233



SN65ALS180, SN75ALS180

DIFFERENTIAL DRIVER AND RECEIVER PAIRS

SYMBOL EQUIVALENTS

DATA SHEET PARAMETER RS-422-A RS-485
Vo Voa: Vob Voa Vob
|Vop1 | Vo Vo
[Vopa | Vi (R = 100 () Vi (RL = 54 ()
Voo | "\ aasuremen2)
Viest Vist
4|vVool Vil = 1%l IR
Voc [ Vos | |Vos |
41Voc| | Vos = Vos | Vos - Vos |
los I'sal llsb! ]
'o [lxal. | xb | 2 o

RECEIVER SECTION

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

PARAMETER TEST CONDITIONS MIN  TYPt  MAX | UNIT
VTH Differential-input high-threshold voltage Vo =27V, lp=-04mA 0.2 \
VTL Ditferential-input low-threshold voltage Vo =05V, lo =8mA ~0.2¢ \
Vhys Hysteresis$ 60 mV
VIK Enable-input clamp voltage I|=-18mA -1.5 v
" V|p = 200 mV,
v High-level output volt 1D ’ = —400 pA, 7 v
OH igh-level output voltage Seo Figure 6 IoH 0 p 2
Vip = -200 mV,
Low-level output volt D ' IoL = 8 mA, 0.4 v
YoL ow-level output voltage See Figure 6 oL =8m 5
10z High-impedance-state output current Vo =04Vio24V +20 MA
L Other input = 0 V, LV, =12V 1
[ Line input t A
| ne Input curren See Note 4 [Vi==7v o8| ™
i+ High-level enable-input current VIH=27V 20 HA
L Low-level enable-input current ViL=04V ~100 HA
T Input resistance 12 kN
los Short-circuit output current ViD = 200 mV, Vo =0 ~15 -85 mA
Outputs enabled 23 30
| Supply current No load ‘ mA
cc upply curren [Oulpuls disabled 19 26

T All typical values are at VoG = 5V, Ta = 25°C.
# The algabraic convention, in which tho loss-positive (moro-negative) limit Is dosignated minimum, is used In this data shoel for common-modeo
Input voltage and threshold vollage levels only.
§ Hysteresis is the difference between the positive-going input threshold voltage, VT 4, and the negalive-going input threshold voltage, V.
See Figure 4.
NOTE 4: This applies for both power on and power off. Refer to EIA Standard RS-485 for exact conditions.

3-234
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SN65ALS180, SN/SALS180
DIFFERENTIAL DRIVER AND RECEIVER PAIRS

receiver switching characteristics over recommended ranges of supply voltage and operating
free-air temperature

PARAMETER TEST CONDITIONS MIN  TYPt  MAX UNIT
tPLH f’roﬁégauon delay time, low-to-high-level output 9 14 19 ns
tpHL  Propagation delay time, high-to-low-level output Vip=-15Vto 1.5V, SeeFigure7, 9 14 19 ns

Skew (| tPLH — tPHLI) CL-159F 2 6| ns
tpzH  Output enable time to high level T 7 14 ns
1 Output enable time to low level . 7 14 ns
l:iLz Output disable time from high level CL=15pF, See Figure 8 20 35 ns
tpLz  Output disable time from low level 8 17 ns

1 All typical values are at Vo = 5V, Tp = 25°C.

PARAMETER MEASUREMENT INFORMATION

L s
> "L
27
Vob2 ¢>——T
R
37 Voo

FIGURE 1. DRIVER Vop AND Voc

[

<
Voos 600 1»——r

375

AAA

=
H
@

I

37;1!
FIGURE 2. DRIVER Vop3

——— 3v

CL=50pF h

L ° \ | ov
|

RL= (See Note B) !

I
GENERATOR 501 54 1 QuUTPUT {DDH —H-¥ H—‘DDL
(See Note A) !

| vy :—— 25V
0%
hd ouTPUT 50% 1% 50%
= | i 2-25V
oo e -»
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 3. DRIVER DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES

To

NOTES: A. Theinput pulse is supplied by a generator having the following characteristics: PRR s 1 MHz, 50% duty cycle, t; < 6ns, f < 6ns,
Zoyt = 50 Q.
B. Ci includes probe and jig capacitance.
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SN65ALS180, SN75ALS180
DIFFERENTIAL DRIVER AND RECEIVER PAIRS

PARAMETER MEASUREMENT INFORMATION

OUTPUT e e — — 3v
INPUT, 15V sV
OVor3Vv | oV

|
_ | 05V
RL H—'PZH L

110 0 | i "~~~ Vou
ouTe
uT 23v 1 ¥
—je| Voft =0V

tPHZ

CL =50pF
(See Note B)

GENERATOR
(See Note A)

TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 4. DRIVER ENABLE AND DISABLE TIMES

sv. ee——— - v
| 1
QUTPUT | | ov
3Vorov lpZLH :
Cy =50 pF : je—> oLz
(See Note B) ) | Y
GENERATOR 1
ouTPUT 23v 05V
(See Note A) = i
i Vou
- TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 5. DRIVER ENABLE AND DISABLE TIMES
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t; < 6 ns,

tf < 6 ns, Zoyr = 50 0.
B. C_ includes probe and jig capacitance.

VoH
T+ loL * -1oH

<
o
4

=

FIGURE 6. RECEIVER VoH AND VoL
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SN65ALS180, SN75ALS180
DIFFERENTIAL DRIVER AND RECEIVER PAIRS

PARAMETER MEASUREMENT INFORMATION

ouTPUT
GENERATOR 519
{See Note A) 15V
CL = 15 pF
{See Note BPI
- ov .o
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 7. RECEIVER PROPAGATION DELAY TIMES
15V St
s2

2 kst

CL =15pF
2 1N916 OR EQUIVALENT
p:
(See Nota B))
GENERATOR > -
(See Note A) g0
es Note < s3
= TEST CIRCUIT =
______ 3v —— —— —3V
S1t0 1.6V
INPUT — ——=15V S2 open INPUT ————15V
| $3 closed l S1t0 -15V
| ov | 0V S2closed
| s3
tpzH M — open
| tpn—h—ﬂ
| VoH |
— — — <45V
ouTPUT 15V ouTPUT !
e e — oV 15V
VoL
—— —3V
S1to16V S1to-15V
INPUT $2 closed INPUT 15V S2 closed
S3 closed | S3 closed
| ov

I
PLZ ——d]
I

| — — — 13V
OuUTPUT gosv \
Vou

VOLTAGE WAVEFORMS
FIGURE 8. RECEIVER OUTPUT ENABLE AND DISABLE TIMES

NOTES: A. Theinput puise is suppiied by a generator having the ioiiowing characteristics: PRR < 1 MHz, 50% duty cycie, t; < 6ns, tf < 6ns,

Zout = 5.
B. Ci includes probe and jig capacitance.
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SN65ALS180, SN75ALS180
DIFFERENTIAL DRIVER AND RECEIVER PAIRS

TYPICAL CHARACTERISTICS

DRIVER HIGH-LEVEL OUTPUT VOLTAGE DRIVER LOW-LEVEL OUTPUT VOLTAGE
vs vs
DRIVER HIGH-LEVEL OUTPUT CURRENT DRIVER LOW-LEVEL OUTPUT CURRENT
5 T 5 T
Vee =5V Vee=5V
> cc e 45 |- o
.I' 4.5 TA.ZSOC >| TaA=25C
g — & 4
> o
S 35 e~ 3 35 /
R \*\ 5 3 [
g ~ 2
S 25 N 5 25 / —
= \ o 2.
[3 —
3 2 2 2 —
2 k
£ Q
o 15 2 15
= ——
I o
| 1 T 1 7/‘/‘ —
I o -~
L os S os —
0 0 ]
0 -20 -40 -60 -80 -100 -120 0 20 40 60 80 100 120
IoH —High-Level Output Current—mA 1oL — Low-Level Output Current—-mA
FIGURE 9 FIGURE 10

DRIVER DIFFERENTIAL OUTPUT VOLTAGE
vs
DRIVER OUTPUT CURRENT

a4

S T
vec=5V

| A

) 35 pN Ta=25C

5 3

S \.\

5 A

g 25 ~

z N

o N

s 2

€

< )

&

S

' \

8 os

> \

0
0 10 20 30 40 50 60 70 80 90 100
10 — Output Current—mA

FIGURE 11

I il E
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SN65ALS180, SN75ALS180

DIFFERENTIAL DRIVER AND RECEIVER PAIRS

TYPICAL CHARACTERISTICS

RECEIVER HIGH-LEVEL OUTPUT VOLTAGE
vs
HIGH-LEVEL OUTPUT CURRENT

5 T
> Vip = 0.02 \% B
| Ta =25°C
& 4
3
~
3 N
g 3 N
3 N\
(o]
% N vVeec=5.25 v
2 2 \ | | i
- l-Vec=5V
£
o
T vece =475V N
I
[ \
S N
0 N\
0 -10 -20 -30 —40 -50

IoH—High-Level Output Current—mA

FIGURE 12
RECEIVER LOW-LEVEL OUTPUT VOLTAGE

Vs
RECEIVER LOW-LEVEL QUTPUT CURRENT

06 .
Veg = 6V /

Vip = —-200 mV
05 - T'D 25°C <
A= e
0.4
03 A

0.2 //

4

0.1

VOoL—Low-Level Output Volitage—V

0 5 10 15 20 25 30
loL—Low Level Output Current—mA

FIGURE 14

VoL —Low-Level OQutput Voltage —V

RECEIVER HIGH-LEVEL OUTPUT
vs
FREE-AIR TEMPERATURE

T T
Vec =5V
" ViD = 200 mv
4L 1OH = -440 4A

et

VoH — High-Level Output Voltage—V

0
-40 -20 O 20 40 60 80 100 120
Ta— Free-Air Temperature — °C

FIGURE 13

RECEIVER LOW-LEVEL OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE

O'G(Vcc -5V

ViD = -200 mVv
0.5+loL = 8 mA

0.4

0.3 E—

0.2

0.1

V]
-40 -20 O 20 40 60 80 100 120
Ta —Free-Air Temperature — °C

FIGURE 15
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SN75ALS191
DUAL DIFFERENTIAL LINE DRIVER
AUGUST 1989

® Meets EIA Standard RS-422-A D OR P PACKAGE

® High Speed, Low-Power ALS Design (TOP VIEW)

® TTL-and CMOS-Input Compatibility V?ﬁE; S ? 1;

® Single 5-V Supply Operation 23 6 §2Y

® Output Short-Circuit Protection GNDL{4 s]]2z

® Improved Replacement for the UA9638 FUNCTION TABLE (EACH DRIVER)

description INPUT | OUTPUTS

The SN75ALS191 is a dual high-speed : : f
differential line driver designed to meet EIA L L H

Standard RS-422-A. The inputs are TTL- and
CMOS-compatible and have input clamp diodes.

Schottky-diode-clamped transistors are used to logic diagram (positive logic)

minimize propagation delay time. This device (8)

| 2 1
operates from a single 5-volt power supply and 1A I%l)
is supplied in 8-pin packages. 1z
The SN75ALS 191 is characterized for operation 3) 8,y
from 0°C to 70°C. 2A 15 57

logic symbolt

a2 > ——%W
P~—"12

PYRIE] ::: 2y
2z

warunty Production processing does not necessarily iclude testing of ail
parameiers

TEXAs
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SN75ALS191
DUAL DIFFERENTIAL LINE DRIVER

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
—_—— ’ Vee
v —_——
cC ———
40 kQ NOM
4
INPUT r-k {
100
4 b—— OUTPUT
1
GND

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

Supply voltage, VCC (588 NOte 1) . . .. .. it i i e e 7V
INpUt voltage, V| . .. . 7V
Continuous total dissipation . .. .............. i See Dissipation Rating Table
Operating free-air temperature range . . . ... .........uuuuneeennnnnerannns 0°C to 70°C
Storage temperature raNge . . . . ... ... ... ...t -65°C to 160°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . . ... ................. 260°C

NOTES: 1. All voltege values except differantial output voltage Vop are with respect to network ground terminal.

DISSIPATION RATING TABLE

PACKAGE TA < 26°C DERATING FACTOR Ta = 70°C
POWER RATING ABOVE Tp = 26°C POWER RATING
D 726 mW 6.8 mw/°C 464 mW
P 1000 mW 8.0 mw/°C 640 mwW

»Tms

INSTRUMENTS 3.241



SN75ALS191
DUAL DIFFERENTIAL LINE DRIVER

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Vcc 4.75 5 5.25| V
High-level input voltage, V|4 2 v
Low-level input voltage, V|_ 0.8 \2
High-level output current, igH -50| mA
Low-level output current, Igp 50| mA
Operating free-air temperature, Ta 0 70| °C

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

PARAMETER TEST CONDITIONS MIN TYP! mMAX | UNIT
VK Input clamp voltage Vee = 475V, || = -18 mA -1 -1.2| V
VoH High-level output voltage \\;E_C:=Ol_‘t;7\? Vo ViH = 2V, } :8: : :;g :: 2; 3.3 v
VoL Low-level output voitage I\/O(II.C:=4;':15AV' Vik = 2V, Vi = 08V, 05| V
| Vop1 | Differential output voltage Vgce =525V, Ig =0 2Vpp2| V
| Vop2 | Differential output voltage 2 \
Change in magnitude of ¢
A1VoD | gifferential output voltage 041 V
Voc Common-mode output voltage S Vee = 4.75 V10 5.25 V, R = 100 @2, See Figure 1 3l v
al voc | Change in magnitude oft +0.4 v
common-mode output voltage
Vo = 6V 0.1 100
o Output current with power off Vece =0 Vg = -0.26V -0.1 -100 | uA
Vg = -0.25Vto6V + 100
Iy Input current Vee = 525V, V=55V 50 | uA
WH High-level input current Vee = 65.25V, Vi =27V 25| uA
i Low-level input current Vcec = 6525V, V| =05V =200 | pA
105 Short-circuit output current Ve = 6256V, Vg = 0 ) -50 -150 | mA
Icc Supply current (all drivers) Vee = 5.25 V, No load, All inputs at 0 V 32 40 | mA

tAll typical values are at Ve = 6V and Tp = 25°C.

tA| Vop | and 4| Vo | are the changes in magnitude of Vop and VQg, respectively, that occur when the input is changed from a
high level to a low level.

5In EIA Standard RS-422-A, Vo . which is the average of the two output voltages with respect to ground, is called output offset voltage, VQg.

4Only one output at a time should be shorted and duration of the short-circuit should not exceed one second.

switching characteristics over recommended range of operating free-air temperature (unless otherwise
noted), VCC = 5V

PARAMETER TEST CONDITION MIN TYP# MAX| UNIT
t Differential-output delay ti 3.5 7
pp Differential-outpu eay‘ ime CL = 16 pF, RL = 1000 ns
ttp Ditferential-output transition time 3.5 7] ns
See Figure 2
Skew 1.5 4| ns

# Typical values are at T = 25°C.

TEXAS
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SN75ALS191

DUAL DIFFERENTIAL LINE DRIVER

GENERATOR
(See Note A)

PARAMETER MEASUREMENT INFORMATION

T :: 60 0
INPUT Vooz ig— RL = 100 0
<50Q
) Voc

FIGURE 1. DIFFERENTIAL AND COMMON-MODE OUTPUT VOLTAGES

Y OUTPUT

q OUTPUT
3RL=1000
3

Z OUTPUT
CL =15 pF
Cu (See Note B)
’._I_.\ ° Y OUTPUT
Z ouTPUT

TEST CIRCUITS

‘DD—L'—.'

|
DIFFERENTIAL |

——— — —3

]
-0 o8 b
— - —V0OH
50% 50% v
& be-skew  Skew oL
| .
50% 50%

VOLTAGE WAVEFORMS

NOTES: A. The input pulse generator has the following characteristics: ZoyT = 50 1. PRR s 500 kHz, tyy, = 100 ns, t; = < 5 ns.
B. Ci includes probe and jig capacitance.

FIGURE 2. SWITCHING TIMES

”TEXM‘:
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SN55ALS192, SN75ALS192
QUADRUPLE DIFFERENTIAL LINE DRIVERS

JUNE 1986
® Meets EIA Standard RS-422-A SN55ALS192 . . . J PACKAGE
SN75ALS192 ... D, J, OR N PACKAGE
® High-Speed, Low-Power ALS Design (TOP VIEW)
® 3-State TTL Compatible
. . a0y UisDvee
® Single 5-V Supply Operation
ngle upply Op vl 15[] 4A
® High Output Impedance in Power-Off 123 1]y
Condition ENABLE G [a 13(] 4z
2Z [|s  12[JENABLEG
® Compliementary Output Enable Inputs
mple y Qutp P (e wQ3z
® Improved Replacement for the AM26LS31 2A [ 10[]3Y
GND [s 9[]3A
description
These quadrupte complementaryro'utput line SN55ASL192 . . . FK PACKAGE
drivers are designed for data transmission over (TOP VIEW)

twisted-pair or parallel-wire transmission lines.
They meet the requirements of EIA Standard
RS-422-A and are compatible with 3-state TTL
circuits. Advanced Low-Power Schottky
technology provides high speed without the

usual power penalties. Standby supply current 4y
is typically only 26 mA, while typical 4z
propagation delay time is less than 10 ns. NC

. EN G
High-impedance inputs maintain input currents BZABLE G
low, less than 1 xA for a high level and less than .

111213

100 A for a Iowﬁlevel, Complementary control
inputs, G and G, allow these devices to be 400 qC >
enabled at either a high input level or low input ©

level. The SN75ALS192 is capable of data rates
in excess of 20 megabits per second and is
designed to operate with the SN75ALS193
quadruple line receiver. The SN55ALS192 is also

NC --No internal connection

FUNCTION TABLE (EACH DRIVER)

capable of data rates in excess of 20 megabits INPUT | ENABLES QUTPUTS
per second and designed to operate with the A G G Y z
SN55ALS193; however, it may be limited to a H H X H L
lower bit rate based on the temperature. L H o X L H
Reference should be made to the Dissipation H X L H L
Rating Table and.Figure 15. L X oL L H
X L _H z_ Z

The SN55ALS 192 is characterized for operation
over the full military temperature range‘ of H = high level, L ~ low level,
-55°C to 125°C. The SN75ALS192 is = high impedance (off),

characterized for operation from 0°C to 70°C.

N

X = irrelevant

PROJUCTION DATA information '3 curren 48 o' pubi.cs"
conform 15 specitcations per the lerms ¢

1y Production processing oes not necess,
—erers

Texas
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DNIDALDIYZ, DN/DALS1YZ
QUADRUPLE DIFFERENTIAL LINE DRIVERS

logic symbol?

logic diagram (positive logic)

21 Ll
(12
¢ U2~ 2
C ()
A G,
o
()
0 \vJ 1y
1A (3 (6)
op—2 o 2v
o 2A —— 9 ,,
2a U o >
.
SIS (LU
Al 3y 3A o [RR1]
- 9 [ 3 -
IA 32
L AR
) EALIAY (14)
an - 113) (n v
P = a2z aA 13) 4,
TThis symbol s in accordance with ANSHIEEE Std 91 1984 and
IEC Publication 617 12
Pin numbers shown are for D. J. and N packages
schematics of inputs and outputs
EQUIVALENT OF EACH EQUIVALENT OF EACH EQUIVALENT OF EACH
DATA (A) INPUT ENABLE INPUT ouTPUT
Vee - Vee - = Vee
¥ 53 %)
INPUT —@— «-L - - INPUT —' }—- - =
5 %
OuUTPUT
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SN55ALS192, SN75ALS192
QUADRUPLE DIFFERENTIAL LINE DRIVERS

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

SN55ALS192 SN75AL$192 UNIT
Supply voltage, Vcc (see Note 1) 7 7 \
Input voltage, V) 7 7 \
Output off-state voltage 6 6 \%
D package 950
Continuous total dissipation at (or below) FK package 1375 W
25°C free-air temperature (see Note 2) J package 1375 1025
N package 1150
Operating free-air temperature range -551t0 125 0to 70 °C
Storage temperature range - 65 to 150 -65 t0 150 °C
Case temperature for 60 seconds FK package 260 oc
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds J package 300 300
Lead temperature 1,6 mm {1/16 inch) from case for 10 seconds D or N package 260 °C
NOTES: 1. All voltage values except differential output voltage VQp are with respect to network ground terminal

2. For operation above 25°C free-air temperature, refer to the Dissipation Rating Table. In the J package, SN55ALS192 chips
are either alloy or silver glass mounted and SN75ALS192 chips are glass mounted

DISSIPATION RATING TABLE

PACKAGE Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 125°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING
o] 950 mW 7.6 mW/°C 608 mW
FK or J (SN55ALS912) 1375 mw 11.0 mW/°C 880 mw 275 mwW
J (SN75ALS192) 1025 mw 8.2 mw/°C 656 mW
N 1150 mwW 9.2 mW/°C 736 mW

recommended operating conditions

SN55ALS192 SN75ALS192 UNIT
MIN NOM MAX | MIN NOM MAX

Supply voltage, Ve 4.5 5 5.5 | 4.75 5 65.25 v
High level input voltage, Vi 2 2 Vv
Low-level input voltage, Vi 0.8 0.8 Vv
High-level output current, Igy - 20 20 mA
Low-level output current, 1oL 20 20 | mA
Operating free-air temperature, Tp 56 125 0 70| cc

TEXAS
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SN55ALS192, SN75ALS192
QUADRUPLE DIFFERENTIAL LINE DRIVERS

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

PARAMETER TEST CONDITIONS ' SNSSALS192 _SN75AL5192 UNIT
MIN TYP! MAX | MIN TYP! MAX
ViK Input clamp voltage Vee MIN, ) = -18 mA -1.5 1.5 \
VOH  High level output voltage Vee = MIN, gy = -20 mA 2.4 2.5 v
VoL Low level output voltage Vece - MIN,  IgL - 20 mA 0.5 0.5 v
Vo Output voltage Vee MAX, lg 0 0 6 0 6 v
[Vop1| Differential output voltage vVee “MIN. 1g - 0 1.5 6 15 G v
RV v
[Vop2! Differential output voltage RL - 100 Q. See Figure 1 - ‘;D‘ . 200‘ v
Change n magnitude of -
AV N .2 02 \
Vool differential output voltage "o '
Vo Common mode output voltage¥ |RL = 100 11, See Figure 1 '3 '3 v
Ch tude of
_\)Vocw hange 1n magmitude o 402 +0.2 v
cotmon made output voltage$ |
Vo - 6V 100 100
o Output current with power off |Vce ~ 0 nA
Vg = -025V 100 100
Off-state (high-impedanc Vi 05V 20 -20
0z 1n impedance Vee = Max |2 — WA
state) output current Vg = 25V 20 20
Input current at maximum
N Ve  MAX. V- 7V 0.1 01 mA
mput voltage
[ High level mput current Vee - MAX, V) - 2.7V 20 20 nA
m Low level input current Vee ¢ MAX, V)= 0.4V 0.2 -0.2 mA
os Short-circuit output current? Ve = MAX 30 150 | -30 - 150 mA
Icc Supply current (all drivers) Vee - MAX, All outputs disabled 26 45 26 45| mA

TFor conditions shown as MIN or MAX, use the appropriate value specitied under Recommended Operating Conditions.

