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Introduction to RS-485

RS-485 is the most versatile
communication standard that can
connect data terminal equipment (DTE)
directly without the need of modems.
TI's RS-485 interface devices are widely
used in applications such as:

¢ Factory automation

e Building automation and HVAC
e Industrial Process Control

e Motor Control

e Telecommunications Equipment
e Security Networks

* Metering

TI’s broad portfolio offers a wide
selection of different supply voltages,
data rates, and special features such as
high transient protection, high speed,
fault protection, IEC ESD protection,
crosswire immunity, low power and wide
common-mode operation.

TI's isolated RS-485 devices provide
up to 2.5kVrms (Vigp) galvanic isolation
for immunity to noise and ground loop
improvements. Devices supporting
ProfiBus™, ControlNet™, ModBus™,
and many other protocols are available.

RS-485 Features

e Balanced interface

e Multipoint operation from single 5V
or 3.3V supply

e -7V to +12V bus common mode
range

e Up to 256 nodes on a single bus

¢ Ability to communicate over long
distances (up to 1200m)

e Fast communication rates
(up to 50Mbps)

e Receiver input resistance: 12kQ) (min)

¢ Receiver sensitivity: +£200mV

e Driver load: 60Q

¢ Driver output short-circuit limit:
250mA
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Standards Using RS-485 Signaling

ProfiBus — popular for factory automation, signaling up to 12Mbps http://www.profibus.com/

ModBus — popular for process control and building automation http://www.modbus.org/

BACnet - popular for HVAC and building automation http://www.bacnet.org/

CompoNet — popular for motion control and robotics http://www.odva.org/

EnDat - for position encoders in motion control http://www.heidenhain.com/en_US/fundamentals/endat-22/
BiSS - open source interface for sensors and actuators http://www.biss-interface.com/interfaces/
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RS-485 Portfolio

Half-duplex Full-duplex
. Features -
Transceivers Transceivers

2E | HVD3085E [ HVD3080E | HYD3083E | HVD3086E
HVD22 [ -20 to +25 Common Mode
HVD23 HVD24 [ -20 to +25 CM, Equalization

Economical, Small Packages

+70V Protection, Wide Common Mode

HVD1785|HVD1786 | HVD1787 HVD1791|HVD1792 | HVD1793

5V

HVD82

LBC184 [ Toughest, IEC 61000-4-2 +12kV ESD rating, TVS

HVD1176 [ ProfiBus

1ISO3080 | ISO3086 [ISO3086T

HVD888 [ Cross Wire Immunity

1SO3082 1SO3088 [ 4kVpk Isolated RS-485

)
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IEC 61000-4-2 +12kV ESD rating ]
)
)
)
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]

1ISO1176 1ISO11 [ 4kVpk Isolated ProfiBus

AR [l HVD1780 | HVD1781 | HVD1782 [ *70V Protection, 3-5V V. ]

HVD10 | HVD1l1 | HVD12 [ +16kV HBM ESD, Small Packages ]
[ No Enables ] HVD30 | HVD31 | HVD32

[ -
[ Low Power ] HVD37

Enables HVD1470| HVD1473|HVD1476

IEC 61000-4-2 +16kV, +30kV HBM ESD ratin
K No-Enables HVD1471| HVD1474|HVD1477

E\VAN HvD72 | HVD75 | HVD78 . EESI | HVD70 | HVD73 | HVD76
. IEC 61000-4-2 +12kV, +30kV HBM ESD rating
o=l 1\ /D71 | HVD74 | HVD77

HVDO1 [ IEC 61000-4-2 +16kV ESD, Low-Voltage I/O, Switchable Data Rate ]
1ISO15 1ISO15M [ 4kV Isolated RS-485 ISO35 ISO35M | ISO35T
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Selection Table