LAl typical values are at Vec = 5V and T = 25°C.

83)Vop! and 3|Voc| are the changes in magnitude of Vop and Vg, respectively, that occur when the input is changed from a high
level to a low level

“In EIA Standard RS 422A, V(. which is the average of the two output voltages with respect to ground, is called output offset voltage, VQs.

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

switching characteristics, VcC = 5 V, TA = 25°C (see Figure 2)

PARAMETER TEST CONDITIONS MIN TYP  MAX UNIT
tpLH  Propagation delay time, low to high level output 6 13 ns
i Propagation delay time, high-to-low-level output 9 14 ns
PHL. pag Y 9 CL = 30 pF. S1 and S2 open

Output-to output skew 3 6 ns
tpzH Output enable tme 1o high level R 75 Q1 1M 15 ns
tpzL  Output enable time to low level RL = 180 Q 16 20 ns
1 Output disable time from high level 8 15 ns
PHZ ! ‘ g CL - 10 pF. S1 and S2 closed
tpLz Qutput disable time from low level 18 20 ns

I n ENTS
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SN55ALS192, SN75ALS192
QUADRUPLE DIFFERENTIAL LINE DRIVERS

PARAMETER MEASUREMENT INFORMATION

50 @

500 [vpc

FIGURE 1. DIFFERENTIAL AND COMMON-MODE OUTPUT VOLTAGES

ENABLE G e - 3V
15V (See Note B) 15V
YT TN Y| U—— ) SRR ov
b thzL Pz bl
| | | 1S and
- +——sasv | $2 closed
WAVEFORM 1 | STclowed. i | 15V
(See Note C) | 82 open L —--vou
e wzH - \ ! .
WHL » letpip- o PHZI b 05V
' 1, Vou | | .L v
OUTPUT Z 15V WAVEFORM 2 $1 open —L - ——Vou
L_vo (Sew Note C) $2 closed 15V ¥ .asv
o — OV $1and
82 closed
PROPAGATION DELAY TIMES AND SKEW ENABLE AND DISABLE TIMES

VOLTAGE WAVEFORMS

TEST

POINT Vee

180 32

Ci
s
FROM OUTPUT

UNDER TEST

C
(See Note D)

TEST CIRCUIT

NOTES: A. When measuring propagation delay times and skew, switches S1 and S2 are open.
B. Each enable is tested separately:
C. Waveform 11s for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
D. C includes probe and jig capacitance
All input pulses are supplied by generators having the following characteristics PRR = 1 MHz, Z, = 50 2, t,< 15 ns, and

m

tf < 6 ns.

FIGURE 2. SWITCHING TIMES

> ENTS
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SN55ALS192, SN75ALS192

QUADRUPLE DIFFERENTIAL LINE DRIVERS

TYPICAL CHARACTERISTICS

Y OUTPUT VOLTAGE

Y OUTPUT VOLTAGE

vs VS
DATA INPUT VOLTAGE DATA INPUT VOLTAGE
50— v e B B T T T .|
No Load ) *Ofvee =5 v
4.5 -Outputs Enabled — -{ -} —— - 4.5 |-Outputs Enabled
Ta=25°C No Load
apl- < - Vec =55V 4.0 t
S | ) > Ta = 125°C
1 35} Vee=5Va- | 3.5}— - —1{-
3 I & W
s et - vee =45V 230t — b =
g 3.0 cc g |_Ta - 25°C
Z 25| - S — 225 —f - - I
3 ) 3 Ta = 70°C TA| - oc¢c
5 20— —ft—rAt—qI— 5 20—t~ J- 1+ : +
o °© \\“ Ta = -55°C
o 15¢ . - - — o 1.5} e
> >
10— —_— 1.0}
05 t——-roag— b ] — 0.5} — ——
o—t—tr—1 | | o —T—
0 05 1.0 15 20 35 3.0 1] 0.5 1.0 1.5 2.0 2.5 3.0
V|—Data Input Voitage—V V- Data Input Voltage —V
FIGURE 3 FIGURE 4
Y OUTPUT VOLTAGE Y OUTPUT VOLTAGE
Vs Vs
ENABLE G INPUT VOLTAGE ENABLE G INPUT VOLTAGE
40 - o [ —_—
_ 5.0 - T T
Vee —‘5,5 v vee = 5V
35—+ [ S S — 45y -2V
vec=5Vv 4.0 RL = 470 2 to Ground
> 30— - —d =] >’ 7| See Note 3
L Veec=45V Y 35f |l
g 25 R B b4 Ta = 125°C
3 30— NI
3 Ta = 25°C
% 20 ---»-t—-—h 3 28p —t | AA
a i o,
& | < Ta = 70°C Ta = 0°C
El 3
S 18 e Rt O 2.0/~ i X —tH A
s g l I Ta = -55°C
! 1.5 pommmord e - A
> 10— by =2V 1 > | N //,
R =470 {2 to Ground 1.0ttt Tf
1
05 See No|e°3 05l - - SN PR SR
Ta =25°C { |
0 TR T B 0 . L |
0 0.5 1.0 1.5 20 25 3.0 0 05 1.0 1.5 2.0 2.5 3.0
V|—Enable G Input Voltage—V V|—Enable G Input Voltage -V
FIGURE 5 FIGURE 6
NOTE 3: The A input i1s connected to VCC during the testing of the Y outputs and to ground during the testing of the Z outputs
* TEXAS
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SN55ALS192, SN75ALS192

QUADRUPLE DIFFERENTIAL LINE DRIVERS

Z OUTPUT VOLTAGE
vs

ENABLE G INPUT VOLTAGE

6 T T ] T
Vee=55Y RL =470 £ to Vce
5 Vec=5V See Note 3 |
Vee=45V Ta=257C
7
- I
3
< 3 S —
3
Q.
3
i 2 T
o
>
1
0 1
0 0.5 1.0 15 2.0 25 30
V)|—Enable G Input Voltage—V
FIGURE 7
HIGH-LEVEL OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE
5.0 MVog =BV
> 4.5 loH = —20 mA
-] See Note 3
24.0
K
> 3.5
5 ST
230
3
5 25
H
~ 20
£
2
1.5
|
T
10
>
0.5

0
-75-50-25 0 25 50 75
Ta—Free-Air Temperature— °C

100 125

FIGURE 9

Vo —Output Voltage—V

VoH—High-Level Output Voltage—V

5.0
45
4.0
35
3.0
25
2.0
15
1.0

05

TYPICAL CHARACTERISTICS

Z OUTPUT VOLTAGE
Vs
ENABLE G INPUT VOLTAGE

Ve =5V
RL = 470 0

to Vce
See Note 4

|
Ta = 125°C

Ta = 70°C

Ta = 25°C

Ta = 0°C

- _E50
,/./TA 55°C

0 0.5 1.0 1.5 2.0 25 3.0
Vj—Enable G Input Voltage —V

FIGURE 8
HIGH-LEVEL OUTPUT VOLTAGE

vs

OUTPUT CURRENT

See Note 3
mTa=25°C B S N B
_— I
\% v 55V
vee = 5
.\\\t\\t CVICC =| 5 V!
NS vc|;=4|5v__
N
\\\
NN
NN
0 -20 -40 -60 -80 —100

1oH—High-Level Output Current—mA

FIGURE 10

NOTES: 3. The A input is connected to Vg during the testing of the Y outputs and to ground during the testing of the Z outputs
4. The A input is connected to ground during the testing of the Y outputs and to V¢ during the testing of the Z outputs
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SN55ALS192, SN75ALS192

QUADRUPLE DIFFERENTIAL LINE DRIVERS

TYPICAL CHARACTERISTICS

LOW-LEVEL OUTPUT VOLTAGE

Vs
FREE-AIR TEMPERATURE
0.5 Voo = 5V R
>, loL = 20 mA
® See Note 4
204
s
>
5
203 |—F
3
(=] —
° ]
>
302 \\\
3
o
T
301
>
ol [
-75 -50 -26 0 25 50 75 100 125
Ta—Free-Air Temperature— °C
FIGURE 11
SUPPLY CURRENT
vs
SUPPLY VOLTAGE
80— T v T T T T ]
Outputs Enabled
70 |No Leado —
Ta=25C
x%( [0 e S S — B P—
§ 50 S
3 INPUTS GROUNDED
S 40— t—
g OPEN -
3 .
|
Q /
L 20 — —/
10 1 ,AJ SN S —
0 /,,‘ — —l -—

0 1 2 3 4 5 6
Vce—Supply Voltage—V
FIGURE 13

—Low-Level Qutput Voltage~V

VoL

Icc—Supply Current—mA

1.0

° ©°
© o

07

e o
o o

o
IS

g
w

0.2

e
-

LOW-LEVEL OUTPUT VOLTAGE
vs

QUTPUT CURRENT

[seenoea] | | [ 1 1]1]
[TaTme Vcl??l'.‘?-" v ]
e I
L L] veemevg—
I . - B e
1 %é%\/ccﬂﬁvﬁ
L /%,, S
EEEE

0 —l
0 10 20 30 40 50 60 70 80 90 100

40

35

30

1oL —Low-Level Output Current—mA
FIGURE 12
SUPPLY CURRENT

vs
SUPPLY VOLTAGE

R I
A Inputs Open or Grounded|
+ Outputs Disabled
No Load

b Ta=25°C /
I

4 5 6 7 8
Vcc—Supply Voltage—V
FIGURE 14

NOTE 4: The A input is connected to ground during the testing of the Y outputs and to V¢ during the testing of the Z outputs

1
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SN55ALS192, SN75ALS192
QUADRUPLE DIFFERENTIAL LINE DRIVERS

TYPICAL CHARACTERISTICS
SUPPLY CURRENT

Vs

FREQUENCY
60— T
vec=5V
Input=0to 3V
50"Duty Cycle = 50%
q Cr = 30 pF to All Outputs
E
L a0 i
c
e
3 )
8]
30—~ Atl--
>
§ Y
A 1
9 20{- ag_JJZH — - H
o -
o
10
ok BEREII UG
10k 100 k ™™ 0M 100 M
f—Frequency —Hz
FIGURE 15
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SN75ALS193
QUADRUPLE DIFFERENTIAL LINE RECEIVER WITH 3-STATE OUTPUTS

AUGUST 1989
® Meets EIA Standards RS-422-A and J PACKAGE
RS-423-A (TOP VIEW)
® Meets CCITT Recommendations V.10, 18 YePvee
V.11, X.26, and X.27 1a2 1548
1Y 3 4A
® Designed for Multipoint Bus Transmission on G E‘ :: :jjav
Long Bus Lines in Noisy Environments v{s  12[1G
® 3-State Outputs 2A E 6 11[J)3y
ol]3A
® Common-Mode Input Voltage Gris ; ‘9 § 38
Range ... -7Vto7V
® Input Sensitivity . . . +£200 mV logic symbolt
® Input Hysteresis . . . 120 mV Typ
14)
® High Input Impedance . . . 12 kQ Min e L
G ——I
® Operates from Single 5-V Supply T
® Low Icc Requirements: (2 ob -
IcC . - - 35 mA Max W ] Vv
18—
® Improved Speed and Power Consumption (6)
Compared to AM26LS32A ’: TN LI
28 —D
(10}
description A ] IEEATI
as Bl
The SN75ALS 193 is a monolithic quadruple line A (14) "3
receiver with 3-state outputs designed using P 15) p — a4y
Advanced Low-Power Schottky technology.
Thls ‘aChn?IOQY P'ov'des comb",‘ed This symbol is in accordance with ANSI/IEEE Std 91-1984 and
improvements in bar design, tooling production, IEC Publication 617-12.
and wafer fabrication. This, in turn, provides
significantly less power requirements and logic diagram (positive logic)
permits much higher data throughput than other
designs. The device meets the specifications of I (4)
EIA Standards RS-422-A and RS-423-A. It _@-
features 3-state outputs that permit direct ¢
connection to a bus-organized system with a @
Fail-Safe design that ensures the outputs will 1A @,y
always be high if the inputs are open. 18 (1) !
The device is optimized for balanced multipoint 6
bus transmission at rates up to 20 megabits per 2A (5)
second. The input features high input (7) —2Y
impedance, input hysteresis for increased noise 28
immunity, and an input sensitivity of £ 200 mV 10
over a common-mode input voltage range of — 7 3a (1 3y
to 7 V. It also features active-high and active- 3542
low enable functions that are common to the
four channels. The SN75ALS 193 is designed for PRLLL
optimum performance when used with the 115 13 4y
SN75ALS192 quadruple differential line driver. 48
The SN75ALS 193 is characterized for operation
from 0°C to 70°C.
PROLUCTION UATA intarmation (s curtant l,l of publication date
:{.'",;':.’"'n..”',“'p:,,‘f.';‘.‘f,ﬁ.".'f.":..'.'x'n."'n'.,.'i'n”.'. mchasuy ncge o % TEXAS
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SN75ALS1

93

QUADRUPLE DIFFERENTIAL LINE RECEIVER WITH 3-STATE OUTPUTS

FUNCTION TABLE (EACH RECEIVER}

N~VvXxrIT

ouowon

DIFFERENTIAL ENABLES OUTPUT
A-B G G Y
H X H
Vip 202V X L H
H X ?
-0.2V <Vp<02V X L ;
Vip s =02V H x t
X L L
X L H z
high level
low level

irrelevant
indeterminate
high impedance (off)

schematics of inputs and outputs

INPUT

GND (B)

GND

3 k0
NOM

b
S

>

EQUIVALENT OF EACH A OR B INPUT

Vee ———

EQUIVALENT OF G OR G INPUTS
—— Vee —
22 k2
NOM
INPUT
_ GND b — —

TYPICAL OF ALL OUTPUTS

—-———¢—\Vcc
5003
NOM
1
OUTPUT

3-254

* Tixas

INSTRUMENTS




SN75ALS193
QUADRUPLE DIFFERENTIAL LINE RECEIVER WITH 3-STATE OUTPUTS

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

Supply voltage, VCC (se@ Note 1) .. .. ... .. . i i e s 7V
Input voltage, A or Binputs . . . . ... ...ttt +15V
Differential input voltage (see Note 2) .. ........... ... .. i +15V
Enable input voltage . . . ... ... i i e e e e s 7V
Low-level output current .. ... ... ... .. .. 50 mA
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3)....... 1025 mwW
Operating free-air temperature range . . . .. ............... D 0°C to 70°C
Storage temparature range . . . ... ... ... e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds. . . . .................. 300°C

NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal.
2. Dit ial-input voltage is d at the noninverting input with respect to the corresponding inverting input.
3. For operation above 26°C free-air temperature, derate the J package to 656 mW at 70°C at the rate of 8.2 mW/°C.

recommended operating conditions

MIN  NOM  MAX UNIT
Supply voltage, Vcc 4.75 5 525 \2
Common-mode input voltage, V¢ +7 \
Differantial input voltage, Vip +12 \4
High-level input voltage, Vi 2 \4
Low-level input voltage, V| 0.8 \
High-level output current, IoH -400 nA
Low-level output current, gL 16 mA
Operating free-air temperature, Tp 0 70 °C

I TeExas
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SN75ALS193
QUADRUPLE DIFFERENTIAL LINE RECEIVER WITH 3-STATE OUTPUTS

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

PARAMETER TEST CONDITIONS MIN TYP' MAX UNIT
VT4 Positive-going threshold voltage 200 mV
VT - Negative-going threshold voltage - 200% mvV
Vhys Hysteresis 120 mV
ViK Enable-input clamp voltage Ij = -18 mA -1.5 \
Vip = 200 mV, | ~ 400 pA,
Vo  High lavel output voltago Srly?: Frguro 1 OH " 2.7 3.6 v
Vip = -200 mV, [ = 8 mA 45
VoL Low-level output voltage D . m oL L 0 \%
See Figure 1 loL = 16 mA 0.5
| High-impod tate output ¢ v 6,25 V Vo - 24V 201 A
-impodance-state output curren - 6, \
0z Hahimp ot aun cem > Vo - 04V 20 | "
Other input at 0 V, Vi - 15V 0.7 1.2
iy Line input current mA
See Note 4 Vi= -1V -1.0 -1.7
| High-level enable-input current Vin - 27 201 A
-level enable-input curren
IH g P Vi - 6.25 V 100 | *
L Low-lavol enablo-input curront Vi - 04V 100 nA
Input resistance 12 18 (343
! Short-circuit output ! ViD = 3V. Vo=o. 15 -78 -130 | mA
ort-circuit output curren - - - m.
0S crreu P See Note 5
Icc Supply current Outputs disabled 22 35 mA

1 All typical values are at Ve = 5V, Tp = 25°C.

$The algebraic convention, in which the less positive limit is designated minimum, is used in this data sheet for threshold voitage levels only.
§Hysteresis is the difference between the positive-going input threshold voltage, V1 4, and the negative-going input threshold voltage,

Vr_.

See Figure 4.

NOTES: 4. Refer to EIA Standard RS-422-A and RS-423-A for exact conditions.
5. Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second.

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

PARAMETER TEST CONDITIONS MIN TYP MAX [ UNIT
tpLH  Propagation delay time, low-to-high-level output | Vip = -2.5 Vto 2.6 V, C|_ = 15 pF, 15 22 ns
tpHL  Propagation delay time, high-to-low-level output | See Figure 2 15 22 ns
tpzH  Output enable time to high level CL = 15 pF, See Figure 3 13 25 ns
tpzL _ Output enable time to low level CL = 15 pF, See Figure 3 11 25 ns
tpHz  Output disable time from high level CL = 5 pF, See Figure 3 13 25 ns
tprz _ Output disable time from low level CL = 5 pF, See Figure 3 15 22 ns
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SN75ALS193
QUADRUPLE DIFFERENTIAL LINE RECEIVER WITH 3-STATE OUTPUTS

PARAMETER MEASUREMENT INFORMATION

Vio T
VoH
T oL loH
VoL (+) (=)
2v = ‘:‘L = = =

FIGURE 1. VoH. VoL

GENERATOR
(See Note A)

TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Zgyp =
50 11, < 6 ns. tf < 6 ns.
B. C includes probe and jig capacitance.

FIGURE 2. tpLH. tPHL

B 1
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SN75ALS193
QUADRUPLE DIFFERENTIAL LINE RECEIVER WITH 3-STATE OUTPUTS

PARAMETER MEASUREMENT INFORMATION

—|— ——=3V

__.I Ilq—ssm —D’ lH—sEm - llQ—sEnu -—MI [¢—=s 6ns
= ENABLE Y
|

ENABLE \
G 1.3V 13v] [
10% | |
i } H ov
| | (See Note C) | | |
Il | v
90% K| | |
ENABLE ENABLE
[ | ! [
—_—— —-0V —_————
| 81 closed ov
_i VoH | | $2 open
L osv 1 closed \! PLZ——> ~14V
OUTPUT | 1av OUTPUT 52 open 1.3V | ¥
— - VoL
$1 closed - £
82 closed 0.5V
VOLTAGE WAVEFORMS FOR tpHz. tpzH VOLTAGE WAVEFORMS FOR tp 2. tpzL
TEST
POINT vee
R = 2 k0
81
FROM OUTPUT
INDI T
UNDER TES (Sea Note B)
Cp b3
5 kQ
(See Note A) I 3
s2
LOAD CIRCUIT

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

FIGURE 3. tpHZ. tPZH. tPLZ. tPZL

R Texas
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SN75ALS193

QUADRUPLE DIFFERENTIAL LINE RECEIVER WITH 3-STATE OUTPUTS

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE
vs
ENABLE VOLTAGE

OUTPUT VOLTAGE
vs
ENABLE VOLTAGE

5 —~ 4 - T T
VID = 200 mV ] I LTA - 125°C T 1
vic = 0 ’ y Ta = 70°C = et
AL - BkitaGND | _VCC = BBV Ta = 26°C
4lva = 25° " H ; Ta = -55°C
> A Vee =5V > 3HTp = 0°C
L T T L
2 Ve = 45V -]
£ 3 £
> s
g 8
|
3 o 1 vee = 5V
1 Vip = 200 mV
: Vic=0
Ry = 8 ki to GND
0 0 L
0 0.5 1 1.6 2 25 3 o 0.5 1 1.5 2 2.5 3
Enable Voitage—V Enable Voitage—V
FIGURE 4 FIGURE 5
OUTPUT VOLTAGE OUTPUT VOLTAGE
' vs
ENABLE VOLTAGE ENABLE VOLTAGE
6 v T T 6
Vec =55V Vip = -200 mV
5 Vece =5V Vic=0 5
N RL = 1kilto V T
Vgg - 45V L cc
> £e Ta = 25°C > [+ Ta = -55°C
| | |~ Ta = 0°C
54 - [ = Ta = 256°C ]
£ £ W1~ Ta = 70°C
>, >, —TA = 126°C _
H 2 oid
5 1
3 3 ~
| 2 | 2 t t
>° >° Vce =5V
Vip = - 200 mV
1 14— Vic=0
RL = 1k to VcC
(] 0 ; } 1-
0 0.5 1 1.6 2 2.5 3 0 0.6 1 1.5 2 2.5 3
Enable Voltage —V Enable Voitage —V
FIGURE 6 FIGURE 7
e Texas
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SN75ALS193
QUADRUPLE DIFFERENTIAL LINE RECEIVER WITH 3-STATE OUTPUTS

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
VS VS
DIFFERENTIAL INPUT VOLTAGE FREE-AIR TEMPERATURE
5 T T T 4 T T
vee = 5V lon = 0
[Vic= -7Vto7V >| ———
afl0=0 3 IgH = ~400 pA
> | Ta = 25°C £3
5 S
g 3
g2 g
Z S,
32 3
52 } 2 |
< vr- VT4 z
5 =
> T -
1 T Veg =5V
S Lvip = 200 mv
Vic=0
0 ——t 0
-200 -100 [ 100 200 0 10 20 30 40 650 60 70 80
V|p — Differential input Voltage — mV Ta—Free-Air Temperature— °C
FIGURE 8 FIGURE 9
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
Vs VS
HIGH-LEVEL QUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT
5 r - 5
ViD = 200 mV Vee =5V
> Vic = 0 - > \\:m-;OOmV-
ba Ta = 25°C I ic =
o ~ o
o S
5 M N
> ~ >
&S vee = 5.5V 33 3 T
g \ AN - Vce . g \ T Ta = 0°C
3 \\\ /FVCC'SV 4 9] \574:7‘\-250(:—-
e - Ve = 4.5V —
S e Al
3 NN < N
£ NN 5 N
: O T \
z A\ z AAY
> N > N \
0 \ Y
0 -20 -40 -60 -80 ~-100 6 -20 -40 -60 -8 -100
10H— High-Level Output Current—mA IgH—High-Level Output Current—mA
FIGURE 10 FIGURE 11
%3 Texas
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SN75ALS193

QUADRUPLE DIFFERENTIAL LINE RECEIVER WITH 3-STATE OUTPUTS

VoL —Low-Level Output Voltage —V

TYPICAL CHARACTERISTICS

LOW-LEVEL OUTPUT VOLTAGE

Vs

FREE-AIR TEMPERATURE

0.4

Veg =65V
Vip = -200 mv

>
| Vic=0
)
£0.3
3
>
5
8 o = 8mA
3 0.2~
3
>
o
=
H L\ lo=0
-I' 0.1
- —
0
>
0
0 10 20 30 40 50 70 80
TA—Free-Air Temperature — °C
FIGURE 12
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs Vs
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
0.8 T 0.8 I
vee = 4.5V —] ’ J } N Ta = 70°C~. H
0.7 vee = 5":\1 / 07 Ta = 25°C
vee = 55V - & Ta = 0°C
0.6 \ 2 06 A
D : V)4
/ - 05 /
0.5 / L io /7
0.4 |— A 8 0.4 __ 7/{
2 Y
0.3 203 v~
2
3
0.2 / ;0.2
a vVee =5V
- - °
0 Vip 200 mV_‘ > 0.1 Vip = - 200 mV—
‘ Vic=0 Vic = 0
. | | Ta-2s°C o L | .
0 10 20 30 40 50 60 70 80 :0 fo L3° | :O 52 60 7: 80
gL —Low-Level Output Current—mA OL—Low-Level Output Current—m
FIGURE 13 FIGURE 14

%3 1

EXAS
INSTRUMENTS

3-261



SN75ALS193

QUADRUPLE DIFFERENTIAL LINE RECEIVER WITH 3-STATE OUTPUTS

TYPICAL CHARACTERISTICS

SUPPLY CURRENT

Vs

SUPPLY VOLTAGE

SUPPLY CURRENT

FREE-AIR TEMPERATURE

Vs

v v 30 —
80 Vip = -200 mv I
45tVic = 0 vee = 6.5V
s f- ==
4 Ta = 25°C « Vee = 5V
E ) E
13 120 —1—1 -
§ 30 g yee = 48V
3 DISABLED 3
25 16 —
2 Y/ ENRBLED 3
R J 3
| ? 10
018 I3
L °
b / 5[ Gwouts Enabiod
3 utputs Enable
~ 10 =0
0 0 L .
0 1 2 3 4 5 6 7 8 0 10 20 30 40 S50 60 70 80
Vg —Supply Voitage—V Ta—Free-Air Temperature— °C
FIGURE 15 FIGURE 16
SUPPLY CURRENT SUPPLY CURRENT
vs vs
DIFFERENTIAL INPUT VOLTAGE FREQUENCY
30 T T A0 T T T I T
Vg =8V
| | 36 VI = 1.6V Square Wave
25 : fVcc =55V CL = 15 pF
‘é ! T < 3¢ |- Four Ch Is Driven
; v vVee = 5V f Ta = 25°C b
2 20 = . U
] . _Vce = 45V 5§25
5 5 iy
3, 3 |+
_: 5 > 20
H &
? 10 @ 18
Q
8 Jw=o 810 i
5f Outputs Enabled
Vic =0 5
Ta = 25°C
ol L L " 0
-200  -100 0 100 200 10k 100k 1™ 0M 100 M
V|p— Differential Input Voltage —mV f—Frequency —Hz
FIGURE 17 FIGURE 18
" Texas
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SN75ALS193
QUADRUPLE DIFFERENTIAL LINE RECEIVER WITH 3-STATE OUTPUTS

TYPICAL CHARACTERISTICS

INPUT RESISTANCE
vs
FREE-AIR TEMPERATURE

30
26
]
-
L 20
: I
]
@ 15
«
H
£ 10
L
5
0
0 10 20 30 40 50 60 70 80
TA—Free-Air Temperature — °C
FIGURE 19
SWITCHING CHARACTERISTICS
vs
FREE-AIR TEMPERATURE
30 T T
vce =5V I
C: = 18 nF o as
Cp = 18 pf WPLH
» f N
tpLZ
g 20 \
b tPHZ ’)
E Ylpzu
= 16
P e e L
z 10 = '
@ j PzL tPZH
tPHZ ’
5 L
0
0O 10 20 30 40 650 60 70 80
Ta—Free-Air Temperature — °C
FIGURE 21

{j—Input Current—mA

tpd — Propagation Delay Time —ns

INPUT CURRENT
Vs
INPUT VOLTAGE

T T
Ta = 26°C I
2
1 /
L
(]
//
-1
-2
al |
-20 -15 -10 -5 0 5 10 15 20
Vj—Input Voltage to GND—-V
FIGURE 20
PROPAGATION DELAY TIME
vs
SUPPLY VOLTAGE
20 1T
CL = 15 pF
18714 = 25°C
16 tPHL |
|
14 tPLH
12
10 t
8
¢ -]
a |
A
0 i
4646 474849 65.05.162 5354 65

Ve —Supply Voltage—V
FIGURE 22
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SN55ALS194, SN75ALS194

QUADRUPLE DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS

OCTOBER 1988

Meets EIA Standard RS-422-A
High-Speed ALS Design
3-State TTL-Compatible
Single 5-V Supply Operation

High Output Impedance in Power-Off
Condition

Two Pairs of Drivers Independently Enabled

® Designed as a Replacement for the MC3487
with Improvements: Icc 50% Lower,
Switching Speed 30% Faster, Full-
Temperature-Range Version

description

These quadruple complementary-output line
drivers are designed for data transmission over
twisted-pair or parallel-wire transmission lines.
They meet the requirements of EIA Standard
RS-422-A and are compatible with 3-state TTL
circuits. Advanced Low-Power Schottky
technology provides high speed without the
usual power penalty. Standby supply current is
typically only 26 mA, while typical propagation
delay time is less than 10 ns and enable/disable
times are typically less than 16 ns.

High-impedance inputs keep input currents low,
less than 1 uA for a high level and less than
100 uA for a iow ievei. The driver circuits can
be enabled in pairs by separate active-high
enable inputs. The SN55ALS194 and
SN75ALS194 are capable of data rates in excess
of 10 megabits per second and are designed to
operate with the SN55ALS195 and
SN75ALS195 quadruple line receivers.

The SN55ALS194 is characterized for operation
from —55°C to 125°C. The SN75ALS194 is
characterized for operation from 0°C to 70°C.

SN55ALS194 . . . J PACKAGE

SN75ALS194 . . . D. J. OR N PACKAGE

(TOP VIEW)
1A Dvee
(04 [ aa
1z []ay
1,2EN 14z
2z Qs 12[]3.4€EN
2y Qe n[Jaz
2a 7 w3y
GND s 9[] 3A
SNS5ALS194 . . . FK PACKAGE
(TOP VIEW)
< Q 8 <
- 2Z > <

00 g >
Z2Zmm
Q

NC -~ No internal connection

2 12019
1z2]]4 lBCAY
1,2eN[15 11[j4z
Ncfle 16[JNC
2z0)7 15[] 3,4EN
2v[s 14(] 32
10111213

FUNCTION TABLE (EACH DRIVER)

INPUT OouTPUT QUTPUTS
ENABLE Y Z
H H H L
L H L H
X L High-lmpedance | High-Impedance

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

= irrelevant

PHOOUCTION DAIA intoy
conlorm 10 speciiicaiion
warnanty Production pie
porameters
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SN55ALS194, SN75ALS194
QUADRUPLE DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS

logic symbol? logic diagram (positive logic)
vy ()
1,2EN
[ 2
w2 3: I i (2)
4 B4z (1) —— 1Y
) 1A [ETI
220 —>l 2y —— 1
. (5) ,, ©
(1) 2y
w2 24 (5)
3,4EN___LEI_Nﬁ 2z
[~ (10)
ETyL — M e aen 12
[ LRI 3, L
(14)
s (10)
4a b 13 4, 1) ALV
3A (1)
3z
! This symbol is in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12. s na
Pin numbers shown are for D, J, and N packages aA (13) az
schematics of inputs and outputs
EQUIVALENT OF EACH EQUIVALENT OF EACH EQUIVALENT OF EACH
DATA (A} INPUT ENABLE INPUT ouTPUT

Vce

INPUT

- Vee -- -= Vee
- INPUT —_—
ouTPUT

l Texas
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SN55ALS194, SN75ALS194
QUADRUPLE DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS

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

Supply voltage, VCC (see NOte 1) ... ..ot

INPUL VOIBEE, V| .« oottt 5.5V
Continuous total dissipation . ... ......... .. ... ... .. .. See Dissipation Rating Table
Operating free-air temperature range: SN55ALS194 -55°C to 125°C
SN75ALS194 . ... ... .. 0°C to 70°C
Storage temperature range . ... ...............ooooooos e -65°C to 150°C
Case temperature for 60 seconds: FK package.................. B 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package L 300°C
NOTE 1: All voltage values are with respect to network ground terminal.
DISSIPATION RATING TABLE
PACKAGE Ta < 25°C , DERATING FACTOR Ta = 70°C Ta = 125°C
POWER RATING ~ABOVE Tp = 25°C  POWER RATING  POWER RATING
[5) 950 mW 7.6 mw/°C 608 mw N/A
FK 1375 mw 11.0 mw/°C 880 mwW 275 mw
J (SN55ALS194) 13756 mw 11.0 mw/°C 880 mwW 275 mwW
J (SN75ALS194) 1025 mW 8.2 mwW/°C 656 mW N/A
N 1150 mW 9.2 mW/°C 736 mwW N/A
recommended operating conditions
SN55ALS194 SN75ALS194 uNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Vco 4.5 5 5.5 | 4.75 5 5.25
All inputs, Tp = 25°C 2 2
High-level input voltage, V| A inputs, Ta = Full range 2 2
EN inputs, Ta = Full range 2.1 2
Low:-level input voltage, Vi 0.8 0.8
High-level output current, |on -20 -20 mA
[Ta = 25°C a8 48
Low-level output current, I mA
| Ta = Full range 20 48
Operating free-air temperature, T - 55 125 0 70
Texas
INSTRUMENTS
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SN55ALS194, SN75ALS194
QUADRUPLE DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS

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

PARAMETER TEST CONDITIONS MIN TYP! MAX UNIT
ViK Input clamp voltage Vce = MIN, | = ~18 mA -1.5 v
) Vce = MIN, [ snssaLsi9a| 2.4
\7 High-level output volt v
oH ahviove’ output voltage lon = ~20 mA [ sn7sAisisal 25
Vor Low-level output voltage Vee = MIN, oL = MAX 0.5 \
VO Output voltage Ig =0 o] 6 v
|Vop1! Differential output voltage o =0 2 6 \
Y2 V
|Vop2! Differential output voltage - ZODI Y
Change in magnitude of
AlVool o o s 0.4 v
differential output voltage RL = 1000, See Figure 1
Voc Common-mode output voltage +3
Change in magnitude of
alvoc! 6 in magmitul 104 | V
common-mode output voltage ¥
[ Output current with power off V 0 Vo -6V 100 A
I s =
0 P P cc Vo - ~025V “100 | *
Vee = MAX. | vg = 27V 100
10z High-impedance state output current Qutput enables uA
at 0.8 v Vo =05V -100
I Input current at maximum input voltage Vce = MAX, Vi = 55V 100 A
hH High-level input current Ve = MAX, Vi =27V 50 nA
L Low-level input current Vce = MAX, V) =05V -200 A
los Short-circuit output current’ Vee = MAX, Vi=2V -40 - 140 mA
Icc Supply current (all drivers) Vee = MAX, All outputs disabled 26 45 mA

tai typical values are st Vcc = 5V, Ta = 25°C.
’AIVODI and A|VQc| are the changes in magnitude of Vop and Vo . respectively, that occur when the input is changed from a high

level to a low level.
§ Not more than one output should be shorted at 8 time, and duration of the short-circuit should not exceed one second.

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

TEST SN55ALS194 SN75ALS194
PARAMETER UNIT
CONDITIONS MIN TYP MAX MIN  TYP MAX
tpLH Propagation delay time, low-to-high-level output G = 15 pF 6 13 6 13 ns
tpHL Propagation delay time, high-to-low-level output SL _F pz' 9 14 9 14 ns
ee Figure

Output-to-output skew 9y 3.5 6 35 6 ns
. . CL = 15 pF,

ttp Differential-output transition time 8 14 8 14 ns
See Figure 3

tpzH Output enable time to high level 9 12 9 12 ns

tpzL Output enable time to low level CL = 15 pF, 12 20 12 20 ns

tpHz Output disable time from high level See Figure 4 9 15 9 14 ns

tpz Output disable time from low level 12 15 12 15 ns

3 1
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SN55ALS194, SN75ALS194
QUADRUPLE DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS

SYMBOL EQUIVALENTS

DATA SHEET PARAMETER RS-422-A

Vo Voa: Vob

Vop1l Vo

|Vop2! Vi (R = 100 0)

AlVool P Vel = [Vl )
Voc 1Vos|

Vo] TVas - Vaul FIGURE. 1. DRIVER Vgp AND Voc
los lsal. |lsbl
o lixal. I1xbl

PARAMETER MEASUREMENT INFORMATION

o= 1 5V letpLie] he——el—tpL
H | 200 0 | 4= — — — Vou
! ¢ Y OUTPUT
7 ! 3 | 15V 15V
GENERATOR ! y |
(See Note A) . ! | VoL

|
1C =15 pF ¥ ] %

|(See Note B)’ ‘ s | Skow —fa-eq su-w-’n.i
' ] l‘—tpHL—-‘ bo—tpLH—|

1
v
e = - (See Note C) = | | Vou
2 ouwmw
- ——-voL
TEST CIRCUIT VOLTAGE WAVEFORM

————— c-==3V
AL~ INPUT—_/_\_
100 &2 ov

GENERATOR
ITD P - — b—t
(See Note A) OUTRUT o " vl T0
! 90% !
c CL = 15pF OuUTPUT 1 |
= Cme— - 4t T (See Note B) 10%
TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 3. DIFFERENTIAL-OUTPUT TRANSITION TIMES

NOTES: A. The input pulse is supplied by a generator having the following characteristics: t; < 5 ns, ty < 5 ns, PRR < 1 MHz, duty
cycle s 50%, Z, = 50 1.
B. C includes probe and stray capacitance.
C. Ali diodes are 1N916 or 1N3064.

TeExAs
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SN55ALS194, SN75ALS194
QUADRUPLE DIFFERENTIAL LINE DRIVERS WITH 3-STATE QUTPUTS

PARAMETER MEASUREMENT INFORMATION

r=---- 8 5

| ouTPUT
' | s1 200 52
Oor3v | adl
|
|

CL = 50 pF

1k
(See Note B) 3

¥ (See Note C

4

GENERATOR| ¢ | ¥ J
(See Note A)

TEST CIRCUIT

ouTtPUT 3v ouTtPuT v
ENABLE 15V ENABLE 15V
INPUT ov INPUT ]
PHZ -0 [ vo ol;'/ZL‘H. f"

ouTPUT TR H ouTPUT '

S1 CLOSED 1 S$1 CLOSED : 15V
|

s2 cu)sm' o sV S2 OPEN ' vou

outpyr TL2TH ~15V outpyr PZH— W VoH
$1 CLOSED 0 S1 OPEN 15V
52 CLOSED SV VoL $2 CLOSED

VOLTAGE WAVEFORMS

NOTES: A. The input pulse is supplied by a generator having the following characteristics: tr s 5ns, tf s 5ns, PRR s 1 MHz, duty
cycle s 50%, Z, ~ 50 (1
B. Ci includes probe and stray capacitance.
C. All diodos are 1N916 or 1N3064.