Signaling = HBM
™ Supply Rate ESD Receiver
Device RX  Duplex (V)  Features (Mbps) (kV) Fail-Safe Nodes Package(s)
RS-485 Transceivers
High ESD-Protected Transceivers
SN65HVD1470/1473/1476 | 1/1 Full 3.3 | +16kV IEC 61000-4-2 ESD, 30KV HBM, +4KV EFT, w/Enables 0.4,20,50 30 | Short, Open, Idle | 256 | SOIC-14, MSOP-10
SN65HVD1471/1474/1477 | 1/ Full 3.3 |+16kVIEC 61000-4-2 ESD, +30kV HBM, +4kV EFT, No Enables 0.4,20,50 30 | Short, Open, Idle | 256 S0IC-8, MSOP-8
SN65HVD70/73/76 17 Full 3.3 | £12kV IEC 61000-4-2 ESD, 30KV HBM, +4KV EFT, w/Enables 0.4,20, 50 30 | Short, Open, ldle | 256 | SOIC-14, MSOP-10
SN65HVD71/74/77 11 Full 3.3 | £12kV IEC 61000-4-2 ESD, 30KV HBM, +4KV EFT, No Enables 0.4,20,50 30 | Short, Open, ldle | 256 S0IC-8, MSOP-8
SN65HVDO1 11 | Half 3.3 | +16kV IEC 61000-4-2 ESD, 1.8/3.3V 10, Selectable data rate 0.25,20 15 | Short, Open, Idle | 256 SON-10
SN65HVD72/75/78 11 Half 3.3 | £12kV IEC 61000-4-2 ESD, +4KkV EFT, High Hysteresis 0.25,20,50| 15 | Short, Open,ldle | 256 SOIC—SS(,JRI/IS{;OP—B,
SN65HVD888 1A Half 5 +12KV IEC 61000-4-2 ESD, +4kV EFT, Auto polarity 0.25 16 | Short, Open, Idle | 256 S0IC-8
SNG5HVD82 11 Half 5 +12KV IEC 61000-4-2 ESD, +4kV EFT, Low Power 0.25 16 | Short, Open, Idle | 256 S0IC-8
SN65LBC184 171 Half 5 +30KkV IEC 4-2 ESD, IEC 4-5 Surge, Transient Voltage Suppression 0.25 15 Open 128 S0IC-8, PDIP-8
SN65HVD1780/1/2 171 Half | 3.3t0o5 |Upto =70V Protected, Wide Supply Range: 3.3V to 5V 0.115,1,10| 16 | Short, Open, Idle | 320 S0IC-8, PDIP-8
SN65HVD1785/6/7 17 Half 5 | Upto =70V Protected, Wide —20V to +25V Common Mode 0.115,1,10| 16 | Short, Open, Idle | 256 S0IC-8, PDIP-8
SN65HVD1791/2/3 11 Full 5 Up to =70V Protected, Wide —20V to +25V Common Mode 0.115,1,10| 16 | Short, Open, Idle | 256 S0IC-14
SN65HVD1794 17 Half 5 +70V Protected, Bus-Pin Invert/Wide Common Mode 0.115 16 | Short, Open, Idle | 256 S0IC-8, PDIP-8
SNG65HVD20/21/22 11 Half 5 | Wide Common Mode —20V to +25V 25,5,0.5 16 | Short, Open, Idle | 256 S0IC-8, PDIP-8
SN65HVD23/24 11 Half 5 Wide Common Mode —20V to +25V with Receiver Equalization 25,3 16 | Short, Open, Idle | 256 S0IC-8, PDIP-8
SN65HVD10/11/12 11 Half 3.3 | High/Mid/Low Speed Slew-Rate Control 32,10,1 16 | Short, Open, Idle | 256 S0IC-8, PDIP-8
SN65HVD3082E/5E/8E 17 Half 5 | Ultra-Low Power, Optimized for Low, Medium & High Speeds 0.2,1,20 15 | Short, Open, Idle | 256 SOIC-;}[,)II\F:I%OP-B,
SN65HVD485E 11 Half 5 Half-Duplex Transceiver 10 15 Open 64 SOIC-F)8[,)III\JA%OP-8,
SNG65HVD37 17 Full 3.3 |High Signaling Rate, Low Power, High Hysteresis 20 15 | Short, Open, Idle | 256 S0IC-14
SN65HVD30/31/32/33/34/35 | 1/1 Full 3.3 | High/Mid/Low Speed, Enables/No Enables 26,5,1 15 | Short, Open, Idle | 256 SOICEJBF,NS%)-M,
SN65HVD3080E/3E/6E 7 Full 5.0 | Ultra-Low Power, Optimized for Low, Medium & High Speeds 0.2,1,20 16 | Short, Open, Idle | 256 | SOIC-14, MSOP-10
Multi-channel Transceivers
SN65LBC172A/174A 4/0 NA 5 Quad Differential Drivers, High Signaling Rate 30 12 — — PDIP-16, SOIC-16,
S0IC-20

AM26LV31E 4/0 NA 3.3 | Quad Drivers, High Signaling Rate, IEC 4-2 ESD 64 15 = = S0-16, SOIC-16,