FIGURE 4. DRIVER ENABLE AND DISABLE TIMES

B 7
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SN55ALS194, SN75ALS194
QUADRUPLE DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS

Y OUTPUT VOLTAGE
vs
DATA INPUT VOLTAGE

TYPICAL CHARACTERISTICS

Y OUTPUT VOLTAGE
vs
DATA INPUT VOLTAGE

5.0 — —— - 5.0 y
No Load j Vce =5V
4.5 |—Outputs Enabled — 44— ——+4 | 4.5 [Qutputs Enabled —
Ta =25°C No Load
4.0 A — Vec=55V— 4.0 1
S h 1 > Ta = 125°C
T 35 ——Vge=5V— | | 3.5 T
g L | > N
< -Vec =45V = 30—
£ 30 cc 3 3.0 Iy =705 Ta = 25°C
> |
- 25 — e 2.5 _—
3 ?} [N /TA = 0°C
5 2.0 o 520 | Lo
] Cl’ _/TA - -55°C
515 - S 515 |-
> >
1.0 e e 1.0
05 —- 0.6 -t
0 ]
0 05 1.0 15 20 35 30 V] 0.5 1.0 1.5 2.0 25 3.0
V|-Data Input Voltage—V Vi—Data Input Voltage -V
FIGURE 5 FIGURE 6
Y OUTPUT VOLTAGE Y OUTPUT VOLTAGE
vs vs
ENABLE G INPUT VOLTAGE ENABLE G INPUT VOLTAGE
. —— 5.0 . —
4.0 Vee =5V
a5 a5lvy =2V
i RL = 470 Q to Ground
4.0/ 506 Note 2 S R
> 39 T 3s
é, @ "7 |Ta = 125°C
g 25 g 3.0
] 30— ~4- -
S s Ta = 25°C
= 2.0 — ~ 25 —
g :
5 £.0 _ Ta = 0°C
S 1s - 3 “Y[Ta = 70°C v
|
o o015 ——
> 10 Vi=2V > KT [va - -ss°c
RL = 470  to GROUND! 1.0 [ ‘
05 See Note 2 ' 0.5 N O
Ta = 25°C :
1 L L 0
0 0.5 1.0 15 2.0 25 3.0 0 0.5 1.0 1.5 20 25 3.0

V|—Enable G Input Voltage—V

FIGURE 7

Vi—Enable G input Voltage—V

FIGURE 8

tData for temperatures below 0°C and above 70°C are applicable to SN55ALS194 circuits only.
NOTE 2: The A input is connected to Vc during the testing of the Y outputs and to ground during the testing of the Z outputs.
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SN55ALS194, SN75ALS194

QUADRUPLE DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS

Z OUTPUT VOLTAGE

ENABLE G INPUT VOLTAGE

I |
R = 470 2 to Ve

Vi—Enable G Input Voltage—-V

HIGH-LEVEL OUTPUT VOLTAGE

FREE-AIR TEMPERATURE

TYPICAL CHARACTERISTICS !

3.0

) | !
Vee - 955V
Vee=5V

5 T T
Veec =45V

>

4 oal

g

°

>

- 3t il
3

=

3

o

L2 -
o

>

14 -

|

ol ool 1

[ 0.5 1.0

FIGURE 9

5.0 o

Vece = 5V
4.5} 1oy = -20 mA
See Note 2
40— -y 4o

1

3.5 -

VQOH—High-Level Output Voitage—V
N
«a

3o - T 1 -4 --

(=]

~75 -50 -25 O

Ta - Free-Air Temperature — °C

FIGURE 11

Data for temperaturos bolow 0°C and above 70°C ara applicable to tho SNS5ALS 194 circuits only

100 125

Z QUTPUT VOLTAGE

ENABLE G INPUT VOLTAGE

_Ta = 70°C

Vcec = 5V
RL = 470 0

to Vge
See Note 3

A = 126°C—

1

Ta = 25°C

f T
Ta = 0°C

Vo —Output Voitage—V

TA = -55°C

l

|

B
2.0 25 3.0
Vi—Enable G Input Voltage -V

QUTPUT CURRENT

VoH—High Level Output Voltage—V

HIGH LEVEL OUTPUT VOLTAGE

~80 —TOO

IoH—High-Level Output Current—mA

NOTES: 2. The A input is connected 1o V¢ during the testing of the Y outputs and to ground during the testing of the Z outputs
3 The A input is connected to ground during the testing of the Y outputs and to V¢ during the testing of the Z outputs.
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SN55ALS194, SN75ALS194
QUADRUPLE DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS

TYPICAL CHARACTERISTICS?t

LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs vs
FREE-AIR TEMPERATURE OUTPUT CURRENT
05 GoTE Y 1.0———,——18 I
loL = 20 mA — — 0oL ee.Note 3
> .
| See Note 3 >I Ta = 25°C
§,0.4 % 0.8 . -
3 | e 2 orf—tf |- .
503 ——f 2 06
g ~ s
o S O 05—t B R R
° T~~~ e {
> |
302 P~ .;J 0.4 S Vee =55V
H S 03—} — —
5 T b
401 —O‘ 0.2 — g (O SR SSNRY SSUUU (R SN SR S
3 >
> - 0.1 . -
) 111 1 1
~75 -50 -25 O 25 50 75 100 125 0 10 20 30 40 50 60 70 80 90 100
TA—Free-Air Temperature— °C loL—Low-Level Output Current—mA
FIGURE 13 FIGURE 14
SUPPLY CURRENT SUPPLY CURRENT
vs vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
80 (— Tr° o - T A R 40 [ ] ! [
Outputs Enabled A Inputs Open or Grounded
70 {No Load — 35 | Outputs Disabled —
Ta=25C No Load /
< B8 S 4 30+ =25° —
: 60 g Ta=25°C /
g 50 g 25 e
5 5 1
[s] INPUTS GROUNDED o
S 40 S 20 __F,, 1
o a
a INPUTS OPEN a /
3 30 a Bt -
| / |
3} Q
S 2 \4/ A - © 10 _ / _
10 ~ 5 -
0 L —1 0 A ]
0 1 2 3 4 5 6 7 8 0 1, 2 3 4 5 6 7 8
Vcc~Supply Voltage—V Vcc—Supply Voltage—V
FIGURE 15 FIGURE 16

1 Data for temperatures below 0°C and above 70°C are applicable to the SNSSALS 194 circuits only
NQTE 3: The A input is connected to ground during the testing of the Y outputs and to V¢ during the testing of the Z outputs.
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SN55ALS194, SN75ALS194
QUADRUPLE DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS

TYPICAL CHARACTERISTICS

SUPPLY CURRENT
vs

FREQUENCY
60 (R ELRAALLL T T
vee = 5
Input = 0 to 3V
50~ puty Cycle = 50%
‘é CL = 30 pF to All Outputs /
L a0 |
c
@
5
3 /
> 30 )
g ¥
2 LA
D 20)-- -
I T I
L
10
0 -
10 k 100 k ™ 10M 100 M
f—Frequency—Hz
FIGURE 17
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SN55ALS195, SN75ALS195
QUADRUPLE DIFFERENTIAL LINE RECEIVERS WITH 3-STATE OUTPUTS

JUNE 1990

® Meets EIA Standards RS-422-A and SN55ALS195, SN75ALS195 . . . J PACKAGE
RS-423-A (TOP VIEW)

® Meets CCITT Recommendations V.10, 18(T 8]0 Vee
V.11, X.26, and X.27 MEZ 150 4B

® -7V to7V Common-Mode Range With 1w 1aJea
200-mV Sensitivity 1.2eN[Ja  13[Jay

2v([s  12[]3.4eN
® 3-State TTL-Compatible Outputs 24 (e nhav
@ High Input Impedance . . . 12 kQ Min 287 10[]3A
GND 8 9(]3B

@ Input Hysteresis . . . 120 mV Typ

® Single 5-V Supply Operation SNGSALS195 . . . FK PACKAGE

® Low Supply Current {TOP ViEw)
Requirement . . . 35 mA Max <oy §E,’

® Improved Speed and Power Consumption
Compared to MC3486

description

The SN55ALS195 and SN75ALS195 are
monolithic quadruple line receivers with 3-state
outputs designed using Advanced Low-Power 101112 13
Schottky technology. This technology provides
combined improvements in die design, tooling
production, and wafer fabrication, which in turn,
provide lower power consumption and permit
much higher data throughput than other designs.
The devices meet the specifications of EIA
Standards RS-422-A and RS-423-A. The 3-state
outputs permit direct connection to a bus-
organized system with a fail-safe design that
ensures the outputs will always be high if the
inputs are open.

28
D

O @<«
ZZMO®
O

NC—No internal connection

The devices are optimized for balanced multipoint bus transmission at rates up to 20M b/s. The input
features high input impedance, input hysteresis for increased noise immunity, and an input sensitivity of
+ 200 mV over a common-mode input voltage range of +7 V. The devices also feature an active-high
enable function for each of two receiver pairs. The SN55ALS195 and SN75ALS195 are designed for
optimum performance when used with the SN55ALS194 and SN75ALS194 quadruple differential line
drivers.

The SN55ALS 195 is characterized for operation from —55°C to 125°C. The SN75ALS195 is characterized
for operation.from 0°C to 70°C.

PHOUCTIGN DATA inlarmstion 1y Gurrent 48 ol pubiicalion date Progcls
Conform 10 apechications ger 1he 1eims of Teses Inslruments slanderd

wrranty. PLOGUCION IOCeRRIng Bod 001 RaCesNcly 1ncidh Testing of al
puremetens
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SNSSALS195, SN75ALS195
QUADRUPLE DIFFERENTIAL LINE RECEIVERS WITH 3-STATE OUTPUTS

logic symbolt

26 4_?3

~

1A
18—

]D'D

v

)

2A
28—

~

1
3.4EN 2

EN

3a 10

38 2

}.D‘D

v

14

PAETIIN

2y

3y

p————— aY

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12.
Pin numbers shown are for the J package.

logic diagram

4
1.2EN

10
3A
9
38
14
aA
a2
FUNCTION TABLE (EACH RECEIVER)
1A
OIFFERENTIAL INPUTS | | OUTPUT
A-8B \
Vip = 0.2V H H
0.2V < Vjp < 0.2V H B
Vip s -0.2V H L
X L z

~ I

= high level, L = iow level, X = irrelevant,
= indeterminate, and Z = high impedance (off)

g Texas
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SN55ALS195, SN75ALS195
QUADRUPLE DIFFERENTIAL LINE RECEIVERS WITH 3-STATE OUTPUTS

schematics of inputs and outputs

EQUIVALENT OF EACH A OR B INPUT EQUIVALENT OF G OR G INPUTS TYPICAL OF ALL QUTPUTS
vee vVee -— | == ——?— vee
50 0
M
22 kn NOM 4
NOM 1
INPUT QUTPUT
INPUT
GND -
- GND
GND

Supply voltage, VCC (see Note 1) . .. ... 7V
Input voltage, A or Binputs, V| ... ... . . e +15 V
Differential input voltage (see Note 2) Ve L A . Ces +15V
Enable input vOIBEE . . . . . . i e 7V
Low-level output current . . ................ R R 50 mA
Continuous total dissipation . .. ... ... ..ttt See Dissipation Rating Table
Operating free-air temperature range: SN65ALS195 . .. .................... -55°C to 125°C

SN75ALS195 . . 0°C to 70°C
Storage temperature raNGB . . .. .. ... ..ottt -66°C to 150°C
Case temperature for 60 seconds: FK package . .. .......... ... ..... .. ... .. ... ... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C

tStresses beyond those listed under ‘'absolute maximum ratings’’ may cause permanent damage to the device. These are stress ratings
_onlv and functional operation of the device at these or any other conditions beyond those indicated under ‘’recommended operating conditons’”
is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTES: 1. All voltage values, except differential input voitage, are with respect to network ground terminal.
2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input.

DISSIPATION RATING TABLE

PACKAGE TA s 26°C DERATING FACTOR Ta = 70°C Ta = 125°C
POWER RATING ABOVE T = 26°C  POWER RATING POWER RATING
FK 1376 mW 11.0 mW/°C 880 mwW 276 mW
J (SNBBALS196) 1376 mW 11.0 mWw/°C 880 mwW 276 mW
J (SN76ALE 196) 1025 mW 8.2 mW/°C 666 mW N/A

B 1
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SN55ALS195, SN75ALS195
QUADRUPLE DIFFERENTIAL LINE RECEIVERS WITH 3-STATE OUTPUTS

recommended operating conditions

SN55ALS195 SN75ALS195
MIN NOM MAX MIN NOM MAX UNIT
Supply voltage, VoG 4.5 § 55475 5 6.25 v
Common-mode input voltage, V| +7 17 \"
Differential input voltage, V|p +12 +12 \2
High-level input voltage, Vi 2 2 Vv
Low level input voltage, Vi 0.8 0.8 \
| High-level output current, Iy ~400 400 | A
Low-level output current, Ig| 16 16 mA
Operating free-air temperature, T -~ 55 125 0 70 °C

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

PARAMETER TEST CONDITIONS MIN TYP! MAX UNIT
VT4 Positive-going threshold voltage 200 mV
V7 - Negative-going threshold voltage -200% mV
Vhys Hysterosis1 120 mv
Vik  Enable-input clamp voltage Vece = MIN, ) = 18 mA -1.5 \
Vee MIN, Vip = 200 mv,
VoM High-level output voltage cc D 2.5 36 v
IoH = 400 4A, Sec Figuro 1
Vee - MIN oL = B mA 0.45
VoL Low-lovol output voltago Vip - -200 mv, = v
Soe Figure 1 loL = 16 mA 0.5
Vee = MAX, ViL = 0.8V, 20
Vip = -3V, Vg = 2.7V
loz High-impedance state output current uA
vee = MAX, Vi - 0.8V 20
Vig - 3V, Vg - 05V
Other input at O V, \ = MIN, V| = 16 V 0.7 1.2
] Line input current ey ce | mA
See Note 3 Vee = MAX, V) = - 15 -1.0 -17
VIH = 27V 20
I High-level enable-input current \ = MAX A
o eine cc Vi - 6.25V o0 | *
T8 Low-level enable-input current Vee = MAX, Vi = 04V - 100 uA
Input resistance 12 18 kQ
Vce = MAX, Vip = 3V,
los  Short-circuit output current -15  -78 -130 mA
Vg = 0. See Note 4
Ilcc  Supply current Vee = MAX, Qutputs disabled 22 35 mA

TFor conditions shown as MIN or MAX, use the appropriate values specified under recommended operating conditions
Al typical values are at Vce = 5V, Tp = 25°C.
5The algebraic convention, in which the less positive limit i1s designated mimmum, is used in this data sheet for threshold voltage levels only.
1Hvs(eresvs is the difference between the positive- going input threshold voltage. V1 4 . and the negative-going input threshoid voltage, VT _ .
NOTES: 3. Refer to EIA Standard RS-422-A and RS-423-A for exact conditions
4. Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second

*3 15
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SN55ALS195, SN75ALS195
QUADRUPLE DIFFERENTIAL LINE RECEIVERS WITH 3-STATE OUTPUTS

switching characteristics, VCC = 5V, TA = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tpL  Propagation delay time, low- to high-level output| Vip = 0 Vto 3V, CL = 15 pF, 15 22 ns
tpHL  Propagation delay time, high- to low-level output| See Figure 2 15 22 ns
1, Qutput enable time to high level 13

4 4 - u CL = 15 pF, See Figure 3 25 ns
tpzL  Output enable time to low level 10 25

1| QOutput disable time from high level 19

FHZ 2 " - g CL = 15 pF, See Figure 3 25 ns
tprz  Output disable time from low level 17 22

PARAMETER MEASUREMENT INFORMATION

Tl
Vio

Vo

T'OL l'on
(+) (=)

Vou

» i

FIGURE 1. VOH. VoL

GENERATOR oUTPUT INPUT
(see Note A) 50 0

CL = 15 pF

|
|
= (see Note B "I\ — tPLH [— —bltPHL pe—

| — A= —von
| i

13V 1.3V
OUTPUT

2v Vou
TEST CIRCUIT VOLTAGE WAVEFORMS
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duty cycle < 50%, Zgyy =

50 t, s 6ns, tf s 6 ns
B. C includes probe and jig capacitance

FIGURE 2. PROPAGATION DELAY TIMES
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SN55ALS195, SN75ALS195

QUADRUPLE DIFFERENTIAL LINE RECEIVERS WITH 3-STATE OUTPUTS

PARAMETER MEASUREMENT INFORMATION

SW1
*25v ouTPUT s
-2.6 vV—0 2 k0 w2
o—5V
= L
5 ki (see Note C)
CL = 15 pF sw3
GENERATOR 3 7T (see Note B)
(see Note A) $51 10 = =
= TEST CIRCUIT
pzL
tPZH 3v

3v
SWilto25V
SW2 open
SW3 closed

INPUT — =15V

—:———ov
PZH— |[e—
|

| VoH
ouTPUT — =15V
— ——0vV

tPHZ
3v

SWito25V

SW2 closed

II e —ov SW3 closed

INPUT

VoH

—_——— =14V

—_———15V
SWito -25V
SW2 closed

|
PIL—d  j— SW3 open

—,——4.5V

|

INPUT

|
——0vV

—-—15V
Vou

OQUTPUT

3v 3v

SW1ito -25V
SW2 closed
SW3 closed

INPUT
|
| —ov
|

tPLz —p —
|

1 ——— 14V
Vo

VOLTAGE WAVEFORMS

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz,

50 Mty s 6'ns. tf < 6 ns.
B. Ci includes probe and jig capacitance.
C. All diodes are 1N3064 or equivalent.

duty cycle s 50%, Zgyy =

"FIGURE 3. ENABLE AND DISABLE TIMES

%3 1
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SN55ALS195, SN75ALS195
QUADRUPLE DIFFERENTIAL LINE RECEIVERS WITH 3-STATE OUTPUTS

TYPICAL CHARACTERISTICST

QUTPUT VOLTAGE OUTPUT VOLTAGE
vs vs
ENABLE VOLTAGE . ENABLE VOLTAGE
5 4 —T
Vip = 200 mV | l Ta = 125°C
VIC -0 "TA = 70°C =  — e
4|RL - 8KEtoGND vee - 55V Ta = 25°C > - oo
+ t h - -5
>) Ta = 25°C Ve =5V > 3FTa = 0°C A
I
T T
) Vee = 45V )
23 e
° o
> >
3 52
g 2
2 2
3 3
| |
S 2, Vee = 5V
1 Vip = 200 mV
Vic =0
RL = 8 ki) to GND
o o [
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 25 3
Enable Voltage—V Enable Voltage—V
FIGURE 4 FIGURE 5
OUTPUT VOLTAGE OUTPUT VOLTAGE
vs vs
ENABLE VOLTAGE ENABLE VOLTAGE
6 v 5V T ! 6
cc = 5. Vip = -200 mV
5 Vcec =5V Vic=0 5
N RL = 1 k@ to VcC
\" -4,
S cc 45V Ta = 25°C > j¢— Tp = -55°C
| | |~ Ta = 0°C
&4 54 1 —Ta = 25°c ™
S ] o
g = W1~ Ta = 70°C
> 3 > L1 _~Ta = 125°C
- « 3 -
5 3 -
3 e AT
3 8 o]
|2 | 2 1 T
E >° Veg =5V
Vip = - 200 mV
1 1 Vic=0
RL = 1 k0 to Vgg
0 0 ——rt
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3
Enable Voltage—V Enable Voltage—V
FIGURE 6 FIGURE 7

tData for temperatures below 0°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SN55ALS195 circuits only.
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SN55ALS195, SN75ALS195
QUADRUPLE DIFFERENTIAL LINE RECEIVERS WITH 3-STATE OUTPUTS

TYPICAL CHARACTERISTICST

OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
Vs Vs
DIFFERENTIAL INPUT VOLTAGE FREE-AIR TEMPERATURE
Sy T T T T a4
Vce =6V I
Fvic= -12Viwe 12V > 'oH = 0
aflo=0 5 /|70H-~400,.A
> | Ta = 25°C g 3 s
| s
3 >
g e
53 g
> 3
3 22
g s
22 o
Q VT- VT4 Z
o
g T
1 :': vee = 5V
;3 - Vip = 200 mV
Vic = 0
0 1 1 1
-200 -100 0 100 200 -75-50 -26 0 25 50 75 100 125
Vip —Differential Input Voltage —mV TA— Free-Air Temperature— °C
FIGURE 8 FIGURE 9
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
Vs Vs
HIGH-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT
5 T T 5 —r—
Vip = 200 mV_] Veg = 5
> vVic=0 h > 4.5 VIp = 200 mV
| N, Ta = 25°C © Vic = 0
2 a Ic 4
3 M 535
s \\ > TA = -55°C
RIS \\ vee = 5.5V g 3 +
2 r e 5 Ta = 0°C
8 \ N /f_ Vee =5V | 8 25 \< IA; N
3 N \\;S' - Vee = 45V 3 TA - 25°C
32 < \< CIE ey N\
3 : A - )
£ ’QX\\ N S1s 'T Ll N N \\
T b A = 125°C
L1 NN z \\\\
o \\
S \\\ >05 \\\§\
0 h- ° \\
[} -20 -40 -60 -80 -100 0O -20 -40 -60 -80 -100
IoH —High-Level Output Current—mA I0H —High-Level Output Current—mA
FIGURE 10 FIGURE 11

tData for temperatures below 0°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SNS5ALS195 circuits only
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SN55ALS195, SN75ALS195
QUADRUPLE DIFFERENTIAL LINE RECEIVERS WITH 3-STATE OUTPUTS

TYPICAL CHARACTERISTICS?

LOW-LEVEL OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE

0.40 ———t
Veec =5V
> 0.35 - Vip = -200 mV
é' Vic=0
S 0.30
3
2 025
-
2 N ~
a NN
5 10 = 8 mMA
3 0.20 ~_ 10
H ~N
2 0.15 ~
2 o = o\\
o P
- 0.10 |
L e~
S o.05

0
-75 -50 -25 0 25 50 75 100125

Ta—Free-Air Temperature— °C

FIGURE 12
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
0.8 ",CC l . 5].‘,\ I ] I 0.8 Voo = 5V ’ I
>| 0.7 F—vge = BV | [/ >I0_-,_::2:(;200mA 11 1] |
® oe VCC'”"\Q/\ o6l 1 | / /[ /
= . o 0.
3 /\ 3 Ta = 70°C |/ / /'>
% 05 A Z o5} / \
g / H Ta = 125°C )S,/ Y 7a = 0°C
S 04 304 \ A L4 /“ } }
2% b / 7 TA = -55°C
3 2 7 |
303 3 0.3 Z
7 39 y 1
: H TA = 25°C
5 02 / So2 Z4
)
3 Vip = —200 mV L
2oa Vo - /A4
o Ta = 25°C o .
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
IgL—Low-Level Output Current—mA loL—Low-Level Output Current—mA
FIGURE 13 FIGURE 14

tData for temperatures below 0°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SN65ALS195 circuits only.
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SN55ALS195, SN75ALS195
QUADRUPLE DIFFERENTIAL LINE RECEIVERS WITH 3-STATE OUTPUTS

TYPICAL CHARACTERISTICSt

SUPPLY CURRENT SUPPLY CURRENT
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
50 v T T
Vip = -200 mV 30. I l l
45tVic = 0 Vee = 5.5V
=0 25 t
‘é 40 Ta = 25°C E Vee = 5V
|
| 35 va | T T T
s € 20 }—chc-a.sv
g 30 2 £
S 3
3 5 DISABLED /| 3 .5
> =
a /ENABLED [
S 20 A 3
3
"I‘ / ‘? 10
16 4
8 8
“ 10 i 5 Vip = -200 mv
/ Outputs Enabled
5 P g =0
0 1 1 1
% 2 3 s+ 5 & 7 s -75-50 -25 0 25 50 75 100 12§
Vcc—Supply Voitage — V TA —Free-Air Temperature — °C
FIGURE 15 FIGURE 16
SUPPLY CURRENT SUPPLY CURRENT
vs vs
DIFFERENTIAL INPUT VOLTAGE FREQUENCY
30 Eed 2 s 1) S 00111 e
} ! LVCC -5V V
35+ Vi = *1.5V Square Wave ||
25 . ~Vce = 5.5V CL = 15 pF |
< ! | < Four Ch Is Driven
- 30
% 1 VCXC ?v % Ta = 25°C Ul
3 20 T T - i 1” 1
] . Vge = 45V S 25 T
5 5 |4
1
9 1s S 20 —1111
8 a
3 s 15
2 10 @
Q
o Io =0 S0
5 OQutputs Enabled
Vic =0 5
Ta = 25°C
L L s ol
-200 -100 0 100 200 10 k 100 k M oM 100 M
Vip —Differential Input Voltage —mV f—Frequency —Hz
FIGURE 17 FIGURE 18

Data for temperatures below 0°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SN55ALS195 circuits only
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SN55ALS195, SN75ALS195
QUADRUPLE DIFFERENTIAL LINE RECEIVERS WITH 3-STATE OUTPUTS

TYPICAL CHARACTERISTICS T

INPUT RESISTANCE INPUT CURRENT
VS Vs
FREE-AIR TEMPERATURE INPUT VOLTAGE
30 3 I
TA = 25°C
25 2
< / <
-
| e E
g 20 — i , =
c c
g —-——"F"'/ § //
Z 16 3 0
«
- 5 L
3 £ "1
£ 10 T -1
|_ -
5 -2
0 -3
-75 -50-25 0 25 50 75 100 125 Z20-15-10 -5 0 & 10 15 20
Ta—Free-Air Temperature — °C V)—Input Voltage to GND—V
FIGURE 19 FIGURE 20
SWITCHING CHARACTERISTICS PROPAGATION DELAY TIME
vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
30 ——r— T ] e —
VCC -5V CL = S pr
CL = 15 pF " 1B-Tp = 25°C
25 tPHZ € 16 tPHL |
tpLZ @ = |
e tPLH | £ e tPLH
|20 PLHY] = -
H )
H tpLZ 3 12
F oqp [PHLA \ S 10
o tPZH ] §
= tPHL ®
£ /// k4 8
3 10 = tPzL 3
@ "PZH tprz g
5 é 4
2
0 g 0
-75-50-25 0 25 50 75 100 125 4546 474849 505.152 535455
Tpa—Free-Air Temperature— °C Vg —Supply Voltage—V
FIGURE 21 FIGURE 22

tData for temperatures below 0°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SN55ALS 195 circuits only.
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SN65LBC176, SN75LBC176
DIFFERENTIAL BUS TRANSCEIVERS
AUGUST 1991

Bidirectional Transcelver D OR P PACKAGE
(TOP VIEW)
Meets EIA Standard RS-485 and
ISO 8482:1987(E) alls Y slvee
High-Speed Low-Power LInBICMOS™ RE[] 2 7).
Circuitry DE[f 3 sa
off « 5[] GND

Designed for High-Speed Operation in Both

Serlal and Parallel Applications FUNCTION TABLE (DRIVER)

Low Skew INPUT ENABLE QUTPUTS
D DE A__ B

Designed for Multipoint Transmission on A H T

Long Bus Lines In Noisy Environments L H L H
X L z z

Very Low Disabled Supply Current

Requirements . .. 200 uA Maximum FUNCTION TABLE (RECEIVER)

Wide Positive and Negative Input/Output DIFFERENTIAL INPUTS ENABLE ouTPUT
Bus Voltage Ranges A-B RE R
Vipz02V L H
Driver Output Capacity . . . +60 mA -02V<V|p<02V L ?
Vips-02V L L
Thermal Shutdown Protection X H z

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

n
Driver Positive and Negative Current X - ifrolovant, Z - high mpadance (off

Limiting

Open Circuit Fall-Safe Recelver Design
Recelver Input Sensitivity . . . +200 mV Max
Recelver Input Hysteresis . .. 50 mV Typ
Operates From a Single 5-V Supply

Glitch-Free Power-Up and Power-Down
Protection

description

The SN65LBC176 and SN75LBC176 differential bus transceivers are monolithic integrated circuits designed
for bidirectional data communication on multipoint bus transmission lines. They are designed for balanced
transmission lines and meet EIA Standard RS-485 and I1SO 8482:1987(E).

The SN65LBC176 and SN75LBC176 combine a 3-state differential-line driver and a differential-input line
receiver, both of which operate from a single 5-V power supply. The driver and receiver have active-high and
active-low enables, respectively, which can be externally connected together to function as a direction control.
The driver differential outputs and the receiver differential inputs are connected internally to form a differential
input/output (I/0) bus port that is designed to offer minimum loading to the bus whenever the driver is disabled
or Vo = 0. This port features wide positive and negative common-mode voltage ranges, making the device
suitable for party line applications. Very low device supply current can be acheived by disabling the driver and
the receiver. Both the driver and receiver are available as cells in the Texas Instruments LinASIC™ Library.

The SN65LBC176 is characterized for operation from —40°C to 85°C and the SN75LBC176 is characterized
for operation from 0°C to 70°C.

LinBiCMOS and LinASIC are trademarks of Texas Instruments Incorporated.
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SN65LBC176, SN75LBC176

DIFFERENTIAL BUS TRANSCEIVERS

logic symbolt
oe 2 EN1
RE 2 ren2
1
o & e 19 STALIPA
19 «Dy

]

(A1)

logic dlagram (positive logic)

3)
DE

o 4)

RE (2)

[R}]

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

Publication 617-12.

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT
Vee

Input

TYPICAL OF A AND B I/O PORTS

100 kQ Nom
A Port Only

AorB

100 kQ Nom
B Port Only

3kQ
Nom

TYPICAL OF RECEIVER OUTPUT

Vee

Output
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SN65LBC176, SN75LBC176
DIFFERENTIAL BUS TRANSCEIVERS

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

Supply voltage, Vcc (see Note 1) ...... RN N e R e 7V
Voltage range at any bus terminal .............. F e -10Vtoi5V
Enable iNpUt VOIAGE .. ... e 55V
Continuous total power dissipation ...............ccoviiiiiiiiininan.... See Dissipation Rating Table
Operating free-air temperature range, Ta: SN65LBC176 e —40°C to 85°C
SN75LBC176 .... .... 0°Cto70°C
Storage temperaturerange .............. ...l e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .......... FE N 260°C
NOTE 1: All voltage values, except differential /O bus voltage, are with respect to network ground terminal.
DISSIPATION RATING TABLE
PACKAGE TA s25°C DERATING FACTOR Ta =70°C Ta =85°C
POWER RATING ABOVE Tp, = 25°C POWER RATING POWER RATING
D 725 mW 5.8 mW/°C 464 mW 377 mW
P 1000 mW 8.0 mW/°C 640 mW 520 mW
recommended operating conditions
MIN NOM MAX | uNIT
Supply vollage, Voo 4.75 5 525 \
12
Voltage at any bus terminal (separately or common mode), V| or V|c z v
High-level input voltage, V| l D, DE, and RE 2 \4
Low-level input voltage, Vi I D, DE, and RE 0.8 Vv
Differential input voltage, Vp (see Note 2) 12 \
High-level output - Driver -60 mA
-V curren!
"gh-level outpul »'OH Receiver -400 pA
Low-level output current, | Driver S0 ma
ow-level output current, Ig Recover 3
Operating frae-air & wre. T SN65LBC176 —40 85| |
perating free-air temperature, Ta SN75LBC176 o 70 C

NOTE 2; Differential-input/output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B.

QTEXAS

INSTRUMENTS
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SN65LBC176, SN75LBC176
DIFFERENTIAL BUS TRANSCEIVERS

DRIVER SECTION

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

PARAMETER TEST CONDITIONS MIN TPt max] umniT
ViK Input clamp voltage I =-18 mA -1.5 v
Vo Output voltage lo=0 0 6 v
[|Vop1| Differential output voltage 10=0 15 6 V
| Vopz| Differential output voltage RL=54Q, See Figure 1 é:t:g:;g :g 225 5 \
Vobp3 Differential output voltage Viest=-7V1to 12V, See Figure}z 75LCB176 1.5 5 v
65LBC176 1.3
Change in magnitude of
alVool differential output voltage ¥ +02 v
3
vVoc Common-mode output voltage | R =54 2 or 100 ©2, See Figure 1 — v
Change in magnitude of
a1Voc| common-mode output voltaget 0.2 v
Output disabled, [Vo=12V 1
!
0 Output current See Note 3 [VO —7v Y] mA
[[T¥] High-level input current Vi=24V 20 pA
i Low-level Input current Vi=04V ~100 [ pA
Vo =-7V -250
| Shot-circuit output current Q=2 0 A
oS ort-circuit output curren m
Vo = Voo 250
Vog=12V
Recelver disabled and driver 1500
Icc Supply current ;\/l.ozlnoazr Vce. enabled pA
Receiver and driver disabled 200

1 Al typical values are at VoG = 5 V and Tp = 25°C.

ta| Voo | and A | Vo | are the changes in magnitude of Vop and Vo respectively, that occur when the input is changed from a high level to
a low level.

NOTE 3: This applies for both power on and off; refer to EIA standard RS-485 for exact conditions.

driver switching characteristics over recommended ranges of supply voltage, Ta = 0°C to 70°C

PARAMETER TEST CONDITIONS MmN TYPT MAXT unIT
DD Differential-output delay time 8 25 ns
| tsk(p) Pulse skew (| tppH - tppL|) RL=54Q, CL =50pF, 0 6 ns
tPLH Propagation time, low-to-high-level single-ended output See Figure 3 26 ns
tPHL Propagation time, high-to-low-level single-ended output 26 ns
tpZH Output enable time to high level RL =110Q, See Figure 4 60 ns
tpzL Output enable time to low level Ry =110Q, See Figure 5 60 ns
tPHZ Output disable time from high level RL =110Q, See Figure 4 60 ns
tpLz Output disable time from low level RL=1109Q, See Figure 5 60 ns

1 All typical values are at Vo = 5 V, Tp = 25°C.

Texas
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SN65LBC176, SN75LBC176
DIFFERENTIAL BUS TRANSCEIVERS

SYMBOL EQUIVALENTS
DATA SHEET PARAMETER RS-485
Vo Voa. Vob
|Voo1 ! Vo
|voD2 | Vi (RL=54Q)
Vi (Test Termination
|Vopal Measurement 2)
slVool Vel -1Vl
Voc 1 Vos |
a{Voc| 1Vos —Vos |
los
o lia. lib
RECEIVER SECTION

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

PARAMETER TEST CONDITIONS MIN  TYPT max| unIT
VTH Differential-input high-threshold voltage Vo=27V, I0=-04mA 0.2 \4
V1L Ditferential-input low-threshold voltage Vp=05V, lp=8mA -02f v
Vhys Hysteresis¥ 50 mV
VIK Enable-input clamp voltage lj=-18 mA -1.5 \
Vip = 200 mV, IOH = =4 /0 pA,
VoH High-level oulput voltage See Figure 6 27 v
V|p = 200 mV, 1oL = 8 MA,
VoL Low-level output voltage See Figure 6 0.45 v
10z High-impedance-state output current Vo=04Vto24V +20 pnA
Other input =0 V, b/, =12V 1
Iy Lina input currant e ni =
' SRR See Note 4 [Vi=-7V -0.8
IIH High-level enable-input current ViH=27V 20 nA
i Low-level enable-input current ViL=04V -100 HA
0 Input resistance 12 kQ
Receiver enabled and driver
V)=0orVce, | disabled 39| mA
lcc Supply current No load Receiver and driver
disabled 200 wA

1 All typical values are at VoG = 5 V, TA = 25°C.

1 The algebraic convention, in which the | positive ( gative) limit is g minimum, is used in this data sheet for common-mode
input voltage and threshold voltage levels only.

§ Hysteresis is the ditference between the positive-going input threshold voltage, VT, and the negative-going input threshold voltage, VT See
Figure 4.

NOTE 4: This applies for both power on and power off. Refer to EIA Standard RS-485 for exact conditions.

B Tixas
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SN65LBC176, SN75LBC176
DIFFERENTIAL BUS TRANSCEIVERS

recelver switching characteristics over recommended ranges of supply voltage, Ta = 0°C to 70°C

PARAMETER TEST CONDITIONS MmN TYPT max] UNIT
tpLH  Propagation delay lrme. Iéw-lo-high-level output Vip=-15V1to 1.5V, C_=15pF, 20 30 ns
tpHL  Propagation delay time, high-to-low-level output See Figure 7 28 45 ns
tsk(p) Pulse skew (| tPLH ~tPHL|) 10 18| ns
tpzH  Output enable l!ma to high level CL = 15 pF, See Figure 8 30 ns
tpzL  Output enable time to low level 30 ns
tpHz  Output disable time from high level CL = 15 pF, See Figure 8 30 ns
tpLz  Output disable time from low level 30 ns

1 Al typical values are at Vgc = 5 V, T = 25°C.

PARAMETER MEASUREMENT INFORMATION

Ik“_t
<2
Vob2 {b——f—
R
.:_Z_L ‘j’_c

Figure 1. Driver Vop and Voc

375 (1

AAA

\
Vobs 3601 —

375 Q)

<
3
2

7

Figure 2. Driver Vgp3

——— 3v
INPUT 15V 15V
Cp =50pF 1
L= ene | i ov

SRL- (See Note B)

1 I
Jsan OUTPUT tpoH — M- le¥— tpoL
I

GENERATOR
50 0 IR

(See Note A) L | 5o T 225V
, et ouTPUT  50% X 50
v o
= L s-25V
oo e -+ -
TEST CIRCUIT VOLTAGE WAVEFORMS

Figure 3. Driver Differential-Output Delay and Transition Times

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR s 1 MHz, 50% duty cycle, t; s 6 ns, {f < 6 ns,
Z5=50Q.
B. C( includes probe and jig capacitance.

TEXAS
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SN65LBC176, SN75LBC176
DIFFERENTIAL BUS TRANSCEIVERS

PARAMETER MEASUREMENT INFORMATION

OuUTPUT e——— 3v
INPUT 15V 15V
O0Vor3V |

|
.5 V
R = It——o{—- PZH | o

1100

€L = 50pF
(See Note B)

GENERATOR
{See Note A)

OUTPUT

23V [

tpHz —fe#|

Vott ~0V

TEST CIRCUIT
Figure 4. Driver Enable and Disable Times

VOLTAGE WAVEFORMS

5V

——————— 3v
i

1
ouTPUT 1 ! ov
3Vorov "’ZLH :
CL = 50 pF ! [e—>t-tpL2
(See Note B) : l 5V
GENERATOR UUTPUY_MSV
(See Note A) - - _
~3~ Vou

TEST CIRCUIT VOLTAGE WAVEFORMS

Figure 5. Driver Enable and Disable Times
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, 50% duty cycle, t < 6 ns, t < 6 ns,
Zo =50 Q.
B. Cy includes probe and jig capacitance.

VoH
T+ oL ¢ -loH
VoL %
_'1: - = =

Figure 6. Receiver Vg and VoL

B 1
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SN65LBC176, SN75LBC176
DIFFERENTIAL BUS TRANSCEIVERS

PARAMETER MEASUREMENT INFORMATION

GENERATOR

OuUTPUT
(See Note A)
C( =15 pF
(See Note B)
ov L
TEST CIRCUIT VOLTAGE WAVEFORMS
Figure 7. Receiver Propagation Delay Times
15V S1 !

2 ke 2

o— 5V
CL=15pF
B: 1N916 OR EQUIVALENT
b
I(s" Note B|
NERATOR =
Ssmnoonr | 3500
S te
a8 No < s3
—_‘:

TEST CIRCUIT

______ v —— ———3V
S1t0 1.5V
INPUT — ———15V S2 open INPUT ————15V
S$3 closed S110 15V
—_— 0V 52 closed

$3 open
45V
ouTPUT
ouTPUT
Vou
S1to 15V Slto-15V
INPUT S2 closed INPUT 15V S2 closed
$3 closed | $3 closed
) ov
|
tPLz ——>|
! —— =13V
0
OuUTPUT QUTPUT
Vou
VOLTAGE WAVEFORMS

Figure 8. Receiver Output Enable and Disable Times:*
NOTES: A.

The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, ! < 6ns, tf< 6ns,
20 =500

B. C( includes probe and jig capacitance.

* 1
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SN95176B
DIFFERENTIAL BUS TRANSCEIVER

MARCH 1989
Bidirectional Transceiver JG PACKAGE
EW
Suitable for Most EIA Standards RS-422-A (TOP VIEW)
and RS-485 Applications rR UsDvee
©® Designed for Multipoint Transmission on RE ]2 ? % B
Long Bus Lines in Noisy Environments DEL}3 BLA
[PRAL] 5| | GND
3-State Driver and Receiver Outputs
Individual Driver and Receiver Enabl W PACKAGE
Wide Positive and Negative Input/Qutput (TOP VIEW]
Bus Voltage Ranges R [T U] vee
NC (]2 3[JNC
Driver Output Capability . . . £ 60 mA Max AE E3 :2% B
e Th | Shutd P i NC [J¢  m[JNC
DE A
©® Driver Positive and Negative Current NC E: ‘:% NC
Limiting o C ; s[] GND
Receiver Input Sensitivity . . . £200 mV
Receiver input Hy is...50 mV Typ FK PACKAGE
(TOP VIEW)

Operates from Single 5-V Supply

Low Power Requirements

description

The SN951768 differential bus transceiver is a
monolithic integrated circuit designed for
bidirectional data communication on muitipoint
bus transmission lines. These transceivers are
suitable for most RS-422-A and RS-485
applications to the extent of the specified data
sheet characteristics and operating conditions.

The SN95176B combines a 3-state differential
line driver and a differential input line receiver
both of which operate from a single 5-V power
supply. The driver and receiver have active-high
and active-low enables, respectively, that can be
externally connected together to function as a
direction control. The driver differential outputs
and the receiver differential inputs are connected
internally to form differential input/output (1/0)
bus ports that are designed to offer minimum
loading to the bus whenever the driver is disabled
or-VCC = 0. These ports feature wide positive
and negative common-mode voltage ranges
making the device suitable for party-line
applications.