TSSOP-16, QFN-16
SN65LBC173A/175A 0/4 NA 5 Quad Differential Receivers, High Signaling Rate, Low Power 50 6 Short, Open, Idle | 32 PDIP-16, SOIC-16
AM26LV32E 0/4 NA 3.3 | Quad Receivers, High Signaling Rate, IEC 4-2 ESD 64 15 | Short, Open, ldle | 10 S0-16, SOIC-16,

TSSOP-16, QFN-16
SN65HVD1176 11 Half 5 PROFIBUS (EN 50170) Transceiver 40 10 | Short, Open, Idie | 160 S0IC-8
IS01176/1176T 7 Half 5 Isolated PROFIBUS Transceiver, Transformer Driver option 40 16 | Short, Open, Idle | 160 S0IC-16
IS015/15M 171 Half 3.3 | +4kVpk Isolated RS-485, Extended Operating Temperature 1 16 | Short, Open, Idle | 256 SOIC-16 (W)
IS035/35M/35T 17 Full 3.3 | +4kVpk Isolated RS-485, Transformer Driver Option 1 16 | Short, Open, Idle | 256 S0IC-16 (W)
1S03082/8 11 Half 5 | +4kVpk Isolated RS-485 Optimized for Low & High Speeds 02,20 16 | Short, Open, Idle | 256 S0IC-16 (W)
1IS03080/6 17 Full 5 | +4kVpk Isolated RS-485, Optimized for Low & High Speeds 0.2,20 16 | Short, Open, Idle | 256 S0IC-16 (W)
1S03086T 11 Full 5 Isolated 5V RS-485 Transceiver with Transformer Driver 20.00 16 | Short, Open, Idle | 256 S0IC-16 (W)

RS-485 Guide
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Signal Levels Specified by Standard

—D +1.5v\ X ‘-1 5V +200mv} X1 -200mv R

_{ +10% Overshoot

TF=== :\ ooy T o

VO D(pp)-nom

oV Differential — oV Diff — Undefined

+10% Overshoot

{ J\—‘; o -200mV
=3 l OFF

Minimum Driver Output Receiver Sensitivity

Half-Duplex Versus Full-Duplex

Sequential Transmitting and Receiving Simultaneous Transmitting and Receiving
Over One Signal Pair Over Two Signal Pairs
RT$ SRr Rr3 Receive SRt
$ ‘Send )3
Rt b3 > S Rt

Vast Majority of Applications
use Half-Duplex

Network Topology .L * L *-

RS-485 suggests its nodes to be

networked in a daisy-chain, or bus
topology. In this topology, the Backbone with stubs (works) Daisy chain (best)

participating drivers, receivers, and

transceivers connect to a main cable

trunk via short network stubs. The

interface bus can be designed for full- . .

duplex or half-duplex transmission. .ﬂﬁ. - 74\ A -

Star network (avoid) Ring network (avoid) Backbone with stars
or clusters (avoid)
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Transient Protection

RxD

MCU

DIR

TxD

MCU

DIR

R Vee

21 RE HVD72 A

DE B

D GND

Vee
8 0.1pF Device Function Order Number Manufacturer
R Ry,R 100, Pulse-Proof CRCWO0603010RJNEAHP Vish
7 1 5 1 R Thick-Film Resistor Ishay
Bidirectional 400W
6 H
/\Q/\, ;| VS Transient Suppressor CDS0T23-SM712 Bourns
2
5 Bidirectional. 200mA
@ TVS TBU4,TBU, Transient Blocking Unit TBU-CA-065-200-WH Bourns
MOQV4,MOV, 200V, Metal-Oxide Varistor MOV-10D201K Bourns

R Vee
‘RE HVD72 A
DE B

D GND

Power Cross: 125Vrms

Vee

8 0.1pF

R|_[> TBU,
7 1 - j

EFT: 4kV

6

YX\' Euz = Surge: 5kV
5 TVS
j7 MOV, MOV,

ESD: 12kV IEC Contact, 15kV HBM

Transient protection against ESD, EFT and surge transients - www.ti.com/transientprotection

Evaluation Boards

RS-485 Half-Duplex

Evaluation Module

RS-485 Guide

RS-485 Full-Duplex

Evaluation

g

iy
-]
W 8%
*
]
i

Module

RS-485 EVM
SN65HVD22EVM
Evaluation Module

Isolated RS-485 EVM

ISO1176EVM

Evaluation Module

Isolated RS-485 EVM
1ISO3086T Small EVM
Evaluation Module
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Design Resources and References

Tl provides many tools and resources, such as videos and Tl Designs, to help designers create systems faster and to save
money. Tl offers designers a worldwide support community to help them get their questions answered quickly and to find more

efficient ways to work.