(8]
8] O 0
Zax 2z >

z

3 2 12019
NC[]a 8] NC
REPS ]
NC )6 6] NC
DE[? 5[] A
NC [J8 4 NC
9 10111213

Qoo oV
z 2z 2z

NC —No internal connection

FUNCTION TABLE (DRIVER)

INPUT ENABLE OUTPUTS
0 DE A B
H H H L
L H L H
X L z 2

FUNCTION TABLE (RECEIVER)

DIFFERENTIAL INPUTS ENABLE OUTPUT
A-8 RE R
Vip=0.2 V L H
-0.2V<Vp<0.2V L ?
Vips-0.2V L L
X H 2z

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

PRODUCTION CATA iormation 1s curve=" s of publication date Producty
Conform to sec’cnons per Ine weems ¢! Teaas Instrumerts standarg
warianty PIOGuZT o focessing does rct recessariy incluge testng of s
parameters.
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SN95176B
DIFFERENTIAL BUS TRANSCEIVER

description (continued)

The driver is designed to handle loads up to 60 mA of sink or source current. The driver features positive-
and negative-current limiting and thermal shutdown for protection from line fault conditions. Thermal
shutdown is designed to occur at a junction temperature of approximately 150°C. The receiver features
a minimum input impedance of 12 k{, an input sensitivity of +200 mV, and a typical input hysteresis
of 50 mV.

The SN95176B is characterized for operation from —-40°C to 110°C.

logic symbolit logic diagram (positive logic)
3)
oe Nt ok -
RE 2 p] EN2
| r o4
o @ ® e «8a m
10 N L RE
i >a
q R I BUS
Rl eto2 -U'|: bl

1This symbol is in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12.
Pin numbers shown are for the JG package.

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF A AND B 1/0 PORTS TYPICAL OF RECEIVER OUTPUT
vVeg ———— - ———— --— vee - ———— Ve
R 85 Q
*q _NOM
INPUT —4 j[ y
- -
J“ 4 [ ouTPUT
) 4 —-—
F b~~~
Yy
7 —_— Jy GND
Driver input: R.q =3 kN NOM INPUT/OUTPUT
Enable tnputs: Req = 8 k2 NOM PORT
INSTRUMENTS
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SN951768B
DIFFERENTIAL BUS TRANSCEIVER

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

Supply voltage, VCC (588 NOE 1) .. ..o o ittt ettt 7V
Voltage at any bus terminal. . . ... ... ... ... ... .. -10Vto 15V
Enable input voltage . . . . . ... ... ... 55V
Continuous total dissipation . ... ................. .t See Dissipation Rating Table
Operating free-air temperaturg range . .. ................c..oouuiueinenenn -40°C to 110°C
Storage temperature range . . ... ...............c..oeiuiinanennaneeas -65°C to 150°C
Case temperature for 60 seconds: FK package . ... ...............iuurnueninrananns 260°C
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: JG or W package . ... 300°C

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

DISSIPATION RATING TABLE

PACKAGE Ta = 25°C DERATING FACTOR Tp = 70°C Ta = 85°C Ta = 110°C
POWER RATING  ABOVE Tp = 25°C  POWER RATING  POWER RATING  POWER RATING
FK 1375 mwW 11.0 mw/°C 880 mw 715 mW 440 mW
JG 1050 mwW 8.4 mW/°C 672 mW 546 mW 336 mW
w 1000 mW 8.0 mW/°C 640 mW 520 mW 320 mW

recommended operating conditions

MIN TYP MAX | UNIT
Supply voltage, Vce 4.75 5 5.25 \
12
Voltage at any bus terminal (separately or common mode), V| or Vic —7 v
High-level input voltage, Vi ] 0. DE, and RE 2 v
Low-level input voltage, Vi [ D, DE, and RE 0.8 v
Differential input voltage, Vip (see Note 2} £12 v
) Driver - 80 mA
High-level output current, |,
v P " OH Receiver - 400 A
Driver 60
Low-leve! output current, | mA
tpu oL Receiver 8
Opersting free-air temperature, TA - 40 110 °C

NOTE 2: Differential-input/output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B.

) 1,

I
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SN95176B
DIFFERENTIAL BUS TRANSCEIVER

DRIVER SECTION

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

PARAMETER TEST CONDITIONSt MIN TYP? MAX | UNIT
ViK Input clamp voltage I} = —18 mA -1.5 \"
Vo Output voltage o =0 0 6 v
IVop1 Differential output voltage Iop =0 1.5 ] v
. R = 1000, See Figure 1 2 v
Y Differential output voltage
:Vob2 Herential oute 29 R < 5410, See Figure 1 15 25 5| v
Vop3 Differential output voltage See Note 3 v
Change in magnitude of
AlV, . Vv
G0 differential output voltage § 202
Voc Common-mode output voltage R = 541qQ, See Figure 1 3 \
Change in magnitude of
A'vVoc § +0.2 v
common-mode output voltage3
Outputs disabled. Vo = 12V 1
o Output current utputs disable L Q mA
See Note 4 I Vo = -7V -0.8
%] High-level input current Vi =24V 20 rA
I Low-level input current V) =04V -400 A
Vg = -7V _ - 250
Vo =0 -150
los Short-circuit output current 9 5 mA
Vo = Vee 250
Vo = 12V 250
\ Suppl ent (total «age) No load l Outputs enabled 42 70 A
Ul current (o ackage| o loa m
cc PRy packag [Outputs disabled 26 35

tThe power-off measurement in EIA Standard RS-422-A applies to disabled outputs only and is not applied to combined inputs and outputs.
Al typical values are at Ve = 5 V and Tp = 25°C.

§A‘VQD and A!VQ(C  are the changes in magnitude of Vop and VQ  respectively, that occur when the input is changed from a high
level to a low level.

NOTES: 3. See EiA Standard RS-485 Figure 3.5, Test Termination Measurement 2.
4. This applies for both power on and off; refer to EIA Standard RS-485 for exact conditions. The RS-422-A fimit does not apply
for a combined driver and receiver terminal.

driver switching characteristics, VCC = 5V, TA = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
DD Dnﬂerentral-output delay. I‘IMG‘ AL = 540, See Figure 3 15 22 ns
ttp __ Differential-output transition time 20 30 ns
tpzH  Output enable time to high level RL=1101, See Figure 4 85 120 ns
tpzL  Output enable time to low level R = 1100, See Figure 5 40 60 ns
tpHz  Output disable time from high level R = 1100, See Figure 4 150 250 ns
tpLz  Output disable time from low level RL = 110Q, See Figure 5 20 30 ns

I TENTs
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SN95176B
DIFFERENTIAL BUS TRANSCEIVER

SYMBOL EQUIVALENTS

DATA SHEET PARAMETER RS-422-A RS-485
Vo Voa: Vob Voa: Vob
Vop1l Vo Vo
Vop2! Vy (RL = 100 ) V¢ (RL = 54 1)
vopal Vi (Test Termination
Measurement 2)
4 Vop! Vil - Vil 11Ve = Vil
Voc Vos! |Vos!
4. Vocl [Vos - Vos! IVos — Vosl
'os lsal. 'lsbl
'o Uxa!. ‘xbl Yia. lib

RECEIVER SECTION

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

PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
ViH D put high voltage| Vg = 2.7 V, Ig = -0.4mA 0.2 \2
V1L Differential-input low-threshold voltage Vg =05V, Ig = 8mA -0.2% v
Vh!ﬂ Hysteresis 3 50 mV
ViKk  Enable-input clamp voltage Ih = -18 mA -1.5 v
. Vip = -200 mv, ioH = —400 uA,
Vi High-level output voit 2.7 Vv
OH Tighisv put vorage See Figure 2
Vip = -200 mv, loL = 8 mA,
Vv Low-level output volt. 0.45 v
oL w-ievel output voltage See,Figure 2
lgz__ High-impedance-state output current Vo =04V1t024V + 20 pA
L Other input = 0 V, I Vp=12V 1
| Line input current mA
! nput curren See Note 5 [vi=-7v 08
iy  High-level enable-input current ViH = 2.7V 20 A
I Low-ievei enabie-input current Vi, = 0.4V -100 wA
T Input resistance V=12V 12 kQ
lgs  Short-circuit output current . -15 -85 mA
Outputs enabled 42 70
| Supply current (total kage) No load l mA
cc  Supply curl otal package! o loa romputs disabled 26 35

TAll typical values are at Voc = 5V, Tp = 25°C

The algebraic convention, in which the less-posi (mori gative) limit is g i , is used in this data sheet for common-
mode input voltage and threshold. voltage levels only.

SHysteresis is the difference between the positive-going input threshold voltage, V1 4, and the negative-going input threshold voltage,
VT -. See Figure 4. .

NOTE 5: This applies for both power on and power off. Refer to EIA Standard RS-485 for exact conditions.

receiver switching characteristics, VCC = 5V, TA = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tpH P ion delay time, | high-level output Vip=0to3V, 21 35 ns
tpL  Propagation delay time, high-to-low-level output Cp = 15 pF, See Figure 6 23 35 ns
t Output enable time to high level 1
PZH 1o fme Al iis CL = 15 pF, See Figure 7 0 20 -
tpzL  Output enable time to low level 12 20 ns
1, Output disable time f; high level 0
PHZ utpu! fll e |me rom high level CL = 15 pF, See Figure 7 2 35 ns
tpLz _ Output disable time from low level 17 25 ns

‘le-:xAs
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SN95176B
DIFFERENTIAL BUS TRANSCEIVER

PARAMETER MEASUREMENT INFORMATION

VWA~
n
b

Voo2 p—-——?—
S RL
*

FIGURE 1. DRIVER Vop AND Voc

CL =50 pF

AL =

GENERATOR 84q

50 2
(See Note A)

N
<
5

(See Note B)
OuUTPUT

‘-‘ou

FIGURE 2. RECEIVER VQH AND VoL

——— 3V
INPUT 15v 15V
H 1 ov
l

i
oD —-d J-—100
| |

TEST CIRCUIT
FIGURE 3.

OVor3Vv

Cy =50 pF
(See Note B)

L

T

TEST CIRCUIT

—— 225V
I 90%
OouTPUT  50% 4| 1% 50%
1
btk 225V
D + . + e 1o

VOLTAGE WAVEFORMS

DRIVER DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES

----- 3v
|

| ov
IO-OLI tpzu |

| VoH
_ | e o

OUIPU 23V ' i\r-
—_— Vo ~O0V

tPHZ
VOLTAGE WAVEFORMS

FIGURE 4. DRIVER ENABLE AND DISABLE TIMES

5V

RL= 1100

|
ouTPUT | { ov
3Vorov PzL —M——Of :
€y =50 pF : j—>-tpL2
(See Note B) | ‘ sv
GENERATOR OUYFUT—\Z.JV—IOS \%
(See Note A) = %
—3~ Vo
= TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 5. DRIVER ENABLE AND DISABLE TIMES
NOTES: A.

tf < 5ns, Z; = 500.
Cpi probe and jig itance.
C. Equivalent test circuits may be substituted for actual testing

The input puise is supplied by a generator having the foliowing characteristics: PRR < MHz, 50% duty cycle, t;, < 6 ns,

3-298
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SN95176B
DIFFERENTIAL BUS TRANSCEIVER

PARAMETER MEASUREMENT INFORMATION

GENERATOR oureuT
(See Note A)
Cy = 15 pF
(See Note B)
= QUTPUT
Vot
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 6. RECEIVER PROPAGATION DELAY TIMES
15V S1
15Ve—m 0 o 5 v
C - 15 pF
1N916 OR EQUIVALENT
(See Note B)
GENERATOR $ oo -
(See Note A) 300
s3 (
L
= TEST CIRCUIT =
————— 3v |
INPUT INPUT --——15V
| S1to -15V
[ 0V S2closed
i S3 open
2~
L asv
ouTPUT 1
ouTPUT 15V
Vou

$1w0-15V
S2 closed
S3 closed

St 15V
S2 closed
$3 closed

INPUT INPUT

Vo

OUTPUT QuUTPUT

———— 13V
VOLTAGE WAVEFORMS
FIGURE 7. RECEIVER OUTPUT ENABLE AND DISABLE TIMES
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < MHz, S0% duty cycle. t, s 6 ns,
tf s 5ns,Z5 = 50 Q.

B.” C includes probe and jig capacitance.
C. Equivalent test circuits may be substituted for actual testing

l TeExas
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SN95176B
DIFFERENTIAL BUS TRANSCEIVER

TYPICAL CHARACTERISTICS

DRIVER HIGH-LEVEL OUTPUT VOLTAGE DRIVER LOW-LEVEL OUTPUT VOLTAGE
Vs VS
DRIVER HIGH-LEVEL OUTPUT CURRENT DRIVER LOW-LEVEL OUTPUT CURRENT
5 | 5 T
> Vee=5V | Vec=5V
jn 45 TA=25°C >! 45 TA=25°C
I e 3 o
= S
S 135 [~ s 35 /
3 M -
g 3 ~ F
F} 2
S 25 \\ 3 25 ]
: 2 !
z 5
@ 15 2 15
o
:i: 1 ‘IJ 1 //
5 3 7
£ os 9 os
o 0
0 -20 -40 -60 -80 -100 -120 0 20 40 60 80 100 120
|oH —High-Level Output Current—mA IoL —Low-Level Output Current—mA
FIGURE 8 FIGURE 9

DRIVER DIFFERENTIAL OUTPUT VOLTAGE
Vs
DRIVER OUTPUT CURRENT

T 1

3 35 Vee=5V| |
3 I TA=25"C
: IS
% ™.
5
° \\
®
€
2 15
&
a 1
' \
(=]

0.5
s \

0
0 10 20 30 40 50 60 70 80 90 100
10 — Output Current—mA

FIGURE 10

B 1
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SN95176B
DIFFERENTIAL BUS TRANSCEIVER

TYPICAL CHARACTERISTICS

RECEIVER HIGH-LEVEL CUTPUT VOLTAGE RECEIVER HIGH-LEVEL OUTPUT
Vs vs
HIGH-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE
5 1T 5T 7T
S Vip=02V Vec =5V
1 Ta=25°C > [ ViD = 200 mv
% a4 — ;4,lon--uo,.A
K g
RN S ]
a -
3 R * g’
3 N Vcc =525V 3
5 2 vee-5V T
5 \ 475 V\k\ v YI E ? |
T cc= <
I %. 2 + T
T N I
o N LI I S— —
> ‘ — g
0 \N > 1
0 -10 -20 -30 —40 -50 ol
IoH—High-Level Output Current—mA -46_- 20 0 20 40 60 80 100 120
T - Free-Air Temperature — °C
FIGURE 11 FIGURE 12
RECEIVER LOW-LEVEL QUTPUT VOLTAGE RECEIVER LOW-LEVEL OUTPUT VOLTAGE
Vs v§
RECEIVER LOW-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE
0.6 0.6
vee=5V / Vee = 5V
>I Ta =25°C / > Vip = -200 mV
05 + -
-3 7 L 05rloL = 8mA
£ o
S S
S =
5 04 g 0.4
- 3
5 a
o 03 Ve = ]
s Ve 303 ——
H / K]
-7‘ >
3 02 3
3 3 0.2
! 3
3 01 T
> 0.1
>
0
0 5 10 15 20 25 30 °
IgL—Low Level Output Current—mA -40-20 0O 20 40 60 80 100 120
Ta—Free-Air Temperature — °C
FIGURE 13 FIGURE 14
i
*p TExas
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SN951768B

DIFFERENTIAL BUS TRANSCEIVER

TYPICAL CHARACTERISTICS

RECEIVER OUTPUT VOLTAGE

RECEIVER OUTPUT VOLTAGE

Vs Vs
ENABLE VOLTAGE ENABLE VOLTAGE
5 T T T I T T
Vip=02V vclc=5.25v Vip=-0.2V
[~ Load = %kSZ to ground t 1| Load = 1kl to VcC
4_TA'2SC — V¢e =5.25 V— 1 TaA=25C
> Vee=475V |
I >
A T X T ' Vec =5V
& vVee =5V —] 3
S 3 Vec =475V — s
> 3
= H
3 2 ;
7 ?
> S
1
0
0 0.5 1 1.5 2 25 3 0.5 1 15 2 25 3
Vi—Enable Voltage—V V|—-Enable Voltage—V
FIGURE 15 FIGURE 16
APPLICATION INFORMATION
S§N96176B SN951768
$¢
3 o
3 3
[ 7 1
>
- L
UP TO 32
TRANSCEIVERS

NOTE: The line should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short

as possible.

FIGURE 17. TYPICAL APPLICATION CIRCUIT

B 7
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TL3695
DIFFERENTIAL BUS TRANSCEIVER
JANUARY 1990

Bidirectional Transceiver

Meets EIA Standards RS-422-A and RS-485
and CCITT Recommendations V.11 and X.27

High-Speed Advanced Low-Power Schottky
Circuitry

Designed for 25-MBaud Operation In Both
Serlal and Parallel Applications

Low Skew ... 8 ns Max

Designed for Multipoint Transmission on
Long Bus Lines in Noisy Environments

Low Supply Current Requirements
30 mA Max

Wide Positive and Negative Input/Output
Bus Voltage Ranges

Driver Output Capacity ... £60 mA
Thermal Shutdown Protection

Driver Positive and Negative Current
Limiting

Receilver Input impedances . .. 12 kQ Min
Receilver Input Sensitivity . . . +200 mV Max
Recelver Input Hysteresis ... 70 mV Typ

Fall Safe . . . High Recelver Output with
Inputs Open

Operates from a Single 5-V Supply

Glitch-Free Power-Up and Power-Down
Protection

Interchangeable with National DS3695

description

The TL3695 Differential Bus Transceiver is a
monolithic integrated circuit designed for
bidirectional data communication on multipoint
bus transmission lines. It is designed for
balanced transmission lines and meets EIA
Standards RS-422-A and RS-485 and CCITT
recommendations V.11 and X.27.

The TL3695 combines a 3-state differential line
driver and a differential input line receiver both of
which operate from a single 5-V power supply.
The driver and receiver have active-high and
active-low enables, respectively, which can be
externally connected together to function as a
direction control. The driver differential outputs

D OR P PACKAGE
(TOP VIEW)

R Usdvee
RE (]2 708
pe (3 6[JA
o [Ja 5[] GND

FUNCTION TABLE (DRIVER)

INPUT ENABLE OUTPUTS
D DE A B
H H H L
L H L H
X L Z Z

FUNCTION TABLE (RECEIVER)

DIFFERENTIAL INPUTS | ENABLE | OUTPUT
A-B RE R
Vip 202V [ H
-02V < Vip <02V L ?
Vips -02V L L
X H z
Inputs Open L H

H = high level, L = low level f? = indeterminate,
X = irrelevant, Z = high tmped/mca (off)

logic symbol? /
oe 12 N
RE ﬂ_h-g"z
6

o & e ALY

— 1o~ s

q
|

AL g[

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

logic diagram (positive logic)

3
oe 2
4
o 14)
(2)
RE (6)
(1) hd
R o n }sus
——e—8B

PHODUCHION DATA intoimtial

contorm
.oty

poramajecs

1o spaciicaions por
Produchion processing doss not

B o
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TL3695
DIFFERENTIAL BUS TRANSCEIVER

and the receiver differential inputs are connected internally to form a differential input/output (I/0) bus port that
is designed to offer minimum loading to the bus whenever the driver is disabled or Vg = 0. This port features
wide positive and negative common-mode voltage ranges making the device suitable for party line
applications.

The TL3695 is characterized for operation from 0°C to 70°C.

sthematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF A AND B 1/0 PORTS TYPICAL OF RECEIVER OUTPUT
vVeg — 4 ————— - = ————vcc
Req 850
LNOM
INPUT —1—-—{: ) 4
b ——
QUTPUT
9 Yy -
.
) 4 A
I
|
77 |
o 1
Driver Input: Req = 3ki2 NOM I 180 k0
Enable Inputs: Req =8 k22 NOM | NOM 1.1 kQ
CONNECTED NOM
ON B PORT
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPIY VORAGE, VO G « v vt vv ettt ettt e 7V
Voltage range at any bus terminal .. . —10Vto 15V
Enable inputvoltage ..............
Continuous total power dissipation .. .. See Dissipation Rating Table
Operating free-air temperature range, TA  ....oovvivriini i 0°Cto 70°C
StOrage temMPErature FANGE . ..o\ttt ettt e —65°Cto 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ... 260°C

NOTE 1: All voltage values, except differential I/O bus voltage, are with respect to network ground terminal,

DISSIPATION RATING TABLE

PACKAGE Tp < 25°C DERATING FACTOR Ta = 70°C
POWER RATING  ABOVETp = 25°C_ POWER RATING

D 725 MW 5.8 MWFC yry—

P 1000 mW 8.0 mWrC 640 mW

* Tixas
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TL3695
DIFFERENTIAL BUS TRANSCEIVER

recommended operating conditions

ST T MIN TYP MAX | UNT

[Supply voltage, Vog o T 475 5 525| V
T o - T 12
Voltage at any bus terminal (separately or common mode). V| or V|c = v
Rh-level input voltage, V)4 - ) o - - 2 v
Low-level input voltage, V) D, DE, and RE 08 v
Differential input voltage, Vip (see Note 2) =12 v

Driver B -60 mA
High-level output current, | — e -

'ghvlevel outp OH Receiver —400 MA
T T lorver I 60
Low-level output current, | o - - mA

putcu oL Receiver 8
Operating free-air temperature, To T o o 0 70 °C

NOTE 2: Differential-input’output bus voltage is measured at the noninverting termina! A with respect to the inverting terminal B.

DRIVER SECTION

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

[ pamameter |7 “testconpmionst MIN  TYPF MAX | UNIT |
Vik Tlinput clamp voltage -15 v
Vo Output voltage ' o = o 0 6 v
{Vopy| Differential output voltage 10=0 ) 1.5 5 v
12 Vi

R =100 0, See Figure 1 oo

[Vop2| Differential output voltage 2
B RL = 54 01, See Figure 1 15 2.5
Vop3 Differential output voltage Viest = -7 Vto 12V, See Figure 2 15
A{Vop| Change in magnitude of s
differential output voltage
Voc Common-mode output voltage RL =540, See Figure 1
alvoc| Change in magnitude of s
common-mode output voltage

Output disabled, Vg = 12V
o Output current viput disabled. S

See Note 3 Vo =-7V
[T™] High-level input current '
hiL Low-level input current i
los Short-circuit output current

T

Icc Supply current No load - To

t The power-off measurement in EIA Standard RS-422-A applies to disabled outputs only and is not applied to combined inputs and outputs.
# All typical values are at Vo = 5V and Ta = 25°C.
§alvopland A! Voc | are the changes in magnitude of Vop and Vg respectively. that occur when the input is changed from a h:gh level
to a low level.
NOTE 3:  This applies for both power on and off; refer to EIA Standard RS-485 for exact conditions. The RS-422-A imit does not apply for 8
combined driver and receiver terminal

® Tixas
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TL3695

DIFFERENTIAL BUS TRANSCEIVER

driver switching characteristics over recommended ranges of supply voitage and operating free-

air temperature

PARAMETER TEST CONDITIONS : MIN  TYPt  MAX
tpp Differential-output delay time ) 22
Skew (ItpDH-'DDL{) CL1=Clo=100pF, R_=600, SeeFigure 3 1 8
ttp  Differential output transition time 8 18
tpzH Output enable time to high level CL = 100 pF, i R_=5000, SeeFigured | 50
tpzL Output enable time to low level CL = 100 pF, See Figure 5 | 50
tpHz Output disable time from high level CL = 15 pF, See Figure 4 | 8 30
"tp z Output disable time from low level CL = 15 pF, RL =500Q, SeeFigure5 | 8 30
 All typical values are at VoG = 5V, Ta = 25°C.
SYMBOL EQUIVALENTS
DATA SHEET PARAMETER RS-422-A Rs-485 |
Vo _ Voa Vob Voa Vob o
Vop1! Vo Vo -
"Vopz| Vi (R = 100 ) Vi (RL = 54 Q) |
' Vi (Test Termination
V( 1
iVooa| Measurement 2)
Viest Vist
A{Vool Al
Voc Vos |
AiVoci { Vos ~ Vos |
los — ]
o ha lib

3-306
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TL3695
DIFFERENTIAL BUS TRANSCEIVER

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

PARAMETER TEST CONDITIONS TMiN_ Tvpt MAX | UNIT
VTH Differential-input high-threshold vo’lﬁé}‘ ] Vo=27V, 10 = ~0.4mA 0.2 v
jals Differential-input low-threshold voltage Vo =05V, lo =8mA -c2t v
Vhys Hysteresis$  _lvoc=0 70 mv
ViK Enable-input clamp voltage = -18mA -15 v
Vi|p = 200 mV or Inputs open
Vi High-level output volt 24 \2
OH igh-level output voltage IoH = ~400 A, See Figure 6
Vip = —200 mV, [loL = 16 mA 05
V Low-level output volt: v
! ?E ow-level output voltage See Figure 6 J‘OL ~8mA 0.45
loz. High-impedance-state output cuv@gt Vo =04Vi024V =20 HA
] Otherinput =0V, [V =12V 1
[ Line input current mA
) ine input curren See Note 4 wi=-7v -8
{lH _ Highlevel enable-inputcurent [V =27V 20 | upA
EL'L Low-level enable-input current ViL=04V - 100 HA
iy B Input resistance 12 KQ
&s Short-circuit output current Vo =0 -15 -85 mA
| Outputs enabled | 23 50
[ Supply current No | + mA
pcci Pey o load [Outputs disabled | 19 35

NOTE 4: Tnis applies for both power on and power off. Refer to EIA Standard RS-485 for exact conditions

receiver switching characteristics over recommended ranges of supply voltage and operating
free-air temperature

e PARAMETER © TEST CONDITIONS TMIN_TYPf MAX [ UNIT
tpLH  Propagation delay time, low-to-high-level output Vip=-15V1015V, CL=15pF, | 14 37 ns
tpHL  Propagation delay time, high-to-low-level output See Figure 7 14 37 ns
[ Output enable time to high level 7 20| ns
PZH put enable ime to high lave CL = 15 pF, See Figure 8
tpzL  Output enabie time to low level 20 ns

7
tpHz  Output disable time from high level 7 16 ns
= CL = 15 pF, See F
tpLz  Output disable time from low level L= 15pF, See Figure 8 8 16 ] ns

T Al typical values are at Voo =5V, Ta=25°C.

*The algebraic convention, in which the less-positive (more-negative) mit is designated minimum, is used 1n this data sheet for common-mode
input voltage and threshold voltage levels only.

§Hysievesis is the difference between the positive-going input threshold voltage, VT, and the negative-going input thresho!d voltage, V..

D Tixas
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TL3695
DIFFERENTIAL BUS TRANSCEIVER

PARAMETER MEASUREMENT INFORMATION

RL
' :
D R

-2 Voc

L

FIGURE 1. DRIVER Vop AND Voc

3750
60 0 l—r
o !
3750 -

FIGURE 2. DRIVER Vop3

——— 3V
F T ' | ov
ouTPUT

Cpq = 100 pl
(See Note B) | f
AL - &L tDDH—H-¥ j-—tppL
: 60 =+ ! 1 _ .25V
GENERATOR 500 o - 100 4F = 5o X
(See Note A) L2 BD OUTPUT  50% | 50%
| | (See Note B) | Lo10% ‘X __ _ogv
sy ! —_— I =-25V
ES ‘TD"‘ L - I‘——tro
TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t; < 6 ns,

t < 6ns, Zgyy = 50 Q.
B. Cp includes probe and jig capacitance.

FIGURE 3. DRIVER DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES

—_—— - v
INPUT 15V 165V
| | oV

OouUTPUT

OVto3V

c
GENERATOR (See Note 8 50092 }'—JI.—lPZH | B 31\:’
(See Note A) soreur | ] = T oH
23V | |
tpHz —fe¥ Vot = 0V

VOLTAGE WAVEFORMS

TEST CIRCUIT

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t; < 10 ns,

t < 10 ns, Zgyy = 50 Q.
B. C_ includes probe and jig capacitance. (See switching characteristics — test conditions)

FIGURE 4. DRIVER ENABLE AND DISABLE TIMES

Texas
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TL3695
DIFFERENTIAL BUS TRANSCEIVER

PARAMETER MEASUREMENT INFORMATION

RL=8000 /X~ "7~ 3v
INPUT 15V 15V
OUTPUT h
! | ov
|
I

5V

3VorOV

CL
(See Note B)

GENERATOR
(See Note A)

TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle. t, < 10 ns,

tf < 10 s, Zgyy = 50 0.
B. C includes probe and jig capacitance. (See switching characteristics — test conditions)

FIGURE 5. DRIVER ENABLE AND DISABLE TIMES

Vio

VoH
?& oL ‘ -IoH

Vou

<

FIGURE 6. RECEIVER Vg AND VoL

GENERATOR
(See Note A) i
CL = 15 pF 1N916
(See Note B) OR tPLH
= EQUIVALENT l

OouTPUT

TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. The input pulse is supplied by.a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t, < 10 ns,

tf < 10 ns, Zoyy = SO0 Q.
B. C_ includes probe and jig capacitance
FIGURE 7. RECEIVER PROPAGATION DELAY TIMES

* Tixas
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TL3695
DIFFERENTIAL BUS TRANSCEIVER

PARAMETER MEASUREMENT INFORMATION

15V St

9
CL = 150F S 1kp

(See Note B) 4

1N916 OR EQUIVALENT

GENERATOR $
(See Note A gson

s3

TEST CIRCUIT

—— =3V

S1t015V STt -15V

INPUT S2 open INPUT —=-15V 52 closed
S3 closed S3 open
ov
|
VoH
ouTPUT
OUTPUT

—_—— —0V
STw 15V St1to -15V
S2 open S2 closed
S3 closed S3 open

OUTPUT

VOLTAGE WAVEFORMS

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle. t; < 10 ns,
tf < 10 ns, Zgyy = 50 Q.
B. €y includes probe and jig capacitance.

FIGURE 8. RECEIVER OUTPUT ENABLE AND D!SABLE TIMES
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TL3695
DIFFERENTIAL BUS TRANSCEIVER

Vo —High-Level Output Voltage —V

TYPICAL CHARACTERISTICS

DRIVER HIGH-LEVEL OUTPUT VOLTAGE DRIVER LOW-LEVEL OUTPUT VOLTAGE
vs Vs
DRIVER HIGH-LEVEL OUTPUT CURRENT DRIVER LOW-LEVEL OUTPUT CURRENT
5 5
T T
vee=5V | vee=5V
45 o
Ta=257C > A8 g -25C
4 ® 4
\\ g

35 ~_ S 35 ]

3 \\ 3 3 /
25 N 3 25

2 3 2

I /

15 2 15—

1 - — ]

[ =

0.5 >O 05 —

o . |

0 -20 -40 -60 -80 -100 -120 0 20 40 60 80 100 120
IoH — High-Level Output Current—mA 1oL — Low-Level Output Current— mA
FIGURE 9 FIGURE 10

DRIVER DIFFERENTIAL OUTPUT VOLTAGE
Vs
DRIVER QUTPUT CURRENT

4
> Vee=5V
| o
- 35 Ta=25°cl ]
s 3 ~
g 25 "T\<’
3 ™S
s 2 4+ NG
:f L e : .
5 , B} _
' \
o]

05 41 ]
s \

|

0
0 10 20 30 40 50 60 70 80 90 100
10 — Output Current—mA

FIGURE 11

Q’Tms

INSTRUMENTS T



TL3695

DIFFERENTIAL BUS TRANSCEIVER

VoH—High-Level Output Voltage —V

ag
0.6

TYPICAL CHARACTERISTICS

RECEIVER HIGH-LEVEL OUTPUT VOLTAGE
A2
HIGH-LEVEL OUTPUT CURRENT

5 B L L
Vip=02V |
Ta =25°C
4 —+—
~) —
TN ]
\\ \ 5
=525V
2 \\ﬂl/ CC| 1 |
\k‘/ vee=5V
vee =475 VT RN n
1 -
‘\\ 1]
0 N L
0 -10 -20 -30 —40 -50

IoH—High-Level Output Current—mA

FIGURE 12

RECEIVER LOW-LEVEL OUTPUT VOLTAGE
vs
RECEIVER LOW-LEVEL OUTPUT CURRENT

VoH —High-Level Output Voltage—V

RECEIVER HIGH-LEVEL OUTPUT

Vs
FREE-AIR TEMPERATURE
T T T
vee =5V

" ViD = 200 mV
4 'oH = -4404A

—
3 .
2 -1
1
o
-40 -20 0 20 40 60 80 100 120

Ta—Free-Air Temperature— °C
FIGURE 13
RECEIVER LOW-LEVEL OUTPUT VOLTAGE

vs
FREE-AIR TEMPERATURE

3-312

- 0.8
Vee =5V / Vee = 5V
> TaA =25°C / Vip = -200 mV
i >
05 —— — | 0.5flo0L = 8BmA
: ” ;
S 2
04 ]
5 >04
g2 3
3 Q
o 03 A 5
2 / 303 —
H / ]
-l >
z 02 - g _:
Y 202
! S
3 0. I
-
> 201
>
0
0 § 10 15 20 25 30 o
loL—Low Level Output Current—mA -40 -20 0 20 40 60 80 100 120
Ta - Free-Air Temperature — °C
FIGURE 14 FIGURE 15
% Texas
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TL3695
DIFFERENTIAL BUS TRANSCEIVER

TYPICAL CHARACTERISTICS

RECEIVER OUTPUT VOLTAGE RECEIVER OUTPUT VOLTAGE
vs vs
ENABLE VOLTAGE ENABLE VOLTAGE
6 T T
5V|D-o.2v Vip = -02V
Load = 8 k{ to ground Load = 1 ki to Vee| _VCC = 525V
. Ta = 25°C 5lTa = 25°C S S —
> Vee = 525V > Ve = 475V
| L !
$ I g @ —
& 3}——Vee =475V 2 vee =5V
S Vee = 5V g s
5 F]
2 g
5 2 F}
o
T -
(] o
> >
« 1 S
] 0
0 0.5 1 15 2 25 3 0 05 1 15 2 25 3
V)- Enable Voltage - V Vi - Enable Voltage - V
FIGURE 16 FIGURE 17
APPLICATION INFORMATION
TL3695 TL3695

R

VWA~

R

-«

[ S ]
&
*

UP TO 32
TRANSCEIVERS
LI ]

NOTE: The line should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short as

possible.

FIGURE 18. TYPICAL APPLICATION CIRCUIT
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uA9637, uAS637AC
DUAL DIFFERENTIAL LINE RECEIVER
NOVEMBER 1986

Meets EIA Standards RS-422-A and
RS-423-A

Meets Federal Standards 1020 and 1030
Operates from Single 5-V Power Supply
Wide Common-Mode Voltage Range
High Input Impedance

TTL-Compatible Outputs

High-Speed Schottky Circuitry

8-Pin Dual-In-Line and ‘*Small Qutline’’
Packages

Similar to SN76167 except for Corner VgoC
and Ground Pin Positions

Designed to Be Interchangeable with
Fairchild uA9637A

description

The uA9637AC is a dual differential line receiver
designed to meet EIA standards RS-422-A and
RS-423-A and Federal Standards 1020 and
1030. It utilizes Schottky circuitry and has TTL-
compatible outputs. The inputs are compatible
with either a single-ended or a differential-line
system. This device operates from a single 5-volt
power supply and is supplied in an 8-pin dual-in-
line package and small outline package.

The uA9637AM is characterized over the full
military temperature range of —55°C to 125°C.
The uA9B37AC is characterized for operation
from 0°C to 70°C.

schematics of inputs and outputs

UA9637M . . . JG PACKAGE
uA9637C . .. D, JG, OR P PACKAGE

(TOP VIEW)
vee T T8 1N+
1ouTt (2 701N~
20uT (I3 s[JaiN+
GND (]a 5[] 2IN-
logic symbolt
N B | op
(2)
AN 7' r :] f———— 10UT
an+ & )
an - {8 _n 20UT

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

logic diagram

1IN+ 8)
2 4our

e

2in+ 18
Bl 20ut

(5)

2IN-

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
vee —_———e—Vcc
50 2 NOM
8k
INPUT ouTeuT
¢ _—
LAY
CURRENT
SOURCE

PHOUUCTION DATA
conlorm to spaciic,
werranty Proguclion
paramateny

oM 18 Current ae of pubiicalion date Producty
Mo tarmb of Teass Instruments slandecd
does not nacassarily Include leting of ail

3-314
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uA9637, uA9637AC
DUAL DIFFERENTIAL LINE RECEIVER

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

Supply voltage, Ve (see Note 1) . ... ... -05Vto7V
Input voltage - +15V
Differential input voltage (see Note 2 15V
Output voltage (see Note 1) . ... ... ... .. ... . ... .. . ... .. -05Vto55V
Low-level output current . ... .. ... ... 50 mA
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3):
Dpackage . ......... ... ... e 725 mW
JG package: UA9B37AM . . . .. . . e 1050 mwW
UADB37AC . ... . e 825 mw
Popackage . ... ... 1000 mW
Operating free-air temperature range: uA9637AM .. ... ... ............... -55°C to 125°C
UA9B37AC .. ... ... 0°C to 70°C
Storage temperature range . ... ... .........'\ ... -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package......... 260°C

NOTES: 1. All voltage values, except differential input voltage, are with respect to the network ground terminal.
2. Differential input voltage is measured at the noninverting input with respect to the carresponding inverting input.
3. For operation above 25 °C free-air temperature, derate linearly at the following rates: 5.8 mW/ °C for the D package, 8.4 mW/°C
for uA9637AM in the JG package. 6.6 mW/°C for uA9637AC in the JG package, and 8.0 mW/°C for the P package.

recommended operating conditions

uA9637AM uAS637AC
MIN NOM MAX MIN  NOM MAX UNIT
Supply voltage. Vcc 45 5 55 | 4.75 5 5.25 v
Common-mode input voltage, Vic 7 +7 \
Operating free-air temperature, Ta -55 125 0 70 °C

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

PARAMETER TEST CONDITIONS MIN TYeT max UNIT
See Note 4
-0.2 0.2
vt Threshold voitage (VT + and VT ) See Note § o034 o2 v
Vhys Hysteresis (VT - V1) 70 mV
VoH  High-level output voitage Vip = 0.2V, o= -1TmA 2.5 3.5 v
VoL Low level output veltage Vip = -0.2V, lp = 20 mA 0.35 0.5 v
VeC = 01055V, [V = 10V 11 3.25
oo tneutcurent See Note 6 [vi=<-1ov 16325 ™
I10s  Short circuit output current? Vo =0, Vip = 02V ~40 -75 -100| mA
icc Supply current Vip = -05V, "'No load 35 50| mA

TAll typical values are at Vg = 5V, Ta = 25°C
‘On!y one output should be shorted at 3 time, and duration of the short-circuit should not exceed one second.
NOTES: 4. The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet
for threshold levels only.
5. The expanded threshold parameter is tested with a 500-Q resistor in series with each input
6. The input not under test is grounded

* 1,
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uA9637, uA9637AC
DUAL DIFFERENTIAL LINE RECEIVER

switching characteristics, VCCc = 5V, TA = 25°C

PARAMETER TEST CONDITION MIN TYP MAX | UNIT
1) Propagation delay time, low-to-high-level output
PLH pagat vy ome. o g i CL = 30 pF. See Figure 1 15 25| ns
tpyL  Propagation delay time, high-to-low-level output 13 25 ns

PARAMETER MEASUREMENT INFORMATION

Vee ouTPUT Vees +05 V= - -
INPUT
3920
INPUT —g (see Note B)
510 Py ¢ -05V H
™~ re—| tpL el oy
1
q ! |
CL =30 pF = |
L T ouTPUT
(see Note A) 3.92kQ 15V 15V
*®
TEST CIRCUIT VOLTAGE WAVEFORM

NOTES: A.C includes probe and jig capacitance.
B. The input pulse is supplied by a generator having the following characteristics: t, < 5 ns, tf < 5 ns, PRR < 5 MHz,
duty cycle = 50%. °

FIGURE 1. TRANSITION TIMES

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE OUTPUT VOLTAGE
vs vs
DIFFERENTIAL INPUT VOLTAGE DIFFERENTIAL INPUT VOLTAGE
ST 4 —
Ve =475V Vee=525V
14 < 25°C B A= 25%C T
i ; ! !
3 + 3 1 H
> 1 I '
| | > =
@ |[vic=o ||} 1 ! Vic=0 i B
£ ; 'y =47V E ] 'V|c;t;A\7
© H 1 Vic== 3 | 1
> H ] > [} H
- 2 + T — T < 2 T - T
a ! | 2 ] 1
g | H 2 Vic=%7V |
Il S [} :
9 1 [ o M
o Vic=%7VI ! i ' Vie=0|1!
> : T £ i ﬂ—« N .
' Vic=0]1 | : ‘ |
H ! ) | I
1 T T [} T
1 ] | |
0 [ 0 [ [
~100 -50 0 50 100 -100 -50 0 50 100
V)p-Differential Input Voltage—mV Vip-Differential Input Voltage-mV
FIGURE 2 FIGURE 3
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uA9637, uA9637AC
DUAL DIFFERENTIAL LINE RECEIVER

VoH—High-Level Output Voltage—V

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs vs
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
5.0 0.6
Vee=5V |
45 Vip =02 V— Vec=5V
Ta=25°C 3 os|-Vip=-02V
40 g, Ta=25°C
35 £ } |
: N S 04
-
30 < 2 L
25 3 03— g
N 3 L
2.0 s /
3 0.2
15 < _?
1.0 N -
0 0.1 -
N > |
05 \
L . — 0
0 -10 -20 -30 —40 -50 —-60 —70 -80 0 5 10 1 20 25 30 35 4¢
1oH—High-Level Output Current—mA 1oL —Low-Level Output Current—mA
FIGURE 4 FIGURE 5
SUPPLY CURRENT
Vs
SUPPLY VOLTAGE
100 T T 7
o No load
90 — Inputs open B
80 |- TA=25"C
g
E 10 -
S 60 - |
3 ol %
> 4
) /
2 7
& 30 A
s a8
20 / -
|
10 A :
0 b—— S — l
6

0 1 2 3 4 5
Vec—Supply Voltage—V
FIGURE 6
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uA9637, uA9637AC
DUAL DIFFERENTIAL LINE RECEIVER

TYPICAL APPLICATION DATA

+5V TWISTED PAIR +5V

JL ' JL
o

1/2 uA9638AC - 1/2 uA9637AC

=
—e
f

]

1/2 uA9637AC

FIGURE 7. RS-422-A SYSTEM APPLICATIONS
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uA9638C

DUAL HIGH-SPEED DIFFERENTIAL LINE DRIVER
SEPTEMBER 1986

Moeoets EIA Standard RS-422-A D, JG, OR P PACKAGE

Operates From a Single 6-V Supply (TOP VIEW)

TTL-and CMOS-Input Compatibility V?g O ; U : :;

Output Short-Circuit Protection 2A([]3 6l]2y

Schottky Circuitry GNDLJs sjl2z

Designed to Be Interch ble With logic symbolt

Fairchild 9638 glc sy

description )
The uA9638C is a dual high-speed differential 1a 120 8l 4y
line driver designed to meet EIA Standard N 7)) 42
RS-422-A. The inputs are TTL- and CMOS- 13) 6) oy
compatible and have input clamp dio 2A
P P! c P des. | (5) 22

Schottky-diode-clamped transistors are used to

minimize propagation delay time. This device

operates from a single 5-V power supply and is logic diagram
supplied in an 8-pin package.