RS-485 Videos

TI's Support & Community at www.ti.com/RS485 educates designers on essentials of RS-485.

e One Minute RS-485 Introduction

e One Minute RS-485: Supply Current

¢ One-Minute RS-485: Common Mode Voltage

e One-Minute RS-485: Selecting Speed Grade

¢ One Minute RS-485: PROFIBUS

e One Minute RS-485: Receiver Failsafe

o RS-232, RS-422, RS-485: What Are the Differences?

e Engineer It - How to isolate a power supply for RS485 & CAN

One-Minute RS-485

Clark Kinnalrd
Industrial Interface

i
p L L -

TIDesigns

TI's Tools and Software at www.ti.com/RS485 give designers quick and easy ways to find evaluation modules and Tl Designs

to jump start their projects. Tl designs enable engineers to find the schematics, test data, design files and bill of materials fea-

turing RS-485 transceivers.
e TIDA-00263 Isolated auto-polarity RS-485 transceiver

e TIDA-00256 16kV IEC ESD Full-duplex 20Mbps
RS-485 transceiver

TIDA-00214  Half-duplex, Non-isolated RS-485
Booster Pack Reference Guide

TIDA-00193  RS-485 interface with integrated 1.8V
level-shift capability

TIDA-00191  Analog Front End for Motor Electronic
Overload Relays with enhanced
current range

TIDA-00172 Interface to EnDat 2.2 Digital Encoder

TIDA-00123  Programmable Logic Controller (PLC)
I/0 Module Front-end Controller

RS-485 Guide 7
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Tl Worldwide Technical Support

Internet

Tl Semiconductor Product Information Center
Home Page
support.ti.com

TI E2E™ Community Home Page
g2e.ti.com

Product Information Centers

Americas Phone +1(512) 434-1560 Asia
Brazil  Phone  0800-891-2616 Phone Toll-tree Number
Note: Toll-free numbers may not support
Mexico Phone 0800-670-7544 mobile and IP phones.
Australia 1-800-999-084
Fax +1(972) 927-6377 China 800-820-8682
Internet/Email support.ti.com/sc/pic/americas.htm Hong Kong 800-96-5941
. . India 000-800-100-8888
Europe, Middle East, and Africa Indonesia 001-803-8861-1006
Phone Korea 080-551-2804
EUrOpean Free Call ?000880000‘2872‘18-?53287) MalaySia 1-800-80-3973
International +49 (0) 8161 80 2121 ';'EI"'Y Z?:i"d ?83864;55;9731?0 .
Russian Support +7 (4) 95 98 10 701 PP
Singapore 800-886-1028
Note: The European Free Call (Toll Free) number is not active in Tawan 0800-006800
all countries. If you have technical difficulty calling the free call Thailand 001-800-886-0010
number, please use the international number above. International  +86-21-23073444
Fax +86-21-23073686
Fax +(49) (0) 8161 80 2045 Email tiasia@ti.com or ti-china@ti.com
Internet www.ti.com/asktexas Internet support.ti.com/sc/pic/asia.htm
Direct Email asktexas@ti.com
Important Notice: The products and services of Texas Instruments
Incorporated and its subsidiaries described herein are sold subject to Tl's
Japan standard terms gnd conldition? of sale. Cté)stomﬁrs age adviseéj to obtain the
, most current and complete information about Tl products and services
Fax International +81-3-3344-5317 before placing ?rders,pﬂ assurges n(;) liability fofr gpplicatrifons assistance,
; tomer’s applicati t designs, soft ,
Domestic 0120-81-0036 infingement o ptents.The publcation of nformatin regardng any ther
Internet/Email  International  support.ti.com/sc/pic/japan.htm company's products or senvices does not consttute TI's approval, warranty

Domestic www.tij.co.jp/pic

A021014

The platform bar and E2E are trademarks of Texas Instruments. All other trademarks
are the property of their respective owners.

© 2014 Texas Instruments Incorporated I TEXAS
Printed in U.S.A. by (Printer, City, State) INSTRUMENTS SLYT484A



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not 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 relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2014, Texas Instruments Incorporated
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