The uA9638C is characterized for operation v
from 0°C to 70°C. a2
(7)
1z
6 oy
213
15y

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

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS

_—— . Vee

Vee - -
4kaNOM
INPUT f¢ ¢
o~ 9.6 0 NOM
| b—— ouTPUT
x
GND

PIODUCTION DATA information ix curient ok of publicalion date Froducls
conform 1o specilications per the terms of Texan Insteumeats stendurd
watianty Production processing does nol necesssly Include testing of ol
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uA9638C
DUAL HIGH-SPEED DIFFERENTIAL LINE DRIVER

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

Supply voltage range, VCC (see Note 1). . -0.5Vto7V
INPUL VOItAge TANGE . . . ..ottt ettt e e -05Vto7V
Continuous total power dissipation (see Note 2) .. ................ See Dissipation Rating Table
Operating free-air temperature range . ... .......... ... ...ttt 0°C to 70°C

Storage temperature range

-65°C to 150°C

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .. .......... 300°C
Lead temperature 1,6 mm (1/16 inch) from 10 seconds: D and P package .............. 260°C
NOTES: 1. Voltage values except differential output voltages are with respect to network ground terminal.
2. In the JG package, uA9638C chips are glass mounted.
DISSIPATION RATING TABLE
TA = 25° - 70°
PACKAGE A = 25°C DERATING FACTOR Ta = 70°C
POWER RATING ABOVE Tp = 25°C  POWER RATING
D 725 mW 5.8 mW/°C 464 mW
JG 825 mw 6.6 mW/°C 528 mW
P 1000 mW 8.0 mW/°C 640 mW
recommended operating conditions
'MIN  NOM  MAX UNIT
Supply voltage, Vcc 4.75 5 5.25 v
High-level input voltage, Viy4 2 \
Low-level input voltage, V| 0.8 v
High-level output current, Iy -50 mA
Low-level output current, lg| 50 mA
Operating free-air temperature, Tp 0 70 °C
INSTRUMENTS
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uA9638C
DUAL HIGH-SPEED DIFFERENTIAL LINE DRIVER

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

PARAMETER TEST CONDITIONS MIN TYP! MAX| UNIT

ViK Input clamp voltage Vee = 475V, Ip = —-18 mA -1 -12( Vv
Ve = 475V, Vi = 2V, [loy = —10 mA 25 35
VOH High-level output voltage Vi - 08V Doy = 20 mA v
VoL Low-level output voltage vee = 475V, Vig =2V, viL = 08V, 05) Vv
loL = 40 mA
| Vopy | Differential output voltage Vee =525V, Ig = 0 2Vpp2| V
| Vop2 | Ditferential output voltage 2 v
Change in magnitude of
AlVoo | differential output voltage y =04 v
- T Vee = 4.75 V1o 5.25 V, R = 100 @, See Figure 1
Voc Common-mode output voltage 3 v
Al voc | Change in magnitude of ¥ +0.4 v
common-mode output voltage
Vo =6V 0.1 100
lo Output current with power off vee = 0. Vo = -0.25V -0.1 -100| uA
Vg = -0.25Vto 6V 100

i Input current Vec =525V, V) =565V S0f wA
[ High-level input current Vee = 525V, Vi =27V 25| pA
e Low-level input current Vee = 525V, V= 05V -200| »A
los Short-circuit output current 1 Vce = 525V, Vo =0 -50 -150] mA
fcc Supply current (all drivers) Vee = 5.25 V, No load, All inputs at O V 45 65| mA

TAll typical values are at Voc = 5V and Tp = 25°C.

ta) Vop | and A| V¢ | are the changes in magnitude of Vop and Vg, respectively, that occur when the input is changed from a
high level to a low level.

$in EIA Standard RS-422-A, Vg, which is the average of the two output voitages with respect to ground, is called output offset vohtage, Vos.

10nly one output at a time should be shorted and duration of the short circuit should not exceed one second.

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

PARAMETER TEST CONDITION MIN TYP MAX | UNIT
1 Differential-output delay ti - 10 15 ns
00— [2zouput delay time CL = 15 pF, R = 1000,
t7p Differential-output transition time . 10 15 ns
See Figure 2
Skew 1 ns

1
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uA9638C
DUAL HIGH-SPEED DIFFERENTIAL LINE DRIVER

PARAMETER MEASUREMENT INFORMATION

T :E 50 Q
INPUT Vopz &——
35080
) J'Voc

FIGURE 1. DIFFERENTIAL AND COMMON-MODE QUTPUT VOLTAGES

Y OUTPUT

[}
DIFFERENTIAL |

3 ouTPUT
S RL =100 2
$
GENERATOR )
(See Note A) 2 0uTPUT — |t oM -
CL =16 pF v
(See Note B) o = VoH
Y ouTPUT 50% 50%
VoL
- le-skew su-w—yl P—
| Vo
Z OUTPUT 50% —

= = VoL
TEST CIRCUITS VOLTAGE WAVEFORMS

NOTES: A. The input pulse generator has the following characteristics: Zg = 50 @, PRR < 600 kHz, ty = 100 ns, t, = < 5 ns.
B. C includes probe and jig capacitance.

FIGURE 2. SWITCHING TIMES

3 1
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uA9639C
DUAL DIFFERENTIAL LINE RECEIVER

OCTOBER 2986
@ Meets EIA Standards RS-422-A and D. JG. OR P PACKAGE
RS-423-A (TOP VIEW)
® Meets Federal Standards 1020 and 1030 vee v UsDine
) touT (@2 70 uN-
® Operates from Single 5-V Power Supply 20uT (3 62N+
® Wide Common-Mode Voltage Range GND [ s[J2IN-
® High Input Impedance :
logic symbolt
® TTL-Compatible Outputs
@ High-Speed Schottky Circuitry 8 ob
e 1IN+ ——d (2)
® 8-Pin Dual-In-Line and ‘’Small Outline’ n ] ———=— 10UT
Packages 1N~ ;)_'b'
N . 2IN + (3)
® Designed to be Interchangeable with (5) |——— 2o0uT
Fairchild xA9639AC 2N -1 =

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

description
IEC Publication 617-12.
The uA9639C is a dual differential line receiver 5
designed to meet EIA standards RS-422-A and logic diagram
RS-423-A and Federal Standards 1020 and (8
1030. it utilizes Schattky circuitry and has TTL- 1IN+ .
compatible outputs. The inputs are compatible ™ our
with either a single-ended or a differential-line 1IN-
system. This device operates from a single 5-volt
power supply and is supplied in an 8-pin dual-in- 2in+ 8L
line package and ‘‘small outline’’ package. 3 20ut
(s)
The uA9639C is characterized for operation 2IN-
from 0°C to 70°C,
schematics of inputs and outputs
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Vce
1 —_———a——\Vcc
>
9 - - 3 500 Nom
p.
3 —_——
3
8k b:
INPUT 3
ouTPUT
CURRENT
SOURCE
PRODUCTION DATA intormation 15 current o3 §I vubl;u;mn GIY: P;eﬂ:c(: %
Contom To specilcations per the terms ot Texas Insiruments standr
Creanms Braauchon ocessing does o necessarly nclude festing o al
T s oot TR S TG TEXAS
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uA9639C
DUAL DIFFERENTIAL LINE RECEIVER

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

Supply voltage, Vo fsee Note 1) ... e -05Vto?7V
INPUt VOITAgE . . . oo e +15V
Differential input voltage (see Note 2) e N e +15V
Output voltage (see Note 1) . ... ... i -05Vt55V
Low-level OUPUL CUITENT . . . oo ot e e e e e e e 50 mA
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3):

D PACKAGE . . o ot 725 mw

JG PACKAGE - . o oo 825 mwW

PPackage . ... .ooo ot F 1000 mW
Operating free-air temperature range . . .. .............. ... 0°C to 70°C
Storage teMPErature TANGE . . .. ...t ovv ottt - ~65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and P package ....... 260°C

NOTES: 1. All voltage values, except differential input voltage, are.with respect to the network ground terminal
2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input
3. For operation above 25°C free-air temperature, derate the D package to 464 mW at 70°C at the rate of 5.8 mW/°C, the
JG package to 528 mW at 70°C at the rate of 6.6 mW; °C; and the P package to 640 mW at 70°C at the rate of 8.0 mW/°C

recommended operating conditions

MIN  NOM  MAX |UNIT
Supply voltage, VcC 4.75 5 65.25 Vv
Common-mode input voitage, ViC +7 v
Operating free-air termperatire  “A 0 70 | °C

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

MmN TYPT maX
PARAMETER TEST CONDITIONS UNIT
See Note 4
v Threshold voltage (V 4 Vy_) -0.2 024y
ol n -

T reshold voltage Wt + 2 T See Note 5§ -0.4 0.4
Vhys Hysteresis (VT4 - Vy_}) 70 mV
VoH  High-level output voitage Vip =02V, g = -1TmA 25 35 Vv
VoL Low-level output voltage Vip = -02V, lo = 20 mA 035 05 v

Ve =053V, [V =10V 11 3.25
I Input current mA
See Note 6 [vi=-10v -1.6-3.25
logs  Short-circuit output current® Vg =0 Vip = 0.2V -40 -75 -100 | mA
Icc Supply current Vip = =05V, No load 35 50 | mA

TAll typical values are at Ve = 6V, Tp = 25°C.

*Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second.

NOTES: 4. The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet
for threshold levels only.

. The expanded threshold parameter is tested with a 500-Q resistor in series with each input

. The input not under test is grounded.

o o

switching characteristics, Vg = 5V, TA = 0°C to 70°C

PARAMETER TEST CONDITION MIN MAX | UNIT
il low-to-high-; l
tpiH Propagation delay time, low-to-high-level output C_ = 30 pF, See Figure 1 85| ns
tpHL Propagation delay time, hign-to-low-level output 85 ns
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uA9639C
DUAL DIFFERENTIAL LINE RECEIVER

PARAMETER MEASUREMENT INFORMATION

Vee ouTPuUT Vees
+05V— -~
INPUT
3920
INPUT —4 (see Note B)
510 & —05V \
™ e LK F-ad tpHL
[ 5 1
CL = 30 pF o<
L P ouTPUT
(see Note A) 3.92kQ
—@-
TEST CIRCUIT VOLTAGE WAVEFORM

NOTES: A.C|_ includes probe and jig capacitance. -
B. The input puise is supplied by a generator having the following characteristics: t; < 5 ns, tf < 5 ns, PRR s 5 MHz,
duty cycle = 50%

FIGURE 1. TRANSITION TIMES

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE OUTPUT VOLTAGE

vs

DIFFERENTIAL INPUT VOLTAGE

vs
DIFFERENTIAL INPUT VOLTAGE

4 T T 4 — T
Vec =475V Vec =525V
T = 25°C -+ FTa=25°CE !
A ) '
: - ‘ ’
3 L N H
> T H 3 | 1
| i L 1 > Vic=0
5 | Hivie= . ‘ L AN !
£ 1 IVic=t7v £ ! ‘Vic=27V
> 1 S '
T 2 + - ' : 22 /i-', ——tr !
3 ) ! ! | e
aQ B ] 3 ] 1
2 i ' | g |vic=27vV| )
S 3 ;
' Vic=+7Vi| i 9 i h
o et . o L L Ll M=o ]
1| ! > ] I )
Wl vic=0 ! 1 |
Ny —
1l il | 1 S
0 0 il L
- 100 -50 0 50 100 -100 -50 0 50 100

V|p-~Differential Input Voltage—mV

FIGURE 2

Vip-Differential Input Voltage- mV
FIGURE 3
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uA9639C
DUAL DIFFERENTIAL LINE RECEIVER

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
HIGH-LEVEL QUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
5.0 T T 0.6
Vee=5V
a5 Vip = 0.2 V— Vec=5V
3 Ta=25°C 3 os T_VID =02V
3 4.0 g Ta=25°C
E‘ pi] /
§ 35 \ ; 0.4 1
- -
g 3.0 g /
3 N 3
O 25 S 03
2 % /
$ 20 ki
£ 3 0.2
£ 15 \ s
| |
T 10 AV o
o O 0.1
> N >
05 \
0 0
0 -10 -20 -30 -40 -50 -60 -70 -80 0 5 10 15 20 25 30 35 40
IoH—High-Level Output Current—mA 1oL —Low-Level Output Current—mA
FIGURE 4 FIGURE 5
SUPPLY CURRENT
vs
SUPPLY VOLTAGE
100 T T
0 No load
90 - Inputs open
80 — TA =25°C
<
E 70 — -
§ 60
3 50 /
>
£ o d
a L
& 30 A
S L
20 4
10 //
0 /

0 1 2 3 4 5 6 7 8
Vce—Supply Voltage—V
FIGURE 6
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uA9639C
DUAL DIFFERENTIAL LINE RECEIVER

TYPICAL APPLICATION DATA

+5V TWISTED PAIR BV

o
1/2 uUA963BAC 1/2 uA9639C
nd he
L
v sV
1/2 uA9639C

FIGURE 7. RS-422-A SYSTEM APPLICATIONS

TEXAS
INSTRUMENTS 3-327






TI Sales Offices

BELGIQUE/BELGIE

S.A. Texas Instruments Belgium N.V.
11, Avenue Jules Bordetlaan 11,

1130 Bruxelles/Brussel

Tel - (02) 242 30 80

Telex : 61161 TEXBEL

DANMARK

Texas Instruments A/S
Borupvang 2D,
DK-2750 gal]cru p

Tel : (44) 68 74
Telefax : (44) 68 64 00

DEUTSCHLAND
Texas Instruments
Deutschland GmbH.
Haggertystrale 1

8050 Freising

Tel : (08161) 80-0 od. Nbst
Telex : 526 529 texin d
Bex : *28050 #
Kurfurstendamm 195196
1000 Berlin 15

Tel: (030) 8 82 73 65
Telex : 5 26 529 texin d

Dusseldorfer @lra& 40
6236 Eschborn

Tel: (06196) 80 40
Telex : 5 26 529 texin d

Gildehotcenter
Hollestrasse 3

4300 Essen 1

Tel : (0201) 24 25-0
Fax: (0201) 236640

Telex : 5 26 529 texin d

Kirchhorster Strafle 2
annover 51

Tel : (0511) 64 68-0

Telex : 5 26 529 texin d

Maybachstrale 11

7302 Ostfildern 2 (Nellingen)
Tel: (0711) 34 03-0

Telex : 5 26 529 texin d

ESPANA

Texas Instruments Espana S.A.
¢/ Gobelas 43.

Crra de La Coruna km. 14
La Florida

28023 Madrid

Tel - (1) 372 8051

Telex : 23634
C/Diputacion, 279-3-5
08007 Barcelona

Tel: (3) 317 91 80

Telex : 50436

Fax: (3) 301 84 61

FRANCE
Texas Instruments France
8-10 Avenue Morane Saulnier - B.P. 67
78141 Vélizy Villacoublay cedex
Tel : Standard : (1) 30 70 10 03

Service Technique : (1) 30 70 11 33
Telex : 698707 F

HOLLAND

Texas Instruments Holland B.V.
Hogehilweg 19

Postbus 12

1100 AZ Amsterdam-Zuidoost

Tel : (020) 5602911

Telex : 12196

HUNGARY
Texas Instruments International
Budaorsi u.42, H-1112 Budapest
Tel (1) 166 66 17

: (1) 1 66 61 61
Telex 1227676

ITALIA

Texas Instruments Italia S. p-A.
Centro Direzionale Colleoni
Palazzo Perseo - Via Paracelso, 12
20041 AL\'ML Bn.m.a (M)

Tel: (039) 63221

Fax : (039) MZZ 0]

Via Castello della Maghana, 3
W0148 Roma

Tel - (6) 657 2651

Telex : 610587 ROTEX |

Fax : (6) 657 0447

Via Amendola, 17

40100 Bologna

Tel: (D51) 554004

NORGE

[Texas Instruments Norge A/S
B 10

Refstad (Sinsenveien 53)

0513 Oslo 5

Tel: (02) 155000

PORTUGAL

Texas Instruments Equipamento
Electronico (Portugal) LDA.

Ing. Frederico Ulricho, 2650
Moreira Da Maia

4470 \hm

Tel () 948 1003

Telex : 22485

REPUBLIC OF IRELAND
Texas Instruments Ireland Ltd
7/8 Harcourt Street

Dublin 2

Tel: (O1) 755233

Telex © 32626

SCHWEIZ/SUISSE

Texas Instruments Switzerland AG
Riedstrale 6

CH-8953 Dietikon

Tel : (01 74 42

Telex : 825 260 TEXIN
Fax: (01) 74 13 357

SUOMI FINLAND
Texas Instruments OY
P.O. Box 86,

02321 Espoo

Tel: (0) 802 6517

Fax: (0) 802 6519
Telex - 121457

SVERIGE

Texas Instruments

International Trade Corporation
(Sverigefilialen)

Box 30,

S-164 93 Kista

Visit address : Isafjordsgatan 7, Kista
Tel : (08) 752 58 00

Telefax : (08) 751 97 15

Telex : 10377 SVENTEX S

UNITED KINGDOM
Texas Instruments Ltd.
Manton Lane,
Bediord

land, MK41 7PA

F 0234) 270 111
Telex 82178
Technical Enquiry Service
Tel : (0234) 223000

B Tixas
INSTRUMENTS

L

TI Regional
Technology Centres

DEUTSCHLAND
Texas Instruments
Deutschland GmbH.
Haggertystrale 1

8050 Freising

Tel: (08161) 80 40 43
Frankfurt/ Mam
Dusseldorfer Stratie 40
6236 Eschborn

Tel - (0 61 96) 80 74 18
Kirchhorster Strale 2
3000 Hannover 51

Tel : (0SI1) 64 80 21
Maybachstrale 11

7302 Ostfildern 2 (Nellingen)
Stuttgart

Tel: (O711) 34 03-0

FRANCE

Centre de Technologie

Texas Instruments France

810 Avenue Morane Saulnier, B.P. o7

TS141 Velizy \'|Ilamub|av cedex

Tel . Standard - (1) 30 70 10 03
Service Technique @ (1) 30 70 1133

Telex - 698707

Centre Européen de Développement

et Siege Social

Texas Instruments France

B.D.5

00271 Villeneuve-Loubet cedex

Tel: 93 22 20 01

Telex : 470127 F

HOLLAND

Hogehilweg 19
Postbus 17995

1100 AZ Amsterdam-Zuidoost
Tel : (020) 5602011

Telex : 12196

ITALIA

Texas Instruments Italia S.p.A.
Centro Direzionale Colleoni
Palazzo Perseo - Via Paracelso, 12
20041 Agrate Brianza (Mi)

Tel: 039-63221

Fax : (039) 632299

SVERIGE

Texas Instruments

| Trade Cor
1S»engcﬂhahn)

ST64 93 Kisca
Lafjordsgatan 7

Tel : (08) 752 58 00
Telefax : (08) 751 97 15
Telex : 10377 SVENTEX

UNITED KINGDOM
Texas Instruments Ltd.
Regional Technology Centre
Manton Lane,

Bedford,

England, MK41 7PA

Tel: (0234) 270 111

Telex : 82178

Technical Enquiry Service
Tel : (0234) 223000







B 1

EXAS
INSTRUMENTS

Copyright © 1992, Texas Instruments Printed in England SLLAEQ1



